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Gu

mala, and New Orleans

By Carros Trjapa, M.D., Ira Gorg, M.D., Jack P. StroNg, M.D., AND
Henry C. McGmy, Jr.,, M.D.

The present study is concerned with the comparative severity of aortic atherosclerosis in
specimens obtained from 941 necropsies performed in low-income Costa Ricans,

Guatemalans, and New Orleans whites.

The findings indicate geographic differences in
the severity of atherosclerosis after the age of 30 years.

The dietary habits, serum

cholesterol, and lipoprotein patterns of similar populations are compared with the

present pathologic findings.

REVIOUS studies have described the rel-

ative extent and severity of atherosclero-
sis observed in aortas taken from unselected
autopsies of a group of low-income Guatema-
lans as compared to a similar group of United
States inhabitants in New Orleans.> 2 These
reports indicated that the early lesions of aor-
tic atherosclerosis, which simple fatty streaks
are presumed to represent, developed at very
nearly the same rate in both groups up
through the third decade; but the more ad-
vanced changes—fibrous plaques, ulceration,
hemorrhage, thrombosis, and -calcification—
were much less severe in the Guatemalans
than in the individuals from New Orleans.
These population samples represented indi-
viduals dying in a large general charity hos-
pital in each area, and consequently repre-
sented the lowest income groups of both
regions. Racially, however, the 2 groups were
quite distinet. The United States white popu-
lation as a whole is characterized by an ap-
proximate 45 per cent incidence of blood
group ‘0.’ On the other hand, the low-
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income Guatemalans of pure or predominant
Mayan Indian extraction as noted by their
physical appearance and way of life, have a
blood group ‘‘O”’ frequency ranging from 80
to 96 per cent depending on the village stud-
ied. ® Since the racial differences between the
2 regional groups were as prominent as the
differences in dietary habits and serum lipo-
protein and cholesterol values,® the relation-
ship of the latter factors to the atheroseclerotic
lesions could not be evaluated. A solution to
this problem was sought by studying in a sim-
ilar manner the prevalence of atherosclerotic
lesions in individuals from Costa Rica. The
low-income Costa Rican population is pre-
dominantly white? as indicated by history, ap-
pearance, and blood-group distribution, but
their living conditions are similar to those
for comparable socioeconomic groups in Gua-
temala. Moreover, data on their dietary habits
and on their serum cholesterol and lipoprotein
concentrations are available® 7 for compari-
son with the extent and severity of athero-
selerotic lesions.

It should be pointed out and emphasized
here that these studies are based on visual
assessment of the actual atherosclerotic le-
sions in the aorta, in contrast with many other
studies in which the incidence of various
clinical manifestations of arterial disease has
been determined.8-13

MATERIALS AND METHODS

Three hundred and mninety-eight aortas were
obtained from unselected autopsies at the San
Juan de Dios Hospital, San José, Costa Rieca, a
large charity institution. The number of cases in
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each decade is listed in table 1, together with a
similar tabulation of the New Orleans and Guate-
mala cases.

Prior to examination the aortas, which had been
fixed in 10 per cent formalin, were stained with
Sudan IV. Examination was completed with no
knowledge of age, sex, race, cause of death, or
associated disease processes. The extent and se-
verity of atherosclerosis was evaluated according
to the procedure previously deseribed.* This
method fakes into consideration both the type of
lesion and the relative surface extent of each. In-
timal lesions are classified in 4 grades: grade I,
fatty streaks; grade II, fibrous atheromatous
plagues; grade III, necrotie, ulcerated, hemor-
rhagic or thrombotic plaques; grade IV, calcified
plaques.

In terms of area, surface involvement is esti-
mated and recorded in 1 of 5 groups as follows:
group O, less than 5 per cent surface involve-
ment; group A, 6 to 15 per cent surface involve-
ment; group B, 16 to 33 per cent surface involve-
ment; group C, 34 to 50 per eent surface
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TABLE 1.—Number of Cases by Age Group
Age in years 0-9 10-19 20-29 30-39 40—49 50-59 6069 70-79 Over 80 Total
New Orleans 42 25 33 28 20 27 26 16 12 229
whites
Guatemala 31 20 39 62 50 47 34 22 9 314
Costa Rica 131 24 27 34 42 56 45 31 8 398
50 involvement; group D, more than 51 per cent
surface involvement.
The findings are incorporated into an “athero-
sclerotic profile,” a 5-digit figure that expresses
a0l —— NEW ORLEANS (WHITE) both the proportion of the intima that is diseased
—— ggg;EMRAlléﬁ({-\feaI#%?) and the decimal fraction of the diseased portion
o made up by each of the 4 types of lesions. By
g appropriate weighting, the elements of the pro-
=30k file are integrated and an Index of atherosclerosis
g is derived that expresses severity on a scale rang-
Q ing from 0 to 100.
w
5'2 ol ResuLTs
é’ fome- As reflected by the atherosclerotic index,
lJ 7 the progression of the severity of athero-
B ol sclerosis with age is depicted in figure 1. Sig-
nificant differences in the weighted index of
> atherosclerosis in the 3 countries were not
e
IS observed before the age of 30. Subsequently,
or L1 I Tt 1 " I intimal disease appeared to develop more
O 10 20 30 40 50 60 70 80 rapidly in New Orleans than in either Guate-
YEARS mala or Costa Rica. After the age of 40, but
Fia. 1. Severity of aortic atherosclerosis. not before, atherosclerosis inereases more

rapidly in Costa Riea than in Guatemala,
although it is still significantly less than in
New Orleans.

‘When the data were analyzed only for the
extent of intimal surface involvement (fig. 2)
geographic differences still did not appear
before the age of 30 years. In all 3 localities,
virtually all aortas showed some degree of
intimal disease by the end of the first decade.
After age 30, the extent of involvement in-
creased progressively with age; most rapidly
in New Orleans, least rapidly in Guatemala.
At the age of 50, for example, the proportion
of aortas with more than half the intima
diseased was 54 per cent in New Orleans, 47
per cent in Costa Rica, and 28 per cent in
100 per cent of the New Orleans aortas
showed over half of the surface involved ; the
Guatemala. At both 70 and 80 years of age,
corresponding figures were 85 and 92 per
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Fig. 2. Amount of aortic surface involvement
with atherosclerosis.

cent in Costa Rica and 54 and 78 per cent in
Guatemala.

Again, with increasing age, the relative
proportions of the 4 grades of atherosclerotic
lesions shifted toward an increase in the more
advanced types (fig. 3). During the first 2
decades, lipid streaks (grade I) predomi-
nated; less than 5 per cent were fibrous
plaques (grade II); and there were no com-
plicated (grade III) or calcified lesions
(egrade IV). During the third decade, fibrous
plaques (grade II) became more numerous,
especially in the New Orleans material. Prior
to 30 years of age there were only infrequent
lesions that were complicated or -caleified.
Beginning with the fourth decade, there was
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Fig. 3. Aortic type of atheroselerotic involve-
ment.

a progressive increase in the proportion of
orade III or IV lesions. The rate of increase
was greatest in New Orleans, intermediate in
Costa Rica, and least in Guatemala. For in-
stance, in the sixth decade, 20 per cent of the
lesions in New Orleans were grade I1I or IV
in type, while the corresponding figures for
Costa Rica and Guatemala were 8 and 3 per
cent respectively. By the eighth decade, the
same lesions comprised 48, 15, and 15 per
cent of the aortic disease in the 3 respective
localities.
DiscussioN

As a result of this comparative study, it
appears that up to 30 years of age the de-
velopment of atherosclerotic lesions is similar
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in quality and degree in the population
samples examined from New Orleans, Costa
Rica, and Guatemala. These conclusions are
supported by the assessment of lesions in the
same material by 2 different pairs of indi-
viduals using methods similar in principle.2

However, this particular study has shown
that after 30 years of age there are differences
in the severity of the process in the 3 groups.
The highest rate of development is apparent
in New Orleans as indicated by both a greater
surface extent of the disease and a higher
proportion of advanced lesions. Severe lesions
appear less rapidly in Costa Rica and more
slowly still in Guatemala. The previous study?
also showed the fibrous plaques in New Or-
leans aortas to be much more extensive than
in the aortas from either of the 2 Central
American countries by the age of 40 years.

Since Costa Ricans and New Orleans whites
are both principally of European extraction,
racial factors are unlikely to be primarily
responsible. Therefore, environmental factors
must be sought to account for these differ-
ences.

Of possible environmental factors, diet ap-
pears at present to be one of the most im-
portant. Differences in serum cholesterol and
lipoprotein concentration have been re-
ported® 7 and related to the dietary habits
prevalent in the United States, Guatemala,
and Costa Rica. It is interesting to note that,
virtually paralleling the difference in athero-
sclerosis reported above, the caloric and fat
intakes are the highest in the United States,
considerably less in rural Costa Rica, and still
lower in rural Guatemala. In fact, more than
40 per cent of the total calories in the United
States diet are derived from fat, compared to
12 per cent in Costa Rica, and 7.5 per cent
in Guatemala.® 7 Dietary fat and protein of
animal origin are high in the United States,
low in rural Costa Rica, and still lower in
rural Guatemala. In like fashion, serum
cholesterol levels are relatively high in the
United States, low in rural Costa Rica, and
still lower in rural Guatemala.® The relatively
low serum cholesterol levels and severity of
atheroselerosis were not associated with lower

St 12 and higher lipoprotein fractions® 7 than
in the United States population. S, 12-20 and
St 20-100 levels were even lower in Costa Ri-
can males than in comparable Guatemalan
and United States samples, and Costa Rican
females had higher values than females of
the other 2 groups. Further examinations
showed, however, that the S; 0-12 levels were
low in Costa Rica by an amount sufficient to
account for the lowered cholesterol levels.
Certainly, in this population serum levels of
the S; 12-20 and S; 20-100 lipoprotein frac-
tion did not parallel the severity of athero-
sclerosis, while S; 0-12 levels and serum
cholesterol both appeared to do so.

In connection with the mechanism by which
the etiologic agent, whatever that may be,
produces the atherosclerotic lesions, it is of
interest to note that the differences found are
in the advanced lesions and are not in the
simple intimal lipid deposits encountered dur-
ing the first 3 or 4 decades of life. If the
relationship between serum lipids and athero-
sclerotic lesions demonstrated here is actually
a causative relationship and not a coineci-
dental one, the data suggest that the mechan-
ism is not one of perfusion and filtration of
the arterial wall with lipid-rich plasma, but
has something to do with the inflammatory
and reparative reaction in and around the
atheromatous plaques.

It is possible that the chemieal type of lipid
deposited in the early fatty streak is different
in the aortas from each area, so that one
combination of lipid is more injurious and
excites a more intense reaction than another.
Since the method of evaluation used here does
not take into account the concentration of
lipid material in the tissue, it is also possible
that the amount of lipid per unit of tissue
differs. Qualitatively different lipids may fur-
thermore influence the coagulative mechanism
in either direction, leading to an increased
tendency to hemorrhage within the plaque or
thrombosis on its surface. These possible in-
terpretations have been discussed extensively
in previous reports.?

Attractive though the assumption of a
causal relationship between diet, serum lipids,
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and atherosclerosis may be, certain gaps in
the chain of evidence and criticisms of the
presently reported data must be pointed out.
For one, the dietary habits of the population
group represented by the New Orleans sample
have not been as specifically determined as
those for the Guatemalan or Costa Rican
groups. This part of the United States cannot
be accepted as ‘‘average’’ for the United
States population, as it is culturally and geo-
graphically rather unique. Furthermore, al-
though we believe that the people dying in
large general charity hospitals offer the most
reproducible autopsy population sample
available, the possibility of biased selection
remains. The size of the sample for each group
i1s being continually increased, so that it
should soon be possible to make not only age-
specific but also sex-specific and cause of
death-specific comparisons. Finally, it must
be remembered that these data deal only with
aortic lesions, and that a correlation of aortic
with coronary and cerebral lesions remains
to be firmly established.

SUMMARY

The incidence and severity of aortic athero-
sclerosis was studied in 941 aortas obtained
from autopsies performed on low-income
Costa Ricans, Guatemalans, and New Orleans
whites. The study covered cases ranging from
1 to 80 years of age and the findings indicated
geographic differences in the severity of
aortic atherosclerosis after the age of 30
years. The severity of involvement with
atherosclerotic lesion as indicated by 3 dif-
ferent indices was greatest in New Orleans,
intermediate in Costa Rica, and lowest in
Guatemala. The dietary habits, serum choles-
terol, and lipoproteins previously reported in
the 3 countries were compared with the patho-
logic findings. There is an apparent corres-
pondence between the dietary fat intake, the
serum cholesterol levels, S; 0-12 lipoprotein
patterns, and the degree of aortic athero-
selerotie lesions as measured by these methods.

SUMMARIO IN INTERLINGUA
Le incidentia e le severitate de atheroscler-
osis aortic esseva studiate in 941 aortas obte-
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nite ab necropsias de individuos a basse stato
economic de Costa Rica, Guatemala, e le popu-
lation de racia blanc in Nove Orleans. Le stu-
dio includeva casos con etates de inter I e 80
annos. Le resultatos indicava le existentia de
differentias geographic in le severitate de
atherosclerosis aortic post le etate de 30 annos.
Le severitate del lesiones atherosclerotic—
evalutate super le base de 3 differente indices
—esseva le plus marcate in Nove Orleans, in-
termediari in Costa Rica, e le minus mareate
in Guatemala. Le habitudes dietari, le valores
pro cholesterol seral, e le valores pro lipopro-
teinas reportate previemente in le 3 areas
esseva comparate con le constatationes patho-
logic. Lie methodos usate resultava in le con-
clusion que il existe un correspondentia ap-
parente inter le ingestion dietari de grassia,
le nivellos seral de cholesterol, le configura-
tion del lipoproteinas de Sy 0-12, e le grado
del lesiones de atherosclerosis aortic.
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