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Introduction
Recent literature reviews have shown

the continued and pervasive role that
socioeconomic condition plays in morbid-
ity and mortality.1'2 Repeatedly, studies
using any reasonable indicator of socioeco-
nomic status (SES) have shown that poor
individuals, those who are least educated,
and workers with the least skills suffer, as
Wilkinson noted, "a double injustice: life
is short where its quality is poor."3

To describe the gross and net effects
of different economic, demographic, and
social characteristics on mortality, studies
require large and diverse populations
because the measures have a considerable
degree of correlation. In this paper, gross
effects refer to an association between a
characteristic and mortality that is race
and age adjusted and sex specific. Net
effects refer to the residual association
after additional adjustment for other
covarying social and economic characteris-
tics. In a large national sample of the US
population of about 530 000 persons 25
years of age or more, selected economic,
demographic, and social characteristics
were measured, and mortality was deter-
mined for a maximum follow-up period of
nearly 11 years. This study, the National
Longitudinal Mortality Study, permits
estimation of gross and net effects of
employment status, income, education,
occupation, race, marital status, and
household size on mortality.

The characteristics chosen for analy-
sis, although commonly used in research,
were far from simple, single dimensional
statements about a person's current sta-
tus. An individual's current status is
probably the result of a multitude of past
circumstances and behavior and obviously
influences future opportunities and behav-
ior in pathways that are complex.4 Aspects
of economic status were characterized in

this study by income, education, occupa-
tion, and employment status. At the
simplest and most basic level, income is a
measure of a person's financial resources;
education is a measure of attained knowl-
edge and economic potential; occupation
is a measure of community status, skills,
financial earnings, and specific occupa-
tional exposure; and employment status is
a measure of present economic viability as
well as an indirect measure of poor
health. The demographic variables of age
and sex clearly represent characteristics
associated with mortality, and these vari-
ables must be considered. The character-
istic of race, which "reflects the intersec-
tion of biological, cultural, socioeconomic,
political and legal determinants, as well as
racism,"5 was evaluated in this study both
as a covariate of other relationships and to
assess whether there are net mortality
differences by race. The characteristics of
marital status and household size reflect
both the number of persons who must use
the economic resources available and the
social factors related to living arrange-
ments and to marriage, widowhood, sepa-
ration, and divorce. The primary purposes
of this report are to describe the gross and
net effects of these complex variables on
mortality and to discuss their public
health relevance.
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Methods
The National Longitudinal Mortality

Study is a prospective study of mortality
involving combined samples of the nonin-
stitutionalized US population.6'7 The
samples are taken from selected Current
Population Surveys, which are conducted
by the Bureau of the Census.8 The
Current Population Surveys involve a

complex probability sample of households
that are surveyed monthly to obtain
demographic, economic, and social infor-
mation about the US population with
particular emphasis on employment, un-

employment, and other labor force charac-
teristics. The surveys are used by the
Bureau of Labor Statistics to prepare

monthly estimates of the unemployment
rate. Surveys are conducted by personal
and telephone interviews, and response

rates are close to 96%. The current
analysis included nine Current Popula-
tion Surveys in which persons were fol-
lowed for mortality with the National
Death Index. The surveys chosen were

conducted in March 1979, April 1980,
August 1980, December 1980, March
1981, March 1982, March 1983, March
1984, and March 1985.

Employment status was determined
by a highly structured interview that
began with the following question: "What
was [name] doing most of last week?"
Next, probing questions were asked re-

garding the person's employment-related
activities. Persons were classified as em-

ployed (working during the past week),
unemployed (seeking work during the
past 4 weeks), houseworkers (managing
the care of their own home and/or
children), retired and other (retired,
performing volunteer work, discouraged
from seeking work), or unable to work
(long-term physical or mental illness or

disability).
Occupation was ascertained by two

questions: "What kind ofwork was [name]
doing?" and "What were [name]'s most
important activities or duties at this job?"
This information was used to code occupa-
tion by means of the 1970 Bureau of the
Census Index of Industries and Occupa-
tions; three-digit codes for specific occupa-
tions were produced. Occupations were

grouped into the following six categories:
managerial and professional; technical,
sales, and administrative; service; farm-
ing, forestry, and fishing; precision produc-
tion, craft, and repair; and operators,
fabricators, and laborers. Analyses in this
paper that involve occupation exclude
persons 65 years of age or older since few

were employed, and they also exclude
those less than 65 years of age who did not
have an occupation recorded at the time
of the survey, primarily because they were
not in the labor force.

The interviewer ascertained family
income by asking, "Which category on this
card represents the total combined in-
come of all members of this family during
the past 12 months?" For the Current
Population Surveys conducted in March
of the various sample years, a more
detailed questionnaire was used; people
were asked to specify actual amounts of
income from each source, and these
amounts were combined to represent
total family income. Income was adjusted
to 1980 dollars by means of the consumer
price index. Education was determined by
the following questions: "What is the
highest grade or year of regular school
[name] has ever attended?" and "Did
[name] complete that grade?" For marital
status, the interviewer asked, "Is [name]
now married, widowed, divorced, sepa-
rated, or has [name] never been mar-
ried?" For household size, a roster of
household members was completed by
the interviewer and the number of mem-
bers of the household counted. Persons in
institutions are not included in these
surveys.

The samples in the National Longitu-
dinal Mortality Study were matched to the
National Death Index to determine deaths
occurring in the years 1979 through 1989.
The National Death Index, a computer
file of all deaths in the United States since
1979, is maintained and operated by the
National Center for Health Statistics.9
The index has been shown to be an
effective and accurate means of ascertain-
ing deaths when personal identifiers are
used.1042 The mortality rates for the
National Longitudinal Mortality Study
are lower than those of the entire US
population, which is to be expected since
the study consists of samples from the
noninstitutionalized population and iden-
tification of deaths from the National
Death Index results in some missed
deaths.

The Cox proportional hazards mod-
ell3 was used to estimate the relative risk
of mortality in terms of various social and
economic variables for men and women
separately and for the age groups 25
through 44, 45 through 64, and 65+ years.
For each variable, the assumption of the
proportionality of the hazard was not
seriously violated in any sex or age group.
The first model used age, race, and each
variable singly as independent variables.

The second model used age, race, the
specific variable of interest, and all four of
the other variables, with the exception of
occupation. Occupation was included in a
separate model because of the reduced
sample size and because the older age
group was not analyzed. Thus, estimates
of relative risk were adjusted first for age
and race and then for age, race, and the
other variables. In the model, age was
categorized in 5-year groups and repre-
sented by indicator variables. Race was
categorized as White, Black, and all other
races combined (Asian, Pacific Islander,
Aleut, Eskimo, and Native American);
indicator variables were used here as well.
Hispanic status was not identified in these
analyses. The statistical significance
(P < .01) of the relative risk for each
category of a variable, relative to a
specified reference category, is provided.
Likelihood ratio statistics, which are dis-
tributed as chi-square values, are also
provided; these statistics indicated whether
the addition of a certain variable as a
whole to the model produced a statisti-
cally significant result. The race character-
istic was evaluated in a model including
age and in another model including both
age and the other characteristics. A
likelihood ratio test (P < .01) indicated
no significant interaction of the relation-
ship of income, education, marital status,
and household size by race with mortality.
A small interaction between race and
employment status resulted in different
magnitudes of the relationships for some
employment status categories in Blacks
and Whites, although the patterns of
mortality by category of employment
status remained similar.

Results
There were 530 507 men and women

25 years of age or more in the National
Longitudinal Mortality Study with known
values for the variables (except occupa-
tion); 54304 of these individuals died
during the follow-up period from 1979
through 1989 (Table 1). The distribution
of race categories is shown in Table 1 (the
distributions of the other characteristics
are available from the authors).

Blacks less than 65 years of age had
significantly higher age-adjusted mortality
rates than Whites in the same age group;
also, Blacks in the 25- to 44-year group
showed more than twice the rates of
Whites, and those in the 45- to 64-year
group showed 1.5-fold higher rates (Table
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2). After adjustment for the other charac-
teristics, the excess risk among Blacks was
reduced but still significantly higher than
that of Whites. In the 65+ age group, the
multivariable adjusted mortality rates of
Blacks were similar to, or even slightly
lower than, those of Whites. The only
statistically significant relationship for the
"other" race category involved the older
age group, which showed lower mortality
than Whites.

Employment status, after adjustment
for age and race, showed categories with
large relative risks for death (Table 2).
The highest relative risk, for each sex and
age group, involved those persons classi-
fied as unable to work; mortality rates
ranged from 3.08 to 11.25 times higher
than the rates for those who were em-

ployed. The next highest categories in-
cluded retired persons (or those not
working for other reasons) and housework-
ers. The few men classified as housework-
ers had higher relative risks than those
who were retired; female houseworkers
had lower relative risks than retired
persons. Unemployed men less than 65
years old showed mortality risks higher
than the risks of those who were working.
Although unemployed women more than
45 years of age had lower mortality rates
than the employed women in the same

age group, this difference was not statisti-
cally significant. In the 25- through 44-
year age group, retired women had smaller
relative risks than men, and women

unable to work had larger risks. This
pattern of mortality was generally the
same when adjustment was made for the
other variables, although the relative risks
were usually smaller after adjustment. We
concluded that the following categories
were associated with increased mortality
independent of the other characteristics
in these models: the unable to work,
retired/other, and houseworker catego-
ries for both sexes and the three age

groups and the unemployed category for
men less than 65 years of age.

Mortality declined strongly and
steadily with increasing income for men
and women less than 65 years of age
(Table 2). After adjustment for age and
race, men 25 through 44 years old and 45
through 64 years old with family incomes
of $50 000 or more had mortality rates
that were approximately 30% of the rates
of those with incomes of $5000 or less.

Adjustment for the other variables raised
the relative risk in the high income group

from 0.3 to nearly 0.7, indicating that part
of the decreased mortality was accounted
for by the associations of income with

employment, education, marital status,
and household size. However, even after
adjustment, there was a significant rela-
tionship, both in magnitude and by statis-
tical tests, between increasing income and
lower mortality in each age and sex group,

with similar relationships for women and
for men. (It is important to note that
income was classified as combined family
income rather than individual income.)

Higher education level was associ-
ated with lower mortality in men and
women, with the strongest relationships in
persons less than 65 years of age and
much weaker associations in the older age
group (Table 2). For those less than 65
years of age, there were twofold to
threefold differences between the educa-
tion categories with the highest and the
lowest risks. After adjustment for the
other variables, the ratio of the highest to
the lowest risk decreased to between 1.5
and 2. The multivariate adjustment al-
tered the relative risks for high education
to a much lower extent than the multivari-
ate adjustment altered the higher levels of
income (Table 2).

The widowed, divorced, separated,
and never married categories all involved
higher mortality rates than the married
category after adjustment for age and race

(Table 2). The relative risks were largest
for the younger age groups and smallest
for the older age groups. Adjustment for
the other variables reduced each relative
risk.

Men and women less than 65 years of
age who were members of a household
with two or more residents had a lower
mortality rate than those who lived alone

(Table 2). For women 65 years of age or

more, those who lived alone had lower

mortality; for men in the same age group,
living alone appeared to convey slightly

higher mortality. After adjustment for the
other variables, including marital status
(which was closely associated with house-
hold size), a significant relationship held
for women 65 years of age or more (living
alone was associated with a decreased
risk) and women 25 through 44 years old
(living alone was associated with an

increased risk).
Table 3 shows the relationships be-

tween six categories of occupation and
mortality. The sample size was reduced
for the occupation analyses since 22% of
the sample was not in the labor force.
Relative to the professional group, the
service occupation group had significantly
higher mortality. For men, the profes-
sional group showed the lowest relative
mortality in comparison with the other
occupation groups after adjustment for
age and race. When adjustment was made
for the other social and economic vari-
ables, the farming group had a relative
mortality lower than that of professionals,
although the difference was statistically
significant only for the 45- through 64-
year age group. In men, the addition of
the other social and economic variables
reduced each occupation effect consider-
ably. The relative risks for the income,
education, employment status, marital
status, and household size categories
changed by 4% or less when occupation
categories were added as covariates.

Discussion

These data from the National Longi-
tudinal Mortality Study show the strong
gross and net effects of employment
status, income, education, occupation,
and marital status on mortality rates in

men and women under 65 years of age. In

men and women more than 65 years old,
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TABLE 1 Population Size, Number of Deaths, and Distribution of Race: National
Longitudinal Mortality Study, 1979 through 1989 Follow-Up

Distribution by Race, %
Sex and Population
Age, y at Risk, No. No. of Deaths White Black Other

Men
25-44 123 326 2 366 88.8 8.1 3.2
45-64 83177 9734 89.7 7.8 2.5
65+ 40 808 17 281 90.2 7.8 2.0

Women
25-44 133560 1 366 86.1 10.3 3.6
45-64 92 250 6 313 88.1 9.4 2.5
65+ 57 386 17 244 90.4 8.1 1.4

Note. As a result of rounding, percentages may not add to 100.
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TABLE 3-Adjusted Relative Risks of Death, by Categories of Occupation: National Longitudinal Mortality Study, 1979 through
1989 Follow-Up

Men Women

25-44-Year Group
(n = 119 383)

45-64-Year Group
(n = 70 031)

25-44-Year Group
(n = 95 796)

45-64-Year Group
(n = 51 141)

Age- Multivariate- Age- Multivariate- Age- Multivariate- Age- Multivariate-
Occupation Adjusted RR Adjusted RR Adjusted RR Adjusted RR Adjusted RR Adjusted RR Adjusted RR Adjusted RR

Professionala 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Technical 1.48* 1.20 1.28* 1.13* 1.15 1.01 1.05 0.98
Service 1.89* 1.20 1.57* 1.17* 1.75* 1.42* 1.26* 1.08
Farming 1.27 0.81 1.11 0.82* 1.64 1.39 0.81 0.74
Production 1.46* 1.04 1.25* 1.01 0.67 0.57 0.88 0.80
Operators 1.72* 1.10 1.37* 1.05 1.46* 1.22 1.03 0.90

Likelihood ratio 95* 16* 127* 42* 39* 19* 23* 13
statistic (5 df)

Note. Age-adjusted RR indicates relative risks adjusted for age and race. Multivariate-adjusted RR indicates relative risks adjusted for multiple variables (age,
race, employment status, income, education, marital status, and household size).

cReference group.
*P < .01.

these variables were related to mortality,
although the magnitude of effect was
much smaller than in the younger age
groups, consistent with the results of other
studies.14 The estimates of these gross and
net effects were possible in the National
Longitudinal Mortality Study because of
the large size of the population.

Employment status showed the larg-
est likelihood ratio statistics and the
largest relative risks after multivariate
adjustment. Those who were unable to
work had a very high relative risk; it must
be noted, however, that only a small
portion of the population was included in
this category (less than 3% overall for
persons less than 65 years of age). The
employment status relationship was prob-
ably due to both economic and health
factors. Persons in the unable to work
category, by definition, had health condi-
tions that limited their ability to work, and
they also suffered the economic and social
implications of not being employed. People
were assigned to the unable to work
category if they had a long-term illness or
disability that prohibited them from work-
ing in the previous 6 months; however,
those with a short-term illness could have
been assigned to either the houseworker
or the retired/other category, depending
on their response. A recent report of the
British Regional Heart Study showed
elevated mortality in those who became
unemployed and in those who retired for
reasons other than illness, even after
adjustment for social class, risk factors,
and existing illness.15 The National Longi-
tudinal Mortality Study results direct

attention to the nonworking population as
an area for public health concern. Those
who are not working may not have health
insurance and may not be eligible for
medical benefit programs, and thus they
may be lacking both adequate treatment
and prevention.16'17 In addition, preven-
tion and public health programs that
reach people through the workplace will
probably miss this population. The el-
evated risks in the unemployed, retired,
and houseworker populations suggest, but
do not prove, that working in itself may be
beneficial. A recent commentary sug-
gested that changing the social structure,
particularly for older persons, by "provid-
ing incentives for sustained functioning"
through increased employment opportuni-
ties is certainly feasible and desirable.18

Income and education have been a
dominant and somewhat competitive duo
in assessments of the relationship be-
tween SES and mortality.192' The Na-
tional Longitudinal Mortality Study dem-
onstrates that they are separately related
to mortality. Taken alone, the differences
in income appeared to describe greater
differences in mortality relative to educa-
tion. However, income was more strongly
associated with the other variables than
was education, so multivariate adjustment
reduced the income effects more than the
education effects. The reduction in mortal-
ity ratios for the education groups ap-
peared greatest in those with more than a
high school education. There are impor-
tant differences between income and
education.20 Income is a more current and
variable characteristic, while education is

nearly always fixed by 25 years of age.
Income describes a realized attainment,
and education indicates the potential for
attainment. Income represents purchas-
ing power and education is a measure of
intellectual accomplishment, although not
necessarily a measure ofintellectual poten-
tial. In the National Longitudinal Mortal-
ity Study, income is assessed as combined
family income and thus does not reflect an
individual's earnings, except for those
residing in single-person households. Edu-
cation, on the other hand, is a characteris-
tic of the individual. The pathways through
which income and education affect mortal-
ity are complex but are likely to be linked
to purchasing power for health services,
healthy habits and behaviors, and the
knowledge and empowerment that comes
with education. Since we observed no
major differences in these relationships
between men and women, these pathways
appeared to influence mortality similarly
in men and women. The National Longitu-
dinal Mortality Study results strongly
confirm the often-repeated finding that
poor individuals and those who are least
educated are in the greatest need of
health services, including components of
both prevention and treatment.

Occupation is likely to influence
mortality through specific occupational ex-
posures (e.g., chemical, accidents, stress),
through high-risk behaviors adopted by
coworkers (e.g., smoking), through its
association with income and education,
and through its own value as a measure
of social position or class. The broad
general categories of occupation used in
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this report were inadequate for use as a
measure of occupational exposure, and
more detailed occupational analyses will
be conducted. The current analysis
showed considerable reduction in the
gross relative risks for occupation catego-
ries after adjustment for income, educa-
tion, and the other variables, suggesting
that the net association, perhaps repre-
senting the effect of social status per se
of each occupation group, is very weak.
The magnitudes of the relative risks in
the occupation groups of the National
Longitudinal Mortality Study are weaker
than those found in British studies,
which have involved longer average
follow-ups.22'23 This suggests that occupa-
tion is a less satisfactory measure of
social class in the United States, that
these occupational groups are measured
differently, or that health selection may
reduce gradients in the National Longi-
tudinal Mortality Study.

The excess mortality of those in the
unmarried categories was due only in part
to the associated economic variables. The
relative risks were greatest in the younger
age groups and decreased in the older
groups. The relative risks associated with
not having been married were similar to
those associated with marriage relation-
ships that had ceased through death,
divorce, or separation. In the 25- to
44-year age group, the increases in risks
for those in the unmarried categories
were smaller in women than in men and
were not significantly increased in women
after adjustment for the other factors.
This suggests that, for women in the
younger age group, much of the increased
risk was due to economic circumstances.
In this follow-up period, there were very
few acquired immunodeficiency syn-
drome (AIDS) deaths, and thus such
deaths would not contribute to the find-
ings seen in the National Longitudinal
Mortality Study. Household size was
closely related to marital status and
imparted little or no additional informa-
tion, except for the reversal of the
association in women more than 65 years
of age. In this group, it appeared that
living alone was an indicator of healthy
status. A study conducted in England that
examined morbidity in elderly persons
living alone concluded that those living
alone did not have higher levels of
morbidity, and these individuals reported
a higher satisfaction with their life than
people living with others.24 The National
Longitudinal Mortality Study results for
those less than 65 years of age are similar
to the findings of a multicountry study of

Juilv 1995.Vol. 85,No.7

mortality by marital status.25 Across the
countries studied, married persons consis-
tently had the lowest mortality, and the
relative increase in mortality for unmar-
ried men was higher than that for unmar-
ried women.25 These data suggest that
issues regarding bereavement and separa-
tion and their relation to disease and
death in women and men are important
for future research.

Some of the relationships described
in this paper may have been biased if
categories of the social and economic
characteristics contained persons with
existing poor health. Certainly, part of the
characterization of employment status
describes, by definition, those who are
unable to work as a result of ill health.
Men not of the usual retirement age who
stated that they were retired or occupied
with housework may not have been
working because of existing illness. In
addition, there is the potential effect of
lower economic attainment resulting from
ill health throughout a person's life. That
is, perhaps some aspect of ill health has
prevented a person from reaching his or
her education or income potential. The
effect of prior health status was thought to
be of most importance early in the
follow-up period, and analyses conducted
by Fox et al.23 indicate that much, al-
though probably not all, of the influence
of health selection had worn off after 5
years of follow-up. Also, in a review of
relevant studies, Wilkinson3 concluded
that health selection's "contribution to
observed class differentials in health is
probably always small in relation to the
overall size of the mortality differentials."
Future analyses of the National Longitudi-
nal Mortality Study will investigate the
relation of the length of mortality fol-
low-up to mortality gradients.

In summary, within each race group,
segments of American society can be
clearly identified as having a substantially
higher risk of death than others, and these
segments are largely identified as being
poorer, less educated, employed in occu-
pations that are service oriented, and not
in the labor force. Also, when adjustment
was made for these factors, Blacks who
were less than 65 years old continued to
have higher mortality than Whites. The
magnitude of the relative risk for these
factors was substantial, particularly in
comparison with established risk factors
such as cigarette smoking (the relative risk
ofdeath for cigarette smokers vs nonsmok-
ers is less than 2)326 In addition to the
usual goals of targeted disease prevention
and health promotion, solutions to public

Socioeconomic Factors in Mortality

health problems will require redress of
the fundamental causes of economic
deprivation and further research regard-
ing the pathways through which these
economic conditions are related to dis-
ease and death. O
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