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The authors investigated the cumulative effects of life course social class and neighbor-
hood socioeconomic conditions on the prevalence of chronic kidney disease (CKD) in
adulthood. Subjects were members of the Atherosclerosis Risk in Communities (ARIC)
Study, a longitudinal cohort study of four US communities. CKD was defined by glomerular
filtration rate <45 ml/min/1.73 m2 or hospital discharge diagnosis. Working class was de-
fined by workplace roles for subjects and their fathers; area socioeconomic status (SES)
was based on census information. Being working class for all life course periods or for
some life course periods was associated with increased odds of CKD, compared to being
non-working class for all periods (adjusted odds ratio, OR, for all periods (95% confidence
interval) 1.4 (0.9, 2.0) in Whites and 1.9 (1.3, 2.9) in African-Americans; OR for some pe-
riods 1.3 (1.0, 1.9) in Whites and 1.4 (0.9, 2.2) in African-Americans). Low area SES over
the life course was not significantly related to CKD compared to living in a higher SES areas
at all life course periods. Adjustment for age, gender, community of residence, cumulative
social class (for neighborhood measures), cumulative low-neighborhood SES (for cumula-
tive individual social class), hypertension and diabetes does not account for these
associations.
Our conclusion is that chronic kidney disease is associated with life course socioeconomic
conditions. As such, life course social class and neighborhood conditions deserve further
attention in accounting for socioeconomic disparities in kidney disease.
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Social conditions, including social class, race, income,
and education level, have been called ‘‘fundamental causes
of disease’’ because they entail unequal access to health-
promoting and disease-avoiding resources, thereby struc-
turing disease risk in manifold ways (Link & Phelan,
1995). According to Link and Phelan, such resources include
‘‘money, knowledge, power, prestige, and . interpersonal
resources’’ (p. 87). Social conditions have received a great
deal of attention in cardiovascular, cancer, and infectious
disease epidemiology.

Relatively few studies have investigated the association
between social conditions and kidney disease, apart from
research on racial differences (Shoham, Vupputuri, & Kshir-
sagar, 2005). African-Americans have 3.8-fold the end-
stage renal disease (ESRD) incidence of Whites (USRDS,
2004), and studies have documented racial disparities in
kidney disease (Byrne, Nedelman, & Luke, 1994; Fored
et al., 2003; Krop et al., 1999; Perneger, Whelton, & Klag,
1995b). Race is a social construct, not an essential biological
category (AAA, 1998; AAPA, 1996). In the United States, race
is highly correlated with socioeconomic conditions. Afri-
can-Americans are much more likely than Whites to be
members of the urban ‘underclass’ and reside in areas of in-
tensely concentrated poverty (Wilson, 1990), and they are
less likely than Whites to accumulate wealth (Conley,
1999; Oliver & Shapiro, 1995). Link and Phelan (1995) em-
phasize that race is itself so closely tied to resources that
it should also be considered a fundamental cause of health
inequality. These findings suggest an etiologic role for so-
cial conditions in kidney disease.

The social distribution of biological risk factors provides
further evidence in favor of a social causation hypothesis
for kidney disease. Hypertension and diabetes mellitus
are strongly associated with disadvantaged socioeconomic
position (Brancati, Whelton, Kuller, & Klag, 1996; Connolly
& Kesson, 1996; Frank, Cohen, Yen, Balfour, & Smith,
2003; James, Keenan, Strogatz, Browning, & Garrett, 1992;
Perneger, Klag, & Whelton, 1995a; Pickering, 1999; Robbins,
Vaccarino, Zhang, & Kasl, 2001). Hypertension and diabetes
underlie over 70% of all prevalent cases of ESRD (USRDS,
2003), and these two conditions have been the focus of
most etiologic research; they are also strongly associated
with earlier stages of chronic kidney disease (CKD) (Coresh,
Longenecker, Miller, Young, & Klag, 1998; Jones et al., 2002;
Vupputuri et al., 2003). Potential mechanisms translating
social disadvantage into kidney disease may also include
isolation, infectious agents, and access to care (Cass,
Cunningham, Snelling, Wang, & Hoy, 2004; Shoham et al.,
2005).

Three models have been proposed to explain how socio-
economic position over the life course may influence adult
health: critical periods, cumulative exposures, and trajec-
tory effects (Blane, 1999). We investigated the critical pe-
riods model in a previous paper (Shoham et al., 2007).
This model posits that exposures occurring at critical pe-
riods in the life course (particularly gestation and infancy)
have long-lasting effects on health later in life. Barker has
used this model to show that adult hypertension is the con-
sequence of prenatal conditioning (Barker, Osmond, & Law,
1989), while Brenner established a link between birth-
weight, number of glomeruli, and adult hypertension and
kidney disease (Brenner, Garcia, & Anderson, 1988; Brenner
& Gertow, 1994). In our previous analysis, we asked
whether childhood or adulthood social class is more impor-
tant for determining later-adult kidney disease risk, and
within adulthood, if there are particular ages at which be-
ing working class increases the risk of later disease. Distinct
models were used for each time period, comparing odds of
CKD in middle age among working vs. non-working class
subjects. Because neighborhoods may also exert effects on
disease, we calculated composite scores of area disadvan-
tage at the census tract level (lowest tertile of z-scores), us-
ing the same four time periods. The definitions of social
class, z-score tertiles, and the outcome measures of CKD
that were used in the previous analysis are described in fur-
ther detail in the Materials and Methods section below. The
previous study found that being working class at age 30 in-
creased the odds of CKD by approximately 40% among
Whites and 90% among African-Americans, when com-
pared to non-working class members within the same
race group. On the other hand, in the previous study, low
area SES was most strongly associated with CKD at age
50, with approximately 60% increased odds among Whites
and 50% increased odds among African-Americans. In con-
trast to prior theory, our previous study did not find evi-
dence of independent effects of father’s social class or of
living in a low SES area during childhood on subject’s
odds of CKD later in life.

Our previous analysis, however, did not take account of
the sum total of socioeconomic influences acting across the
life course, but rather focused on particular periods. Al-
though the effects of childhood living conditions may not
exert an independent effect on adult disease risk, they
may nevertheless increase the likelihood of disease when
combined with socioeconomic position later in life. This
second life course model considers cumulative exposures
to adverse social circumstances over sustained periods –
such as poverty, jobs with little autonomy, and living in
a poor neighborhood – the salient determinants of chronic
disease. We plan to address the third model, of life course
trajectories, in a future report.

In this paper, we investigate whether being of low social
class and living in a disadvantaged neighborhood across the
life course are associated with increased odds of having
CKD in adulthood (i.e., cumulative effects of social class
and neighborhood conditions). Specifically, we hypothesize
that persons with greater cumulative life course exposure
to being low social class and living in a low SES neighbor-
hood will have greater odds of CKD than those with less
life course exposure to socioeconomic disadvantage.

Materials and methods

Subjects were members of the Life Course Socioeco-
nomic Status (LCSES) ancillary study of the Atherosclerosis
Risk in Communities (ARIC) Study, a longitudinal cohort
study of 15,792 White and African-American men and
women residing in four U.S. communities: Jackson, Missis-
sippi; Forsyth County, North Carolina; the suburbs of Min-
neapolis, Minnesota; and Washington County, Maryland
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(The ARIC Investigators, 1989). At the time of recruitment
(1987–1989), subjects ranged in age from 45 to 64 years
old. Serum creatinine measures were obtained from sub-
jects during at least one of three follow-up visits; measures
were calibrated to the Cleveland Clinic Laboratory, allowing
comparison with the Third National Health and Nutrition
Examination Survey. Follow-up information on hospital
discharge diagnoses was obtained and confirmed through
2002.

The LCSES is an ancillary study to the primary ARIC
Study, designed as a retrospective cohort. During the
2001 annual follow-up interview, subjects were asked
questions about their own socioeconomic circumstances
and historical addresses at ages 30, 40, and 50 and parental
and childhood social circumstances and place of residence
at age 10. There were 12,681 questionnaires returned by
subjects (80.5% of original cohort), of whom 12,670 had at
least one serum creatinine measure and were either of Af-
rican-American or White race. Exclusions were made for
African-Americans living in Minneapolis and Maryland
(n¼ 39). Mean age at the time of questionnaire completion
was 67.4 years (range: 56–80), an average of 13.8 years after
the initial ARIC visit. Historical addresses were geocoded
and placed in the appropriate census tract for ages 30–
50; for age 10, tracts were not available and county data
were used. The accuracy and repeatability of the geocoding
process for this study have been reported elsewhere (Whit-
sel et al., 2004).

Individual socioeconomic position

We chose social class as the individual-level measure for
several reasons. First, social class is a determinant of in-
come level, education, psychosocial stress (Oakes & Rossi,
2003; Wohlfarth, 1997), and health behaviors, habits, and
lifestyle (Bourdieu, 1984; Lynch, Kaplan, & Salonen, 1997).
Class analysis is based on the theory that classes represent
antagonistic and interacting material interests, rather than
merely a ‘‘set of statuses’’ (p. 12) (Wright, 1996). Class the-
orists argue that inequalities captured by continuous SES
measures (such as income level and wealth) are merely
the consequences of power relationships, rather than the
salient characteristics of social structure (Horan, 1978;
Oakes & Rossi, 2003; Wright, 1996). Power is thus the sa-
lient characteristic we capture by using social class. Practi-
cally, social class may be measured retrospectively,
whereas income level is difficult to recall and is rarely (if
ever) used in retrospective studies.

Individual socioeconomic positions for subjects at ages
30, 40, and 50 were obtained using five questionnaire
items: (1) ‘‘did you complete college or more education?’’;
(2) ‘‘were you self-employed?’’; (3) ‘‘did you hold a manage-
rial position?’’; (4) ‘‘did you supervise the work of other
employees, have responsibility for or tell other employees
what to do?’’; and (5) ‘‘did you participate in making deci-
sions about such things as the products and services of-
fered, the total number of people employed, budgets and
so forth?’’. Following Wright’s work on operationalizing so-
cial class (Wright, 1989, 1996), we employed a reduced clas-
sification scheme for social class. Subjects who answered
‘‘no’’ to every one of these five questions were classified
as ‘‘working class’’; subjects who answered ‘‘yes’’ to at least
one of these questions were classified as ‘‘non-working
class,’’ the reference category. We choose this dichotomiza-
tion as the definition of ‘‘working class’’ for two reasons.
Theoretically, ‘‘working class’’ corresponds to the least
powerful class category in Wright’s work. Those who are
‘‘non-working class’’ thus have a degree of power in at least
one of three dimensions: skills, ownership, or authority.
The second reason for this choice was statistical power;
we lacked sufficient number of cases needed to explore
more fine-grained class schemas, such as the seven aggre-
gated classes analyzed in Class Counts (Wright, 1996). Sim-
ilar questions were asked of subjects regarding the class of
his or her father or important male caretaker (hereafter re-
ferred to as ‘‘father’’). Fathers were also categorized as
farmers or non-farmers.

Area-level socioeconomic status

Area-level socioeconomic status (area SES) was assessed
by linking the geocoded historical addresses of respondents
with decennial census data. SES for area of residence was
measured at the county level for childhood (census years
1930–1950), and at the census tract level for ages 30, 40,
and 50 (census years: 1960–2000). Principle components’
analyses (PCA) of area-level SES attributes were conducted
for each decennial census. Up to 15 variables were used for
age 10 county measures; 12 used for age 30, 11 for age 40,
and 13 used at age 50; not all variables were available
across all years. Area SES variables incorporated into the fi-
nal area score included log median housing unit value, log
mean income level, unemployment, number of people per
room, percent high school and college educated, percent
professional, and percent home ownership. These were
converted to z-scores, created by subtracting the mean
value for a particular census variable on a given census
year from the value for a particular subject’s county or cen-
sus tract, then dividing by the standard deviation; the z-
scores are census-specific. First component loadings from
the PCA were used to generate a weighted sum of z-scores
for each tract or county, and loaded most heavily on four
characteristics: log household income, percent professional
or managerial occupations, percent with at least a high
school education, and log of mean home value. Table 1
shows the first and second component loadings. This first
component captured from 40% to 50% of the variance in
area SES. The second component, which weighted on
household characteristics (percent living alone, percent of
units occupied), captured less than 20% of variance. House-
hold characteristics were disregarded because they
explained less between-neighborhood variance than socio-
economic characteristics; furthermore, household charac-
teristics had not been hypothesized to increase risk of
CKD. The area-level scores are therefore interpreted as
a summary measure of area-level resources, as opposed
to family structure or housing characteristics.

Life course scores

A cumulative measure was created based on subject’s
father’s social class (a proxy for childhood socioeconomic



Table 1
Principle components loadings on first and second components, by decennial census

Age 30 Age 40 Age 50Principle component

First:
socioeconomic

Second: household
characteristics

First:
socioeconomic

Second: household
characteristics

First:
socioeconomic

Second: household
characteristics

Variance explained by component 41% 18% 42% 16% 50% 17%

Variable
Average number of people per household 0.04 0.55
Average number of people per room �0.27 0.25 �0.30 �0.09 �0.31 �0.07
Housing stability 0.11 �0.18 0.11 0.15 0.01 �0.24
Log of average or median income 0.39 �0.09 0.38 0.19 0.32 0.24
Log of home value 0.38 �0.08 0.36 0.24 0.31 0.26
Percent households in poverty �0.35 0.13
Percent living alone �0.18 �0.54 �0.14 0.58 �0.12 0.49
Percent of dwelling units occupied 0.12 0.26 0.15 �0.40 0.22 �0.35
Percent of owner occupied housing units 0.26 0.39 0.26 �0.48 0.26 �0.37
Percent professional occupations 0.38 �0.15 0.37 0.07 0.29 0.24
Percent single family households �0.32 0.24
Percent unemployed �0.27 �0.10 �0.24 0.32 �0.30 0.17
Percent with college education 0.35 �0.13 0.36 0.20 0.26 0.32
Percent with high school education 0.40 �0.09 0.41 0.09 0.34 0.22
Total population 0.09 0.13 0.10 0.01
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position) and subjects’ own social class at age 30, 40, and
50. Subjects were placed into one of three categories based
on the cumulative measure: working class across the life
course; working class during at least one period (but not
all four periods); and non-working class across the life
course. Subjects who were homemakers at any point up
to age 50 were classified as ‘‘some periods working class’’
if they were working class at any period, and ‘‘non-working
class’’ if they were never working class. Life course area SES
was defined as follows: first, areas were divided into race-
specific tertiles based on area SES scores from the PCA, with
the lowest tertile representing ‘‘low area SES’’ for each pe-
riod. Next, the number of life course periods spent living in
a low SES area was summed. Living in a low SES area for all
periods thus yielded a score of 4, while 0 was the score for
those never having lived in a low SES area; those who lived
in a low SES area for some but not all periods of the life
course had a score of 1, 2, or 3. Tests of trend were con-
ducted for both social class and area SES in the following
manner: being working class (or living in a low SES area)
at all four periods was coded as a score of 1; at some but
not all (1–3 out of 4) periods was scored 0.5; and no periods
working class (or living in a low SES area) was scored 0. The
trend variable was then introduced into the logistic model
in place of social class (or area SES), and a Wald test p-value
for the variable was estimated.

Outcome measures

The outcome of these analyses was chronic kidney dis-
ease. CKD was defined as having either a glomerular filtra-
tion rate (GFR) below 45 ml/min/1.73 m2 or having ICD-9
annual follow-up hospital discharge diagnosis of CKD
(250.4x, 403.x, 581.x, 582.x, 583.x, 585.x, 586.x, 587.x,
588.x, v42.0, v45.1, 39.95, or 54.98) at any time through
the end of 2002. GFR was estimated from serum creatinine,
age, gender, and race using the Modification of Diet in Renal
Disease (MDRD) abbreviated study equation, and are
reported in units of ml/min/1.73 m2 (NKF, 2002). The last
available serum creatinine was used; for 10,701 subjects
(84.5%), this was the fourth visit (1996–1998), while for
others, the values at first (1987–1989; n¼ 1497) or second
visit (1990–1992; n¼ 472) were used.

We chose a GFR cutpoint of 45 ml/min/1.73 m2, since
this cutpoint shows a dramatically higher risk of complica-
tions than the traditional cutpoint of 60 ml/min/1.73 m2

(Go, Chertow, Fan, McCulloch, & Hsu, 2004) and conserva-
tively accounts for ARIC being a healthy general population
sample. Furthermore, the MDRD estimation equation is
more accurate at lower GFR (Levey et al., 2006; Stevens,
Coresh, Greene, & Levey, 2006). These definitions were
combined to yield a summary outcome measure of preva-
lent chronic kidney disease. In order to assess sensitivity
of our results to the outcome definition, age-adjusted tests
of trend for increasing periods spent as members of the
working class and living in low SES areas were conducted
using outcome definitions based only on ICD-9 diagnosis
and only on GFR below 45 ml/min/1.73 m2.

Imputation

Many subjects were missing area-level information (the
primary reason for missing data): at age 50, 802 (6.4%); at
age 40, 2533 (20.1%); at age 30, 6726 (53.2%); and at age
10, 2527 (20.0%). Much of the country was not tracted in
1960 and 1970 (Anderson, 2000), the census years when
most subjects were 30 years old. For each $25,000 greater
difference in household income, Whites had 0.8 times the
odds of missing data (95% confidence interval, CI: 0.6,
1.0), while there was no association between income and
missing data among African-Americans (95% CI: 0.5, 2.3).
In order to avoid biased results, Bayesian multiple imputa-
tion was conducted using the STATA (StataCorp: College
Station, TX) user-written program MVIS (Royston, 2004),
as described elsewhere (Shoham et al., 2007). The resulting
scores were categorized into race-specific tertiles, which
were used in the final analysis. In order to gauge the degree
to which imputation affected parameter estimation, all
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analyses were repeated using the complete-case (non-im-
puted) data set.

Race stratification

All analyses were conducted in race-specific strata. The
rationale for doing so is threefold. First, given the correla-
tion between race and socioeconomic conditions at the
individual (social class) and neighborhood levels, we
sought to characterize the effect of social class within
race groups. Nevertheless, readers may be interested in
whether there was heterogeneity of class associations by
race, so we formally assessed heterogeneity by including
interaction terms of race by cumulative social class (being
working class in any vs. no periods) using the Walk chi-
square test. Second, models where the exposure of inter-
est is a social variable may give misleading results when
adjusted for race due to residual confounding (Kaufman
& Cooper, 1999; Kaufman, Cooper, & McGee, 1997). The
preferred approach in such situations is to stratify by
race. Third, the socioeconomic characteristics of neighbor-
hoods differ widely by race in the United States, as already
noted in describing the construction of race-specific
tertiles. This phenomenon has been deemed ‘‘structural
confounding’’ by Oakes (2006), and it precludes direct
comparison of neighborhood characteristics across race
groups.

Statistical analysis

We initially compared means and proportions of partic-
ipants’ clinical and demographic characteristics by race and
disease status within race using t-tests (for means) and
Wald chi-square tests (for proportions).

A logistic regression model was used to assess the odds
of CKD associated with being working class across the life
course and being working class at just some periods, com-
pared to those who were non-working class at every pe-
riod. Using the same model, the odds of CKD among
those living in the lowest tertile of area-level SES across
all periods or at just some periods were compared to
odds of CKD in those living in a middle or high tertile
area at all periods.

Measures of association were adjusted for age at the first
ARIC examination (Model 1) or age in combination with
gender, father having been a farmer, and study center
(Model 2). In Model 2, individual class measures were
included in the same model as area-level measures, since
class may be a confounder of area-level measures. By
‘‘potential confounder’’, we here mean a characteristic
meeting three criteria: (1) the characteristic is associated
with kidney disease; (2) the characteristic is associated
with individual social class (or area SES); and (3) the char-
acteristic must temporally precede social class (or area SES)
and kidney disease, that is, it cannot be a causal intermedi-
ate linking social class and kidney disease (Rothman &
Greenland, 1998). Our choice of confounders is further con-
sistent with graphical and counterfactual criteria for model
specification in estimating causal effects (Pearl, 2000). In
order to avoid biased results, Bayesian multiple imputation
was conducted using the STATA (StataCorp: College Station,
TX) user-written program MVIS (Royston, 2004); details of
the approach used are described elsewhere (Shoham et al.,
2007). Models were run for each imputation and were
combined using SAS PROC MIANALYZE (SAS Institute:
Cary, NC).

Subsequent models were similar to Model 2, but further
adjusted for hypertension or diabetes mellitus (labeled
‘‘Model 3’’ in the results section and tables). Adjustment
was made for these potential causal intermediates in order
to estimate the direct effect of social factors on kidney dis-
ease. By the direct effect, we mean the effect that is not
transmitted through the effect of social factors on these
other chronic conditions (Robins & Greenland, 1992). We
emphasize that this estimated ‘‘direct effect’’ does not esti-
mate the total causal association between social class and
CKD, only that part of the association not mediated by dia-
betes and hypertension. The unbiased estimation of the di-
rect effect depends on additional no-confounding
assumptions beyond those that are required for unbiased
estimation of total effects, including that there are no un-
measured confounders (Cole & Hernan, 2002), that there
is no unit-level synergism between exposure and interme-
diates in the causation of the outcome, and that intermedi-
ates are not misclassified (Kaufman, Maclehose, &
Kaufman, 2004). Nevertheless, if hypertension or diabetes
are truly causal mediators of the association between socio-
economic position and kidney disease, if the no-confound-
ing conditions are satisfied and if none of the effects are
preventive, then adjustment for these intermediates
should attenuate the estimated exposure effects. Attenua-
tions are reported in percent reductions in the log of the
odds ratio (OR), and are compared to age-adjusted log-
ORs unless otherwise noted.

Model fit was compared between models using a likeli-
hood ratio test (Kleinbaum, Klein, & Pryor, 2002). Tests of
interactions between socioeconomic variables, age, and
gender were also conducted using the likelihood ratio
test. A p-value of 0.05 was used as the cutpoint for tests
of statistical significance.

Results

There were 219 (2.3%) prevalent CKD cases observed
among Whites and 157 (4.9%) among African-Americans.
Table 2 reports the age-adjusted distribution of clinical
and demographic attributes overall and by cases status.
Compared to non-cases, cases were older, had lower HDL
cholesterol, had higher BMI, and were more likely to have
diabetes and/or hypertension and be non-drinkers; Afri-
can-American cases were also more likely than non-cases
to be current smokers. Table 3 reports the age-adjusted dis-
tribution of socioeconomic attributes overall and by cases
status. Cases were more likely than non-cases to be work-
ing class at all periods across the life course.

Table 4 shows the measures of association between so-
cial class and CKD using the cumulative model. Among
Whites, there was a 40% increase in CKD odds associated
with being working class at either some or all periods, com-
pared to being non-working class at all periods (p-value for
trend 0.04). By our definition, the ‘‘working class’’ lacked
power along all three dimensions constituting social class



Table 2
Means and proportions of subjects’ clinical and demographic characteristics, by race and disease status

Whites African-Americans

Overall
(n¼ 9449)

Non-cases
(n¼ 9230)

Cases
(n¼ 219)

p Overall
(n¼ 3221)

Non-cases
(n¼ 3064)

Cases
(n¼ 157)

p

BMI (kg/m2) at visit 1, mean (sd) 27.0 (2.2) 26.9 (4.8) 29.0 (6.2) <0.01 29.8 (2.7) 29.7 (6.1) 31.9 (6.2) <0.01
HDL cholesterol at visit 1, mean (sd) 51.2 (7.5) 51.3 (16.9) 43.3 (15.1) <0.01 55.4 (7.8) 55.7 (17.5) 49.7 (17.5) <0.01
Age at visit 1, mean (sd) 53.9 (5.6) 53.8 (5.6) 57.1 (4.9) <0.01 52.8 (5.7) 52.8 (5.6) 54.5 (5.8) <0.01
MDRD GFR (ml/min/1.73 m2) at

first visit, mean (sd)
89.5 (7.7) 89.6 (17.1) 80.8 (20.9) <0.01 103.5 (11.2) 103.9 (24.6) 91.0 (36.6) <0.01

Male gender, % 45.6 45.5 48.9 0.71 35.3 35.3 36.4 0.92
Diabetes at visit 1, % 7.4 6.9 29.3 <0.01 16.1 14.3 52.1 <0.01
Hypertension at visit 1, % 25.4 24.7 47.3 <0.01 54.3 53.1 76.2 <0.01
Diabetes and hypertension, % 3.3 2.9 17.1 <0.01 11.1 9.5 42.0 <0.01
Current drinker, % 65.4 65.8 53.4 <0.01 29.7 30.0 21.9 0.08
Current smoker, % 21.2 21.1 24.0 0.50 25.7 25.5 28.0 <0.01

Notes: All non-age values are adjusted for mean age at baseline. Abbreviations used in this table: sd¼ standard deviation; BMI¼ body mass index;
HDL¼ high density lipoprotein cholesterol; MDRD GFR¼modification of diet in renal disease glomerular filtration rate estimating equation.
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(skills, authority, and ownership). Increasing life-periods
spent in the working class thus means decreasing periods
with at least some degree of power. Adjustment for age,
gender, study center, area-level SES hardly attenuated the
ORs; the associations were largely independent of diabetes
and hypertension. Similar yet stronger associations were
seen among African-Americans, who showed a graded re-
sponse to increasing odds of CKD by increasing proportion
of the life course spent in the working class (p for trend
<0.01). Although we failed to formally detect heterogeneity
by race (p¼ 0.22 for interaction of African-American race
with the term for being working class at all or some pe-
riods), this test was underpowered. Among both races,
the cumulative effects of living in a low SES area were in-
consistent and not statistically significant. Age-adjusted re-
sults were similar when we used only ICD-9 code for CKD
as an outcome: p for trend was significant for cumulative
periods spent as working class among Whites (p¼ 0.02)
and African-Americans (p< 0.01). Using only the GFR-
based definition, p for trend for cumulative working class
Table 3
Means and proportions of subjects’ socioeconomic characteristics, by race and d

Whites

Overall
(n¼ 9449)

Non-cases
(n¼ 9230)

Cases
(n¼ 219)

Area SES scores
Age 10 area score, mean (sd) 0.4 (2.9) 0.4 (2.9) 0.4 (3.0)
Age 30 area score, mean (sd) 0.6 (2.6) 0.6 (2.5) 0.2 (2.7)
Age 40 area score, mean (sd) 0.7 (2.2) 0.7 (2.2) 0.3 (2.1)
Age 50 area score, mean (sd) 1.1 (1.7) 1.1 (1.8) 0.7 (1.8)

Cumulative working class (father, subject)
Always working class (%) 8.4 8.3 9.7
Some periods working class (%) 50.7 37.0 57.9
Never working class (%) 40.9 59.6 32.4

p for trend

Cumulative low area tertile
All periods low SES (%) 21.2 21.2 22.0
Some periods low SES (%) 49.5 49.5 53.7
No periods low SES (%) 29.3 29.3 24.3

p for trend

All values are adjusted for age at visit 1. Abbreviations used: sd¼ standard devia
periods was significant among Whites (p< 0.01) but not
African-Americans (p¼ 0.15). No significant trends were
seen for cumulative burden of living in a low SES area in
either race according to any outcome definition.

The addition of interaction terms between individual
and contextual socioeconomic variables and gender, age,
and each other did not significantly improve the fit of any
of the models. Odds ratios obtained using the complete-
case (non-imputed) data set were similar to the imputed
results for both class and area SES. Finally, we compared
our results with those obtained using the cutpoint of CKD
Stage 3 or higher, 60 ml/min/1.73 m2, which has been
employed in numerous other studies, including ARIC. Using
this definition, there was no association between life
course social class and CKD. Analyses were repeated using
an ICD-9 definition alone, and eGFR< 45 ml/min/1.73 m2

alone. Using only ICD-9 code, associations were consistent
with the results for the primary outcome among African-
Americans, and stronger among Whites. Using only
eGFR< 45 ml/min/1.73 m2, there were no associations
isease status

African-Americans

p Overall
(n¼ 3221)

Non-cases
(n¼ 3064)

Cases
(n¼ 157)

p

0.41 �1.3 (3.0) �1.3 (3.0) �1.3 (2.5) 0.75
<0.01 �1.9 (4.3) �1.9 (4.1) �2.1 (3.1) 0.65
<0.01 �2.3 (2.5) �2.2 (2.5) �2.6 (2.2) 0.03
<0.01 �3.3 (2.8) �3.3 (2.8) �3.8 (2.7) <0.01

0.63 25.6 25.1 35.4 <0.01
0.02 55.1 55.3 49.5 0.56
0.02 19.0 19.3 14.8 0.19
0.04 p for trend <0.01

0.55 23.2 23.0 27.1 0.23
0.41 47.2 47.1 49.6 0.73
0.19 29.7 30.0 23.3 0.13
0.20 p for trend 0.09

tion; SES¼ socioeconomic status.



Table 4
Odds ratio (95% confidence interval) of chronic kidney disease, cumulative social class and area socioeconomic statusa

Whites African-Americans

Adjusted for: Age Model 2: confounders Model 3: Model 2þDM, HTN Age Model 2: confounders Model 3: Model 2þDM, HTN

Cumulative working class
All periods 1.4 (1.0, 2.1) 1.4 (0.9, 2.0) 1.3 (0.9, 1.9) 2.1 (1.4, 3.1) 1.9 (1.3, 2.9) 1.8 (1.2, 2.7)
Some periods 1.4 (1.0, 1.9) 1.3 (1.0, 1.9) 1.2 (0.9, 1.7) 1.5 (1.0, 2.4) 1.4 (0.9, 2.2) 1.3 (0.8, 2.2)
No periods 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
p for trend 0.04 0.07 0.17 <0.01 <0.01 <0.01

Cumulative low area SES tertile
All periods 1.4 (0.8, 2.4) 1.2 (0.7, 2.2) 1.1 (0.6, 2.0) 1.5 (0.9, 2.4) 1.3 (0.8, 2.0) 1.1 (0.7, 1.9)
Some periods 1.3 (0.9, 2.1) 1.3 (0.8, 2.1) 1.2 (0.8, 2.0) 1.3 (0.8, 2.1) 1.2 (0.7, 1.9) 1.2 (0.8, 1.9)
No periods 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref. 1.0 Ref.
p for trend 0.20 0.53 0.69 0.09 0.38 0.66

First column within each race stratum, marked ‘‘age-adjusted’’, is adjusted only for age.
Model 2: adjusted for age at visit 1, gender, cumulative exposure to working class and low area SES tertile, father farming, and center.
Model 3: Model 2þ diabetes mellitus (DM) and hypertension (HTN) at visit 1.

a Chronic kidney disease (CKD) defined as GFR< 45 ml/min/1.73 m2, or a hospital discharge diagnosis of CKD.
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among Whites, and slightly attenuated results among Afri-
can-Americans.

Discussion

To our knowledge, this is the first report documenting
that being working class over the life course is associated
with adult CKD. The number of periods a person was work-
ing class over the life course was generally related to CKD in
adulthood in a graded manner; this dose response was sta-
tistically significant among African-Americans. The cumu-
lative association of living in a low SES area with CKD risk
was weak and not statistically significant. Neither con-
founding (by age, gender and study center) nor mediators
(hypertension and diabetes) accounted for these
associations.

Our analysis employed a novel measure of social class.
Socioeconomic position is often assessed using a continu-
ous measure of SES, such as years of education or house-
hold income (Lynch & Kaplan, 2000). Class analysts, such
as Wright (1989, 1996), favor using instruments that mea-
sure relationships of authority, decision-making, owner-
ship, and skill level. Social class was dichotomized into
working class and non-working class, which is an admit-
tedly crude approach. Nevertheless, we have found note-
worthy effects for being working class over sustained
periods. This approach has been successfully employed in
several recent reports using the ARIC Life Course data to
study subclinical atherosclerosis (Carson et al., 2007) and
markers of inflammation (Pollitt et al., 2007).

We interpret these findings as evidence that kidney dis-
ease is an instance of a health inequity. Health inequalities
are not in and of themselves unjust; they only become in-
equities when they are ‘‘avoidable, unnecessary, and unfair’’
(Daniels, Kennedy, & Kawachi, 1999, p. 225). In the intro-
ductory chapter of Class Counts, Erik Olin Wright argues
that exploitation is not merely a technical issue, as the con-
cept ‘‘adds a sharp moral judgment to the analytical claim
[of class analysis]’’ (Wright, 1996, p. 13). The disadvantaged
and disempowered position of people from working class
backgrounds highlights the unfairness of class inequities
in kidney disease.
There have been several studies of socioeconomic cir-
cumstances and chronic kidney disease (Fored et al.,
2003; Krop et al., 1999), albuminuria (Martins et al.,
2006), and ESRD (Byrne et al., 1994; Klag et al., 1997; Per-
neger et al., 1995b), all of which found positive associations
with low SES. None of these studies, however, employed
a life course assessment or measured social class based
on workplace roles, and they failed to separate individual
from contextual socioeconomic characteristics. A study by
Merkin and colleagues using the parent ARIC cohort found
an association between area SES and incident CKD, but only
among white men (Merkin, Coresh, Roux, Taylor, & Powe,
2005). Our study findings most likely differ from Merkin
and colleagues due to their use of incident CKD over 9 years
of follow-up, whereas our results are based on life course
exposures and prevalent CKD as the outcome; additional
differences included case and exposure definitions and ad-
justment factors.

The cumulative working class model offers support in
favor of a socioeconomic etiology of CKD. Being working
class early in the life course may initiate CKD through sev-
eral mechanisms, including hypertension and diabetes, re-
duced nephron number, exposure to nephrotoxins such as
heavy metals and analgesics, and poor diet and health be-
haviors. Kidney disease could well begin during gestation,
as individual and area social conditions have been shown
to influence birth weight and term (Messer, Kaufman,
Dole, Savitz, & Laraia, 2006; O’Campo, Xue, Wang, &
Caughy, 1997). Animal and human studies have shown a re-
lationship of intrauterine or early life exposures with neph-
ron count (Jones, Bilous, Flyvbjerg, & Marshall, 2001;
Mañalich, Reyes, Herrera, Melendi, & Fundora, 2000;
Vehaskari, Aviles, & Manning, 2001; Yudkin, Phillips, &
Stanner, 1997) and adult kidney disease (Brenner & Gertow,
1994; Lackland, Bendall, Osmond, Egan, & Barker, 2000;
Yudkin et al., 1997). Chronic disease risk may then increase
as disadvantage becomes embodied over time. Access to
care (as measured by rural location and physician concen-
tration) has been associated with progression to ESRD
(Fan et al., 2007; Powe, Tarver-Carr, Eberhardt, & Brancati,
2003); inadequate access may also be linked to earlier
stages of CKD.
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The cumulative burden model is not only biologically
plausible; it is also consistent with social theory, particu-
larly with Bourdieu’s theory of habitus (Bourdieu, 1984).
Bourdieu argued that tastes for both ‘‘high’’ culture, as
well as the more mundane cultural practices such as eating
habits, are acquired early in life: ‘‘Bourgeois culture . [is]
acquired, pre-verbally, by early immersion in a world of
cultivated people, practices, and objects’’ (Bourdieu,
1984, p. 75). Lynch and colleagues have shown that these
associations are not confined to the rarefied world of the
French bourgeoisie, and early life provides an answer to
the question ‘‘why do poor people behave poorly’’: Finnish
men who grew up impoverished are more likely to engage
in detrimental habits including binge drinking, low physi-
cal activity level, and high salt consumption (Lynch et al.,
1997). However, Bourdieu does not stop at showing that
classes have different propensities for particular habits,
and he explicitly denies that class is deterministic of be-
havior. He further demands that researchers reflect on
their own assumptions regarding the relationship be-
tween habits and class, because habits can be used to legit-
imize existing class structure (Bourdieu & Wacquant,
1992). An exclusive focus on lifestyle determinants of kid-
ney disease may in fact serve to legitimate race and class
disparities.

Our study has several limitations. First, the associations
we report here are likely to underestimate the true effect of
class and residence upon CKD. Subjects were drawn from
a closed cohort and had to survive over 10 years of fol-
low-up to be included in the Life Course SES study, enrich-
ing the analysis data set with healthy individuals and
potentially attenuating the true measures of effect. Al-
though 80% of the original ARIC cohort completed the Life
Course interview, just 46% of participants who had a CKD
hospitalization or death were interviewed. The ability to
assess this limitation is a strength of ARIC, but it suggests
that future studies should obtain estimates of social class
prior to disease onset. Recall of social class and address
could differ by case status, and may have further attenuated
our results. Attenuation could also occur because we
employed county-level information for childhood. Counties
are large and heterogeneous areas, hence the use of
counties could have limited our ability to detect life course
area SES effects. Second, distributions for Whites and Afri-
can-Americans’ neighborhoods necessitated using race-
specific quartiles, prohibiting direct comparison of race
groups. Due to structural confounding (Oakes, 2006), we
could not directly assess whether the socioeconomic condi-
tions in predominantly African-American neighborhoods
play a role in kidney disease race disparities. Third, we
employed a composite measure of CKD, combining both
ICD-9 codes and estimated GFR. Using only the GFR-based
outcomes, we found associations to be weaker among
Whites and consistent among African-Americans, while
ICD-9 based results were consistent with the primary re-
sults. Because ICD-9 codes are drawn from hospital dis-
charge databases (reflecting more severe cases of CKD),
we conclude that working class status may be most salient
for severe kidney disease. This was supported by associa-
tions being weaker when a GFR cutoff of 60 was used in
sensitivity analyses. Finally, we were missing information
and used an imputation technique which assumes that
data are missing at random (Royston, 2004; Schafer & Gra-
ham, 2002). Although this assumption could not be directly
tested, we believe that the imputation models provided
valid estimates, and results were robust to various imputa-
tion approaches used in another analyses of these same
data (Shoham et al., 2007). In that study, the authors also
found that education level (a proxy for lifetime socioeco-
nomic position) yielded similar associations with CKD
whether we used imputed or non-imputed data. Finally,
while the study is large, CKD is relatively uncommon and
socioeconomic status is difficult to measure retrospectively,
which limits the power of the study.

In conclusion, we have observed associations between
chronic kidney disease and cumulative exposure to work-
ing class status among both Whites and African-Americans.
Associations for cumulative social class were stronger
among African-Americans, who suffer a greater burden of
kidney disease. Our findings suggest that inter-genera-
tional social class patterns are associated with chronic kid-
ney disease. Through no fault of their own, individuals may
inherit susceptibility to kidney disease owing to their social
origins, whose long arm reaches into adulthood. Efforts to
address disparities in kidney disease cannot focus solely
on adult lifestyle risk factors, which often amount to blam-
ing the victim. Social justice and disease prevention would
be better served by addressing the socioeconomic inequal-
ities that underlie kidney disease, both in childhood and
across the life course. Class is identified with power dise-
quilibria. If class is indeed a causal determinant of kidney
disease, then inequalities will persist in the absence of so-
cial and power equality. Future research in kidney disease
health disparities, and policy recommendations addressing
these disparities, must take account of the full effect of the
life course on adult health.
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