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Introduction
The inverse association between so-

cioeconomic status (SES) and mortality
occurs consistently in epidemiology.1-3
Excess mortality in low socioeconomic
groups holds for different cultural groups,4
different age groups,2 and both sexes.2,56
But while the strength and consistency of
the association have apparent implica-
tions for public health policy, important
questions concerning the association must
first be addressed.

One question relates to the mecha-
nism of the association: do socioeconomic
factors operate through known biological
and behavioral risk factors for mortality or
through other risk factors not identified?
Another question is whether socioeco-
nomic factors represent a general suscep-
tibility to disease, or whether their associa-
tion with mortality is specific to certain
diseases.

This article, based on results from a
22-year mortality follow-up of middle-
aged men, investigates the role of biologi-
cal and behavioral risk factors as media-
tors of the SES-mortality association, and
elucidates the independent and combined
effect of two socioeconomic indicators,
income and education, across several
mortality outcomes.

tion consisted of exclusively White men
employed in different occupational set-
tings such as the aircraft industry (30.0%),
sales and banking (27.0%), the petrol
industry (23.5%) construction (8.7%),
and varied industrial settings (10.8%). At
the baseline examination, the following
risk factors for coronary heart disease
were assessed: blood pressure, serum
cholesterol, cigarette smoking, and type A
behavior. Detailed information about the
study population and risk factor assess-
ments have been published in previous
reports.9

Also assessed at the baseline exami-
nation were sociodemographic character-
istics of study participants, including edu-
cation and income. Education was
registered as the highest level of schooling
achieved (high school or less, some col-
lege, and graduated from college or
higher) and was treated in the analysis as
a binary variable (college vs no college
education). Income, defined as the earn-
ings in 1960/61, was recorded as one of
five categories ( < $5000, $5000 to $10 000,
$10000 to $15000, $15000 to $25000,
and > $25 000) and was reduced for
analysis to two categories ( < $10 000 and
. $10 000). A combined measure of SES
was then constructed from income and
education. SES code 1 refers to the men
with less than $10 000 income and no

Methods

Subjects and SES Indicators
Analyses were based on data from

the Western Collaborative Group Study,7'8
a large prospective study of coronary
heart disease initiated in 1960/61. A total
of 3154 men aged 39 to 59 and free from
coronary heart disease or other obvious
health problems were recruited from 10
California firms in the San Francisco Bay
and Los Angeles areas. The study popula-
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college education; SES code 2 refers to
the men in the middle of the social class
distribution, where a college degree can

substitute for higher income to some

extent and vice versa (<$10 000 and
college or > $10 000 and no college); and
SES code 3 refers to men with more than
$10 000 income and a college education.
Five subjects were excluded from the
analysis because of missing information
for income and/or education.

At a follow-up of the original cohort
in 1982/83, 22 years after the baseline
examination, vital status was identified for
all but 38 (1.2%) study participants. Cause
of death was determined from death
certificates according to the Intemational
Classification ofDiseases (eighth revision).

Risk Factors andAnalyses
Age, systolic blood pressure, and

serum cholesterol were the biological risk
factors studied because of their confirmed
association with mortality in previous
analyses of this dataset.10 Other biological
risk factors studied were height, which
served as a proxy variable for early-life
environmental factors such as nutrition,1'
and body weight. Behavioral risk factors
studied were smoking and type A behav-
ior. However, since type A behavior and
body weight were not related to coronary

heart disease mortality8 or to any specific
cause of mortality,'2 they were excluded
from further analysis.

Statistical analysis was done with the
SAS program and conducted in two

steps.'3 The first step examined the mean
of each risk factor at each level of both

socioeconomic indicators (income and

education) and the combined SES mea-

sure. A general linear model using the F
test was used to assess the association
between each indicator of SES and each
biological risk variable.

The second step of the analysis
examined mortality in terms of each SES
variable using the Cox proportional haz-
ards model.'4 The association between
each measure of SES and each mortality
outcome was examined. To evaluate the
effect of each indicator as different biologi-
cal risk variables were considered, two
different models were fitted. In the first
model, only age was entered without
controlling for other variables. In the
second model, systolic blood pressure, the
mean number of cigarettes smoked, se-

rum cholesterol, and height were added.
The resulting relative risks for education,
income, and the combined SES measure

are reported, with the 95% confidence
intervals for each variable. All tests of
statistical significance in the study were

two tailed.

Results

Mortality at Follow-Up

During the follow-up interval, 584

(18.5%) participants died, including 256

(8.1%) from cancer, 214 (6.8%) from

coronary heart disease, and 37 (1.2%)
from stroke. Among the cancer deaths, 70
(2.2%) were from lung cancer (Table 1).
Again, only 38 (1.2%) participants were of
unknown vital status in 1982/83.

Socioeconomic Indicators
and Biological and Behavioral
Risk Variables

The distribution of biological and
behavioral risk factors for each socioeco-
nomic indicator is given in Table 2.
Education was inversely related to each
biological risk factor (P < .001 in each
case). Compared with college graduates,
nongraduates had higher systolic blood
pressure and higher mean serum choles-
terol; they also smoked more cigarettes
and were less tall and older.

Income was inversely related to sys-

tolic blood pressure, serum cholesterol,
and smoking, but none of these trends was
statistically significant. However, correla-
tion of income with age and height was

statistically significant.

Socioeconomic Indicators
and Mortality

The age-adjusted mortality rates ac-

cording to the socioeconomic categories
showed an inverse gradient for each

outcome (coronary heart disease, stroke,
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TABLE 1-Cumulative Mortality
Risks of Men in the
1981/82 Western
Collaborative Group
Study Cohort after 22
Years of Follow-Up
(n = 3154)

Follow-Up Status No. %

Died during follow- 584 18.5
up, by cause of
death

Coronary heart 214 6.8
disease

Stroke 37 1.2
Non-lung cancer 186 5.9
Lung cancer 70 2.2
Other 77 2.4

Alive in 1982/83 2532 80.3

Unknown 38 1.2

TABLE 2-Social Class Indicator and Selected Risk Factors among Men in the
Western Collaborative Group Study during 22-Year Follow-Up

Mean
Systolic Mean No.
Blood Mean Serum Cigarettes Mean

Pressure, Cholesterol, Smoked Height, Mean
No. % mmHg mg/100mL perDay cm Age, y

Educationa
(n = 3153)

No college 1855 58.8 129.5 229.3 13.0 176.7 46.8
College 1298 41.2 127.3 222.2 9.5 177.9 45.4
P <.0001 <.0001 <.0001 <.0001 <.0001

Incomeb
(n = 3150)

<$10 000 1391 44.2 128.9 227.3 11.9 176.3 45.8
2 $10 000 1759 55.8 128.4 225.6 11.4 177.9 46.6
P .39 .25 .35 <.0002 <.0001

Socioeconomic
statusc
(n = 3149)

Code 1 1052 33.4 129.4 229.0 12.6 176.1 46.3
Code 2 1140 36.2 129.0 227.4 12.3 177.4 46.7
Code 3 957 30.4 127.4 222.1 9.6 178.2 45.7
P <.005 <.01 <.0001 <.0005 <.0001

aData on education was missing in one subject.
bData on income was missing in four subjects.
cCode 1 = less than $10 000 and no college; code 2 = less than $10 000 and college or $10 000 or
more and no college; code 3 = $10 000 or more and college.
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lung cancer, non-lung cancer, and total

mortality), with higher mortality at lower

educational and income levels and at

lower levels of the combined SES mea-

sure (Table 3). Results of the statistical

analysis of SES and mortality using the
Cox model are shown in Table 4.

Education. In the analysis adjusted
for age, there was a statistically significant
inverse association of SES with mortality

from all causes, coronary heart disease,
and stroke. Adjustment for other risk

factors reduced the relative risk of death

from all causes from 1.49 to 1.33, which

was still significant (P < .05). Similarly,
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TABLE 3-Age-Adjusted Mortality Rates per 1000 Person-Years, by Socioeconomic Categories, among Men In the Western
Collaborative Group Study during 22-Year Follow-Up

Coronary Heart
All Causes Disease Stroke Lung Cancer Non-Lung Cancer

Person- No. Mortality No. Mortality No. Mortality No. Mortality No. Mortality
No. Years Deaths Rate Deaths Rate Deaths Rate Deaths Rate Deaths Rate

Education
No college 1 855 34273 406 11.73 157 4.35 29 1.43 50 1.34 73 2.53
College 1 298 25255 178 7.79 57 2.34 8 0.61 20 0.81 43 2.22
P <.0001 .0002 .04 .08 .67

Income
<$10000 1 391 26082 269 11.06 102 3.91 16 1.17 38 1.45 51 2.57
.$10000 1 759 33396 313 9.31 112 3.35 21 1.07 32 0.86 63 2.25
P .03 .08 .81 .03 .51

Socioeconomic
statusa

Code1 1 052 19516 225 12.21 88 4.61 14 1.47 31 1.57 45 2.63
Code 2 1 140 21 282 224 10.02 83 3.42 17 1.08 26 1.07 33 2.41
Code 3 957 18 660 133 7.88 43 2.44 6 0.76 13 0.70 36 2.12
P <.0001 .0007 .15 .01 .48

aCode 1 = less than $10 000 and no college; code 2 = less than $10 000 and college or $10 000 or more and no college; code 3 = $10 000 or more and
college.

TABLE 4-Adjusted Relative Risk (RR) and 95% Confidence Interval (Cl) for Mortality from Selected Causes, by
Socioeconomic Status, among Men in the Western Collaborative Group Study during 22-Year Follow-Up

Control RR (95% Cl)
Socioeconomic Variables: Coronary

Indicators 2 Models All Causes Heart Disease Stroke Lung Cancer Non-Lung Cancer

Education: col- Age 1.49 (1.09,1.13) 1.80 (1.33, 2.44) 2.25 (1.03, 4.95) 1.60 (0.95, 2.70) 1.09 (0.75,1.59)
lege/no college Systolic blood 1.33 (1.12, 1.60) 1.54 (1.13, 2.09) 2.07 (0.94, 4.57) 1.38 (0.81, 2.34) 1.06 (0.72,1.55)

pressure
Cholesterol
Smoking
Height

Income: Age 1.19 (1.01, 1.41) 1.27 (0.97, 1.66) 1.07 (0.56, 2.06) 1.68 (1.05, 2.69) 1.14 (0.79,1.65)
<$10000/ Systolicblood 1.21 (1.03,1.43) 1.27 (0.97,1.66) 1.08 (0.56, 2.08) 1.83 (1.13, 2.96) 1.15 (0.79,1.67)
.$10 000 pressure

Cholesterol
Smoking
Height

Socioeconomic Age 1.57 (1.26,1.94) 1.89 (1.31, 2.73) 2.09 (0.80, 5.46) 2.20 (1.15, 4.21) 1.16 (0.75,1.80)
status (SES)a: Systolic blood 1.45 (1.17, 1.81) 1.67 (1.16, 2.41) 1.97 (0.75, 5.18) 2.08 (1.08, 3.99) 1.14 (0.73,1.78)
first vs third level pressure
of the combined Cholesterol
SES measure Smoking

Height

aCode 1 = less than $10 000 and no college; code 2 = less than $10 000 and college or $10 000 or more and no college; code 3 = $10 000 or more and
college.
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the age-adjusted relative risk of death
from coronary heart disease was reduced
from 1.80 to 1.54, which was also signifi-
cant (P < .05). However, the addition of
other risk factors reduced the age-
adjusted risk of death from lung cancer
from 1.60 to 1.38, which was not statistically
significant, and reduced the age-adjusted
risk of death from stroke from 2.25 to 2.07,
which was also not significant. No signifi-
cant association between death from non-
lung cancer and education was found.

Income. In the first model, which
included age as a control variable, income
was significantly related to mortality from
all causes (relative risk = 1.19) and lung
cancer (relative risk = 1.68). There was a
marginally nonsignificant association be-
tween income and risk of death from
coronary heart disease (relative
risk = 1.27). The association of income
with non-lung cancer was small and not
statistically significant.

When systolic blood pressure, serum
cholesterol, cigarette smoking, and height
were added to the model, the association
was virtually unchanged for all mortality
outcomes except lung cancer, for which it
increased, and it was significant for all-
cause mortality and lung cancer.

Combined income-education measure
(SES). In the analysis adjusted for age,
the SES indicator combining income and
education was highly significantly associ-
ated with the relative risk of death from
all causes, coronary heart disease, and
lung cancer. When all risk factors were
entered into the model, the relative risk of
death from these three mortality out-
comes was reduced but remained statisti-
cally significant (at least P < .05 for all).
Independently of other risk factors, men
at the lowest level of the combined three-
level SES index had a 1.45-fold increased
risk of death from all causes, a 1.67-fold
increased risk of death from coronary heart
disease, and a 2.08-fold increased risk of
death from lung cancer compared with
men in the highest SES category. For all
three outcomes, the risk ratios were higher
when the combined SES measurement was
applied instead of education or income as
single SES measurements for social class.
Death from all cancers combined but
excluding lung cancer was not related to
the combined SES variable.

Discussion
Do Biological Risk Factors Mediate
the SES-Mortality Association?

The first finding with bearing on this
question is that individuals at lower

income levels and with less education had
higher levels of biological and behavioral
risk factors for mortality, the one excep-
tion being that individuals with less
income were also younger. These results
are consistent with findings from other
studies. Higher levels of risk factors for
coronary heart disease mortality, such as
systolic blood pressure and smoking, have
been confirmed for lower occupational
groups,"",58 and education has been
shown to be inversely related to smoking'9
and hypertension.20 In two studies from
the United Kingdom, however, and in
contrast to our findings, cholesterol levels
were higher in upper-class groups."'16
Data from US cohort studies are conflict-
ing: some studies report no association
between education and total choles-
terol,18 whereas others report a direct
association21 or confirm our findings of an
inverse association between the two.22

The second finding was the observed
change in the association between socio-
economic indicators and mortality when
the biological and behavioral risk vari-
ables were controlled for in the analyses.
For mortality from all causes, coronary
heart disease, stroke, and lung cancer, a
similar pattern was seen. When other risk
factors were considered, the strength of
the association between education and
all-cause, coronary heart disease, and
lung cancer mortality was reduced by
between 8% and 15% for each mortality
category. This reduction is similar to the
one found by another US study.'8 For
income, however, the association was
unchanged for mortality from all causes,
coronary heart disease, stroke, and non-
lung cancer but increased for mortality
from lung cancer. Thus, in this study,
biological and behavioral risk factors
beside age did not account for the
income-mortality association.

Is SES Related to Specific Causes
ofMortality?

Several authors' 2 have suggested
that SES factors are related to the entire
range of disease, which would suggest that
these factors influence the general suscep-
tibility of the individual. The present
study, in accordance with many others,
shows an association of all three SES
measures with mortality from all causes,
coronary heart disease, and lung cancer.
However, the small number of specific
causes within other categories precludes
any more specific analysis.

ResidualAssociation

In the present study, education,
income, and the combined SES index
were associated with mortality even after
accounting for known risk variables. This
relationship was found regardless of the
relatively crude indexing of socioeco-
nomic variables and the relatively homoge-
neous and highly selected study group of
exclusively White, employed, middle-class
men. The residual associations for mortal-
ity from coronary heart disease, stroke,
and lung cancer in particular were quite
substantial. In the Whitehall study of civil
servants, occupational status was a very
strong and independent predictor of coro-
nary heart disease, and the residual
association was bigger than the contribu-
tion of all known risk factors.23 In the
British Regional Heart Study'6 and the
three epidemiological studies of educa-
tion and mortality from Chicago,'8 how-
ever, the residual association was about
50% smaller than that found in the
Whitehall study, and similar residual
associations have been found in studies
from Scandinavia24'25 and the Nether-
lands.26

It is important to note that the
measurements of the different associa-
tions of interest-SES variables and out-
come, risk factors and outcome, and SES
variables and risk factors-are all influ-
enced by measurement errors. Because
these errors can result in a "regression
dilution bias"27 of these associations, the
independent association between an SES
variable and an outcome variable can be
the product of residual confounding.

For example, the inaccuracy inherent
in using single measurements of risk
factors as proxy measures of lifetime
exposure may produce the residual asso-
ciation. Baseline measurements for an
individual may vary from one time to the
next and may also be subject to errors in
the measurement procedure. The effects
of intraindividual variability and measure-
ment errors on a one-time assessment of
risk factors may lead to an underestima-
tion of the association of these risk factors
with an outcome variable and to an
underassessment of their contribution as
intervening variables to explain the SES
mechanism. Such an underassessment
would depend on the size of the regres-
sion dilution effect. Some analyses using
data from other studies estimated this
effect to be quite strong-as large as 60%
for diastolic blood pressure and coronary
heart disease mortality.27 Although a

previous analysis of the Westem Collabo-
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rative Group Study, based on the 8.5-year
coronary heart disease incidence data,
indicated that the regression dilution
effect was 5% for cholesterol and 10% for
systolic blood pressure, the mediating
effect of the biological variables may have
been underassessed.28 Another example
relates to cigarette smoking as measured
in this study. Cigarette smoking was
measured simply in terms of number of
cigarettes smoked per day. This measure
ignores the type of cigarette smoked (e.g.,
filter vs nonfilter, high vs low nicotine) as
well as the typology of the individual's
smoking habit (e.g., extent of inhalation).
Thus, the residual association of lung
cancer and SES variables could partly be
attributed to the inaccurate measurement
of exposure to carcinogens from smoking.

On the other hand, imprecise mea-
surements of SES can also cause an
observed pattern of confounding to be
overestimated.'9 Because various social
class measurements are used, this could
explain why some studies have failed to
find an independent association of SES
and mortality after controlling for biologi-
cal risk factors.

An additional regression dilution
effect may result from intraindividual
changes in biological and behavioral risk
variables over larger periods of time. Such
changes (e.g., the lowering of blood
pressure through treatment, the cessation
of cigarette smoking) would attenuate the
measured effect of these variables so that
their contribution as intervening variables
would again be underassessed. Previous
analyses from the Western Collaborative
Group Study for coronary heart disease
mortality'( indicate a reduction in the
strength of association for cigarette smok-
ing, but not for systolic blood pressure and
cholesterol. This suggests that smoking in
particular could account for a greater
portion of the SES mortality association
than the statistical analysis here indicates.

Another explanation of residual asso-
ciations lies with the possibility that a
change in biological risk factors over time
is related to SES indicators. Three major
studies from the United States3'}32 that
covered nearly the same period of interest
have shown the decline in mortality from
coronary heart disease to be more rapid
among men of higher SES. There is some
evidence that this trend among better-
educated men is partly owing to a more
favorable change in their biological and
behavioral (smoking) risk factor profile.
However, while changes in smoking behav-
ior are clearly important, the present
study found that smoking rates of survi-

vors at the 22-year follow-up were cut in
half among both high school and college
graduates. Thus, differential exposure
over time probably did not affect our
estimates.

Another explanation advanced to
explain SES differences in mortality is
health selection. However, this bias seems
unlikely given that all subjects went
through a rigorous examination at study
entrance and only healthy individuals
were allowed to enter the study.

Other Potential Risk Factors

Finally, it is possible that the unex-
plained relationship between social class
and mortality may be partly attributable
to factors that were not considered in this
study. Based on analyses not presented in
this report, we eliminated several vari-
ables that were measured in the Western
Collaborative Group Study; these in-
cluded type A behavior, body mass index,
height (as a proxy variable for early-life
environmental factors such as nutrition),
job activity, and occupational exposure.
Other potential risk factors that were not
considered in this study are elevated
fibrinogen level, elevated low-density lipo-
protein cholesterol, and decreased high-
density lipoprotein cholesterol.

We have speculated about these
unconsidered risk factors. For example, in
the Western Collaborative Group Study,
individuals in the lower education/
income groups were more typically em-
ployed in industrial settings with possible
chemical exposure. Such exposure is more
likely among low-salaried employees and
may explain the association of lung cancer
deaths with income. Another possibility is
that the low income/education groups
differ in psychosocial factors, such as job
stress,33 resources to control external
demands,3435 or social support.3637

Given these considerations, we are
uncertain as to whether the biological and
behavioral variables account for only a
portion of the SES-mortality association
or whether more could be explained with
more precise measures of these variables.
However, it is also possible that other
factors may be involved, such as increased
risks from occupational exposure.

Conclusions
This study suggests that the associa-

tion between SES and mortality may
operate at least partially through tradi-
tional risk factors. As a practical conclu-
sion from these data obtained from
employed middle-aged men, health pro-

motion at the worksite should focus more
on promoting lifestyle changes such as
improved diet, controlled blood pressure,
and especially reduced smoking among
the less educated. Programs to this end
seem justified, given that subjects of lower
SES have higher mortality from diseases
that are largely related to lifestyle (smok-
ing) and to differences in biological and
behavioral risk factors.

However, a portion of the inverse
association between SES and major dis-
ease (coronary heart disease and lung
cancer) outcomes was not explained by
traditional risk variables in our model.
Future studies should therefore include
more refined measures of SES compo-
nents and repeated measures of risk
factor exposure. Additionally, research
focusing on deprivation in early child-
hood, later risk for chronic disease, and
further psychosocial influences on disease
risk seems necessary. D

Acknowledgment
This study was supported by grant 83.662.0.88
from the Swiss National Research Foundation.

References
1. Kitagawa EM, Hauser PM. Differential

Mortaliy in the United States: A Study in
Socioeconomic Epidemiology. Cambridge,
Mass: Harvard University Press; 1973.

2. Antonovsky A. Social class, life expectancy
and overall mortality. Milbank Q. 1967;45:
31-73.

3. Pappas F, Queen S, Hadden W, Fisher G.
The increasing disparity in mortality be-
tween socioeconomic groups in the United
States, 1960 and 1986. N Engl J Med.
1993;329:103-109.

4. Marmot MG, Kogevinas M, Elston MA.
Social/economic status and disease. Annu
Rev Plublic Health. 1987;8:111-135.

5. Moser KA, Pugh HS, Goldblatt PO.
Inequalities in women's health: looking at
mortality differentials using an alternative
approach. BMJ. 1988;296:1221-1224.

6. Isles CG, Hole DJ, Hawthorne VM, Lever
AF. Relation between coronary risk and
coronary mortality in women of the Ren-
frew and Paisley survey: comparison with
men. Lancet. 1992;339:702-706.

7. Rosenman RH, Brand RJ, Sholtz RI, et al.
Multivariate prediction of coronary heart
disease during 8.5 year follow-up in the
Western Collaborative Group Study. Am J
Cardiol. 1976;37:903-910.

8. Rosenman RH, Brand RJ, Jenkins CD, et
al. Coronary heart disease in the Western
Collaborative Group Study: final follow-up
experience of 81/ years. JAMA. 1975;233:
872-877.

9. Rosenman RH, Friedman M, Straus R, et
al. A predictive study of coronary heart
disease: the Western Collaborative Group
Study. JAMA4. 1964;189: 15-26.

10. Ragland DR. Brand RJ. Coronary heart
disease mortality in the Western Collabora-
tive Group Study: follow-up experience of

September 1995. Vol. 85. No. 9 American Journal of Public Health 1235



Bucher and Ragland

22 years. Am J Epidemiol. 1988;127:462-
475.

11. Rose G, Marmot MG. Social class and
coronary heart disease. BrHeartJ. 1981;45:
13-19.

12. Ragland DR, Brand RJ, Rosenman RH.
TypeA Behavior and Cause-Specific Mortal-
ity. Washington, DC: Society of Behavioral
Medicine; March 1987.

13. SAS Version 6.8. Cary, NC: SAS Institute
Inc; 1989.

14. Cox DR. Regression models and life
tables.JR Stat Soc Br. 1972;34:187-220.

15. Holme I, Helgeland A, Hjernan I, et al.
Socio-economic status as a coronary risk
factor: the Oslo study. Acta Med Scand
Suppl. 1982;660:146-151.

16. Pocock SJ, Cook DG, Shaper AG, Phillips
AN. Social class differences in ischemic
heart disease in British men. Lancet.
1987;ii: 197-201.

17. Stellman D, Boffetta P, Garfinkel L.
Smoking habits of 800 000 men and women
in relation to their occupations. Am J Ind
Med. 1988;13:43-58.

18. Liu K, Cedres LB, Stamler J, et al.
Relationship of education to major risk
factors and death from coronary heart
disease, cardiovascular diseases, and all
causes. Findings of the three Chicago
epidemiologic studies. Circulation. 1982;66:
1308-1314.

19. Lambert CA, Netherton DR, Finison LI,
et al. Risk factors and life style: a statewide
health-interview survey. N Engl J Med.
1982;306:1048-1051.

20. Hypertension Detection and Follow-Up
Program Cooperative Group. Race, educa-

tion and prevalence of hypertension. Am J
Epidemiol. 1977;106:351-361.

21. Keil JE, Sutherland SE, Knapp RG,
Tyroler HA. Does equal socioeconomic
status in Black and White men mean equal
risk of mortality? Am J Public Health.
1992;82:1133-1136.

22. Donahue RP, Orchard TJ, Kuller LH,
Drash AL. Lipids and lipoproteins in a
young adult population: the Beaver County
Lipid Study.AmJEpidemioL 1985;122:458-
467.

23. Marmot MG, Shipley MJ, Rose G. In-
equalities in death-specific explanation of a
general pattern. Lancet. 1984;i:1003-1006.

24. Rosengren A, Wedel H, Wilhelmsen L.
Coronary heart disease and mortality in
middle aged men from different occupa-
tional classes in Sweden. BMJ. 1988;297:
1497-1500.

25. Salonen JT. Socioeconomic status and risk
of cancer, cerebral stroke, and death due to
coronary heart disease and any disease: a
longitudinal study in eastern Finland. J
Epidemiol Community Health. 1982;36:294-
297.

26. Doombos G, Kromhout D. Educational
level and mortality in a 32-year follow-up
study of 18-year-old men in the Nether-
lands. IntJEpidemiol. 1990;19:374-379.

27. MacMahon S, Peto R, Cutler J, et al. Blood
pressure, stroke, and coronary heart dis-
ease: part 1. prolonged differences in blood
pressure: prospective observational studies
corrected for the regression dilution bias.
Lancet. 1990;335:765-774.

28. Bawol RD. Measurement Error in Logistic
Regression by Discriminant Analysis with
Application to the Epidemiology ofCoronary

Heart Disease. Berkeley, Calif: University
of California; 1979. Dissertation.

29. Kaplan GA, Keil JE. Socioeconomic fac-
tors and cardiovascular disease: a review of
the literature. Circulation. 1993;88:1973-
1998.

30. Rogot E, Hrubec Z. Trends in mortality
from coronary heart disease and stroke
among US veterans, 1954-1979. J Clin
Epidemiol. 1989;42:245-256.

31. Pell S, Rayerweather WE. Trends in the
incidence of myocardial infarction and in
associated mortality and morbidity in a
large employed population, 1957-1983. N
EnglJMed. 1985;312:1005-1011.

32. Feldman JJ, Makuc DM, Kleinman JC,
Cornoni-Huntley J. National trends in
educational differentials in mortality.Am J
Epidemiol. 1989;129:919- 933.

33. Haan MN, Aro S. Job strain and ischemic
heart disease: an epidemiologic study of
metal workers. Ann Clin Res. 1988;20:143-
145.

34. Syme SL. Control and health: an epidemio-
logical perspective. Pennsylvania State Uni-
versity. Gerontology Conference on Self-
Directedness and Efficacy: Causes and
Effects throughout the Life Course; Octo-
ber 17-18, 1988; Philadelphia, Pa.

35. Marmot MG. Stress, social and cultural
variations in heart disease. Psychosom Res.
1983;27:377-384.

36. Hanson BS, Isacsson SO, Janzon L, et al.
Social network and social influence mortal-
ity in elderly men. Am J Epidemiol. 1989;
130:100-111.

37. Welin L, Svaersudd K, Ander-Peciva S, et
al. Prospective study of social influences on
mortality. Lancet. 1985;i:915-918.

1236 American Journal of Public Health September 1995, Vol. 85, No. 9


