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Clinical experience with the low income group which constitutes the
major part of the population of Guatemala has suggested a lower prev-
alence of atherosclerotic disease than is observed in the United States
of America or among Guatemalans of higher income status. Guate-
malans with low income tend to be physically active and underweight;
they consume a diet which is low in fat and animal protein and high in
vegetable protein. They fail to show the gain in weight with age which
is common in North America. Racially, they represent Mayan Indian
stock variably intermixed with European strains. Their average blood
cholesterol is substantially lower than in the population of the United
States'; values for lipoproteins of the Sf 12 to 20 class and higher, as
measured in the ultracentrifuge,2 fail to show comparable differences."

Because of the current intense interest in serum cholesterol and
lipoproteins as possible indices of atherogenic potential, a pathologic
study of the actual prevalence of atherosclerosis in the two population
groups would help to determine the relative value of the two measure-
ments. Such a study would also help in the evaluation of the influence
of other factors, such as the amount and kind of dietetic fat, upon the
levels of blood cholesterol and the incidence of atherosclerosis. Present
epidemiologic studies of the disease,3 although they have made note-
worthy contributions, admittedly suffer from the lack of a uniform
and comparable method of quantitating atherosclerosis. For example,
although a low incidence of atherosclerosis has been reported in Japan,4
Costa Rica,5 Okinawa,6 and in the Bantu of South Africa,7 there is no
satisfactory way of comparing these groups with one another. The
appraisal procedure outlined previously8 is believed to have overcome
this difficulty and was applied to this study.
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MATERIALS AND METHODS

The pathologic material available for review consisted of the Sudan-
stained aortas from 6i6 unselected necropsies performed at the Charity
Hospital, New Orleans, and 324 performed at the General Hospital in
Guatemala. These were emined without knowledge of age, sex, race,
or cause of death and classified according to the extent of athero-
sclerosis and the types of lesions.8 In this procedure the relative pro-
portion of the total intimal surface involved is estimated and recorded
in one of five groups as follows: group 0 with less than 5 per cent
involvement; group A, 6 to i5 per cent; group B, I6 to 33 per cent;
group C, 34 to 50 per cent; and group D, 5I to ioo per cent. The
proportion of the diseased area represented by each of the four grades
of lesion is then determined. These include in grade i, lipid streaks;
grade 2, fibrous atheromatous plaques; grade 3, necrotic, hemorrhagic,
and/or ulcerated plaques; and grade 4, calcified lesions. An athero-
sclerotic index is obtained from these figures by appropriate weighting
for both the extent of the disease and the types of lesion which consti-
tute it.8 The Guatemalan material did not always include the aortic
valve, a point to which further reference will be made.

TABLE I
Aortas Available for Review

New Orkm Guatemal
White Negro

Dead
Maes Femaks Males Femals Males Femals

I 28 14 67 49 21 10

2 i6 9 27 I6 I6 4

3 20 13 22 I9 29 10

4 17 II 21 24 43 19

5 13 II 14 14 34 i6

6 20 7 20 I8 43 4

7 20 6 22 21 32 12

8 II 5 9 5 17 5
9 or more 7 5 II 4 7 2

Although natural illness was the cause of death in most cases, both
groups included a proportion of medicolegal cases with sudden fatali-
ties from traumatic causes in apparently healthy individuals. In
Guatemala, all of the necropsy material was obtained from individuals
in lower income groups whose dietetic habits are drastically different
from those in the United States and from those of upper income mem-
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bers of the same country. The sex and age by decade are listed in
Table I. Although Strong, McGill, Griffin, and Holman9 have shown
more severe juvenile atherosclerosis in the American Negro, the num-

ber of persons emined in the present study did not justify detailed
comparison between Negro and white racial groups.

RESULTS

The atherosclerotic index, which has been developed as an expression
of the extent and severity of the disease, shows a progressive rise with
age in both groups. Under the age of 30 years there are no significant
differences between them; the disease appears at an early age in both
and is present universally after the second decade (Text-fig. I). In
the first decade, 37 per cent of the aortas of persons from New Orleans
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Text-figure I. Progression of atherserosis with age.

and 6i per cent of those from Guatemalans were devoid of athero-
sclerosis. This discrepancy we believe to be the result of the unavail-
ability of the aortic valve and the supravalvular aortic segment in
much of the Guatemalan material. Griffin, Strong, and Holman10 have
pointed out the frequency with which these sites show the initial in-
volvement in juvenile atherosclerosis. In the second decade only 3 and
5 per cent, respectively, were devoid of atherosclerosis. After age 30,
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the severity of atherosclerosis increases more rapidly in New Orleans
than it does in Guatemala. When the differences between the means
were evaluated for each decade above 30 years of age by the t-test, all
proved significant at the i per cent level, except the last group, 8o
years and older, which was significant at the 5 per cent level.

Analysis of the individual factors considered in arriving at the
atherosclerotic index serves to specify the nature of the differences
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Text-figure 2. Effect of age on surface area involvement.

between the two locillties. After age 30 a progressively increasing
proportion of individuals present maximal surface involvement (Text-
fig. 2). Whereas more than go per cent of the New Orleans group above
6o years of age had reached this stage, only about 40 per cent of the
same group of Guatemalans were equally affected. Even those older
than So years had a lesser likelihood of maximal area involvement thn
the New Orleans group 2 decades younger.
The average relative frequency of each of the four types of aortic

lesions by decades in New Orleans and Guatemala is listed in Table II.
These percentages do not always total ten to represent ten-tenths, or
all, of the disease, as they must in individual cases. One cause for the
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discrepancy results from using averages, which, in the first decade
especially, incude a fair proportion of individuals devoid of athero-
sclerosis. A second discrepancy occurs in the older age groups in whom
an appreciable proportion of the lesions may be both ulcerated and
calcified. Although overlapping figures for these two types of lesion

T"rX II
RP.ative Proportion of Atkerosderotic Lesions (Averagc Profik)

New Orlean Gtma
Daa& Gra& x GT3dC2Grade 3 Grde4 Grad, Gfad 2 G3d3 Grad 4

I 6.2 0 0 0 3-9 0 0 0

2 9-5 0.2 0 0 9.1 0.3 0 0

3 9-5 0.5 0 0 9.6 0.4 0 0

4 6.3 3-3 0 0.1 9.0 0.9 0 0

5 4.6 4.7 0.3 0.5 7.9 2.0 0 0

6 2.6 5.9 o.8 x.0 6.o 3.6 0 0.2
7 I.6 6.2 I.3 I.8 4.8 4.2 0-4 o.6
8 1.0 5.4 2.1 2-7 3.2 5-3 o.6 0.9

gormo 1.2 5.8 1.3 2.1 2.1 6.o 0.7 1.2

NEW ORLEANS GUATEMALA

DECADES DECADES

Text-figure 3. Reative frequency of grades of atherosclerotic lesions.

were avoided in calculating the atherosclerotic indices, purposeful dup-
lication, as in Table II, permits comparison of the extent to which
calcification occurs.

For both New Orleans and Guatemala (Text-fig. 3), the data show
a progressive shift with age from predominace of grade I or lipid
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lesions to plaques frequently complicated by necrosis or calcification,
or both. However, the change occurs earlier in New Orleans. For
example, after age 50, fibrous plaques were predominant in the New
Orleans material whereas this was not true in the Guatemalan group
until the eighth decade. Ulcerated and calcified plaques appeared in
the aortas of the New Orleans group after the third and fourth decades
but did not complicate the disease in Guatemala until the fifth and
sixth decades. Moreover, the proportion of grade III and IV, ulcerated
or calcified lesions increased more rapidly in New Orleans than in
Guatemala. In the older age groups in New Orleans, as exemplified by
the 70 to 79 age group, almost half the lesions were ulcerated or calci-
fied, or both. By contrast, the process was of similar severity in only
I5 per cent of the aortas in Guatemalans of the same age group.

DIscussIoN
The data presented demonstrate a highly significant difference in the

severity of atherosclerosis in New Orleans and Guatemala. This be-
comes obvious and progressively more striking after the third decade.
Although the incidence and severity of the disease in both countries are
related to age, the fact that there is such a striking discrepancy re-
affirms that other factors in addition to age must be considered in
atherogenesis.11 One suggested by a recent study' is that Guatemalans
with low incomes have appreciably lower levels of blood cholesterol
than Guatemalans with higher incomes or sampled populations of the
United States.

Unfortunately, too few necropsies were available for the present
study to permit adequate pathologic comparison with Guatemalans of
the upper income groups. However, each of eight consecutive medico-
legal necropsies performed on such subjects presented an athero-
sclerotic index in the upper range of that exhibited by the corresponding
age group of their low-income compatriots.* This limited observation
agrees with the impression of clinically significant atherosclerosis
among Guatemalans whose activities, diet, and levels of serum cho-
lesterol match those observed in the United States of America.

It is pertinent to note that paralleling the difference in athero-
sclerosis, over age 40 in the two localities, there were 5I cases of
myocardial infarction in New Orleans from a total of 316 cases and
only one in the Guatemalan group of 234 cases. On the other hand, of

*These cases, with dietetic habits and activities much like residents of the United
States, were excluded from the Guatemalan material being studied.
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the eight medicolegal necropsies in Guatemala on individuals of the
upper income group, two had myocardial infarcts. Ten instances of
aortic mural thrombosis and three arteriosclerotic aneurysms, both
complications of severe disease, occurred in the New Orleans material
whereas only one of the Guatemalans had mural thrombosis and there
were no non-syphilitic aneurysms. The greater prevalence of ulcerated
or calcified atherosclerotic lesions, or both, in the United States would
appear to explain, at least in part, the difference in incidence of clini-
cally apparent atherosclerosis. An intensive search should obviously
be made to identify the environmental factors responsible for the dra-
matic differences between New Orleans and Guatemala in both athero-
sclerosis and ischemic heart disease.

SUMMARY
The extent and severity of atherosclerosis in the United States of

America and Guatemala were compared by examining the aortas from
6I6 unselected necropsies in New Orleans and 324 in Guatemala lim-
ited to members of the low income group. In both countries the disease
started at an early age and was uniformly present after the second
decade. Its severity rose progressively with age, but after age 30, the
increase was significantly lower in Guatemala. The calcified and ul-
cerated lesions, common in the older United States group, were also
distinctly less prevalent in the material from Guatemala. It is signifi-
cant that over the age of 40 there were 5I cases of myocardial infarc-
tion among 3 I 6 cases in the New Orleans material and only one among
the 234 Guatemalans. There were also ten cases of aortic mural throm-
bosis and three of arteriosclerotic aneurysm in the United States mate-
rial as contrasted to one of mural thrombosis in the Guatemalans.

We are greatly indebted to Drs. Russell Holman, Henry McGill, and Jack Strong
of the Department of Pathology, Louisiana State University, for their generosity
in making the New Orleans material available for review and extending the facili-
ties of their department to us. The help in collecting aortas by Jorge E. L6pez,
Carlos Mendez M., Jose Maria Arriola, and Minor Hernandez, of the School of
Medicine of the University of San Carlos, Guatemala. is also gratefulhl acknowl-
edged.
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