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Mortality rates from vascular lesions of the central
nervous system differ among populations,1#% 415 437 and
increasing mortality rates lor these diseases have ac-
omp.mlcd risinyg death rates for coronary heart clis-
case. BN 4T l.mlc is known, however, about the severity
of the arterial lesions ol cerebral atherosclerosis among
populations or about its asociation with the reported
differences in mortality rates.

Most investigators concerned with atherosclerosis of
the cerebral arteries have studied stenosis and thrombosis
in cases with central nervous system disease,?16: 217, 442, 4x0
In this study, severity of cerebral atherosclerotic lesions
has been determined quantitatively in persons from dif-
fercnt geographic and ethnic groups. This study was con-
ducted as a part ol the International Atherosclerosis

Project, an international cooperative survey of athero-
sclerosis in autopsied persons {rom different geographic
and ethnic groups. The results indicate that there are
differences in cerebral atherosclerosis among groups of
persons from difterent countries and races. The dif-
fercnces appear at ages much younger than the ages in
which clinically manifest cerebral vascular disease occurs.

MATERIALS AND METIIODS

COLLECSION OF ARTERIES

Cooperating pathologists in five countries collected
1547 sets of cerebral arteries from autopsied persons 10
to 6Y vears of age between August 1961 and September
1063.215. 312, 40 These cerebral arteries were collected
from persons whose coronary arteries and aortae were
incdluded in a larger study of the geographic pathology
of atherosclerosis. A technician in each Iabor atory opened
the arteries longitudinally, fixed them in formalin with
the adventitial surlaces adhered to cardboard, and pack-
aged them in plastic bags.™® The pathologist submitted
the arteries to a central Tabor atory with identilying and
accessory clinical and pathologic data. The central lab-
oratory stall sereencd the arteries for quality of dissection
andd completeness of data, stained them with Sudan 1V,
and repackaged them in plastic hags,19®

DeriNrrion or Tzrys

Sy wsed in this study, the term “cerebral arteries™
refers to both the extracranial and intriceranial cerebral
arteries supplhving the brain. The following secgmen's of
the extracranial cerebral arteries are considered sepa-
rately: the left common carotid artery [rom its origin 1o
its bifurcation into the internal and external carotid

artery; the right common carotid artery from its origin
to the bifurcation; internal carotid arteries, including
the petrous and cavernous portions, from their origin
to their points of entrance into the cranial cavity; and
the vertebral arteries from their origin to their points
of enwrunce into the cranial cavity. The intracranial
portions of the internal cavotid arteries and vertebral
arteries removed with the other intracranial arteries are
not comsidered in this study. The inwracranial arterial
segments considered separately include main trunks of
the middle cerebral arteries from their origin to their
first major bifurcations into Sylvian branches, and the
entire basilar artery.

GRADING ATHEROSCLEROSIS

The supervising statistician assigned each set of coro-
nary arteries and each aorta to one member of a team
of five pathologists for grading.!*® A dillerent team of
two pathologists working together graded each set of
cerebral arteries. The gracders estimated the percentage
of intimal surface involved by each of four diflerent
Lypes? uk, 40 of atherosclerotic lesions (fatty streaks, fibrous
plaques, complicated lesions, and calcificd  lesions)
cach common carotid artery, internal carotid artery,
vertebral arwery, and middle cerebral artery, and also
in the basilar artery.

DATA PROCESSING AND ANALYSIS

The statistical laboratory transferred coded informa-
tion and estimates of atherosclerosis to punched cards
and performed tabulations and computations with elec-
tronic data-processing equipment. The laboratory com-
puted mean values for extent of atheroaclerosis by geo-
graphic origin, race, age, sex, type of lesion, artery, and
cause of death.

An over-all mean for raised atherosclerotic lesions
(the sum of percentage of intimal surface involved with
fibrous plaques, complicated lesions, and calcified le-
sions) was computed for the aorta and coronary arterics
[or cach location-race group; then the groups were
ranked from highest to lowest according to that mean. 4%

SE1LECTION OF MEASURES nF LESIONS

The perceniage of intimal surface involved with
raised atherosclerotic lesions was used as the most mean-
ingful measure of atherosclerosis. Complicated lesions
and caleified lesions are rare in the cerebral arteries
[rom many iocation-rice groups; thus mean vilues for
percentage intimal surlace involvement have little aiean-
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ing. Therefore, we compared the percentage ol cases
positive (prevalence) for each type ol lesion, as well as
extent of lesions.,

In order to make comparisons ol prevalence and
mean extent of lesions among subgroups, arterial scg-
ments were combined into the [ollowing major groups:

Carvolid Arteries. Left and right common and extra-
cranial internal carotid arteries, including the petrous
and cavernous portions.

Pertebral Arteries, Extracranial portions of the two
vertebral arteries.

Intracranial Artevies. The two middle cerebral arteries
and the basilar artery.

SELECTION OF CASES FOR GEOGRAPHIC COMPARISONS

Persons with coronary heart disease, hypertension,
peripheral arterial disease, diabetes mellitus, cercbral
infarction, and cercbral hemorrhage are reported to
have more atheroscicrosis in the cerebral arteries than
those who do not have these discases, =5 169, 130, 192, 234, 213
These cases were divided into those with and those
without clinical or morphologic cvidence of coronary
heart disease, cercbrovascular disease, hypertension,
diabetes mellitus, syphilitic or other types of aortitis,
chronic renal disease, and other atherosclerotic com-
plications such as peripheral vascular disease, wortoiliac
occlusion, and mesenteric thrombosis. For convenience,
this group is referred to as associated diseases. The two
groups of cases were analyzed separately. The persons
who had no clinical or morphologic evidence of the
diseases listed above formed a basal group for location-
race comparisons, 3¢

After the basal groups of cases were further divided
by age and sex, small numbers of cases were present in
many subgroups. Only the Oslo (Norway) and Guate-
mala collections contained five or more cases in each
subgroup and were used to make the principal compari-
sons. These two locations dilfer greatly in prevalence of
cerebrovascular discases®** 477 and also in prevalence and
extent of aortic and coronary artery raised atherosclerotic
lesions. ¢ Cases from New Orleans (Louisiana), Santiago
(Chile), and Jamaica were used in selected comparisons.

RESULTS

DirrERENCES IN \THEROSGLEROTIC LLESIONS BETWEEN THE
Toran Samere axo e Basan Grourp

Fatty streaks in the basal group diiler only slightly
from [atty streaks in the total sample (daia not shown).
The mean extent ol raised atherosclerotic lesions in the
total sample of Oslo cases and that of the basal group of
Oslo cases are compared in Figure 1. Raised lesions are
more extensive, on the average, in all cases than in the
basal cases. The dillerence between all cases and basal
cases Is approximately equal in both sexes. These trends
are similar in Guatemalins. The greater extent of le-
sions in all cases as compared with the extent in basal
Goes was abo found inoa Jarger sample of aortace and
COYORArY arterics, s ,

The diltering proportions of persons  with  diseases
awociated with atherosclerosis among location-race sub-
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Note: All illustrations were derived from the International Ather-
osclerosis Project, 1960 to 1965,

Fic. 1. Extent of raised atherosclerotic lesions in the cercbral
arteries of Oslo men by age and arterial segments, using the total
sample of cases (all cases) and a subsample of cases (basal group of
cases) which were formed by excluding persons having coronary
heart discase, peripheral arterial discase, cerebral hemorrhage and
infarction, other atherosclerotic complications, chronic renal dis-
case, hypertension, and diabetes mellitus.

groups would introduce serious bias in the samples.
Therefore in comparing the various subgroups in this
study, only the basal group was used.

VARIABILITY IN LESIONS

The extent of [atty streaks and raised atherosclerotic
lesions (Figs. 2 and 3) in the cerebral arteries varies from
one person to another, even in the most homogencous
subgroups. This variability demonsirates the need for
large simples when comparisons among  location-race
groups arc based on mean extent of lesions.

PREVALENCE OF ATHEROSCLEROTIC LESIONS BY AGE

All four types of atherosclerotic lesions are more prev-
alent in the carotid arteries than in the verwebral arteries
or intracranial artertes. Fatty streaks are present in the
carotid arteries of ull persons-in the age groups studied.
Complicated lesions and calcified lesions are rare in all
arteries except the carotid arteries in which calcified
lesions are moderately common. The prevalence of
Fatty streaks in the vertebral and inwacranial arteries
creases in succeeding age groups (Table 1), The prev-
alence of fibrous plagques increases in each succeeding age
group in all arteries (Table 2), and so does the prevalence

145



606 SOLBERG £ET AL LAvokATORY INVIATIGATION
501 1
40 -
304 . 1 |
RAISED o B -
LESIONS > . .
= 20- 2ero.” . -
o .o. ae » *
> :. * .
2 -"'._ e . .
W lo" e ::- :.E . - ..' Cee
&) s " s= o: -
< ) - - L] .:: 0 s e . ]
L - e e, i ) -
‘r c : : : a » : e o8 g0 . : : -...Q-u
pam
[7)] 30‘ . .
- " - .
5 .
U 20"‘ * . .. d =
FATTY S -E - . L . . :
STREAKS n‘ ..::.' : - .o ..
.. O... [ ] .o... :...
'O" :.'-o: e . : i . -:.o-
< - SR MRS sy =
o 1 . ggver, il ol sonas
AGE 55 65 55 65 55 65 55 65
N OSLO GUATEMALA_J oOsSLO GUATEMALAJ

CAROTID ARTERIES

Fic. 2. Variability in estimates of fauty streaks and raised athero-
sclerotic lesions in the extracranial arteries of men from Qslo and

of calcified lesions in the carotid arteries (Table 3). The
wrends are stmilar in both sexes.

MEAN EXTENT OF ATHEROSCLEROTIC LIsIONS BY AGE

In the carotid arteries the mean extent of fatty streaks
is about the same in all age groups over 35 yeuars. In
vertebral and inwracranial arteries (Fig. 4) the mean ex-
tent of fatty streaks increases in each succeeding age
group throughout the age-span examined. Raised le-
sions in all arterial segments also increase in each suc-
cecding age group.

CoararisoNs OF LESIONS AMONG CEREBRAL ARTERIES

Fatty streaks and raised lesions are more extensive in
the carotidd arteries than in the vertebral and intra-
cranial arteries of hoth Oslo and Guatemala men (Fig.
4). A similar trend is present in women,

Conranisons OF LESIONs AMONG CERLBRAL ARTERIES,

CORONARY ARTERIES, AND AORTA

Con.parisuns ol lesions in-the cerebral arteries with

‘ - - -
Iosions In coronmy arurics and aortae are shown in
Tables 4 and 5. The mean extent of atherosclerosis in

VERTEBRAL ARTERIES
O MEAN PERCENT

Guatemala, 35 to G+ ycars of age, in the basal group, by two arterial
scgments.

the vertebral and intracranial arteries is less than in
the coronary arteries anl aorta. Carotid arteries are in-
volved to about the same degree as the coronary arteries.
Similar trends are present in both sexes.

Cerebral arteries were graded by a dilferent team of
pathologists than that which graded the coronary arteries
and aorta. Both teams were members of the same re-
search group, both wsed identical definitions and criteria,
both were supervised by the same statistician, and both
graded coded specimens blindly.2*% 4" However, the

- possibility that the lesions were estimated dilferently

in the two systems limits the value of these comparisons.

DIrFERENCES BETWEEN MEN AND WOMEN

In the vertebral and carotid arteries there are no
conpistent differences in the prevalence ol fatty streaks
and fibrous plaques hetween men and women. In the
intracranial arteries the prevalence of fibrous plaques is
higher in men, but the diflerences are not statisticaily
significant.

Sex diflferences in mean extent of fatty streaks are small
(Fig. 3) and arc generally not statistically significant,
Raised atherosclerotic lesions, however, are more ex-
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tensive in men than women in all of the cerebral ar-
teries and in almost all age groups. The sex dillerence is
significant (p < 0.05) in the carotid arteries for groups
over 55 years and in the intracranial arteries for those
65 to 6Y years of age.

DIFFERENCES BETWEEN LOCATIONS IN PREVALENCE OF

Lesions

Prevalence rates of fatty streaks and fAbrous plaques
(Tables 6 and 7) are consistently higher in Oslo cases
thaa in Guatemalans in all age groups, but the prev-
alence of carotid aviery fatty streaks is 100 per cent in
all groups. Dillerences in prevalince of fatty streaks and
fibrous plaques hetween geographic locations appear 1o
be greater lor the vertebral and intracranial arteries
then for the carotird arteries.

No complicated lesions were detected in -the carotid
arteries in persons younger than 45 years ol age (Tuble
8). In persons 5 years of age and older, complicated
lesions were more frequent in Oslo than in Guatemalan
cases. There 1s no consistent trend of diflterences in prev-
alence of calcified lesions between the two location

groups (Table 38).

DiIrrERENCES BETWEEN LOCATIONS IN MEAN LXTENT OF

LisioNs

Fatty streaks in the carotid arteries differ only slightly
in mean extent between Oslo and Guatemala, and the
diiferences are not consistent in direction (Fig. < an-l
Tuable 9). Verteboal and inwacranial artery fauty suireaks
ditfer in mean extent, and involvement is coasistently
greater in all age groups in Oslo cases. The mean extent
of raised atherosclerotic lesions is consistently higher
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TaBLE 1. NUMBER AND PERCENTACE OF CAsEs WITH FATTY STREAK
(FS) 1Iyn Two ARTERIAL SecMENTS IN \WOMEN OF THE BasaL
Groupr By ACE aAND Locarion-Race Group®

Oslo cases Guatemals cases
Age group Arteries with FS Arteries with FS
No. No. i
Verte- { Intra- Verte- | Intra-
bral cranial bral | cranizl
yr. % o
10-34 15 47 40 44 36 ; 18
3544 14 57 86 25 44 I 68
4554 26 96 96 - 35 57 , 86
5564 40 93 100 29 72 | 9%
65-69 18 | 94 100 7 80 : 71
f

“ In this and all subsequent tables, unless” otherwise specified
the data were derived from the International .\therosclerosis
Project, 1960 to 1965.

TasLe 2. NumBer AND PrrceExTAGE OF Lases witit Fisrous
PLAQUES (FP) IN THREE .ARTERIAL SEGMENTs IN \WOMEN OF THE
BasaL GrouPr BY Ack aNxD LocatTiox-Race Grour

Oslo cases Guatemala cases

Arteries with FP

Arteries with FP

Age group

No. . No. .
Ca- Ver:c-“mrn- ' Ca- Verte-!Intra-
rotid | bral icr:.mi:v.l: "rotid= bral cranial

yr. c : s

10-34 | I5 60 27i 2r 44 1 3] ot 0
35~ 1 14 go, 50 ' 7' 23 losrta2 3
45-54 26 100 58 ¢ 50 35 9. 29 20
55-64 0 lwol 75! 63i 20 | o7t 38 24
65~09 18 Jl00f 9% (.78 7 [log, 57 43

i | ¢
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Tavre 3. Nuatmi  AND Prreinrace oF Cases witit CoMPLICATED
Jastons Axn Carciried lasions I CAROTID  ARTLRIES IN
Wosen o T Basan Grove ny Ak A Locarion-
Race Group

Oslo cases Guatemaly cascs

Calei-
fiel

lesions

Age group | Compli- '

cated
lesions

Compli-
No, caled
lesions

Caldi-]
ficd = No.
lesions

3r. Co %
10-3+ 15 13 44
3514 14+ 7 25
43~34 ™ 8 35
a3~04 I 4) 29
65-69 | 18 1
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of the dillerences are not statistically significant (Table
). Statistical tests for location-race dillerences among
groups of women were not performed, but the location
differences among women parallel those immong men,

DirFERENCES BETWEFEN LOCATIONS IN PROGREMSION OF
CEREBRAL ATIHIROSCLEROSIS

In both location-race groups the previlence and mean
extent ol all types of lesions increase in cach succeeding
age group. lHowever, the mcan extent ol raised lesiohs
in the carotid and vertebral arteries of Guatemalan
men in each age group is about the sume uy that of Oslo
nmen 20 years younger (Fig. 7). Raised lesions in the
intracranial arieries [ollow a similar pattern of age and
geograplhic differences except for the peculiar high level
in 33~ to 64-year-old Guatemalans.

Fixpings 1x Otner LocaTioN-Race Grours

In Tables 10 and 11 differences are indicated in New
Orleans white and Negro, Jamaica Ncgro, Santiago,

TABLE 4. NuMBER OF CAstS AND MEAN PERCENTAGE OF INTIMAL
Surrack InvoLveED wiITit FATTY STREAKS IN SIX AKRTERIAL
SeoMENTS I WoMEN oF THE BasaL GrouP BY AGE
anp LocaTion-Race Group

Surfuce involved with fatty sireaks

. , 1 ,
Ab- l Tho- Coro-+ Cu-  Verte- Intm-
dom- : nary |, rotid . bral c¢ranial
inal arler- | arler- Parter-, arter-
aorta jes e ' fes ‘ jes

No. of
cascs

Age Location-race
group group

racic |

t aorta |

i

VERTEBRAL

! .

PERCENT SURFACE

INTRA—

10
CRANIAL » ]

I’-. .:'1

yr, mean Tp
10-34 | Oslo 15 31.9[ 21.2" 5.4 5.8

Guatemala #4 |25.0 17.6 2.5 6.0
Oslo 14 | 25.4 19.70 17.8 10.3
Guatemala | 25 |3+.3,25.5 6.6] 9.5
Oslo 26 | 24.9 21.8 12.6 11.5
Guatemala 35 28.4 22.9I 8.2 12.2
Oslo 40 | 22.6, 24.7] 14.7| I1C.8,
Guatemala 29 1209 24.4 14.3' 11.9
Oslo 18 1 18.7.20.8 15.3 12.3
Guatemala 7
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Fie. 4. Mean extent of atherosderotic lesions in men iom QOslo
anel Guatemala in the basal group, by age and arterial segments.

in all cerebral arteries from Oslo, and the differences
between geographic locations generally are more striking
in the older age sroups (Fig. 6 and Table 9). There is one
exception to this generalization. Raised lesions in the
intracranial arteries in 35- to 6l-year-old Guatemala men
exceed raised lesions in comparable Oslo men. Exam-
ination of individual cases (Fig. 3) shows that a single
heavily involved case contributes to the high mean for
Guatemalan men. Another peculiarity is the large
amount of raised lesions in 65- to 69-ycar-old Oslo men.
Examination of individual cases (Fig. 3) shows that the
mean is not the result of a few severely involved cases
Lut is actually representative of the total group.

The consistency of the diilerences in prevalence and
extent of lesions between Oslo and Gaatemalan men
sazeests that the diferences are real even though some

Tanre 3. Numpir oF Cases AND MEAN PURCENTAGE OF INTIMAL
Surractk InvoLven wrrit Ramsep ATHEROSCLEROTIC LesloNs
IN SIX ARTERIAL SeEoMeNTs IN WoMeEN oF THE BasaL
Grour BY AcE AND Locamox-Race Groue

I Surface involved with raised lesions
s | iroup | e | g 1oy *Core! o Verer I
inal | 700 arter- arter- arter- arter-
aorta i s i ws E s 13
yr. I mean S
10-34 | Oslo 15 0.3 0.0' 6.1 2.4 0.7 0.0
Guatemala 44 0.2 0.0 0.0 0.4 0.0 0.0
35—4—1—I Oslo 14 2.2 49 109 7.4+ 1.4 1.3
Guatemala ! °X I 6.7; 1.0 0.9 2.0 0.0 03
45-54 | Oslo 20 33.9 13.9 12.2 10.9 1.7 0.6
' Guatemala 35 12.3 7.3 4.4 4.5 0.5 0.6
55-6+ . Oslo 40 141.2 25.7 23.3 144 3.0 3.8
' Guatemala | 29 9.0 18.2 8.4 7.5 1.2 27
(3-069 | Qslo 18 51.7 40.3 200 16.9 4.3 5.3
' Guatemala 7 49.9 k6 17.0 11.1 1.7 3.0
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Oslo, and Guatenmala cases for the two age groups con-
tining five or more persons in all subgroups. The
location-race groups are wranged for convenience in
refarence rank order bhased on raised lestons in the aorta
and the coronary ateries. ¥ Rankings of the six location-
race groups by prevalence of fibrous plaques and mean
extent of raisl lesions in each cerebral artery arve sim-
ilar 1o the reference rank order; the rinking by mean
extent of raised lesions in all cerebral arteries combined
is even more similar to the reference rank order. One
exception is the higher extent of raised lesions in New
Orieans Negroes than in New Orleans whites. Jamaican
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Iic. 5. Sex differences in mean extent of atherosclerotic lesions
of Oslo men and women in the basal group, by age and arterial seg-
ments.

TaBLE 6. NUMBER AND PrrceNTACE OF Cases witit FATTY STREAKS
IN Two ARTERIAL SEcMENTS IN MEN OF THE BasaL GROUP BY
AGE Axp LocaTiox-Race Grour

DISTRIBUTION OF CEREBRAL ATIHEROSCLEROSIS

Cases with fatly streaks
Age group ! Location-race group No. of cases ] | -
Vertebral 'Intracranial
arteries | arterics
3. Se
10-34 Oslo | 17 77 | 4l
' Guatemala 30 47 I 37
39—k . Oslo 31 77 81
| Guatemala 19 37 I 11}
453-54 Oslo 37 i) { 8y
: Guatemala 39 (394 77
I5-O% QOslo 85 a8 1 95
Guatemala 30 70 | 77
u3-uY Oslo 29 100 l 97
Guateinala 14 ! 93 100
|

69

TanLE 7. Nusmni.k AND Percextacr or Cases wriin Finrous
PLAQuLs IN THREE ARTERIAL SLGMENTS IN MEN OF 1111 BasaL
Grour ny Ack AxD laacatiox-Race Grote

Cases with fibrous plaques
Aze group Location-race group No. of cases — Verte- ' Intra
arterics nrli'u:;rlilcs-: ::i:nﬂi
i
yr. G
10-34 Oslo 17 sl oo
Guatcmala 30 44 10 l 3
3544 Oslo 31 100 5 129
Guaiemala 19 79 Y 5 ' 1
45-5 Oslo 37 wn | 76 43
Guatemala 39 9 21 21
55-64 Oslo 85 100 | 91 | 75
Guatemala 30 07 23 ! 43
63-69 Oslo 29 00 | 90 | a3
Guatemala 14 100 71 } 57

TApBLE 8. NuMBER AND PeErcenTacE oF Cases wiTiti COMPLICATED
Lestons axb Cavrciriep Lesions 1N CAROTID ARTERIES IN MEN
oF THE BasaL Group By .\GE axD LocaTion-Race Group

Cases ‘f.ith' Cases with
Age group Location-race group No. of cases ‘2:3'“'&" l calciiied
]csions I IGSIOHS
[}
yr.

10-34 Oslo 17 0 0
Guatemala 30 0 7
344 Qslo 31 0 3
Guatemala 19 0O 1 11
45-3 Oslo 37 3 16
Guatemala 39 0o . 18
35-64 O:slo 85 11 42
Guatemala 3 3 33
65-69 Oslo 29 2¢4 | 69
Guatemala 14 0 i 37

Negroes also have more raised lesions in the vertebral
and intracranial arteries.

DISCUSSION

NATURAL HisTORY OF CEREBRAL ATHEROSCLEROSIS

These data suggest that atherosclerosis increases with .
age in all cerebral arteries, as others have reported for
the intracranial arteries alone?™. 312 33 and the neck
arteries alone.*®. 313 The lesions appedr later in life and
involve a lesser percentage of intimal surface of the
vertebral and intracranial arteries than of the coronary
arteries and aorta, also in accordance with other re-
ports, 16 =ik, #6T Arherosclerosis begins earlier in the
carotid arteries than in other cerebral arteries. and caro-
tidd artery lesions tend to follow the pautern of change
with age followed by aortic atherosclerosis. The high
prevalence ol calcified lesions at younger ages may be
due to a process other than atherosclerosis. The relation-
ship of calcified lesions in the petrous and cavernous
portions of caro:id arteries to atherosclerosis is not
clear.liy, 35

It is not known why atherosclerosis develops more
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TasrLe 9. Nusnrr oF Casrs Axp Mean PERCENTAGE oF INTIMAL
Sur¥act Isvorvep wirtt Fatry Strears (I'S) asp Rawseop
ArueroscLEROTIC Lisions (RL) v Turer ArTERIAL
SeeMENTS IN MeNn or e Basat Grour By AcGk
axp Locarion-Race Group

i Surface in;olvcd withj Surface involved with
‘S
Age Location-race | No. of
group group cases Ca- 1Verte- i Intra- ! Verte- Intra-
votid | bral  cranial Carotid; brul crafial
tor- ter- ter- teries| arter- | 500
mict;r mic:r aricu;r arteries .LEC;r P
xr, mean 7, mean 4
10-34  QOslo 17 'S.21 101102 1.6 1 0.0 0.0
PGuatemala| 30 8.0 0.9 0.b] 147071 0.0
35—+ | Oslo 31 051 1.9 1.2 8.5 2.2 1.2
Guatemala i9 9.4 0.71 0.5 2.4 0.1 0.1
43-5>¢ 1 Oslo 37 11.5 0 2,99 1.8% 12,14 3.6¢ 1.9
Guatemala 39 104§ 0.77 0.6 4.5 0.3*! 0.3
535-6+¢ Oslo | 8 1.4 +.1¢ 2.80 2.2 4.9 3.2
 Guatemala} 30 12,9 1.5+ 1.64 8.2« 1.0 3.8
03-69 { Oslo 29 11.4 { 5.0% 4.2¢ 25.8% 6.4 ] 15.0"
; Guatemala 14 11.8{ 2.3 2.0" 16.4"! 2.61 3.6*
i |

@ Statistically significant difference (¢-test: p < 0.05) between
Oslo and Guatemalan men.

b Statistically significant difference (/-test: p < 0.01) between
Oslo and Guatemalan men.
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Fi.. 6. Location-race ditlferences in mean extent of raised athevo-
stleroanie losions in men from Oslo and Guatemala in the basal
group, by age .nd arterial segments.

slowly with age in the vertebral and inuacranial ar-
teries than in other arteries. The slower rate of the
process may be due 1o differences in structure, hemo-

SOLBERG ET AL,
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dynamic conditions, other physical stresses, or arterial
wall metabolisim #2% 391,424, 438, 461

SEX DIiFFERENCES IN CEREBRAL ATIHEROSCIEROSIS

These data show that men have consistently more
severe cerchral atherdsclerosis than women. Some pre-
vious studies have found sex differences;2i. 394, 359 gihers
have not2* 522 The dillerences are small in location-
race and age groups which have little cerénai athero-

sclerosis, but they are more pronounced in older persons

and in location-race groups with more severe athero-
sclerosis, Larger samples will be required 1o make con-
clusive statements about the degree of dillerence in ceres
bral atherosclerosis between men and women.

Location-Race DIFFERENCES IN CEREBRAL ATIHEROSCLERO-
SIS

These data establish location-race dillerences in prev-
alence and mean extent ol atherosclerotic lesions in the
cerebral arteries. These diflerences parallel differences
in the coronary arteries and the aorta.*¥ The few re-
ported geographic comparisons of cerebral atherosclero-
sis have not shown diflerences,® 3¢ probably because
the cases were from populations with similar environ-
mental backgrounds. Populations in this study difter
greatly in environmental conditions.

ASSOCIATION OF CEREBRAL,
ATHEROSCLEROSIS

AORTIC, AND (CORONARY

Several studies have shown an association between
coronary, aortic, anc cerebral atherosclerosis.* 1. 273,
90, 4x2. 453 The results of this study also indicate that
the extent of atherosclerosis in one arterial segment re-
{lects the extent of atherosclerosis in another arterial
seement on a group basis. When individual persons are
considered, the severity of agherosclerosis in one cerebral
artery cannot be predicted from the severity of lesions
in other cerebral arteries. 7

CEREBRAL ATHEROSCLEROsIS, CEREBRAL VascriLar Dis-

EASE, AND HYPERTENSION

Most investigators believe that cerebral infarction 1Is
principally related to cersbral atherosclerosis and that
cerebral hemorrhage is principally related to hyper-
tension. However, cerebral infarction also frequently
occurs in hypertensive persons.®1. 135 214 228 This asyo-
ciation 1aay be due to increased severity of atherosclero-
sis in persons with hypertension. The aggravation of
cerebral atherosclerosis in persons with Dypertension
and other diseases thought to be associated with increased
atherosclerosis is examined in detail in another analysis
of this material.#9%a

To relate the data presented here on cerebral athero-
sclerosis in the basal group to death rates from cerebral
infarction would require an estinmate of cerebral in-
farction mortality rates in the same populations. Such
feures are not easily available. Vital swatistics usually
do not distinguish between different types ol cerebral
vascular discases because it is sometimes diflicult to
differentiate cercebral infarction from cerebral hemor-
rhage on clinical grounds. There are indications, how-
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ever, that the incidence of cerebral infarction parallels
the incidence of coronary heart discase in a popula-
tion.2#5. 47 Coronary heart disease and cerebral infarc-
tion coincide with higher frequency than expected;# =41
p.m of this comudence may be due to embolism {rom
the heart to the brain causing cerebral inlarction.==¢

The prevalence of coronary heart discasc is much
lower in. Guatemala, Chile, and Jamaica than in New
Orleans and Oslo.222 320,477 [ the suspected association
between coronary heart discase and cerebral infarction
is real, the inddence of cerebral infarction should be
lower in Guatemala, Chile, and Jamaica than in New
Orleans and Oslo. In the groups of autopsied persons
for this stucly, cerebral infarction was recorded in 11 per
cent of the Oslo cases 35 to 69 years of age; the figure for
New Orleans white was 11 per cent; New Orleans
Negro, 11 per cent; ]:mmica 8 per cent; Guatemala, 3
per cent; and Santiago, per cent. As has been demon-
strated previously, the severity of cerebral atherosclerosis
is also lower in Guatemala, Chile, and Jamaica than in
New Orleans and Oslo. Thus, it is suggested that the
incidence of cerebral infarction parallels the severity
of cerebral atherosclerosis in a population.

RACIAL DirFERENCES IN CEREBRAL ATIIEROSCLEROSIS

New Orleans Negro men secem to have -more exten-
sive cerebral atherosclerosis than New Orleans white

10 20 30 40 50 60 70

30 40 50 60 70

10 20 30 40 50 60 70 10 20

age (n years
TapLe 10. NuMsBir AND Prrcentace or Cases wrrit Fisrous
PLAQUES IN THREE ARTERIAL SEGMENTS IN MEN BY AGE
anp Locarion-Race Grours

43-34 age group 556+ age group
. Arteries with Arteries with
Location-race group ~o. fibrous plaques o. fibrous plaques
oi of -
Case8{ (Ca- \'crtc-l Intra-| €2s¢s ! Ca- l‘\'t:rtt:-1 Intra-
rotid { bral lcrnninla ! rotid { bral !cranial
T ¥
New Orleans white [ 10 1100 | 80 1 70 | 13 1100 77 | 77
Qslo 37 1100} 76 | 43 85 | 100§ 9l 75
New Orleans Negro {11 1100} 73 } 35 | 18 | 100 | 94 | 94
Jamaica Negro 51100 80 | 40 7 11001 71 1 71
Santiago 511001 20 { 20 7 8| 57 | 71
Guatemala 397 931 21 | 21 } 30 | 97 ¢ 23 | 43
§ 1 1

men, although white men have more severe coronary
atherosclerosis.#3% This discrepancy is an exception to
the generalization that the severity of cerebral athero-
sclerosis parallels the severity of atherosclerosis in the
coronary arterics on a group vasis. The tentative findings
in the cerebral arteries are supported by vital statistics
which show that cerebrovascular discases®® are more
frequent among Negroes thaa whites. However, either
ccrebral infarction or cerebral hemorrhage in Negroes
may be responsible for the racial dilferential in cere-

TAaBLE 11. NuMBER OF Casts AND MEAN PERCENTAGE OF INTIMAL SurFackE INVOLVED wiITH FATTY STREAKS (FS) axp RAnep
ATHEROsCLEROTIC LEsions (RL) 1x THREE ARTERIAL SeEGMENTs IN MEN BY AGE AND Location-Race Group

45-34 age group 55-t4 age group '
% Surface involved ; Surface involved
Location-race group t ! ;
No. of ' Carotid Vertebral Intracranial | All three No. of Carotid l Vertebral | Intracrarnial ¢ All three
cases | arteries aiteries arteries | arteries cases arteries arteries arteries i arteries
l )
t ! | - : X
, - Fs | RL I Fs | RL FS | RL | TS ; RL FS RL%FSiRLIFS-RL!Fs,RL
- [ 1 . i 1 1 ]
i I meun G meun g,
New Orleans white |10 22 3]1.5312.611.617.213.4 10.7 13§ 7.3}18213.0'6.5,1.5]2.9 , 391 9.2
Oslo ‘ 37 ! lI 12.1 2.2'356 1.8 } 1.9 { 4 i 3.0 85 1 11.4120.2 4.1 f 4.9:2.813.2 ; 6.11 9.4
New Orleans Negro | i 12, 6' 14.8 | 2.0 l 4.6 | 1.9, 3.5 g 5.5 l 7.6 18 " 116121.6;3.3'9.2.3.2 7.9 6.0 129
Jamaica Negro S H gl 8.8 l 24122 i 0.4¢0.0 5.813.7 7 : 12.3 ' 12.3 3.3 : 3.6 1.4,3.9 5.7 6.6
Santiago |3 4 8.0 o 6102104 ,0.410.2,2.9}2.4 7 | 8.0 i 8.0 1.9 1.0 1 1.4} 1.313.70 34
Guatemnala b 39 10.4 ' 10.3 § 0.6 } 0.3 1 39¢1.7 30 129 8.2 ‘ 157100167 3.8 l 5.3 4.3
; ) ; i oz
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brovascular disease. The higher incidence of cerebral
hemorrhage in Negroes may be due o their high prev-
alence of hypertension. This survey will be continued
in New Orleans to sce whether the observed dilferences
in atherosclerotic lesions between white and Negro are
confirmed in larger numbers of cases.

IMPLICATIONS OF THESE FINDINGS REGARDING LETIOLOGY

Diflerences in cerebral atherosclerosis among location-
race-ex-ige subgroups generally parallel dillerences in
covonary and aortic atherosclerosis with only slight dis-
crepancies. The carotid artery lesions develop much
in the same way and to approximately the same degree
as aortic lesions. The other cerebral arteries are similar
to the coronary arteries, except that cerebral rtery
lesions develop later in life.

These data indicate that cerebral atherosclerosis is
associated with the same environmental conditions as
coronary atherosclerosis and aortic  atherosclerosis.
Change in any cnvironmental condition which would
prevent or reiardd coronary atherosclerosis may also
prevent or retard cercbral atnerosclerosis and would,
therefore, reduce the risk of the major sequelae of cere-
bral atherosclerosis—cerebral ischemia and infarction.

SUMMARY

The cacbhral areries (common carotid, internal ca-
rotid, vertebral, middle cerebral, and basilar arteries) were
exantined from 1547 autopsied persons in five countries
(Norway, Guatemala, United States, Jamaica, and Chile).

Cupy regiit Q 1ind by tue Luternativnal Acidemy of Puthology
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Subgroup comparisons were made using a basal group
of cases from which were excluded all persons with
coronary heart discase, peripheral arterial disease, other
atherosclerotic complication, hypertension, and diabetes.

The prevalence aad mean extent of atherosclerotic
lesions increase in each succeeding age group. Lesions
appear to develop later in life in the cerchral arterices
than in the aorta and the coronary arteries. Men have
more raised atherosclerotic lesions than women.

The mean extent of fatty streaks in the carotid arteries
does not diller among age groups from 35 to 69 ycars
ol age, nor dues it diller among location-race groups.
The mean extent of raised atherosclerotic lesions in the
carotid arteries increases in each succceding age group
after 35 years ol age, and dilfers among location-race
groups. The pattern ol development of atherosclerosis
in the carotid arteries follows that of the aorta.

Fatty streaks appear in the intracranial and vertebral
arteries much later in life than they do in the carotid
arterics. The mean extent of both fatty streaks and
raised lesions increases in each succeeding age group
alter 35 years of age, and the average involvement of
both types of lesions differs among location-race groups.
The pattern of development of atherosclerosis in the
vertebral and intracranial arteries follows that ol the
coronary arteries.

When Jocation-race groups are ranked by extent of
cerchral atherosclerosis, they rank in approximately the
same orcder as when they are ranked by aortic and coro-
nary atherosclerosis.

*Pranted in U.S..1.



