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Introduction

Prior research' 2 has shown that black Americans tend
to have higher mean blood pressure levels than their white
compatriots and that the death rate due to hypertension and
related disorders (e.g., hypertensive heart disease and
strokes) is considerably higher among blacks than whites.
The reasons for these differences are not fully understood,
although most researchers attribute them to a combination of
genetic and socio-environmental factors, including differ-
ential access to good medical care.

With blacks comprising nearly 96 per cent of the total
nonwhite population in the state, the nonwhite-white differ-
ence in hypertension related mortality in North Carolina ei-
ther remained at an extremely high level or increased during
the 1960-70 decade. For example, in 1960 the age-adjusted
hypertension death rate among the state's nonwhite males,
age 45-64, was 4.8 times greater than that for whites. By
1970, this ratio had increased to 6.2. Among females, the hy-
pertension death rate in this same group was 8.3 times higher
among nonwhites in 1960 but had declined to 4.6 by 1970. In
the case of cerebrovascular accidents, the nonwhite death
rate was 3 to 4 times higher than that for whites for both time
periods and for both sexes.

Such gross differences in health between two groups of
people represent a very serious public health problem for the
state of North Carolina since findings from the Veterans Ad-
ministration controlled clinical trials3' 4 on the efficacy of an-
tihypertension medication imply that broad, carefully
planned secondary prevention efforts might reduce signifi-
cantly the number of hypertension related deaths in the non-
white population of this state.

Important as these secondary prevention efforts are,
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there is an equally compelling need to determine what kinds
of personal or socio-environmental factors may differentially
predispose persons to hypertension and perhaps contribute
to the mortality differences described. Several recent studies
provide some clues as to the kind of ecologic or community-
wide characteristics which may mediate health states in dif-
ferent ways or with different biomedical consequences for
whites and blacks. On study,5 conducted in the state of
North Carolina, found that as county scores on race-specific
indices of social disorganization increased, stroke mortality
rates increased among the black population, but not among
the white population. These differences among blacks could
not be attributed to differences in poverty level or geograph-
ic location.

A second study6 involved a large scale community sur-
vey of blood pressure levels by census tracts in Detroit,
Michigan. Using census tract socioeconomic and social insta-
bility type variables, the researchers constructed a two-fac-
tor index of socioecologic stress. High stress areas were di-
fined as census tracts in the highest quartile on the social in-
stability (SIS) factor and in the lowest quartile on the
socioeconomic (SES) factor. Low stress areas were defined
conversely. The study results indicated that socioecologic
stress mediated mean blood pressure levels among blacks
but not among whites; i.e., black males in high stress areas
had higher blood pressures, on the average, than black males
in low stress areas. No significant differences in mean blood
pressure levels were observed for low stress black males
compared to either low or high stress white males.

If socioecologic stress, broadly conceived as the mani-
fest degree of social and economic instability in a commu-
nity, could mediate mean blood pressure differences among
black males in Detroit, it seemed logical to hypothesize that
it might also mediate differences in deaths due to hyper-
tension and related disorders (e.g., hypertensive heart dis-
ease and strokes) among nonwhites or blacks in North Caro-
lina. Based upon the findings of these two studies, level of so-
cioecologic stress across North Carolina counties was not
expected to mediate hypertension related deaths among
whites in the state.

There are some obvious similarities between the
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research questions posed in the current study and those of
the study by Neser, et al.5 There are some important differ-
ences also. The major ones are: (I) the current study is
viewed primarily as a logical extension of the Detroit study6
wherein the relationship between levels of socioecologic
stress and hypertension related deaths is to be ascertained;
(2) the inclusion of an economic as well as a social instability
factor to construct the index by which counties would be
ranked; and (3) use of factor analysis to assign factor weights
to the variables used to construct the two factor index of so-
cioecologic stress. While the ultimate research objective, is
to determine the relationship between socioecologic stress
and hWypertension related deaths in North Carolina over sev-
eral decades, the results reported here will pertain to the
1959-61 time period only.

Materials and Methods

Data for the study were obtained from two sources, the
North Carolina Office of Vital Statistics and the 1960 North
Carolina Census Report. Although there are 100 counties in
North Carolina, data for only 86 were included in this study.
The remaining 14 counties, located mostly in the extreme
western section of the state, were excluded because they
contained less than 400 nonwhite residents. The study popu-
lation consisted of all 45-54 year-old males, white and non-
white, residing in the 86 counties of interest, during the
1959-0-61 time period. The dependent variable was the to-
tal number of deaths, in this population, attributed to hyper-
tension, hypertensive heart disease, or stroke. Race specific,
three-year average annual death rates were calculated by di-

viding the total number of deaths attributed to these three
causes by the appropriate population at risk, results being ex-
pressed as the number of hypertension related deaths per
10,000 male persons in each county.

Subsequently, these race and county specific mortality
rates were related to county scores on a two-factor index of
socioecologic stress which was derived by factor analysis.
Extending the logic of the research strategy employed in the
Detroit study, different rates of social and economic depri-
vation across North Carolina counties were assumed to re-
flect different probabilities of inducing disequilibria, disease,
and (without medical intervention) death in the local in-
habitants. Variables for this study were chosen on the basis
of how closely they matched the content of the most impor-
tant variables in the Detroit study and their appropriateness
as indicators of social and economic stability in North Caro-
lina counties. Table I compares the variables chosen for this
study and those found in the Detroit study to be significantly
correlated with either the SES or SIS factor of the socioeco-
logic stress index derived in that study.

Another difference, with important methodological im-
plications, exists between the Detroit data and the North
Carolina data shown in Table 1. The North Carolina data are
race-specific, while the Detroit data are census tract-specific
but not race-specific. For North Carolina, each of the vari-
ables shown in Table I has two numerical values, one for
whites and another for nonwhites, for each of the 86 counties
in the study; in the Detroit study, a single set of factor
weights was used to derive factor scores for all census tracts,
a feature of the research design which permitted between
race as well as within race comparisons of mean blood pres-
sure levels to be made.

TABLE 1-Comparison of variables used in the North Carolina and Detroit, Michigan Socioecologic
Stress Studies

North Carolina Counties, 1960 Detroit Census Tracts, 1965

Per capita income Median income
Median years education Median years education

SES % Unemployment % Unemployment
Variables % Families earning over $8,000/year % Home ownership

% Male white collar jobs % ProfessionaVmanagerial jobs
% Male blue collar jobs
% Families earning less than $3,000/year

Females ever married, now separated or Marital instability rate
divorced

Male juvenile delinquency rate per Adult crime rate per 10,000 against
100,000 persons

Female juvenile delinquency rate per
100,000

SIS Male correction school admissions per Adult crime rate per 10,000, against
Variables 100,000 property

Female correction school admissions per Adult crime rate per 10,000, other
100,000

Adult males sentenced to prison per Juvenile crime rate per 10,000, against
100,000 person

Homicides per 100,000 Juvenile crime rate per 10,000, against
property

% Children under 18 not living at home Juvenile crime rate per 10,000, other
with both parents
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Recognizing the advantage of the single factor weight ap-
proach, the current investigators attempted to combine the
race-specific North Carolina data by county, and employ a
single set of factor weights to derive factor scores for coun-
ties on the index of socioecologic stress. Unfortunately, this
procedure failed to produce conceptually meaningful fac-
tors, i.e., the resulting factors lacked sufficient construct va-
lidity, as determined by factor loadings of certain key vari-
ables, to justify labeling one SES and the other SIS. It was
subsequently decided to follow the research strategy of the
Detroit investigators as closely as possible but to derive
race-specific factor weights, loadings, and scores and restrict
the hypotheses and data analyses to within race comparisons
of hypertension related death rates.

Thus, race-specific factor scores for the SES and SIS
factors were determined for the 86 counties and divided at
the median into high and low subgroups. Counties high on
SES and low on SIS were termed low stress, while those
high on SIS and low on SES were labeled high stress. The
final factor loadings (i.e., correlations between each variable
and the two factors), derived by an oblique rotation for
simple loadings (quartimin), and factor cosines (i.e., inter-
factor correlations) for the two race-specific factors are
shown in Table 2.

study hypotheses meant contrasting a rate of 78.52 per
10,000 (high stress) with 39.65 per 10,000 (low stress) for non-
whites, and 10.03 per 10,000 (high stress) with 6.00 per
10,000 (low stress) for whites.

Using these rates, the hypothesis concerning nonwhite
males was confirmed at ps.005, by a simple one-tailed Z test
for the difference between two rates. The two sided, 95 per
cent confidence limits for this difference were between 15.59
and 62.16 per 10,000. For white males, the high stress versus
low stress death rates were not significantly different
(p-<.10); although, quite unexpectedly, the difference be-
tween the low stress group (6.99 per 10,000) and the low
SES-low SIS group (13.17 per 10,000) was statistically signifi-
cant at p'.05 (Z test, two-tailed).

An analysis of variance type procedure for categorical
data7 was also applied to the four race-specific death rates
corresponding to each of the SES-SIS combinations. Given
the manner in which high and low socioecologic stress were
operationally defined in this study, it would normally be ap-
propriate to perform these additional tests, but the clear dif-
ferential effects of the various SES and SIS factor com-
binations on death rates within the white and nonwhite
groups increased the importance of testing for main and inter-
action effects in the data. A significant main effect for SIS

TABLE 2-Final Factor Loadings and Cosines

WHITES NONWHITES

Variable/Factor SES SIS SES SIS

Per capita income .95 .04 .88 .22
Median years education .82 -.34 .88 -.17
% Unemployment -.27 .54 .03 -.03
% Families earning $8,000 per year .93 -.03 .65 .03
% Male white collar jobs .86 -.06 .56 .23
% Male blue collar jobs .06 .65 .81 .12
% Families earning less than $3,000 per year -.84 -.17 -.88 -.03
% Females ever married, now separated or divorced .55 .59 .18 .75
Male juvenile delinquency rate per 100,000 .67 .34 .34 .73
Female juvenile delinquency rate per 100,000 .44 .53 .44 .62
Male corrections school admissions per 100,000 .19 .71 .38 .60
Female corrections school admissions per 100,000 .21 .71 .50 .35
Adult males sentenced to prison per 100,000 .19 .37 -.06 .71
Homicides per 100,000 -.25 .37 -.41 .26
% Children under 18 not living at home with

both parents -.22 .62 -.12 .75

Factor Cosines .11 .17

The proportion of the total variance explained by the
SES and SIS factors was reasonably high at 57 per cent for
whites and 55 per cent for nonwhites. From the standpoint of
simple structure, the final factor solution is slightly better for
whites than nonwhites; but, overall, the solution seems quite
adequate, with both sets of factors containing sufficient con-
struct validity to justify their use in a test of the research hy-
pothesis.

Table 3 presents the hypertension related death rates for
each racial group. The two cells of primary interest were the
off-diagonal ones in both sections of the table. Testing the

was observed for nonwhites, X2(1) = 13.4715, p 5.0002, and a
significant SES main effect was observed for whites,
X2(1)=3.8925, p'.05. No significant SES x SIS interactions
were observed for either racial group.

Figures 1 and 2 portray, separately for whites and non-
whites, the location of high and low stress counties within
the state. For whites (Figure 2), there appears to be no rela-
tionship between socioecologic stress level and geographical
location of county. This random geographical pattern was al-
so evident for the low SES-low SIS counties which are not
shown in Figure 2. For nonwhites (Figure 1), there is a gener-
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TABLE 3-Hypertension Related Deaths per 10,000 by Race
and Socioecologic Stress Level, North Carolina,
1960

SES HIGH LOW

Nonwhite males, ages 45-54 Totals
# Counties 23 20

High # Deaths 156 18
Population

at risk 22,190 4,540
Rate 70.30 39.65 65.10

# Counties 20 23
Low # Deaths 113 50

Population
at risk 14,391 9,336

Rate 78.52 53.56 68.70

Totals 73.54 49.01

White males, ages 45-54 Totals
# Counties 25 18

High #Deaths 74 30
Population

at risk 79,852 42,946
Rate 9.27 6.99 8.47

# Counties 18 25
Low # Deaths 24 32

Population
at risk 23,940 24,298

Rate 10.03 13.17 11.61

Totals 9.44 9.22

al clustering of high stress counties in the central portion
(Coastal Plains and Piedmont areas) of the state. With sev-
eral exceptions, low stress counties are more dispersed to-
ward the western (Piedmont and Highlands) sections of the
state.

Discussion

Study findings indicate that the mean hypertension re-
lated death rate among 45-54 year-old nonwhite males in
high stress counties in North Carolina was nearly twice that
of nonwhite males in low stress counties, during the 1959-61
time period. Mean blood pressures of black males were me-
diated by similar indicators of stress in the city of Detroit.
Given the urban-rural life style and other substantive differ-
ences between the Detroit and North Carolina populations,
this convergence of results supports the notion that there ex-
ists a consistent and predictable relationship between high
socioecologic stress and hypertension related morbidity and
mortality.

The overall pattern of the study results also confirms the
well established relationship between SES and health, i.e.,
death rates tend to be lower in high SES than in low SES
counties for both whites and nonwhites, as shown by a com-

_ HIGH STRESS T-
eD LOW STRESS

Figure 1. Map of High and Low Stress Counties,
Nonwhites, North Carolina, 1960.

Figure 2. Map of High and Low Stress Counties,
Whites, North Carolina, 1960.

parison of the row marginals of Table 3. Similarly, by com-
paring the column marginals of each table, separately, death
rates are higher in high SIS counties than low SIS counties,
for both racial groups. However, the magnitude of the differ-
ences attributable to the SES and SIS factors, within racial
groups, strongly suggests that for nonwhites, SIS may be a
more important mediator of hypertension related deaths than
SES, while SES appears more important among whites. Ad-
ditional analyses revealing only a main effect due to SIS for
nonwhites and only a main effect due to SES for whites con-
firmed this impression. This suggests that the initial findings
concerning the significant high versus low stress death rate
differences among nonwhites are primarily due to SIS differ-
ences between the two stress groups, rather than SES differ-
ences or the particular SES and SIS combinations used to
operationally define high and low stress levels. The results of
these direct tests for main and interaction effects of the SES
and SIS factors on hypertension related deaths among non-
whites are consistent with the conclusion by Neser, et al,5
from more indirect evidence, that the relationship between
social disorganization and stroke mortality among North
Carolina blacks was independent of family income level.

However, these results should not be taken to mean that
SES is totally unimportant to the hypertension related mor-
tality experience of nonwhite males. As indicated earlier, the
mean death rate in low SES counties was slightly higher than
in high SES counties for both whites and nonwhites. Rather,
a more likely, though speculative, explanation is that high
levels of SIS may override the influence of other factors such
as SES (and associated life style variables), while relatively
low levels of SIS permit the influence of these other factors
to be manifested more clearly. This could explain why,
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among whites, the low SES-low SIS group had a mean hyper-
tension related death rate which was twice that of the low
stress group; i.e., given low social instability, the effects of
poverty on health become evident. Obviously, additional
thought and research on this issue are needed before any
hard and fast conclusions are drawn.

This discussion would not be complete without attempt-
ing to deal with alternative explanations which might ac-
count for the study results. Systematic regional differences
between high and low stress counties in labeling deaths as
hypertension related is a possibility which might affect the
validity of the results for nonwhite males. This seems an un-
likely possibility, however, since the total death rate in high
stress counties for 45-54 year-old nonwhite males is some-
what higher than that for their counterparts in low stress
counties (497.53 per 10,000 versus 416.29 per 10,000). Since
the fact of death is not subject to systematic regional biases,
and the difference in total death rates between high and low
stress counties is in the expected direction, systematic re-
gional differences in diagnosing hypertension related deaths
among nonwhites would not seem very likely either.

A second possibility is that the reported differences for
nonwhites is a function of differences in case fatality rather
than incidence rates. Here the argument would be that death
rates differ because high stress areas are poorer than low
stress areas, and because poor people have reduced access
to medical care, they are more likely to die from delayed
treatment or from the untreated complications of hyper-
tensive disease. This too seems unlikely; not only because
the use of antihypertensive medication was not as wide-
spread in 1960 as it is today, but because the analysis of vari-
ance results failed to show any SES main or interaction ef-
fects within the nonwhite data.

Finally, many of the nonwhite high stress counties are
located in the East-central region of the state (see Figure 1),
an area known for some time to be a part of the high cardio-
vascular disease death belt for white males which extends
down through the Southeastern United States.8 9 Nonwhite
low stress counties are somewhat more widely dispersed.
While the aforementioned high cardiovascular disease death
belt is associated with white males only, confounding due to
systematic geographical variations between high and low
stress counties (for nonwhite males) in trace metals or soil
nutrients cannot be ruled out without an empirical test. Since
such a test is beyond the scope of the current study, a conclu-
sive answer to this question must be postponed.

In summary, it should be pointed out that within the
multifactorial model generally subscribed to by the authors
of the current study concerning the many host and environ-
mental variables which probably mediate hypertensive dis-
ease and death, there is ample room for physico-chemical
elements, dietary and personality factors, as well as socio-
ecologic stress. Clearly, what is needed is more carefully
conducted, community-based research whose goal is nothing
less that the discovery and control of the various factors
which differentially affect the incidence of hypertension with-
in and between population groups. The public health re-
sponse must match the magnitude of this public health prob-
lem.
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