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IN AN ANALYSIS of geographic variation
in mortality due to coronary heart disease

among the States of the United States, Enter-
line and Stewart (1) found that the rates were
about twice as high in some States as in others
and concluded that the geographic differences
are probably not due to variation in diagnosis.
High death rates from this cause did not appear
to be associated with low death rates for pos¬
sible alternative causes, and the two sexes were

similarly affected.
Later publications, more limited in their age-

sex-race groupings, examined more closely the
quality of diagnostic information on the certifi¬
cate (0), degree of urbanization (5), and geo¬
graphic and ethnic groups (4) . Among these
factors, urbanization seemed to be the most sig¬
nificant, while the quality of the diagnostic
information on the certificate and the variation
among ethnic groups assumed minor roles.
Among the 48 States which comprised the

United States in 1949-51, New York had the
highest rate even after adjustment for differ¬
ences in age distributions. The present study
was undertaken to examine the rates for New
York Oity and the remaining 57 counties of the
State and to investigate correlations with demo¬
graphic factors. Findings are compared with
those of the nationwide study (1).

Definitions

The data for the States of the United States
and for the counties of New York State are

generally comparable, but the following dif¬
ferences and similarities are worth noting.
Time period. The nationwide data are based
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on 1950 mortality experience. To achieve great¬
er stability in the mortality rates for counties,
the New York State data are based on deaths in
the 3-year period 1949-51.

Geographic dwisions. Most of the present
analysis concerns the 57 counties of upstate New
York. For completeness, the rates for New
York City are shown.

Diagnoses. The following major diagnostic
groups, based on the sixth revision of the Inter¬
national Statistical Classification of Diseases,
Injuries, and Causes of Death (1948) were ex¬

amined: vascular lesions affecting the central
nervous system (330-334), arteriosclerotic heart
disease, including coronary disease (420), hy¬
pertension with heart disease (440-443), and
hypertension without mention of heart disease
(444-447). Detailed results are reported here
only for cause 420. The nationwide study cov¬

ered cause group 420 and, incidentally, also
330-334, 421 (chronic endocarditis not speci¬
fied as rheumatic), and 422 (other myocardial
degeneration).
Sex. Both the nationwide data and the pres¬

ent study are specific for sex.

Race. The nonwhite population in upstate
New York constituted only 2.6 percent of the
population in 1950. Therefore, no attempt is
made to separate these data by race. The
nationwide data are limited to the white race.

Age. Age groups in the two sets of data are

the same except the terminal age groups: 75
years and over for the New York data, and 85
years and over in the nationwide data.
Method of adjustment. The same method of

age adjustment is used in both studies. The
rates were adjusted to the 1950 population of the
United States using the direct method of ad¬
justment (5). Age-specific county rates are

based on noninstitutional county populations.
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Institutional inmates. In the New York data,
the institutional populations were removed from
the county populations before the county rates
were computed, and wherever possible, deaths
among institutional inmates were allocated to
place of residence at time of admission to the
institution. These institutions include State
tuberculosis, mental hygiene, and correctional
institutions, and Veterans Administration hos¬
pitals. This correction is necessary because of
the undue influence of mortality in large insti¬
tutions located in counties with relatively small
populations. The summary data for New York
State, New York City, and upstate New York
include institutional deaths and populations.

Albany, Buffalo, New York City, Rochester,
and Syracuse. They are associated with medi¬
cal centers and serve as the nuclei of medical
education for large geographic areas. Among
the cities listed in table 1, only Binghamton and
Utica are at a considerable distance from a med¬
ical center with a medical school (Syracuse).
New York is usually visualized as an indus¬

trial State, and at the time of the 1950 census

had a population of 14.8 million. However,
outside New York City, a considerable part of
the land area is rural. These rural areas are

generally farther from medical centers, and
tend to depend on less concentrated hospital and
medical facilities.

Geography of New York State

Historically, New York State developed
along its waterways, the Hudson and Mohawk
Rivers, the Great Lakes, Lake George, and Lake
Champlain. Associated with some of these wa¬

terways are leading industrial complexes, such
as Buffalo and Niagara Falls, Rochester, Syra¬
cuse, Utica, Schenectady, Albany, and Troy, as

well as New York City. Binghamton is the
largest among a number of industrial cities in
the southern tier bordering Pennsylvania. The
populations of cities of 50,000 or more as given
in the 1950 Census of Population are shown in
table 1.
To a large degree, this list of cities also de¬

scribes the geographic distribution of the medi¬
cal schools in the State. These are located in

Mortality by Counties

The age-adjusted death rates per 100,000
population for arteriosclerotic heart disease
(ISC 420) for 'both sexes and for males and
females are given in table 2. The rates for New
York City are consistently higher than those for
upstate New York. For each of the 57 counties
in upstate New York the rates for males are

higher than for females. The rates for males in
56 of the 57 counties exceed the maximum rate
for females (259.4). This sex differential in
mortality has been commonly observed.

Despite the sex differential, there is correla¬
tion between the rates for males and females in
the same counties (table 3). For 30 of the 57
counties the quartiles for males and females are

Table 1. Cities of New York State with population of 50,000 or more and location of medical
schools

City Population
(1950 census)

Location of
medical school

Albany (Albany County)_
Schenectady (Schenectady County)_
Troy (Rensselaer County)_
Buffalo (Erie County)_
Niagara Falls (Niagara County)_
Mt. Vernon (Westchester County)_
New Rochelle (Westchester County)_
New York City (Bronx, Kings, New York, Queens, and Richmond

Counties)_
Yonkers (Westchester County)_
Rochester (Monroe County)_
Syracuse (Onondaga County)_
Binghamton (Broome County)_
Utica (Oneida County)_

134,
91,
72,

580,
90,
71,
59,

7, 891,
152,
332,
220,
80,

101,

995
785
311
132
872
899
725

957
798
488
583
674
531

Albany

} Buffalo

New York City

Rochester
Syracuse

O
C)

More than 50 miles away.
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Table 2. Death rates per 100,000 population for arteriosclerotic heart disease (ISC 420), by county,
New York State, average for 1949-51

County

New York State--
New York City_
Upstate New York

Albany_
Allegany_
Broome._
Cattaraugus_
Cayuga.-
Chautauqua_
Chemung_
Chenango_
Clinton_
Columbia_
Cortland_
Delaware_
Dutchess_
Erie_
Essex_
Franklin_
Fulton_
Genesee-
Greene_
Hamilton._
Herkimer_
Jefferson_
Lewis-
Livingston_
Madison_
Monroe_
Montgomery_
Nassau_
Niagara_.
Oneida_

Onondaga_._
Ontario_
Orange_
Orleans_
Oswego_
Otsego_
Putnam_
Rensselaer_
Rockland_
St. Lawrence_
Saratoga_
Schenectady_
Schoharie_
Schuyler_
Seneca_
Steuben_
Suffolk_
Sullivan_
Tioga_
Tompkins_
Ulster_
Warren_
Washington_
Wayne_
Westchester_
Wyoming_
Yates_
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identical, and no county fell in the lowest
quartile for one sex and the highest quartile for
the opposite sex. This observation is consistent
with the findings for the States.

Table 3. Counties of upstate New York classi¬
fied by mortality due to arteriosclerotic heart
disease (ISC 420), for males and females by
quartiles, 1949-51

Mortality due to arteriosclerotic heart disease
is considerably higher in the counties of New
York State than in States of the United States.
This observation holds equally for males and
females:

Limits of rates
States of Counties of

Sex United States upstate New York
Male_191.1-393.8 231.4-487.4

Female_ 87.8-217.4 132. ft-250.4

Despite the difference in the relative level of
mortality, the ratios between the highest and
lowest rates among the counties are similar to
those found among the iStates. The highest
rate among males was 487.4 (Albany County),
while the lowest was 231.4 (Schoharie County).
Among females, the highest rate was 259.4
(again, Albany County), while the lowest was
132.6 (Chautauqua County). These ratios of

Figure 1. Age-adjusted death rates per 100,000 population for arteriosclerotic heart disease
(ISC 420) in males, average for 1949-51

Death rate by quartile
231.4-298.4
298.8-331.9
333.6-372.5
373.0-487.4
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2:1 are similar to those found by Enterline
and Stewart.
The range of the rates in the nationwide data

and the range in the present study are also simi¬
lar for each sex: 202.7 (nationwide) and 256.0
(New York) for males, and 129.6 (nationwide)
and 126.8 (New York) for females. Thus, the
rates for the counties are generally higher than
those for the States, but only as variable as those
for the States.

Quartiles established from the mortality data
for the individual counties are shown in figures
1 (males) and 2 (females). For males there
are a few clusters of counties with high rates:
those near the southeastern tip of the State,
three counties in the general proximity of Al¬
bany, and two counties in the northernmost part
of the State (St. Lawrence and Franklin).
Other counties with high rates are isolated:

Warren, Onondaga (which includes Syracuse
City), and Broome (which includes Bingham¬
ton). Although some of the counties in the
highest quartile include industrial centers, a

number of them do not. St. Lawrence and
Franklin Counties, for example, are nonurban.
For females, there is greater clustering of coun¬

ties with high rates: those near the southeastern
tip of the State and the four counties in the Al¬
bany area. Three isolated counties (Monroe,
Onondaga, and Broome) also are in the highest
quartile.
For other diagnostic categories studied (vas¬

cular lesions affecting central nervous system,
hypertension with heart disease, and hyperten-
tion without mention of heart disease) there
was no clustering of highly urbanized counties
among the counties with high mortality. For
these causes, the large industrial counties and

Figure 2. Age-adjusted death rates per 100,000 population for arteriosclerotic heart disease
(ISC 420) in females, average for 1949-51

Death rate by quartile
1 ' 132.6-151.9

155.2-163.0
164.3-191.9
192.1-259.4
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rural counties seemed to appear in random or¬

der. The rates for arteriosclerotic heart dis¬
ease including coronary disease were unique in
presenting some semblance of order.
The present data represent one observation in

time for each county-sex group. A rate for a

large urban county, based on a large population,
would have a small estimated variance, while
the same rate, based on a much smaller popula¬
tion, would have a larger estimated variance.
When the deviation of the county rate from the
State rate is divided by its estimated standard
deviation, the result may be used as an index of
deviation. These indices, here termed standard
deviates, were computed for each county, placed
in rank order, and divided into quartiles. This
device clarified some of the mixed grouping
found earlier, and a new map was prepared for
the males (figure 3). In the western half of the

State, all four counties with large urban centers
are now in the highest (fourth) quartile (Erie,
Monroe, Onondaga, and Broome Counties).
Erie and Monroe Counties which were previ¬
ously in the third quartile are now in the fourth
quartile. In northern New York, St. Lawrence
County remains in the fourth quartile, but
Franklin and Warren Counties are no longer
included. There were no other changes among
the counties in the fourth quartile. Thus, if
cognizance is taken of the expected variability
of a county's rate as well as the level of the rate,
some of the confused grouping found earlier in
the fourth quartile is reduced. This second
approach, then, suggests some association be¬
tween large industrial counties and high death
rates due to arteriosclerotic heart disease
including coronary heart disease.
A few of the counties in New York have

Figure 3. Quartiles of standard deviates of age-adjusted death rates for arteriosclerotic heart
disease (ISC 420) in males, average for 1949-51

Quartile
-3.68 to-1.30
-1.26 to-0.42
-0.40 ro + 1.10
+ 1.40 to + 7.33
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Table 4. Age-adjusted death rates for arterio¬
sclerotic heart disease (ISC 420), for central
cities and their counties, upstate New York,
1949-51

County and central city

Albany County_
Albany_

Broome County_
Binghamton_

Erie County_
Buffalo_

Monroe County_
Rochester_

Oneida County_
Rome_
Utica_

Onondaga County.
Syracuse_

Rensselaer County__
Troy-

Schenectady County
Schenectady_

Age-adjusted
rates

Males

487.4
543.8
383.3
400.5
367.8
397. 1
370.3
388.9
313.6
267.8
334.9
384.2
415. 1
433.9
503. 1
379.6
402.6

Females

259.4
272.5
199.9
203.4
188.4
200.5
205. 1
218.8
146.5
132.4
162.0
219.7
236.0
203.0
210.0
208.6
212.5

Net
differ¬
ence

between
birth
certifi¬
cates
and

census !

(percent)

6.9

-3.6

-.2

2.4

7.7
.0

.3

14.8

10.8

1 "Extent to which the total count of births to resi¬
dents of a particular city, based on residence as reported
on the birth record, differs from the total count based
on residence as reported on the infant card" (6).

extremely small populations. Hamilton County
has a population of less than 5,000; Schuyler
and Yates Counties are in the 10,000-20,000
range; and Greene, Lewis, Orleans, Putnam,
Schoharie, and Seneca Counties are in the
20,000-30,000 range. To reduce the variability
of data for such counties, future studies might
include data for 5 years instead of 3, or they
might combine data for several contiguous
counties. Also, the approach described in the
preceding paragraph is subject to further ma-

nipulation and test with the increasing availa-
bility of computers. Without a computer, the
computations are extremely lengthy and addi¬
tional refinements are prohibitive.

Central Cities
One additional attempt was made to ex¬

plore the relationship with urbanization. The
age-adjusted rates for the nine central cities in
upstate New York were computed and com¬

pared with the rates for the counties in which

they are situated (table 4). For both males and
females, the rates for the central cities exceeded
those for the counties with one exception: Eome.
This city is unusual in having an "inner district"
and an "outer district," and has long been
known to create problems in allocation of resi¬
dence on vital records. Rome's unique diver¬
gence from the other cities may be related to
this artifact.
These findings are presented merely as ob¬

servations since the accuracy of the geographic
allocation of deaths may be questionable. The
1950 study comparing matched birth and census

records (6) has revealed sizable discrepancies
in information on residence at time of birth
(table 4) and suggests the need for a similar
investigation of residence at time of death.

Nevertheless, if attention is restricted to those
cities with good geographic allocation, the find¬
ings are consistent with an association (direct
or indirect) between mortality from arterio¬
sclerotic heart disease and urbanization. Addi¬
tional definitive data will be needed to pursue
the subject further. If air pollution, water sup¬
ply, stress, or physical activity is to be studied,
data for such factors will need to be gathered
for communities with varying degrees of
urbanization.

Demographic Characteristics
The 1950 Census of Population provided data

for demographic characteristics which could be
correlated with the mortality rates for arteri¬
osclerotic heart disease. In addition, the aver¬

age number of physicians in 1949 and 1951 for
each county was estimated from the medical
directories for those years. Coefficients of rank
correlation were computed between mortality
rates and these variables. They are listed in
descending order of magnitude for males in
table 5, with values significant at the 1 percent
and 5 percent level noted.
Among males, the characteristics significantly

correlated in the positive direction with the
mortality rates at the 5 percent level are all
related to urbanization: average number of
physicians, county population, percentage of
population which is urban, population density,
and percentage of population which is non¬

white. Conversely, the significant negative
correlation coefficients are the number of per-
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sons per physician and percentage of population
which is rural farm.
Some nonsignificant coefficients are noted

among other indices believed to be related to
urbanization: percentage of males in the labor
force and percentage engaged in manu¬

facturing.
The five characteristics with significant posi¬

tive correlations for males are also significantly
correlated for females. In addition, median in¬
come and percentage of the female population
in the labor force are significantly correlated
with arteriosclerotic heart disease for females.
Among the factors negatively correlated are two
which are also negatively significant for males
(persons per physician and percentge of popu¬
lation which is rural farm) and one other:
percentage of families with incomes less than
$2,000.
Table 5. Rank correlation coefficients between

age-adjusted death rates for arteriosclerotic
heart disease (ISC 420), 1949-51, and certain
demographic characteristics, 1950, counties of
upstate New York

Demographic characteristic

Total physicians (average, 1949
and 1951)_

Total population_
Percent urban.._
Population density_
Percent nonwhite_
Percent of females in the labor
force._

Median income for families and
unrelated individuals_

Percent population increase (1940-
50)._

Median school years completed by
all persons 25 years of age or
over_

Percent of all employed persons en¬
gaged in manufacturing_

Persons per household_
Percent of persons 1 year old or

over in same house 1949-50_
Percent of males in the labor force.
Percent rural nonfarm_
Percent of all families and unre¬

lated individuals with income
less than $2,000_

Persons per physician_
Percent rural farm_

Coefficient of
rank correlation
with cause 420

Males

1+ 0.55
*+. 47
*+. 42
2+.33
2+. 31

+.23

+.23

+.20

+.15

+.03
-.04

-. 11
-. 11
-.17

-.21
*-. 47
*-. 51

Females

i+ 0. 48
*+. 47
1+. 46
!+. 49
*+ . 42

2+. 27
!+ .39

+.23

+ .13

+.12
-. 18

+ .06
<+.01
-.21

*-.38
*-. 35
*-. 59

1 P<0.01.
2 0.01<P< 0.05.

These observations indicate two possible
broad fields for further exploration: factors re¬

lated to urbanization (air pollution, water sup¬
ply, stress, lack of physical activity, and many
others) and factors related to medical care (for
example, medical information supplied on death
certificates).
Medical Certification
As noted by other workers, the association

between mortality rates for males and females
may be accounted for by some factor which af¬
fects both sexes similarly, and one such factor
could be some artifact of recording the causes
of death. In New York State, the high rates in
the large, heavily populated counties, most of
them with large medical facilities, might reflect
better medical certification on the death certifi¬
cates. To investigate this possibility, two re¬

cording practices were examined: (a) the num¬
ber of causes of death entered on a certificate
and (&) preference for recording certain causes

of death among the diagnostic groups studied.
Deaths for February 1957 were used for this

analysis. Although there is a considerable lapse
in time between the mortality data for 1949-51
and the more detailed mortality coding for Feb¬
ruary 1957, no known significant changes in the
location of medical schools or in processing or

querying causes of death occurred during the
interval to make the use of the later data un-

suitable. There may have been a slight shift in
the pattern of location of new physicians in
favor of counties with large cities. A small
cardiovascular health center for a selected age
group of male State employees was established
in Albany in 1952, and this fact needs to be kept
in mind with regard to the 1957 data. The es¬
tablishment of the center, however, would have
had no effect on this county's unusually high
mortality from this cause in the 1949-51 data.
Under standard coding procedures, one cause

of death is selected from each death certificate
in accordance with uniform coding instructions,
and the death is allocated to that cause for
statistical purposes. All official vital statistics
tabulations in New York State are based on
these coded causes of death. However, many
more causes of death appear on the certificates.
On the 6,729 death certificates for February
1957, there were 13,847 separate causes of death
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after duplicate four-digit codes for any indi¬
vidual certificate were removed, an average of
2.1 causes per certificate. Among the 6,729
death certificates, 2,348 (34.9 percent) contained
only a single cause of death. The distribution
of certificates by number of causes is shown
below:
Numberof Number of Percent of

causes certificates certificates
1_2,348 34.9
2_2,812 34.4
3_1,509 22.4

4_470 7.0
5_75 1.1

6 or more_ 15.2

Total_ 6,729 100.0

If one assumes that better certification of
causes of death is associated with entering
more detailed information on death certificates,
then counties with better reporting may have
higher mortality due to arteriosclerotic heart
disease because of more meticulous certifica¬
tion. Furthermore, if such practices are the
result of some radial effect emanating from the
cities with medical schools and medical centers,
then some correlation should exist between the
level of the mortality rate and the average
number of causes per certificate. The average
number of causes per certificate was computed
for each county and cross tabulated with its
crude death rate from arteriosclerotic heart
disease. Each variable was divided at its me¬
dian, and the observations were tabulated in a

fourfold table (table 6). If an association be¬
tween the variables exists, there should be a

Table 6. Counties of upstate New York by aver¬

age number of causes per death certificate,
February 1957, and death rates for arterio¬
sclerotic heart disease, 1949-51

Note: x2=0.5; <*=1; 0.50<P<0.70.
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concentration of observations in the diagonally
opposing quadrants. The results do not suggest
such an association.
The period between 1949-51 and 1957 saw

greater attention to heart disease nationwide.
Therefore, it seems reasonable to assume that
use of this cause in certifying causes of death
did not decline during the intervening period.
Any increase in its use in counties with medical
schools should have increased any positive cor¬

relation which might have existed in 1949-51.
With no association demonstrated in 1957, it
seems unlikely that one existed in 1949-51.
As a second index, if high mortality due to

arteriosclerotic heart disease is associated with
medical certification, then counties with high
rates should tend to have higher proportions
of their certificates allocated to this cause. Ex¬
amination of the data from this point of view
again provided no evidence of an association
(x2=0.01,d=l,P>0.90).
From another viewpoint, if medical certifica¬

tion practices artifically produce high rates in
counties with more developed medical facilities,
then other causes should be under-reported in
those counties. The alternate cause which is
particularly suspect here is vascular lesions af¬
fecting the central nervous system (ISC 330-
334). Again, no evidence of such selection
could be found in the data. Rank correlation
coefficients for these two causes were .0.14 for
males and .0.01 for females, neither of which
is significant at the 5 percent level (critical
value =0.26). This 6bservation is consistent
with that of Enterline and Stewart for the
States of the United States.

Discussion
The geographic variations in arteriosclerotic

heart disease mortality among the counties of
upstate New York and among the States of the
United States are similar. Both studies show
high rates in highly industrialized areas. Lew
(7) has suggested that a considerable propor¬
tion of the excess in these areas may be due to
differences in medical practice across the United
States. However, the range in rates for the
counties of upstate New York was as large as
the range among the States. Moreover, ex¬

amination of two indices of medical certifica¬
tion in New York State gave no evidence of an
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association with high mortality rates for
arteriosclerotic heart disease.
Among the highest positive correlations was

that between mortality and average number of
physicians. This correlation was highly signifi-
cant for males as well as for females. At first
glance this would tend to contradict the ob-
servations in the previous paragraph. How-
ever, since World War II, there has been a
tendency toward specialization and an attend-
ant gravitation of physicians toward urban cen-
ters. The less urban areas of the State are
chronically short of physicians. Therefore, the
correlation noted probably reflects the gravita-
tion of physicians toward urban centers and of
specialists toward medical centers.

Mortality for males and females tended to be
higher in counties with higher proportions of
nonwhite individuals. Mortality from this
cause is generally lower among nonwhite males
than among white males, while the reverse is
true among females (7). The nonwhite popu-
lation of upstate New York, however, is a small
proportion of the population, and any effect
on the rates would, therefore, be relatively
minor. Also, the nonwhite population is
largely concentrated in large industrial centers.
The correlation, therefore, probably reflects
the urban concentration of nonwlhite in-
dividuals. In view of the increase in the up-
state nonwhite population between 1950 and
1960 and its continued gravitation toward ur-
ban centers, future studies of heart disease may
need to be race specific.
The other variables which were correlated

significantly for both sexes can also be related
to the urban character of the counties: total
population, percentage of population which is
urban, and population density. While these
observations by themselves do not pinpoint the
the etiology of the disease, any ultimate expla-
nation must be consistent with demographic
and geographic variations.

Summary

A study was undertaken to determine geo-
graphic variations in mortality due to arterio-
sclerotic heart disease within New York State.
Age-adjusted, sex-specific rates for this cause
(ISC 420) for New York City and the remain-

ing 57 counties were examined, and demo-
graphic characteristics were studied for corre-
lation with the mortality rates. Part of the
analysis covered, in addition to cause 420, three
other cause groups: vascular lesions affecting
the central nervous system (ISC 330-334),
hypertension with heart disease (ISC 440-443),
and hypertension without mention of heart
disease (ISC 444-447).
Among the causes examined, only arterio-

sclerotic heart disease showed a clustering of
counties with major industrial centers among
the counties with high rates. This was true for
both males and females.

Statistically significant positive rank correla-
tion coefficients were found between mortality
due to arteriosclerotic heart disease and several
indices of urbanization: percentage of popula-
tion which is uilban, percentage of population
which is nonwhite, and average number of
physicians.
Examination of medical certification prac-

tices yielded no evidence to substantiate a hy-
pothesis that high rates were associated with
"better" certification.
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