
Apparently real geographic variations in mortality from coronary heart
disease occur in the United States. Further study of the populations with
high death rates and those with low death rates may provide new clutes
concerning the factors responsible for this disease.

Geographic Patterns in Deaths
From Coronary Heart Disease
By PHILIP E. ENTERLINE, M.A., and WILLIAM H. STEWART, M.D.

CONDITIONS for 1950 are more favorable
J to a study of deatlhs from coronary heart

disease in the Uniited States than for any prior
period.
A complete population enumeration, wlhich

is important for the computation of death rates,
is available for that year. AMoreover, the sixth
revision of the Initernational Lists of Diseases
and Causes of Deatlh, whlich became effective in
1949, provided a single category (420) under
whiclh deaths from coronary arteriosclerosis
were to be counted. Also, under the sixth re-
vision of the Interniationial Lists, the Alnual of
Joint Causes of Deathi was abandonied, and the
hiysician signing the miiedical certificate of

deatlh was given the respolnsibility for designat-
ing the underlying cause of death, the cause
used in primary statistical tabulations. (There
are a few exceptionis to this general rule, but
they are favorable to the counting of coronary
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lheart disease in primary tabulationis.) Ac-
cordinig to the joinlt cause maniual, if a death cer-
tificate carried the diagnoses of nephritis and
acute coronary thrombosis, for example, it was
countedl as a deatlh from lneplhritis. Uinder the
sixth revisioni, if the attendinig physician states
that the underlying cause of death is acute cor-
oniary thrombosis (coronlary heart disease), the
deatli is couinted as a coroinary lheart disease
death. (Tlhe term "coronlary lheart disease"' as
used here is svnoinymous withi the Interniationial
List termi "aiarteriosclerotic lheart disease.")

Geographic Differences

The 1950 death rates for coronlary heart dis-
ease in the United States present an interesting
and thought-provoking geograplic )pattern, as
shown in fig,ure 1 for white males anid in figurle
2 for white females. The rates for each State
and geographic division are giveni in table 1.
These have been age adjusted by the direct
method to the age distribution of the total pop-
ulation as eniumerated in 1950. Also shown ill
table 1 are average deatlh rates for the 3-year
period 1949-51 for the age group 45-64. The
geographic pattern of these rates is essentially
the same as the pattern of age-adjusted rates
for 1950. Deatlhs are those coded 420 in ac-
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Figure 1. Age-adjusted death rates for coronary heart disease (420) in white males, 1950.

191.1 - 232.3
234.3 - 272.5
274.7 - 303.2
304.9 - 393.8

cordance with the sixtlh revision of the Inter-
nlational Lists, and they have been allocated to
place of residenice (1).
The deatlh riate for coronary lheart disease is

roughly twice as high in some States as in oth-
ers. In New Miexico, Arkanisas, and Kentucky,
the age-adjusted death rates anmong white males
were 191.1, 201.2, and 211.2, respectively, as
conmpared witlh death rates in New York, Rhode
Islanid, and the District of Columbia of 393.8,
364.3, and 344.3. For white feinales the con-
trast is even greater, with death rates of 83.4,
'87.8, anid 89.0 in New MAexico, Arizonia, and Ne-
braska, as comnpared with death rates of 217.4.
176.6, and 175.6 in New York, New Jersey, and
Rhode Island. There is a definite tendency for
States w-ith similar deatlh rates to cluster.
Because coroniary lheart d-isease lhas been rec-

ognized as ani imilportanit clinical entity only
since about 1920, it seeiis possible that dif-

ferelnces in the observed(ldeatlh rates aimoIng
States miiglht be due to differences in diagniostic
criteria. Trhere are, for examiple, differences in
the amiount of medical care av-ailable in various
sections of the country which muay in some way
be associated with the likelilhood of coronary
disease being diag,nosed at the time of deatlh.
Although the possibility that the observed dif-
ferenices are artificial can be tested onily indi-
rectly, the available evidence suggests that the
(lifflereices in deatlh rates in various parts of the
counitry slhowin in figures 1 anid 2 are real.

Effect on Deaths From All Causes

In tlle ini(ldle anid older age groups, coronlary
lheart disease deaths m-lake up a large proportion
of the deaths from all causes. As showi-n in
table 2, about a third of all deaths among white
miales in the age group 45-74 are due to coronary
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Figure 2. Age-adjusted death rates for coronary heart disease (420) in white females, 1950.

83.4 -105.0
105.5-11 7.6
120.9 - 143.7
145.7 -21 7.4

lheart disease. It wAoHlid be expected, thelefore,
that if real geographic differences in the death
rates fronm coronlary lheart dlisease exist they
would be reflected in differences in the deatl
rates for all causes.
Data slown in table 3 for wlhite nales inidi-

cate that the coronary lheart disease deatlth rate
does affect the deatlh rate for all causes. Geni--
erally, in geograplic divisionis wvhere the death
rate for coronaiy lheart disease is liglh, the death
rate for all causes is hligh. This relationslhip is
most striking in tlle age grl'oups 55-64 and 65-
74. In the age gTroup 65-74 muchl of the varia-
tion in the death rates for all causes amongy
geographic divisions is, in fact, eliminated when
coronary heart disease deatlhs are excluded.
In the ag,e group 75-84, tlheie appear to be

importanit differences in the diagnostic criteria
used in the various geographic regions. This
is suggested both by less association between
the deatlh rates for coronlary heart disease and

the death rates for all causes in this agre group
as colnpared wvitlh other age groups and by a
tendlency for (leath rates for coronary heart
disease to be negatively associated with deatlh
rates for all causes excluding coronary heart
disease. It is probable that some deatlhs in the
age group 75-84 called coronary heart disease
in the Middle Attlanitic States, for example, are
called something else in the East South Central
States. I)iagrnostic differences in the older age
groups are to be expected in view of the in-
cr-easing multiplicity of diseases present at time
of death with increasing age, which makes iden-
tification of the underlying cause difficult. The
numubers of deaths in the older ag,e groups and
the probable magnitutde of the differences in
diagnostic criteria are not sufficiently large,
however, to accouInt for ani appreciable propor-
tioni of the geograplic variation in the death
rates slhowi-n in table 1.
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Table 1. Death rates per 100,000 population for coronary heart disease,1 white males and females,
by geographic division and State

Age-adjusted rates, 1950 2 Rates for age group 45-64; 3-year
average 1949-51

Geographic division and State

IRate Quartile 3 Rate Quiartile Rate

New England
Maine
New Hampshire
Vermont
Massachuisetts
Ithode Island
Connecticut____.

Middle Atlantic
New York
New Jersey
Penlnsvlvania

East North Central
()hio
Inudianla
Illinlois
Michigan_
Wisconsin

West North Central
Miniiesota
Iowa
Missouri
North Dakota
Souith Dakota
Nehraska
Kansas

South Atlantic
DelaNware
Marvland
District of Colunmbia
Virginia
Wcst Virginia
North Carolina
South Carolina
Georgia
Florida

East South Central
Kentucky
Teniessee
Alabama
Mississippi

West South Central
Arkansas
Louiisiana
Oklahoina
Texas

Mountain
Montania
Idaho
'Wyoming
Colorado
New Mexico
Arizona
IJtah .
Nevada

Pacific
Washington
Oregon
(C8alifornia

332. 3
280. 6
339.6
303. 2
337. 4
364. 3
339. 9

355. 6
393. 8
330. 1
312. 7
290. 5
289. 1
282. 4
293. 4
299. 0
282. 5
253. 2
272. 5
266. 1
246. 4
232. 3
232. 1
221. 3
255. 0
270. 2
330. 7
304. 9

344. 3
276. 5
229. 5
248. 2
294. 2
247. 9
274. 7
220. 0
211. 2
217. 4
229. 3
231. 9
246. 0
201. 2
321. 9
222. 3
247. 0
247. 5
250. 9

246. 3
229. 6
258. 5
191.1]

234. 3
258. 2
333. 4
324. 4
292. 8
277. 6
340. 2

3d
4tl
3d
4th
4th
4th

4tl
4tl
4tl

3d
3d
3d
3d
3d

2d
2d
2d
1st
1st
1st
2d

4th
4ti
4th
3d
1st
2d
3d
2d
3d

1st
1st
1st
1st

1st
4tl
1st
2d

2d
2d
1st
2d
1st
2d
2d
4th

3d
3(1
4thl

167. 8
145. 7
159. 7
154. 5
171. 0
175. 6
173. 4
191. 0
217. 4
176. 6
159. 3
137. 7
137. 3
117. 4
146. 4
135. 6
143. 7
113. 6
122. 3
121. 3
113. 2
116. 8
120. 9

89. 0
105. 6
118. 4
152. 1
137. 9
137. 5

122. 7
113. 2
107. 2
108. 8
102. 8
117. 6
99. 9

105. 0
96. 1

101. 3
92. 2

106. 2
90. 5

138. 0
95. 5

105. 5
110. 4
112. 1
99. 4
90. 8

125. 4
83.4
87. 8

113. 8
162. 6
141. 2
124. 5
109. 8
149. 1

3d
4th
4th
4th
4th
4ti

4th
4th
4tl

3d
2d
4ti
3d
3d

3d
3d
2(1
2d
3d
1st
2d

4ti
3d
3d
3d
2cl
2d
2d
1st
2d

1st
1st
1st
1st

1st
3d
1st
2d

2d
1st
1st
3d
1st
1st
2d
4th

3d
2d
4th

591. 7
533. 4
590. 3
559. 4
612. 6
613. 4
565. 6
619. G
653. 4
588. 8
580. 8
535. 2
541. 3
530. 8
545. 2
542. 8
488. 9
452. 2
457. 8
466. 8
458. 6
374. 3
438. 2
435. 3
449. 2
520. 1
546. 9
568. 4
613. 1
521. 5
429. 2
473. 6
596. 4
477. 2
569. 5
398. 7
380. 5

385. 6
422. 1
430. 9
459. 5
388. 0
572. 4
436. 6
453. 2
440. 8
494. 5
467. 7
433. 3
446. 4
309. 0
427. 1
434. 8
569. 6
594. 3
539. 2
511. 2
620. 0

Qtuartile I Rate Quartile 3

179. 7
3d 152. 8 4th
4thi 155. 2 4tl
3d 148. 1 3d
4th 188. 0 4tl
4thi 194. 0 4ti
3(1 176. 6 4tl

209. 9
4thl 223. 2 4ti
4tlh 194. 3 4tl
4tlh 196. 7 4tl

150. 8
3d 151. 3 3d
3d 136. 0 3d
3d 157. 1 4th
3(1 154. 1 4tl
2d( 144. 3 3d

116. 3
2d 125. 5 2d
2(1 119. 7 2d
2(1 123. 6 2d
Ist 110. 1 2d
2d 113. 2 2d
1 st 90. 6 1st
2d 1 02. 2 1st

131. 3
3(1 176. 6 4ti
4th 146. 7 3d
4thi 137. 7 3d
3d 134. 7 3d
lst 137. 4 3d
2d 117. 7 2d
4th 137. 7 3d
2d 116. 6 2d
4tlh 128. 4 2d

108. 3
1st 107. 5 lst
1st 106. 1 1st,
1st 114.5 2d
1stt 105. 2 1st

107. 9
1:st 92. 7 1st
4th 149. 3 3d
2d 95. 8 1st
2d 104. 1 1st

112. 9
3(1 129. 6 3d
2d 106. 7 1st
1st 90. 4 1st
2d 131. 3 3d
1st 79. 2 1st
1st 89. 8 1st
1st 118. 5 2d
4th 129. 3 2d

151. 1

3d 134. 6 3d
3d 120. 6 2d
4thi 159. 0 4th

Interinational List No. 420.
2 Direct method using total United Siates population in 1950; adjusted in 10-vear age groups, under 5, 5-15

. . . 85 and over.
I Twelve States are in each quartile; thl District of Columbia was assigned to the quartile in which it naturally fell.
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Table 2. Number of deaths from all causes and
from coronary heart disease and percentage
due to coronary heart disease, white males
and females, by age group, 1950

Age group
(years)

M1ales
15-24
25-34
35-44
45-54
55-64
65-74
75-84
85 and over

Females
15-24
25-34
35-44
45-54
55-64
65-74
7-5-84
85 and over

De~aths
from all
causes

14, 769
19, 323
36, 293
77, 150

142, 419
181, 77/0
147, 984
48, 249

7, 024
12, 235
22, 915
42, 994
793, 803

130, 712
141, 519
61, 785

Deaths
from

coroilary
heart
disease

103
943

, 389
25, 317
50, 238
60, 087
41, 876
1], 213

72
278

1, 283
5, 244

16, 497
33, 813
35, 066
13, 448

Percentage
due to

coronarv
heart
disease

0. 7
4. 9

20. 4
32. 8
35. 3
33. 1
28. 3
23. 2

1. 0
2. 3
5. 6

12. 2
20. 7
25. 9
24. 8
21. 8

For white females the association between
death rates for coronary heart disease and deatlh
rates for all causes is similar to that for white
males; that is, in geographic divisions where
the death rate for coronary heart disease is
high, the death rate for all causes is hiigh.
Table 4 shows a refinement of the data in

table 3 for white males in the age group 55-64.
Excluding deaths due to violence from deaths
for all causes does not alter the association shown
in table 3. The death rates for two disease
categories (list Nos. 421-422 and 330-334) that
might be confused with coronary heart disease
either tend to be positively associated with the
deatlh rate for coronary heart disease or show no
association at all. These data strongly support
those showvn in table 3 in favor of real and
fairly large geographic differences inl the deatlh
rate for coronary heart disease. Similar data
for the other age groups likewise support this
conclusion. Nevertheless, it is recognized that
the differences may, to some extent, be influenced
by differences in diagnostic criteria.

Table 3. Death rates per 1,000 population for coronary heart disease, all causes, and all causes
excluding coronary heart disease, white males in selected age groups by geographic division,
1950

Geographic division I and
age group

Age group 45-54

Middle Atlantic
Pacific ----

New England-
East North Central
South Atlanitic
West Souith Central
WVest North Central
Mountain
East South Central

Age group 55-64

Middle Atlantic
Pacific-
New England
Souith Atlaintic -
East North Central
West Souith Central
West North Central
MIouintain ..
East Souith Central

Coro-
nary
heart
disease
(420)

3. 7
3. 5
3. 5
3. 2
3. 2
2. 9
2. 7
2. 5
2. 5

9. 4
9. 1
8. 9)
8. 0
7. 9
6. 9
6. 8
6. 4
6. 2

1 Geographic divisions arrayed in
disease.

All
causes

10. 6
10. 5
9. 9
9. 8

10. 2
9. 1
8. 2
9. 6
9. 1

25. 5
23. 4
23. 5
23. 6
23. 3
20. 9
19. 4
20. 9
20. 6

All
cauises
exclud-
ing
coro-
nary
heart
disease

6. 9
7. 0
6. 4
6. 6
7. 0
6. 2
5. 5
d. 1
6. 6

16. 1
14. 3
14. 6
15. 6
15. 4
14. 0
12. 6
14. 5
14. 4

Geographic division I and
age group

Age group 65-74

Middle Atlantic..
New England-
Pacific -

East North Central
South Atlantic -

West North Central
\Iouintain -

West South Central
East South Central

Age group 75-84

Middle Atlantic
New England-
Pacific
East 'North Central
West North Central
Mfomntain -

Sotuth Atlantic -

West South Central
East South Central

Coro-
nary
heart
disease
(420)

19. 6
18. 2
17. 5
15. 7
14. 3
13. 8
13. 7
13. 4
11. 6

37. 1
34. 0
32. 2
29. 2
27. 0
26. 3
25. 2
23. 8
21. 2

All
causes
exclud-

All ing
causes coro-

nary
heart
disease

54. 0 34. 4
50. 6 32. 4
48. 2 30. 7
49. 1 33. 4
47. 8 33. 5
44. 1 30. 3
45.5 31.8
43. 4 30. 0
44.6 33.0

111. 4
101. 7
101. 1
108. 2
103. 7
99. 5

103. 9
96. 4

105. 9

74. 3
67. 7
68. 9
79. 0
76. 7
73. 2
78. 7
72. 6
84. 7

order of miagnituide of death rates per 100,000 populationi for coronary heart
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Table 4. Death rates per 1,000 population for all causes (excluding violence), arteriosclerotic and
degenerative heart disease, and strokes, white males aged 55-64, by geographic division,
1950

Geographic division I

Middle Atlantic
New England -

South Atlantic
East North Central
Pacific
West South Central
East Souith Central
Mountain ----
West North Central

Arteriosclerotic and degenerative heart disease and strokes

All causes Arteriosclerotic and degenerative
excluding heart disease
violence Strokes,

Total L list Nos.
List iNo. List N os. 330-334

Total 420 421-422

24. 1
22. 2
22. 1
21. 7
21. 5
19. 4
1 9. 1
18. 9
17. 9

12. 3
11.4
11. 2
11.0
11. ,i
9. .3
9. 2
8. 7
9. I

10. 6
9. 6
8. 9
9. 1
9. 8
7. 5
7. 0
7. 2
7. 4

9. 4
S. 9
S. 0
7. 9
). 1
6. 9
6. 2
6. 4
6. 8

1. 2
. 7
. 9

1. 2
. 7
. 6
. 8
. 8
. 6

1. 7
1. 8
2. 3
1. 9
1. 7
1. 8
2. 2
1. 5
1. 7

I Geographic divisionis arrayed in order of maginitude of death rate per 100,0(10 poplulation for all causes excluiding
violence.

Possible Causes

It is producitive to speculate as to possible
causes for the apparently real geographic dif-
ferences in mortality from coronary heart dis-
ease. One point of particular interest is the
fact that whlatever the causes are tlhey appear
to affect males and females in about the same
manner. (There are, howvever, possibly miiean-
ingful differences in the ratio of white male to
white female death rates; the ratio ranges from
1.8 in New York and 1.9 in New Jersey aind
South Dakota to 2.9 in Soutlh Ca(rolinia and
Arizona.)
The most patent explanation for the geo-

graphic pattern seems to lie in an association
betweeil urbaniization and iyortality from
coronary lieart disease. It will be noted that
areas of relatively high mortality in figures 1
and 2 tend to be highly urbani%zed. In support
of this theory, Gover and Penniiell reported that
for 1940 the ag,e-adjtusted wlite deatli rates for
diseases of the coronary arteries anid of the
myocardium werie only about twvo-thirds as high
in rural areas as in urban areas (2).
At this time, mortality tabulations wlhicl

would permit an adjustment of the 1950 mor-
tality rates for coronary heart disease for urban-
ization are not available. However, a compari-
son of the 1940 rates for diseases of the coro-

nary arteries and of the myocardiumn for urban
and rural areas and for rural areas alone with
the 1950 rates for coronary heart disease for
each of the nine geographic divisions throws
some light on the question. This comparison,
showni in table 5, indicates that the same geo-
graphic pattern persists in rural areas as in
the United States as a whole. (The same coIn-
clulsion is reached if onily diseases of the coro-
nary arteries, list Nos. 94a and 94b, are used.)
Although there were defects in the identifica-
tion of coronary lheart disease under the fifth
revision of the Internlational Lists, which was
in effect in 1940, they probably do niot inval1i-
date the comparison. It would seem iunilikely,
tlherefore, that an adjustmenit of the 1950 data
for uirbanization would change (greatly the geo-
graphic pattern showni in figures 1 and 2.
Most of the current theories wlhichl mighlit ex-

plaiin eo(graplhic cliferenices ill coton ary disease
fall into two categories genetic anld cultural.
Witlh regard to the latter, many possibilities
have been suggested, including such1 things as

diet, exercise, and stress. All of these may play
a part. There may also be hereditary factors
which are manifested by differences in the plhysi-
cal characteristics of populations in various
parts of the country (as well as in various parts
of the world) anld whliclh are in some way re-
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Table 5. Age-adjusted rates ' per 1,000 popu-
lation for coronary heart disease, 1950, and
for diseases of the coronary arteries and myo-
cardium, 1940, white males and females, by
geographic division

Diseases of the
coronary arteries

'Coronary and myocardium
heart (94a,b, 93ab,d,e),

Geographic division 2 disease 1940
(420),
19'5()I

All Rtiral
areas areas

Mlales

Middle Atlaintic 3. 6 3. 6 3. 1
New England- 3. 3 3. 2 2. 6
Pacific- 3. 2 3. 1 2. 6
East North Ceiitral 2. 9 2. 7 2. 2
South Atlantic -2. 7 2. 4 1. 8
West North Central - 2. 5 2. 1 1. 6
Mouiitain 2. 5 2. 2 1. 7
West, South Centrall 2. 5 2. 0 1. 3
East Souith Cetntral 2. 2 1. 8 1. ?

Females

Middle Atlantic- 1. 9 2. 4 2. 3
New Eniglaind ..7 2. 2 1. 8
Pacific - -. 4 1. 7 1. 6
East North Cenitral- 1. 4 1. 9 1. 6
South Atlantic 1l. 2 1. 5 1. 2
West North Cenitral - 1. 1 1.3 1. 1
Mouintaii - - 1. 1 1. 4 1. 2
West South Centreal 1. 1 1. 2 . 9
East South Cenit ral 1. 0 1. 2 9

l Direct method, using 1950 popuilation as standard
for coronary heart disease, and 1940 population as
standard for diseases of the coronary arteries and
myocardium.

2 Geographic divisions arrayed in order of the mag-
nituide of the death rate per 100,000 populationi for
coronary heart disease in 1950.

sponsible for differences in mortality from coro-
nary heart disease. These theories miglbt be
investigated very profitably by studying initen-
sively populations in those areas of the United
States experiencing high death rates from coro-
nary heart disease and populations in those
areas experiencing low death rates from coro-

nary heart disease.

Summary

For 1950, the age-adjusted deatlh rates for
coronary heart disease for white males and
wlhite females were rouglhly twice as high in
some States as in others.
The geographic differences are probably niot

due to differences in standards of diag,nosis.
However, studies to verify this would be desir-
able. In those age groups in which coronary
heart disease is an important cause of death, the
geographic differences in the coronary heart dis-
ease death rates are reflected in the death rates
for all causes. Moreover, the death rates for two
disease categories that might be used in lieu of
coronary heart disease show nio tendency to be
negatively associated with the death rates for
coronary heart disease.
The geographic differences do nlot seem to be

due, to any large extenit, to differenices in urban-
ization in various parts of the country since
they persist if rural areas are examined
sepairately.
Wlhatever the factors responsible, they ap-

pear to affect males and females in about the
same manner.
Some of the current theories as to the impor-

tance of various factors in the etiology of coro-
nary heart disease might be investigated profit-
ably by studying the populations in the areas
of the United States with low and high death
rates for this disease.

REFERENCES

(1) U. S. National Office of Vital Statistics: Vital
statistics of the United States (years 19-19, 1950,
1951). Part II. Natality and mortality data
for the United States tabulated by place of
residence, 1949; Vol. III. Mortality data, 1950;
Vol. II. Aortality data, 1951. Washington,
D. C., U. S. Government Printing Office, 1951,
1953, 1954.

(2) Gover, M., and Pennell, MI. Y.: Statistical studies
of heart disease. VII. Mortality from eight
specific forms of heart disease among white per-
sons. Pub. Health Rep. 65: 81.9-838. June 30,
1950.

Vol. 71, No. 9, September 1956 855


