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Abstract
We model the relationships between socioeconomic status (SES), the conditions of paid employment,
and changes between ages 54 and 65 in a variety of health outcomes: self-reported overall health,
musculoskeletal health, and depression. To what extent is SES associated with changes in these health
outcomes net of the conditions of paid employment? At the same time, to what extent are the
conditions of paid employment independently associated with these outcomes net of SES? To address
these questions we use unique data collected from a single cohort of men and women to model
changes in these health outcomes between ages 54 and 65. Although results vary across outcomes,
it is clear that there are some circumstances in which associations between SES and changes in health
can be (at least partly) attributed to working conditions, and that there are other circumstances in
which associations between working conditions and changes in health can be (at least partly)
attributed to SES. We conclude that the largely disconnected literatures on health disparities (in the
social sciences and public health) and job design (in occupational stress and ergonomics) could and
should be fruitfully connected.

Inverse relationships between socioeconomic status (SES) and health outcomes are well
documented (e.g., Alder & Ostrove, 1999; House, 2002; Marmot, Ryff., Bumpass, Shipley, &
Marks, 1997; Wilson, 2001). Evidence from a variety of academic—but generally social
scientific or social epidemiological—disciplines makes clear that the incidence and prevalence
of disease and health problems are higher for people with fewer socioeconomic resources.
Below, we more carefully review evidence about the associations between socioeconomic
status and self-reported overall health, musculoskeletal health, and depression. Debates about
the nature of SES-health associations are complex. One issue concerns the direction of causality
in those associations—that is, whether SES affects health, whether health affects SES through
“indirect selection,” or whether SES and health affect one another dynamically across the life
course (Chandola, Bartley, Sacker, Jenkinson, & Marmot, 2002; Power, Matthews, & Manor,
1996). A second major issue concerns whether SES affects health solely through more proximal
mechanisms that have yet to be completely elucidated or whether SES represents a
“fundamental cause” (Link & Phelan, 1995; Lutfey & Freese, 2005) of health outcomes that
cannot be reduce to a determinate set of more proximal mechanisms.

At the same time—and largely in a separate set of literatures—it is equally well-documented
that various conditions of paid employment influence workers' health and well-being (e.g.,
Borg & Kristensen, 2000; Carayon & Smith, 2000; Jensen, Ryholt, Burr, WVilladsen, &
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Chistensen, 2002; Michie & Williams, 2003; Smith & Carayon-Sainfort, 1989). To briefly
summarize three broad research areas, the most health-relevant aspects of paid employment
according to the job design, occupational stress and ergonomics literatures are: Psychosocial
job characteristics: job content (e.g., variety, challenge), job control, job demands (e.g.,
workload volume, cognitive demands), job security, and the social and organizational aspects
of work (e.g., social support); and Physical job characteristics: physical workload, ergonomics,
and safety. Below, we more carefully review evidence about the associations between job
characteristics and self-reported overall health, musculoskeletal health, and depression.

Although it is quite possible that both SES and the conditions of paid employment are
independently and significantly associated with a variety of health outcomes, it is equally
possible that one serves—in part or in full—as a proxy for the other. Individuals' educational
attainment (to choose one measure of SES) and their conditions of paid employment are closely
related to one another. For example, using data from 621 respondents to the Survey of Job
Characteristic, Jencks, Perman, and Rainwater (1988) found that better educated respondents
were less likely to get dirty at work and had less repetitive jobs. In the Wisconsin Longitudinal
Study (WLS) sample of high school graduates, we find (in analyses not shown) that each
additional year of respondents' education is associated (at the bivariate level) with a 26%
decrease in the chances that their jobs at age 54 always or frequently involved physical effort;
a 20% reduction in their chances of ever getting dirty on the job; and a 5% reduction in the
chances that their jobs always required intense concentration or attention. This evidence is
consistent with results from parallel analyses using data from the nationally-representative
General Social Survey (GSS). In the GSS, we find (in analyses not shown) that individuals
with exactly 12 years of schooling—as compared to those with more than 12 years of schooling
—are more than twice as likely to say that their jobs always or often involved “hard physical
work” and are 75% more likely to say that they were always or often exposed to “dangerous
conditions” at work. All of this evidence pertains to relationships between education and the
conditions of paid employment, but similar evidence exists for relationships involving income,
occupational status, or other indicators of socioeconomic standing.

Because individuals' SES is associated with the physical and psychosocial conditions of their
paid employment, it seems important to us to bring together the largely disparate literatures on
the roles of SES and job conditions in determining health outcomes. It has been difficult for
social scientists or social epidemiologists to explain socioeconomic disparities in health.
Perhaps working conditions account for an important part of the association between SES and
a variety of health outcomes? At the same time, perhaps the strong associations between
working conditions and a variety of health outcomes noted by researchers in the job design,
occupational stress and ergonomics fields can be (at least partly) attributed to socioeconomic
factors?

Our goal in this paper is to understand the independent relationships between SES, the
conditions of paid employment, changes with age in a variety of health outcomes: self-reported
overall health, musculoskeletal health, and depression. To what extent is SES associated with
changes in these health outcomes net of the conditions of paid employment? At the same time,
to what extent are the conditions of paid employment associated with these outcomes net of
SES? To address these questions we use unique data collected from a single cohort of men and
women to model changes in these health outcomes between ages 54 and 65 as a function of
SES, working conditions, and a series of control variables. We intend for our results to inform
and supplement research that seeks to identify the mechanisms that link SES and health as well
as the literatures that investigate the independent impact of working conditions on health. To
date these two broad research areas have paid too little attention to the others' potential
contributions.
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Socioeconomic Status, Job Characteristics, and Self-Reported Overall Health
General (or overall) health is frequently measured using survey questions that ask something
like, “Would you say your health is excellent, very good, good, fair, or poor?” Entirely
subjective, self-assessed measures like these are highly correlated with a variety of more
objective, concrete measures of morbidity and mortality (Idler & Benyamini, 1997; Marmot,
Ryff., Bumpass et al., 1997; Mossey & Shapiro, 1982; Wilson, 2001).

Such measures are also associated with both SES and the conditions of paid employment. For
example, Marmot et al. (1997) found that people with less than a high school degree were four
or five times as likely as people with a four year college degree to say that their health was less
than good; Miech and Hauser (2001) came to similar conclusions using the WLS data. At the
same time, a number of studies have demonstrated relationships between job characteristics
and subjective measures of general or overall health (e.g., Martikainen, Stansfeld, Hemingway,
& Marmot, 1999). For example, Borg and colleagues (Borg & Kristensen, 2000; Lund & Borg,
1999) interviewed 5,001 Danish employees in 1990 and 1995, focusing on the impact of both
psychosocial and physical job characteristics on self-rated health. They hypothesized that job
characteristics measured in 1990 would predict changes in self-rated health over the 5-year
period. In fact, repetitive work, high job demands, low social support, high job insecurity and
high ergonomic exposures were all found to predict worsening of self-rated health over time.
Although limited by the cross-sectional nature of their research designs, recent research using
the WLS suggests that a substantial share of the association between socioeconomic status and
health can be attributed to the conditions of paid employment (Brand, Warren, Hoonakker, &
Carayon, 2007; Warren, Hoonakker, Carayon, & Brand, 2004). We intend to improve on this
recent work by utilizing a longitudinal research design and by modeling changes over time in
health, but we also hope to understand the extent to which associations between job conditions
and self-reported overall health can be explained by SES.

Socioeconomic Status, Job Characteristics, and Musculoskeletal Health
The incidence and severity of musculoskeletal diseases are also stratified by SES (Brekke,
Hjortdahl, & Kvien, 2002). Dionne et al. (2001), for example, reviewed sixty-four articles
published between 1966 and 2000 and concluded that there is good evidence that well educated
people are less likely to be affected by back pain. They noted that differences in occupational
factors may be one mechanism responsible for this association. Vahatera et al. (1999) asked
whether workplace factors play a role in generating socioeconomic gradients in sickness
absence from work due to musculoskeletal disorders, and concluded that—particularly for men
—workplace factors do partly account for socioeconomic gradients in health. In general, the
extent to which associations between SES and musculoskeletal health can be attributed to
differences in the conditions of paid employment remains unclear.

Musculoskeletal disorders are certainly more common in physically demanding jobs, but they
are also more common in jobs with negative psychosocial characteristics such as high
workload, work pressure, job future ambiguity, low job control, and low supervisory support
(Carayon, Smith, & Haims, 1999; Cooper & Cox, 1985; Cooper & Marshall, 1976; Linton,
2000; Power, Frank, Hertzman, Schierhout, & Li, 2001; Smith, 1987). For example, Jensen et
al. (2002) evaluated the associations between computer users' physical and psychosocial job
characteristics and musculoskeletal symptoms in the neck, shoulder, and hand/wrist regions.
They concluded that long hours of computer use may be associated with musculoskeletal
symptoms because of physical factors such as repetitive movements, but they also concluded
that psychosocial factors affect these symptoms independently of the duration of computer use.
One theoretical model stipulates that psychosocial work factors (e.g., work pressure and lack
of control)—which can cause stress—may also influence or be related to ergonomic factors,
such as force, repetition, and posture, that have traditionally been identified as risk factors for
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musculoskeletal disorders (Armstrong, Buckle, Fine, Hagberg, Jonsson, Kilbom et al., 1993;
Hagberg, Morgenstern, & Kelsh, 1992; Putz-Anderson, 1988). However, it remains unclear
how socioeconomic factors play into these relationships between working conditions and
musculoskeletal health outcomes.

Socioeconomic Status, Job Characteristics, and Depression
Researchers have known for quite some time that there is a strong association between SES
and depression, especially among women (Dohrenwend, Levav, Shrout, Schwartz, Naveh,
Link et al., 1992; Goodman, 1999; Jarvis, 1855; Marmot, Shipley, Brunner, & Hemingway,
2001; Marmot, Ryff., Bumpass et al., 1997; Miech, Caspi, Moffitt, Wright, & Silva, 1999).
For example, despite debate about the direction of causality in this relationship (Bruce,
Takeuchi, & Leaf, 1991; Miech, Caspi, Moffitt et al., 1999; Wheaton, 1978), there is growing
consensus that education does influence depression (Dohrenwend, Levav, Shrout et al.,
1992) and there is increasing interest in assessing the mechanisms that link education and
depression.

Prior research has demonstrated that job characteristics—particularly psychosocial job
characteristics—impact psychological distress and depression (Michie & Williams, 2003;
Niedhammer, Goldberg, Leclerc, Bugel, & David, 1998). For example, Link et al. (1993) found
that individuals in occupations that involved “direction, control, and planning” were less likely
to experience depression. Likewise, Niedhammer et al. (1998) found that psychosocial factors
at work (including psychological demands, low levels of decision latitude and low levels of
support at work) were significant predictors of subsequent depressive symptoms (as measured
by the CES-D) in both men and women; interestingly, their results suggested that the precursors
to depression varied significantly by gender.

To what extent can associations between SES and depression be accounted for by considering
the conditions of paid employment? Link et al. (1993) considered characteristics of occupations
—specifically, the extent to which they involve direction, control, and planning (DCP)—as
mediators in the education-depression relationship, and concluded that DCP partially explains
this association. Using data from Whitehall II, Marmot et al. (1997) incorporated Karasek's
Job Strain model (Karasek, 1979) and measures of social support and perceived control in the
workplace. They concluded that job control in the workplace—as measured by control over
work, variety and use of skills, support at work, work pace, and job satisfaction—entirely
accounts for the “social gradient” in rates of depression. However, we wonder whether these
findings can be generalized beyond the sample of middle-aged, mostly male, London-based
civil servants studied by Marmot et al. (1997; 1997). We believe that further investigation is
necessary before strong conclusions can be made about the role of job control or other job
attributes in the relationship between SES and depression.

SES and job characteristics are each associated with a variety of health outcomes. With a few
exceptions noted above, the literature on the association between SES and health has ignored
the potential mediating role of the conditions of paid employment. At the same time, the
literatures on the connections between the conditions of paid employment and a variety of
health outcomes have been relatively insensitive to the possibility that what they call “effects”
of job characteristics may in fact be spurious owing to unmeasured (or at least poorly measured)
socioeconomic factors. Our empirical goal is to understand the independent impacts of SES
and the conditions of paid employment for changes between ages 54 and 65 in a variety of
health outcomes. We hope that our results will advance research that seeks to identify the
mechanisms that link SES and health as well as research that seeks to spell out the independent
consequences of working conditions on health.
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With these goals in mind, we contextualize our research within at least three interrelated
theoretical issues. The first concerns theoretical debates about causal ordering. As described
above there has been a great deal of debate the direction of causality in relationships between
SES and health. Likewise, there is evidence that health may influence employment behaviors
and job conditions at the same time that those behaviors and conditions influence health. Our
work does not directly speak to these debates, but our analyses are certainly shaped by them.
As described below, our empirical analyses consider changes between two points in time in
health outcomes among people who differ at the initial time point with respect to SES and
working conditions. We are thus prioritizing a perspective that views health as causally
dependent on both SES and working conditions. However, although it is not formally included
in our models, we recognize that individuals' SES and working conditions at the initial point
in time are the result of dynamic interrelationships among SES, health, and working conditions
across the life course.

A second theoretical backdrop to our analyses concerns whether SES affects health solely
through more proximal (although not completely understood) mechanisms or whether SES
represents a “fundamental cause” (Link & Phelan, 1995; Lutfey & Freese, 2005) of health
outcomes that cannot easily be reduce to more proximal mechanisms. Our analyses—which
in part focus on working conditions as a mediator in SES-health relationships—would seem
to be more sympathetic with the former theoretical perspective. However, we are actually quite
agnostic on this point. The theory of “fundamental cause” recognizes that there are proximal
mechanisms (like working conditions) that mediate in SES-health relationships; the crux of
“fundamental cause” theory concerns the social and economic processes that determine which
proximal mechanisms will be most important at particular historical points in time and for
which health outcomes. We fully recognize that our findings may be period (and indeed cohort)
specific; as we argue below, however, the cohort that we study is an important one.

Finally, we place our research within the context of important gender differences in all of the
important variables under consideration. First, as described below, men and women experience
very different rates of some health outcomes. Second, women and men are very different in
terms of their levels of SES on some measures (like occupational socioeconomic standing and
earnings) and more similar on other measures (like educational attainment, at least in more
recent cohorts). Given gender differences in patterns of labor force participation and the
historically patriarchal nature of American society, the meaning of particular measures of SES
differ between men and women. Third, we should not assume that the meaning of particular
measures of working conditions—like job stress or levels of workplace pressures—is
consistent for women and men. In the end we carry out gender-specific analyses because of
marginal differences between men and women with respect to measures of SES, working
condition, and health and because of gender differences in the very meaning of those measures.

MATERIALS AND METHODS
The WLS is a long-term study of a random sample of 10,317 men and women who graduated
from Wisconsin high schools in 1957. Most respondents were born in 1939, and thus slightly
pre-date the baby boom generation. The WLS provides an opportunity to study the life course,
intergenerational transfers and relationships, family functioning, physical and mental health
and well-being, and morbidity and mortality from late adolescence through late adulthood.
WLS data also cover social background, youthful aspirations, schooling, military service, labor
market experiences, family characteristics and events, social participation, psychological
characteristics, and retirement. Survey data were collected from the original respondents or
their parents by mail and/or telephone in 1957, 1964, 1975, 1993, and 2004; from a selected
sibling in 1977, 1994, and 2005; from the spouse of the original respondent in 2005; from the
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spouse of the selected sibling in 2005; and from widow(er)s of the graduates and siblings in
2005.

The WLS has unique strengths for our purposes, including the combination of an unusually
wide array of measures of health, SES, and job characteristics for a large sample that is broadly
representative of non-Hispanic white high school graduates and that has been followed for half
a century with high rates of sample retention. Despite these unique strengths, the WLS data
also have obvious limitations. Some strata of American society are not represented. Everyone
in the primary sample graduated from high school, whereas Sewell and Hauser (1975)
estimated that about 75% of Wisconsin youth graduated from high schools in the late 1950s.
It is clearly a limitation that we do not observe members of this cohort who did not graduate
from high school, particularly because they are likely to experience the least desirable health
outcomes. What is more, there is only a handful of African American, Hispanic, or Asian
persons in the WLS. Given the minuscule share of minorities in Wisconsin when the WLS
began in 1957, there is no way to remedy this omission. About 19% of the WLS sample is of
farm origin; this is consistent with national estimates in cohorts of the late 1930s. Finally, in
each post-1957 survey wave about 70% of the sample has lived in Wisconsin

These limitations aside, research on the WLS cohort is important because of the cohort's unique
historical place in time. WLS graduates—mostly born around 1939—have lived their lives in
a period of unprecedented changes in family and labor market institutions. They were among
the first cohorts to experience higher rates of marital dissolution, higher levels of labor force
participation among women, and the impact of the shift from a manufacturing economy (and
the frequent expectation of stable, career-long employment) to a service economy
(characterized by new employment relationships). Compared to the cohorts that preceded them
WLS graduates' life course experiences are quite heterogeneous. As such, analyses of data
from the WLS graduate cohort can provide important insights into the factors that contribute
to stratification in the health of more recent cohorts of older adults (including those of the baby-
boom cohorts).

Our analyses utilize data from four surveys of the main sample of WLS graduate respondents:
the 1993 telephone survey, the 1993 mail survey, the 2004 telephone survey, and the 2004 mail
survey. We begin by restricting our analytic sample to the 6,875 individuals who responded to
both the telephone and mail surveys in 1993. We then restrict this sample of 6,875 to the 5,939
individuals who either (1) died after they completed the 1993 surveys or (2) completed both
the telephone and mail surveys in 2004. Next, we omit 10 anomalous cases from this sample
of 5,939 in which the respondent was not born between 1937 and 1940. Finally, we omit the
1,434 respondents who were selected at random to not receive the telephone survey items on
working conditions in 2004. This leaves 4,495 respondents—2,400 female, 2,095 male—in
our analysis sample.

Table 1 presents descriptive statistics for each of our outcome measures; results are presented
by gender and—where appropriate—for 1993 and 2004. First, 7.4% of women and 11.2% of
men in the WLS sample died after completing the 1993 surveys. This is not a trivial fraction
of respondents, so (as described below) our multivariate models account for the potential
selectivity of the sample of 2004 survey respondents induced by respondent mortality.

In both 1993 and 2004 we measured respondents' self-reported overall health using a survey
item that asked: “How would you rate your health at the present time?” Response options
included “very poor,” “poor,” “fair,” “good,” and “excellent.” Given the distribution of these
measures in both 1993 and 2004—about one in four respondents reported being in “excellent”
health—we dichotomize the self-reported overall health measures such that 1 represents
“excellent” health and 0 represents all other responses.
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In the 1993 and 2004 WLS mail surveys, respondents were presented with a list of health
symptoms and were then asked three questions about each symptom. First, they were asked,
“In the past six months have you [experienced symptom]?” Respondents who answered
affirmatively were then asked, “How often have you [experienced symptom]?” and “How
much discomfort has [symptom] caused you in the past six months?” Next, respondents were
presented with a list of medical conditions and were then asked to respond to the statement,
“A medical professional says you have [medical condition].” This time, respondents who
responded affirmatively were asked, “How much does your [medical condition] currently
interfere with what you like to do?” To measure musculoskeletal health in 1993 and 2004 we
use items that refer to the health symptoms “had aching muscles,” “had stiff/swollen joints,”
and “had back pain or strain” and the medical condition “serious back trouble.” We combine
these four items in 1993 into a scale (with α=0.67). Likewise, we combine these four items in
2004 into a scale (with α=0.72). These α values are perhaps lower than we might hope for. We
could certainly increase the value for the 2004 index by adding additional items, but to do so
would introduce non-comparability between the 1993 and 2004 items. The musculoskeletal
health measures for both 1993 and 2004 are arbitrarily scaled to range from 0 to 10, where 0
indicates that respondents experienced none of these four musculoskeletal health problems and
10 indicates that they experienced all three health symptoms daily, that all three health
symptoms caused “a lot” of discomfort, and that they have been medically diagnosed with
serious back trouble that interferes “a great deal” with what respondents like to do. As shown
in Table 1, both men and women experienced slightly more musculoskeletal health problems
in 2004 (at age 65) than they did in 1993 (at age 54).

In the 1993 and 2004 WLS mail survey, respondents were presented with 20 items that make
up the CES-D depression scale. These include such items as, “On how many days during the
past week did you feel you could not shake off the blues even with help from your family and
friends?” As depicted in Table 1, the mean and variability of these scale scores (which are the
metric of days) declined modestly for both men and women between 1993 and 2004.

Table 2 reports descriptive statistics for measures of health risk factors in 1993, childhood
health (as measured retrospectively in 2004), socioeconomic status in 1993, and job
characteristics in 1993 and 2004. Our measures of health risk factors include an indicator of
whether respondents were covered by employer-provided health insurance in 1993 (from their
own or their spouse's employer), whether respondents were regular smokers in 1993, how many
alcoholic drinks per day respondents reported consuming in 1993, how many times per months
respondents exercised vigorously in 1993, and respondents body mass index in 1993.

In 2004 respondents were asked a series of retrospective questions about their health when
they were growing up (through age 16). First, they were asked, “Was your health as a child
excellent, very good, good, fair, or poor?” Next, respondents were asked to indicate whether
they had any of the following illnesses or treatments as a child or young adult: Asthma, frequent
ear infections, removal of tonsils and/or adenoids, chronic bronchitis, whooping cough, polio,
diphtheria, hepatitis, pneumonia, meningitis, and infectious mononucleosis. For our purposes,
we construct a scale that indicates how many of these illnesses/treatments respondents had; as
shown in Table 2, the typical respondent had about one of these illnesses or treatments. Finally,
respondents were asked questions about whether health conditions up through age 16 caused
them to miss school for a month or more, confined them to home or bed for a month or more,
or limited their sports or physical activities for three months or more. Table 2 reports that about
12 percent of respondents were limited in at least one of these ways up through age 16.

We use three measures of socioeconomic status in 1993, when most respondents were 54. First,
we operationalize education in terms of two dummy variables indicating whether respondents
completed (1) between one and three years of college or (2) completed four or more years of
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college; recall that all sample members completed high school. Second, we express
respondents' 1993 earnings in terms of the log of the base hourly wage rate of their 1993 job
(or the job they held most recently prior to 1993). For respondents who were not paid by the
hour, base hourly wage rates have been computed based on information about salary, hours
worked per week, weeks worked per year, and so forth. Third, we express the socioeconomic
standing of respondents' current or most recent occupations in 1993 in the metric of Hauser
and Warren's (1997) measure of occupational education. This measure—which is quite highly
correlated with more traditional measures of occupational standing like occupational prestige
or Duncan-style Socioeconomic Indexes—expresses the proportion of people in each
occupation who have completed at least some college. Occupational education is a measure of
the characteristics of occupations—specifically, how well-educated occupational incumbents
tend to be—and is not a measure of respondents' own levels of education.

Factor analyses of measures of respondents' job characteristics in 1993 and separately in 2004
led us to construct four distinct indexes of job characteristics in each year: physical job
characteristics, ergonomic job characteristics, job control, and job pressures. In 1993 all
measures pertain to respondents' current or most recent jobs. In 2004 all measures pertain to
never-retired respondents' current or most recent jobs; for ever-retired respondent, the 2004
measures pertain to the job respondents held before they retired for the first time.

Our measures of the physical characteristics of respondents' jobs are derived from a series of
three items asked in the 1993 and 2004 telephone surveys. Respondents were asked how
frequently their jobs require lots of physical effort, how frequently they get dirty on their jobs,
and whether they are exposed to any dangerous conditions on their jobs. The physical job
characteristics indexes had α reliability coefficients of 0.66 in both 1993 and 2004, and were
rescaled to equal 0 for jobs that are not at all physically demanding and 10 for jobs that are
maximally physically demanding.

Our measures of the ergonomic characteristics of respondents' jobs are derived from two 1993
and 2004 telephone survey items that asked how many hours per week they spend dealing with
their hands, tools, or equipment and how many hours per week they spend doing the same
things over and over. The ergonomic job characteristics indexes had α reliability coefficients
of 0.63 and 0.76 in 1993 and 2004, respectively, and were also rescaled to equal 0 for jobs that
are not at all ergonomically demanding and 10 for jobs that are maximally demanding.

Our measures of the psychosocial characteristics of respondents' jobs in 1993 and 2004 consist
of two groups of items. First, we constructed “job control” indexes for each year on the basis
of responses to questions about whether respondents supervise other people on their jobs,
whether they themselves are supervised, and whether they can decide when to come to work
and when to leave. The “job control” indexes had α reliability coefficients of 0.48 and 0.38 in
1993 and 2004, respectively, and were rescaled to equal 0 for jobs in which respondents have
a great deal of control and 10 for jobs in which they have no such control. Second, we
constructed “job pressures” indexes on the basis of responses to questions about whether
respondents' jobs require intense concentration or attention and how frequently respondents
work under the pressure of time. The “job pressures” indexes had α reliability coefficients of
0.49 and 0.54 in 1993 and 2004, respectively, and were rescaled to equal 0 for jobs that involve
no such pressures and 10 for jobs that involve a great deal of pressure.

There is typically very little missing data on the variables employed in our analyses. In general
we are missing only 1 or 2 percent of the cases for particular variables (except that data are
always missing for 2004 measures when respondents died after 1993). Although we do not
believe it appropriate to simply exclude the small percentage of cases with any missing data
in our multivariate analyses, we also do not believe it worth the effort to perform exceptionally
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sophisticated missing data imputation routines. Instead, we have used STATA's “impute”
procedure, which replaces missing values on a variable on the basis of a regression of that
variable on all other variables in the analysis. We have performed these imputations for each
of the variables in Table 2 and on the 1993 measures of health described in Table 1. In the end
our multivariate models are performed using the cases that have no missing data on the 2004
measures of health; because we model each health outcome separately, the sample size varies
slightly across health outcomes (from a low of 4,000 cases in models for depression to a high
of 4,058 in models for self-reported overall health).

Analysis Strategy
For each health outcome—self-reported overall health, musculoskeletal health, and depression
—we estimate a series of four models. Because of evidence that the relationships between job
characteristics, socioeconomic status, and health differ for women and men in the WLS (Brand,
Warren, Hoonakker et al., 2007; Warren, Hoonakker, Carayon et al., 2004), all models are
estimates separately by gender. The first model expresses the 2004 health measure as a function
of its parallel health measure in 1993, of the series of 1993 health risk factors, and of indicators
of childhood health. The second model adds the covariates expressing respondents'
socioeconomic circumstances in 1993. This model reflects the independent association
between socioeconomic status in 1993 and changes in health net of health risk factors and
childhood health. By comparing the second model to the baseline model we can make
inferences about whether SES adds to our ability to predict changes in health between ages
1993 and 2004. The third model begins with the baseline model and adds covariates for
respondents' job characteristics in 1993 and for changes in those job characteristics between
1993 and 2004. This model reflects the independent association between job characteristics
and changes in health net of health risk factors and childhood health. By comparing the third
model to the baseline model we can make inferences about whether job characteristics add to
our ability to predict changes in health between ages 1993 and 2004. Finally, the fourth model
begins with the baseline model and adds each of the socioeconomic and job characteristic
covariates. By comparing this fourth model to the second model we can infer whether job
characteristics add to the predictive power of the model that only includes SES. Likewise, by
comparing this fourth model to the third model we can infer whether SES adds to the predictive
power of the model that only includes job characteristics. It is these model comparisons that
will form the basis of our most important substantive conclusions. Are the physical and
psychosocial conditions of paid employment independently associated with changes in health
net of SES? Is SES independently associated with changes in health net of the physical and
psychosocial conditions of paid employment?

Our models of self-reported overall health (again, expressed as a dichotomous variable) consist
of a series of logistic regression models, whereas our models of musculoskeletal health and
depression consist of a series of OLS regression models. For the logistic regressions, model
comparisons are performed using likelihood ratio χ2 tests. For the OLS models, these
comparisons are performed using F tests.

Because it is likely that respondents who died between 1993 and 2004 were not a random cross-
section of all WLS respondents, models of changes in health that ignore selective mortality
may produce biased parameter estimates. If, for example, those who died tended to have low
socioeconomic statuses and highly demanding job conditions in 1993, then our models would
likely misstate the relationships between SES, job characteristics, and changes in health.
Consequently, our models of changes in self-reported overall health, musculoskeletal health,
and depression utilize procedures developed by Heckman (1979). Heckman's two-stage
selection model begins by modeling mortality as a function of a set of covariates, some of
which do not appear in the model for changes in health. In our case, we modeled mortality as
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a function of respondents' self-reported overall health in 1993, musculoskeletal health in 1993,
depression in 1993, educational attainment, and measures of respondents' mothers' and fathers'
health at the time of the respondents' 1993 survey. In particular, the parental health measures
indicate whether each parent was (1) in excellent or good health in 1993; (2) in fair, poor, or
very poor health in 1993; or (3) deceased in 1993. The idea is that parental longevity will be
related to respondent mortality, but will not necessarily be related to changes in respondents'
health. After estimating this selection equation, we compute the Inverse Mills Ratio for each
case. Then, in each of the models for changes in self-reported overall health, musculoskeletal
health, and depression we include the Inverse Mills Ratio as an additional covariate that
attempts to account for the sample selectivity induced by non-random patterns of mortality.

RESULTS
Table 3 presents results for models of self-reported overall health. For both women and men,
Model 1 indicates that self-reported overall health in 2004 is significantly and positively
associated with self-reported overall health in 1993; results (not shown) also indicate that
changes in self-reported overall health are significantly associated with a variety of measures
of health risk factors and with childhood health. Model 2 adds measures of respondents' SES
to the baseline model. For both men and women, elements of SES are independently associated
with changes in self-reported overall health net of health risk factors and childhood health; this
is indicated both by the statistical significance of individual regression coefficients and by the
likelihood ratio χ2 tests that indicate that the set of SES measures adds to the predictive power
of the baseline model. Model 3 adds measures of job characteristics to the baseline model.
Again, and for both men and women, job characteristics are independently associated with
changes in self-reported overall health net of health risk factors and childhood health. Women
with greater job control and more job pressures in 1993 tend to have experienced improved
overall health, while men with greater ergonomic demands in 1993 experienced declining
overall health.

As reviewed above, SES and the attributes of jobs are associated with one another. Could the
apparent effects of SES in Model 2 simply be explained by the fact that people with higher
socioeconomic standing also tend to have more favorable job conditions, such that job
conditions are the primary causal actor? Conversely, could the apparent effects of job
conditions in Model 3 simply be explained by the fact that people with more favorable job
characteristics also tend to enjoy greater socioeconomic standing, such that socioeconomic
status is the primary causal actor? Model 4 in Table 3 adds covariates for both SES and job
characteristics to the baseline model. Here, the χ2 tests comparing the full model to Model 2
(which included covariates for SES but not for job characteristics) indicate that Model 4 fits
no better than Model 2 for men. Among women, greater job control in 1993 is associated with
improvements in overall health even net of SES and other covariates. The full model fits better
than Model 3 (which included covariates for job characteristics but not for socioeconomic
status) for both women and men. That is, SES is independently associated with changes in
overall health net of job characteristics and the other covariates in the model.

Taken together, Table 3 shows that job characteristics are associated with changes in women's
(but not men's) self-assessed overall health net of SES. For both women and men, SES is
independently associated with changes in self-rated overall health net of job characteristics.

Results for models of changes in musculoskeletal health appear in Table 4. As expected,
musculoskeletal health in 2004 is closely related to musculoskeletal health in 1993 and (in
results not shown) to health risk factors and childhood health. However, SES is not
independently associated with changes in musculoskeletal health for either women or men.
What is more, the χ2 test comparing Model 2 to Model 1 suggests that the model that includes
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the series of socioeconomic covariates does not improve the predictive power of the model
relative to the baseline model. In contrast, for both men and women Table 4 suggests that job
characteristics are associated with changes in musculoskeletal health even net of health risk
factors and childhood health; the χ2 statistic comparing Model 3 to Model 1 is statistically
significant for both men and women. In particular, women with more physically demanding
jobs in 1993 and women who face more job pressures in 1993 experience greater declines in
musculoskeletal health; men with more job control in 1993 experience fewer declines in
musculoskeletal health. Model 4 in Table 4 adds covariates for both SES and job characteristics
to the baseline model. Here, the χ2 tests comparing the full model to Model 2 (which included
covariates for SES but not for job characteristics) indicate that Model 4 fits better than Model
2 for women; the χ2 test for men is not statistically significant. That is, among women the
model with job characteristic and SES measures fits better than the model with only the SES
measures. The full model fits no better than Model 3 (which included covariates for job
characteristics but not for SES), indicating that adding SES covariates does not add to the
predictive power of Model 3.

To summarize, job characteristics are significantly associated with changes in women's and
men's musculoskeletal health, even after adjusting for health risk factors, childhood health, and
SES. Conversely, SES is not significantly associated with changes in musculoskeletal health,
even before adjusting for job characteristics. Results of χ2 tests comparing Model 4 to Model
3 indicate that the full model—which includes both job characteristics and SES measures—
fits no better than the more parsimonious model that only includes the job characteristic
covariates. Whereas SES is significantly related to changes in overall health even net of health
risk factors, childhood health, and job conditions, the same is not true for musculoskeletal
health outcomes.

Results for models of changes in depression—shown in Table 5—differ by gender. Again,
depression in 2004 is closely related to depression in 1993 and (in results not shown) to health
risk factors and childhood health. Among women, the addition of the SES variables to the
baseline model (comparing Model 2 to Model 1) or to the model that includes job characteristics
(comparing Model 4 to Model 3) does not improve the predictive power of the model in either
case. Nonetheless, we observe in the full model that women who have completed college
experienced declines in depression. On the other hand, among women job characteristics are
related to changes in depression, even net of socioeconomic status, health risk factors, and
childhood health. Women with more physically demanding jobs in 1993 and whose jobs
became more demanding between 1993 and 2004 experienced increases in levels of depression.
For women, job characteristics are independently related to changes in depression.

Among men, SES is significantly related to changes in depression, but only before adjusting
for job characteristics. Likewise among men, job characteristics are significantly related to
changes in depression, but only before adjusting for SES. In the end there is little compelling
evidence that SES or job characteristics are independently related to changes in men's
depression net of health risk factors and childhood health.

DISCUSSION
Our goal has been to better understand the relationships between SES, the conditions of paid
employment, and self-reported overall health, musculoskeletal health, and depression. We
asked about the extent to which SES is independently related to these health outcomes net of
the conditions of paid employment, and we also asked about the extent to which the conditions
of paid employment are independently related to these outcomes net of SES. To address these
questions we used unique data collected from a single cohort of men and women to model
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changes in these health outcomes between ages 54 and 65 as a function of SES, working
conditions, and a series of control variables.

Not unexpectedly—and like prior work using the WLS (Brand, Warren, Hoonakker, &
Carayon, Forthcoming; Warren, Hoonakker, Carayon et al., 2004)—we found that our results
varied by gender and by the health outcome under consideration. Aspects of women's working
conditions are independently related to changes in their self-rated overall health, to changes in
their musculoskeletal health, and to changes in their levels of depression, even net of health
risk factors, childhood health, and SES. Aspects of men's working conditions are independently
related to changes in their self-rated overall health and to changes in their musculoskeletal
health; working conditions are not related to changes in men's levels of depression. In general
this suggests that working conditions are significantly and independently related to changes in
health between ages 54 and 65. This is true despite the relatively low reliabilities of the alpha
coefficients for our scales of physical and psychosocial working conditions; were those
reliabilities higher, we might find ever stronger evidence that working conditions play a
substantial and independent role in stratifying health outcomes.

SES—and specifically college completion—is independently related to changes in women's
depression, even net of health risk factors, childhood health, and working conditions. On the
other hand, SES is only significantly related to changes in men's self-assessed overall health
after adjusting for these covariates. Overall this suggests that SES is significantly related to
changes in some health outcomes, but that these relationships vary in important ways by sex.

SES is independently associated with changes in health net of the conditions of paid
employment and other covariates. However, the extent to which this is true varies by sex and
by the health outcome under consideration. Likewise, the conditions of paid employment are
independently associated with changes in health net of SES and other covariates. But again,
the extent to which this is true varies by sex and across health outcomes. Our results imply that
attention to the conditions of paid employment could help to mitigate declines in health
outcomes among older adults, and that working conditions may serve as an important mediating
factor between SES and a variety of health outcomes.

It is important to recognize the several limitations of our findings. First, we must recognize
that our results can only be safely generalized to non-Latino whites high school graduates (a
description that only characterized about two-thirds of the U.S. population in that birth cohort).
Second, despite our efforts to deal with issues of selective mortality, it is possible that our
results—and perhaps particularly our results pertaining to musculoskeletal health outcomes—
are influenced by this form of bias. Third, while our basic research design is well-suited to
teasing out the independent effects of SES and working conditions on changes in several health
outcomes, we have done relatively little in this paper to acknowledge that the relationships
between SES, working conditions, and health are quite dynamic and recursive.

We view the contribution of our work as the act of synthesizing two broad research literatures.
Social scientists, social epidemiologists, and public health researchers spend a great deal of
time seeking mechanisms that link SES to health. These researchers should and could profitably
consider the role of working conditions and job characteristics as an important set of intervening
mechanisms. At the same time, and in separate literatures, researchers in occupational
engineering, ergonomics, and job design spend a great deal of time considering the effects of
working conditions and job characteristics on health. These researchers could and should
consider the fact that associations between job characteristics and health may be spurious owing
to SES. In short, we feel that both broad literatures can benefit from one another's efforts.
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