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Kidney Disease in Life-Course Socioeconomic Context:
The Atherosclerosis Risk in Communities (ARIC) Study

David A. Shoham, PhD, Suma Vupputuri, PhD, Ana V. Diez Roux, MD, PhD,
Jay S. Kaufman, PhD, Josef Coresh, MD, PhD, Abhijit V. Kshirsagar, MD, MPH,

Donglin Zeng, PhD, and Gerardo Heiss, MD, PhD

Background: Persons belonging to the working class or living in an adverse social environment at
particular periods of their life course may have an increased risk of chronic kidney disease (CKD).

Methods: This hypothesis was examined among participants of the Life Course Socioeconomic
Status Study, an ancillary study of the Atherosclerosis Risk in Communities Study, conducted in 2001
(mean age, 67.4 years; N � 12,631). CKD was defined by hospital discharge diagnosis and/or
estimated glomerular filtration rate less than 45 mL/min/1.73 m2 (�0.75 mL/s/1.73 m2). Social class was
categorized as working class or non–working class at ages 30, 40, or 50 years. Area-level socioeco-
nomic status was based on a composite of census scores during the same period. Adjusted odds ratios
were obtained within strata of white and African-American race.

Results: The adjusted odds ratio of CKD for persons belonging to the working class versus
non–working class at age 30 was 1.4 (95% confidence interval, 1.0 to 2.0) in whites and 1.9 (95%
confidence interval, 1.1 to 3.0) in African Americans. Working class membership was associated with
CKD, even at earlier stages of adult life, and class was associated more strongly with CKD than was
education. Working class membership also suggested a stronger association with CKD among African
Americans than whites, independent of diabetes and hypertension status. At later periods in the life
course, area socioeconomic status was associated with CKD.

Conclusion: Socioeconomic factors, including area socioeconomic status and social class, are
associated with CKD and may account for some of the racial disparity in kidney disease.
Am J Kidney Dis 49:217-226. © 2007 by the National Kidney Foundation, Inc.

INDEX WORDS: Kidney diseases; residence characteristics; social class; continental population
groups.
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nd-stage renal disease (ESRD) has become
an epidemic during the last 30 years; the

umber of cases in the United States is now more
han 400,000, with incidence of approximately
00,000 new cases per year.1 The economic and
ersonal costs of ESRD have prompted investiga-
ion of earlier stages of chronic kidney disease
CKD). CKD is associated not only with progres-
ion to kidney failure, but also with cardiovascu-
ar disease morbidity and mortality.2,3 Recent
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stimates reported early CKD (stages 1 to 4)
revalence to be as high as 11% in the general
opulation, and it is described as a silent epi-
emic in the United States.4-10

The social determinants of CKD have re-
eived little attention, and no study has investi-
ated the role of socioeconomic circumstances
uring the entire life course in the development
f CKD.11,12 Most work on the social determi-
ants of kidney disease in the United States
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Shoham et al218
ocused on the role of African-American race.12,13

acial identity reflects a complex interaction of
enetics, geographic origin, skin color, cultural
ncestry, and socioeconomic conditions. Al-
hough racial differences in disease rates led
ome to search for genetic explanations, socioeco-
omic differences by race are more likely to
rovide explanation for disparities between popu-
ations.14

The measure of social position used in most
pidemiological studies is a form of continuous
ocioeconomic status (SES), such as education
evel and income. Epidemiological studies rarely
ssessed social class, defined as the place indi-
iduals occupy in power or authority relation-
hips in the workplace.15-17 Nevertheless, social
lass was shown to be a powerful predictor of
oronary heart disease, hypertension, cancer, and
ll-cause mortality.18-20 Social class also offers a
rmer theoretical underpinning for the study of
ocial patterns of disease in populations because
ocial class may determine such diverse charac-
eristics as income level, education, psychosocial
tress, and health behaviors, habits, and life-
tyle.17,21,22 It is argued that social class is supe-
ior to continuous SES measures because class
ses power relationships to explain how inequali-
ies are generated and maintained.17,23,24

In addition to class membership, individuals
re embedded in geographic and historical con-
exts.25,26 Adverse social conditions measured at
he census-tract level were associated with di-
erse outcomes, including coronary heart dis-
ase,27 low birth weight,28,29 and lead poison-
ng.28 Socioeconomic life-course research extends
ontext by examining social conditions during a
ifetime.30,31 Researchers, including Barker,32 ar-
ued that there are critical periods early in hu-
an development in which risk of adult disease
ay be acquired. We investigate whether indi-

idual social class, education level, or area-level
ocioeconomic resources in childhood and adult-
ood are associated with increased risk of adult
idney disease. We further assess the extent to
hich diabetes and hypertension account for any

ssociations observed.

METHODS

Subjects were members of the Life Course Socioeco-
omic Status (LCSES) ancillary study of the Atherosclerosis

isk in Communities (ARIC) Study. Details of the ARIC 1
tudy were published elsewhere.33 Briefly, the ARIC Study
s a longitudinal cohort study of 15,792 white and African-
merican men and women residing in 4 communities:

ackson, MS; Forsyth County, NC; the suburbs of Minneapo-
is, MN; and Washington County, MD.33 At the time of
ecruitment (1987 through 1989), subjects ranged in age
rom 45 to 64 years. After a baseline visit, 3 more examina-
ions were conducted, at 3-year intervals.

Serum creatinine measures were obtained from 15,715
ubjects during at least 1 of 3 visits. Follow-up information
or hospital discharge diagnoses also was obtained and
onfirmed through 2002.

The LCSES was designed as a retrospective cohort. This
tudy was approved by the University of North Carolina
nstitutional Review Board. During the 2001 annual fol-
ow-up interview, subjects were asked questions about their
wn SES at ages 30, 40, and 50 years and parental SES at
ge 10 years. Participants also reported the addresses at
hich they had lived at ages 10, 30, 40, and 50 years. These

ddresses were geocoded and placed in the appropriate
ensus tract. At age 10, county was used instead of census
ract because few areas of the United States were tracted at
hat time. The accuracy and repeatability of this geocoding
rocess were reported.34

There were 12,716 subjects who answered the LCSES
uestionnaires. Exclusions because of insufficient numbers
ere made for participants who were neither white nor
frican American (n � 35); for African Americans living in
inneapolis (n � 13) or Washington County, MD (n � 26);

nd for those missing at least 1 serum creatinine measure
n � 11). The final analysis used data from 12,631 partici-
ants.

ndividual Socioeconomic Position

Individual social class for a subject at ages 30, 40, and 50
ears was obtained by using 5 questionnaire items: (1) “Did
ou complete education of college or more?” (2) “Were you
elf-employed?” (3) “Did you hold a managerial position?”
4) “Did you supervise the work of other employees?” and
5) “Did you participate in making decisions [at work]?”
ubjects who answered “no” to all 5 questions were classi-
ed as working class; subjects who answered “yes” to at

east 1 of these questions were classified as “non–working
lass” (the reference category). These questionnaire items
ere derived from Erik Olin Wright’s class schema based on
wnership, control, and skill level and were validated by
right24 and used by other health researchers, albeit infre-

uently.15 Because the class status of homemakers is contro-
ersial,35 subjects who indicated they were homemakers at
ny of these ages were excluded from class analyses for that
eriod; this proportion was greatest at age 30, when 2,802
hite women (54%) and 348 African-American women

18%) reported being homemakers. A similar set of ques-
ions asked of subjects, in reference to their fathers when the
ubjects were children, was used to classify the father’s
ccupation as working class and non–working class. Sub-
ects’ fathers also were dichotomized as farmers or nonfarm-
rs. Secondary analyses were conducted using only subjects’
nd subjects’ fathers’ highest education levels; subject’s
ducation was coded as 0 to 11 years (less than high school),

2 to 15 years (high school graduate), and 16� years
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Life-Course Socioeconomic Status and CKD 219
referent; college graduate); father’s education was coded as
to 8, 9 to 11, and 12� years of education (referent).

rea-Level SES

Area-level SES was assessed by linking the geocoded
istoric addresses of respondents with decennial census
ata. Area SES variables were measured at the county level
or childhood (age 10 census years: 1930, 1940, and 1950)
nd at the census tract level for ages 30, 40, and 50 (census
ears: 1960 to 2000). To create an overall score for area-
evel SES exposure, a principal components analysis of
rea-level SES attributes was conducted for each decennial
ensus. Up to 15 variables were used in the principal
omponents analysis (depending on census year), including
og median home value, log mean income level, unemploy-
ent, number of people living per room, percent high school

nd college educated, percent professional, and percent
ome ownership. z Scores were created by subtracting the
ean value for a particular census variable on a given census

ear from the value for a particular subject’s county or
ensus tract, then dividing by the SD. The first component
oadings from the principal components analysis were used
o generate a weighted sum of z scores at each age. These
ere loaded most heavily by 4 neighborhood characteristics

cross all years: log household income, percent professional
r managerial occupations, percent with at least a high
chool education, and log of mean home value. This score
epresents the socioeconomic resources of the neighbor-
ood, rather than family structure components or housing
haracteristics.

utcome Measure

The outcome used in these analyses was CKD, defined by
ither an estimated glomerular filtration rate (GFR) less than
5 mL/min/1.73 m2 (�0.75 mL/s/1.73 m2; estimated from
he abbreviated Modification of Diet in Renal Disease
MDRD] equation36) or an International Classification of
iseases, Ninth Revision (ICD-9), annual hospital discharge
iagnosis of CKD (see Appendix for ICD-9 codes). The
ost recent serum creatinine measurement available was

sed to estimate GFR. Serum creatinine measures were
tandardized to the MDRD Cleveland Clinic laboratory
alues indirectly by using a calibration constant of �0.24
g/dL for visits 1 and 2 and �0.18 mg/dL for visit 4.37

ased on the work of Go et al,38 we chose a GFR cutoff
alue of 45 mL/min/1.73 m2 (0.75 mL/s/1.73 m2).

tatistical Analysis

Multiple imputations were conducted to handle issues of
issing data by using a Bayesian Gibbs sampling algorithm.
he resulting imputations were used in all further analyses.
odel specifications for the imputations are given in the
ppendix.
Characteristics of the study population were examined by

sing mean � SD for continuous variables and proportions
or categorical variables. Logistic regression was used to
alculate the odds of CKD in persons who were working
lass members compared with those who were non–working
lass members at each life-course period. Similar contrasts

ere drawn for subject’s father having been a member of the 1
orking class compared with non–working class. The area-
evel measure of SES was specific to the life-course period
n the model; thus, census tract at age 50 was included in
odels with subject’s class status at age 50.
Because of clustering of subjects within census tracts, a

andom intercept model was chosen. This model treats each
ensus tract or county’s intercept as randomly drawn from a
ormal distribution. All analyses were conducted using
AS, version 9.1 (SAS Institute, Cary, NC).
Three logistic models were compared: model 1 included

ge at visit 1 as a covariate; model 2 included age at visit 1,
ex, area SES, class, father’s class, and center; and model 3
ncluded all model 2 covariates, with the addition of diabetes
nd hypertension at initial ARIC visit. In model 3, adjust-
ent is made for these potential causal intermediates to

stimate the direct effect of social factors on kidney disease
nd measure its attenuation upon adjustment for potential
ediators. Models were fit within strata of white or African-
merican race. Attenuations are reported in percent reduc-

ions in the log odds and compared with age-adjusted odds
atios (ORs) unless otherwise noted. Model fit was assessed
y using likelihood ratio tests comparing the �2 log likeli-
ood estimates between fixed-effect-only versions of a simple
odel with age alone (model 1); a model adjusted for only

he confounders age, sex, and study site (model 2); and
odel 2 adjusted further for diabetes and hypertension

model 3). To assess the heterogeneity of associations be-
ween SES and CKD by race, statistical interactions were
ssessed by including an interaction term for African-
merican (versus white) race with working class or educa-

ion level in models; P greater than 0.10 for the interaction
erm is considered statistically significant evidence for the
ssociation differing between whites and African Ameri-
ans.

Sensitivity analyses explored whether particular compo-
ents of social class (such as being self-employed or super-
ising others) were associated with kidney disease and
hether there was a dose-response of decreasing risk with

ncreasing number of social class components. To investi-
ate sensitivity of findings to heterogeneous outcome defini-
ions, multivariate models for social class were run using
utcomes based on only GFR or only ICD-9 code. Because
his population was relatively old and both CKD and lower
ocioeconomic position may predispose subjects to death
efore they could have responded to the LCSES question-
aire, analyses were repeated using subject’s education level
no high school versus some high school or more), which
as available for all subjects. This allows quantification of

he impact of mortality, which is a competing risk that may
ias results.

RESULTS

Prevalences of CKD, defined as GFR less than
5 mL/min/1.73 m2 (�0.75 mL/s/1.73 m2), were
.1% (105 cases) among whites and 1.4% (46
ases) among African Americans (Table 1). There
ere 758 whites (8.0%) and 175 African Ameri-

ans (5.5%) with a GFR less than 60 mL/min/

.73 m2 (�1.00 mL/s/1.73 m2), corresponding to



K
s
b
1
A
m
1
d
t
i
C
m
a
h
c
s
P

s
c
C
m
t
e
n
a
c
C

s
a
a
c
a

s
m
u
w
m
3
s
a
0
o
s
s

f
C
i
r
c
o
c
f

B
H

A
M
D
H
D
C
C
P

M

G

f

Shoham et al220
idney Disease Outcomes Quality Initiative
tages 3 to 5 (data not shown).39 Prevalences
ased on hospitalization discharge diagnosis were
49 (1.6%) among whites and 142 (4.5%) among
frican Americans. Among whites, 219 (2.3%)
et either case definition (GFR � 45 mL/min/

.73 m2 [�0.75 mL/s/1.73 m2] or discharge
iagnosis for CKD); among African Americans,
he number was 155 (4.9%; not shown). As listed
n Table 1, whites and African Americans with
KD had higher values than noncases for body
ass index, high-density lipoprotein cholesterol,

nd age, whereas prevalences of diabetes and
ypertension were greater among cases than non-
ases in both race groups. Current alcohol con-
umption was lower in cases than noncases (all
� 0.05).
Table 2 lists socioeconomic characteristics of

tudy participants, stratified by race and CKD
ase status and adjusted for age. Subjects with
KD tended to have lower educational attain-
ent and area SES scores and were more likely

o have been members of the working class at
ach age period. Education was statistically sig-
ificantly different between cases and noncases
mong both races. Among whites, only working
lass status at age 40 was related significantly to

Table 1. Mean Values and Proportions of Subje
and Dis

White

Overall
(n � 9,449)

Noncases
(n � 9,230)

C
(n

ody mass index, visit 1 (kg/m2) 27.0 � 2.1 26.9 � 4.8 29.
igh-density lipoprotein, visit 1

(mg/dL) 51.2 � 7.5 51.3 � 16.9 43.
ge, visit 1 (y) 53.9 � 5.6 53.8 � 5.6 57.
ale sex (%) 45.6 45.5
iabetes at visit 1 (%) 7.4 6.9
ypertension at visit 1 (%) 25.4 24.7
iabetes and hypertension (%) 3.3 2.9
urrent drinker (%) 65.4 65.8
urrent smoker (%) 21.2 21.1
revalent kidney disease
ICD-9 (%) 1.6
MDRD GFR � 45 mL/min/

1.73 m2, last visit (%) 1.1
DRD GFR, baseline (mL/min/

1.73 m2) 89.5 � 7.7 89.6 � 17.1 80.

Note: Values expressed as mean � SD or percent. All n
FR in mL/min to mL/s, multiply by 0.01667; high-density li
*Cases defined as subjects with GFR rate less than 45 m

or CKD.
KD; among African Americans, working class s
tatus was associated with CKD at ages 30, 40,
nd 50. Area SES scores diverge between whites
nd African Americans during subsequent de-
ades and were related significantly to CKD for
ge-50 area SES among both race groups.

Table 3 lists measures of association between
ocial class and CKD. Model fit was best for
odel 3 at each life-course period (P � 0.001

sing the likelihood ratio test) versus a model
ith age as the only predictor. For age 50,
odel 2, which included all variables in model
except for diabetes and hypertension, fit

ignificantly better than a model with baseline
ge as the sole predictor among both whites (P �
.035) and African Americans (P � 0.039). At
ther life-course periods, model 2 did not fit
ignificantly better than a model with age as the
ole predictor variable.

Among whites, father’s social class or being a
armer does not appear to be associated with
KD. After adjusting for subjects’ age, belong-

ng to the working class at age 30 is modestly
elated to adult kidney disease, with 1.4 (95%
onfidence interval [CI], 1.0 to 2.0) times the
dds of CKD as those who were not working
lass at age 30. Further adjustment for area SES,
ather’s social class and farming status, study

linical and Behavioral Characteristics by Race
tatus

African American

P
Overall

(n � 3,182)
Noncases

(n � 3,027)
Cases*

(n � 155) P

�0.01 29.8 � 2.7 29.7 � 6.1 31.9 � 6.2 �0.01

1 �0.01 55.4 � 7.8 55.7 � 17.5 49.7 � 17.5 �0.01
�0.01 52.8 � 5.7 52.8 � 5.6 54.5 � 5.8 �0.01

0.70 35.3 35.3 36.4 0.81
�0.01 16.1 14.3 52.1 �0.01
�0.01 54.3 53.1 76.2 �0.01
�0.01 11.1 9.5 42.0 �0.01
�0.01 29.7 30.0 21.9 0.04

0.49 25.7 25.5 27.7 0.55

4.5

1.4

9 �0.01 103.5 � 11.2 103.9 � 24.6 91.2 � 36.6 �0.01

values are adjusted for mean age at baseline. To convert
ein in mg/dL to mmol/L, multiply by 0.02586.
.73 m2 at last visit and/or ICD-9 discharge diagnosis code
cts’ C
ease S

ases*
� 219)

0 � 6.2

3 � 15.
1 � 4.9
48.9
29.3
47.3
17.1
53.4
24.0

8 � 20.

onage
poprot
L/min/1
ite, and sex did not appreciably attenuate this
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Life-Course Socioeconomic Status and CKD 221
elationship. Adjusting for hypertension and dia-
etes mellitus attenuated the age-30 social class
y just 12%. Similar associations were observed
or social class at ages 40 and 50. Living in the
owest tertile of census tracts was associated
ith CKD only for age 50; after adjustment for

ge, sex, study site, and individual social class,
he OR was 1.6 (95% CI, 1.0 to 2.4). Further

Table 2. Age-Adjusted Socioeconomic Characte

Whites

Overall
(n � 9,449)

Noncases
(n � 9,230) (n

ather without any high
school (%) 49.5 49.4

ather without high school
degree (%) 67.9 67.7

ubject without high
school (%) 15.2 14.9

ubject without college (%) 61.4 61.2
ather was working
class (%) 38.0 38.0

ather was farmer (%) 22.5 22.6
orking class at age 30 (%) 39.3 39.1
orking class at age 40 (%) 31.3 31.2
orking class at age 50 (%) 26.6 26.5
ge 10 area score 0.4 � 2.9 0.4 � 2.9 0
ge 30 area score 0.6 � 2.6 0.6 � 2.5 0
ge 40 area score 0.7 � 2.2 0.7 � 2.2 0
ge 50 area score 1.1 � 1.7 1.1 � 1.8 0

Note: Values expressed as mean � SD or percent.
*Cases defined as subjects with GFR less than 45 mL/m

Table 3. ORs and 95% CIs of

Adjusted for

Whites

Age
Model 2

Confounders
Mode

H

orking class father 1.2 (0.9-1.6) 1.1 (0.9-1.5) 1
armer father 0.9 (0.6-1.2) 0.9 (0.6-1.3) 0
ge 30 working class 1.4 (1.0-2.0) 1.4 (1.0-2.0) 1
ge 40 working class 1.4 (1.0-1.9) 1.3 (1.0-1.9) 1
ge 50 working class 1.3 (0.9-1.8) 1.2 (0.9-1.7) 1
ge 10 low area SES 1.2 (0.8-1.8) 1.2 (0.8-1.8) 1
ge 30 low area SES 1.3 (0.9-1.9) 1.1 (0.7-1.7) 1
ge 40 low area SES 1.3 (0.9-1.9) 1.2 (0.8-2.0) 1
ge 50 low area SES 1.7 (1.2-2.5) 1.6 (1.0-2.4) 1

Note: First column within each race stratum is adjusted o
, sex, center, paternal or subject social class measure, and
odels for adult social class include father’s social class an

ather’s farming status do not include subjects’ adult social
t visit 1. The lowest tertile of the area SES score defines lo

rea SES score. Area SES score was calculated by summing z sc
djustment for hypertension and diabetes melli-
us reduced the log-OR by 42% to 1.4 (95% CI,
.9 to 2.2).
African Americans show a similar pattern for

ocial class and area SES as whites. The associa-
ion of social class with CKD was strongest for
ge 30, for which the OR is 1.9 (95% CI, 1.2 to
.0); the association was weakest for age 50.

of LCSES Participants by Race and CKD Status

African Americans

) P
Overall

(n � 3,182)
Noncases

(n � 3,027)
Cases*

(n � 155) P

0.41 70.8 70.4 78.3 0.14

0.13 86.5 86.2 90.7 0.20

�0.01 39.1 38.8 46.2 0.10
0.02 68.3 67.9 77.2 0.01

0.22 63.1 63.0 64.4 0.67
0.19 55.5 55.1 63.7 0.14
0.09 58.1 57.3 72.1 �0.01
0.05 46.8 46.2 60.8 �0.01
0.31 40.0 39.9 53.8 �0.01

0 0.34 �1.3 � 3.0 �1.3 � 3.0 �1.3 � 2.5 0.76
7 0.30 �1.9 � 4.3 �1.9 � 4.1 �2.1 � 3.1 0.74
1 0.16 �2.3 � 2.5 �2.2 � 2.5 �2.6 � 2.2 0.23
8 0.01 �3.3 � 2.8 �3.3 � 2.8 �3.8 � 2.7 0.05

m2 and/or ICD-9 discharge diagnosis code for CKD.

sing Social Class Definition

African Americans

3:
iabetes,
sion Age

Model 2
Confounders

Model 3:
Model 2 � Diabetes,

Hypertension

1.4) 1.2 (0.8-1.7) 1.2 (0.8-1.7) 1.2 (0.8-1.7)
1.3) 1.5 (1.0-2.1) 1.5 (1.0-2.2) 1.5 (1.0-2.2)
1.9) 1.9 (1.2-3.0) 1.9 (1.1-3.0) 1.8 (1.1-3.0)
1.7) 1.7 (1.2-2.5) 1.7 (1.2-2.5) 1.6 (1.0-2.3)
1.6) 1.7 (1.2-2.4) 1.5 (1.0-2.1) 1.4 (1.0-2.0)
1.9) 0.8 (0.5-1.3) 0.7 (0.4-1.1) 0.8 (0.5-1.3)
1.7) 0.9 (0.5-1.5) 0.7 (0.4-1.3) 0.7 (0.4-1.2)
1.9) 1.2 (0.7-1.9) 1.1 (0.7-1.8) 1.0 (0.6-1.7)
2.2) 1.6 (1.1-2.5) 1.5 (1.0-2.3) 1.4 (0.9-2.2)

ge. Model 2 is multivariate model that includes age at visit
ES. A separate model is fitted for each life-course period.

r’s having been a farmer. Models for father’s social class or
odel 3 is model 2 plus diabetes mellitus and hypertension
-level SES; the reference category is the highest tertile of
ristics

Cases*
� 219

56.3

76.1

20.7
69.9

42.0
19.9
48.5
37.1
30.9

.4 � 3.

.2 � 2.

.3 � 2.

.7 � 1.
CKD U

Model
l 2 � D
yperten

.0 (0.8-

.9 (0.6-

.4 (1.0-

.2 (0.9-

.2 (0.9-

.2 (0.8-

.0 (0.6-

.2 (0.7-

.4 (0.9-

nly for a
area S

d fathe
class. M
w area
ores of area-level census attributes.
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djusting for area SES, center, father’s social
lass, and farming, the association between so-
ial class at age 30 and CKD was attenuated by
.2% to 1.9 (95% CI, 1.1 to 3.0). Further adjust-
ent for hypertension and diabetes mellitus re-

uced the OR by 14.7% to 1.8 (95% CI, 1.1 to
.0). The age-adjusted OR comparing lowest
ith highest tertile of area SES was greatest for

ge 50, for which it was 1.6 (95% CI, 1.1 to 2.5).
nlike whites, African Americans whose fathers
ere farmers had 1.5 times the adjusted odds of
KD as those with nonfarmer fathers (95% CI,
.0 to 2.2); the strength of association was not
ttenuated by adjustment for diabetes and hyper-
ension.

Table 4 lists associations of education and
KD. Not completing high school is associated
ith an increased odds of CKD compared with

hose with a college degree or more: among
hites, the OR was 1.7 (95% CI, 1.2 to 2.5), and

mong African Americans, the OR was 1.6 (95%
I, 1.1 to 2.5). Further adjustment for area SES,
enter, father’s education, and father being a
armer attenuated the association between educa-
ion and CKD by 35% among whites and by 42%
mong African Americans. Adjustment for hyper-
ension and diabetes mellitus all but eliminated
he education association among both whites and
frican Americans.
Next, we formally tested for effect-measure
odification between race and social class or

ducation level. The only significant interaction

Table 4. ORs and 95% CIs o

Adjusted for

Whites

Age
Model 2

Confounders
Mod

H

ather’s education (y)
0-8 (v 12�) 1.3 (0.9-1.8) 1.2 (0.8-1.7) 1
9-11 (v 12�) 1.3 (0.7-2.2) 1.2 (0.7-2.2) 1

ubject’s education (y)
0-11 (v 17�) 1.7 (1.2-2.5) 1.4 (0.9-2.2) 1
12-16 (v 17�) 1.3 (1.0-1.9) 1.2 (0.9-1.7) 1

rea SES
Age 10 low county

SES 1.2 (0.8-1.8) 1.1 (0.7-1.8) 1
Age 50 low tract

SES 1.7 (1.2-2.5) 1.5 (1.0-2.4) 1

Note: First column within each race stratum is adjusted o
isit 1, sex, area SES, father’s and subject’s education

ypertension at visit 1.
erm was between race and father having been a
armer (P � 0.07). Although the association of
ocial class and education on CKD odds ap-
eared to be stronger among African Americans
han whites, all other interaction terms were
reater than P of 0.10.
Several sensitivity analyses were conducted.

nalyses were repeated first by using individual
omponents of social class from the question-
aire. No individual component was associated
ignificantly with CKD. We also investigated a
ossible dose-response relationship between in-
reasing number of working class components
ith CKD. Among whites, there was no dose

esponse by number of class components. Among
frican Americans, values for P for trend were
.05, 0.03, and 0.08 at ages 30, 40, and 50,
espectively.

Associations using the outcome defined by
nly ICD-9 codes were consistent with those
rom the original outcome. Using only estimated
FR less than 45 mL/min/1.73 m2 (�0.75 mL/s/
.73 m2) as an outcome, most associations were
lose to the null value.

Finally, we calculated the odds of CKD associ-
ted with high school education, which was
vailable for all subjects (including those who
ied or were lost to follow-up before they could
omplete the life-course socioeconomic question-
aire). Among whites, log-odds was 11% lower
n the analysis data set than in the complete

Using Education Definition

African Americans

l 3:
iabetes,

nsion Age
Model 2

Confounders

Model 3:
Model 2 � Diabetes,

Hypertension

-1.6) 1.4 (0.7-3.0) 1.4 (0.7-3.0) 1.4 (0.6-3.1)
-2.2) 1.2 (0.4-3.4) 1.1 (0.4-3.5) 1.0 (0.3-3.3)

-1.6) 1.6 (1.1-2.5) 1.3 (0.8-2.1) 0.8 (0.5-1.3)
-1.6) 1.6 (1.0-2.5) 1.4 (0.9-2.3) 1.3 (0.8-2.1)

-1.8) 0.8 (0.5-1.3) 0.8 (0.5-1.3) 0.8 (0.5-1.4)

-2.2) 1.6 (1.1-2.5) 1.5 (0.9-2.3) 1.4 (0.9-2.3)

age. Model 2 is a multivariate model with adjusted age at
center. Model 3 is model 2 plus diabetes mellitus and
f CKD

Mode
el 2 � D
yperte

.1 (0.8

.2 (0.7

.1 (0.7

.1 (0.8

.2 (0.8

.4 (0.9

nly for
, and



c
o

c
L
a
o
C
w
S
t
m
s
t
S
h
t
w
a

l
b
b
M
a
e
c
t
m
c
h
s
l
m
i
C
s
a
e

s
t
m
f
M
a
fi
a
c

t
f
w
w
l
e
t
a
A
t
m
s
t
c
m
b
a
l
H
o
s

c
P
a
E
S
w
N
c
d
s

r
t
C
a
I
s
s
a
t
o
t
s
c
c
r
c
t

Life-Course Socioeconomic Status and CKD 223
ohort, whereas among African Americans, log
dds was attenuated by 50%.

DISCUSSION

We found that being a member of the working
lass was associated with CKD among the ARIC
CSES population, even at earlier stages of the
dult life course. Results suggest that the strength
f association between being working class and
KD is stronger among African Americans than
hites. At later periods in the life course, area
ES is associated with CKD. Individual educa-

ion level also is associated with CKD, but adjust-
ent for confounders and mediators reduced the

trength of association. There were no associa-
ions between parental class or childhood area
ES measures and CKD. Findings appear to
ave been driven by ICD-9 results, suggesting
hat the association is strongest among those
ith more severe illness that has come to clinical

ttention.
These findings are novel not only in using a

ife-course approach to assess the association
etween socioeconomic conditions and CKD,
ut also in our use of social class as an exposure.
ost assessments of socioeconomic position use
continuous measure of SES, such as years of

ducation or household income.16 Class advo-
ates, such as Wright, favor using instruments
hat measure relationships of authority, decision
aking, ownership, and skill level.24,40 Social

lass, here dichotomized between those who
ave some degree of authority, control, owner-
hip, or education and the working class that
acks these attributes, is robust to adjustment for
ultiple confounders and mediating factors. This

ndicates that the pathway relating social class to
KD may not operate entirely through hyperten-

ion and diabetes. Whereas education level is
ssociated with CKD, this association is weak-
ned after adjustment for multiple confounders.

This is the first study examining the relation-
hip of individual and contextual social condi-
ions with CKD across the life course. Whereas
ost studies of social determinants of CKD

ocus on race, there are notable exceptions.12

erkin et al41 conducted an analysis focusing on
rea-level effects among ARIC cohort members,
nding associations between low area-level SES
nd CKD among white men and African-Ameri-

an women; their analysis differed from ours in a
heir using kidney function decline and their
ocus on area measures in only middle age,
hereas we examined the relationship of CKD
ith social class and area measures across the

ife course. Krop et al42 conducted an analysis
xamining the association of income and educa-
ion level with early kidney function decline
mong persons with diabetes in the original
RIC cohort study and observed similar associa-

ions with CKD. Klag et al43 found area-level
edian income to be associated with elevated

erum creatinine level in the Multiple Risk Fac-
ors Intervention Trial cohort. A Swedish case-
ontrol study by Fored et al44 found unskilled
anual labor and low educational attainment to

e associated with CKD. Recently, Martins et
l45 reported an association between poverty
evel and microalbuminuria in the Third National
ealth and Nutrition Examination Survey; as in
ur analysis, this association was independent of
ex, race, age, diabetes, and hypertension.

Several other studies using ESRD as an out-
ome found results consistent with our own.
erneger et al46 found income, Medicaid cover-
ge, and missing teeth to be associated with
SRD in the mid-Atlantic region of the United
tates. Byrne et al47 found associations among
hites between area-level income and ESRD in
ew York State, but not among African Ameri-

ans; however, their study was conducted using
ata from the 1980s and was stratified into 12
ubpopulations, limiting power.

Our study has several limitations. First, results
eported here are likely to be underestimates of
he true effect of social class and area SES on
KD odds, suggested by results of sensitivity
nalyses comparing the LCSES and full cohorts.
f social conditions are associated with CKD,
ubjects with adverse socioeconomic circum-
tances may have died before participating in the
ncillary study. Another source of underestima-
ion could be the use of county-based measures
f childhood area-level SES. Census tracts are
he preferred level of analysis in contextual expo-
ures in health research,28,48 but tracts did not
over the entire United States until the 1990
ensus.49 Because the county captures regional,
ather than neighborhood, information, signifi-
ant misclassification of salient area-level at-
ributes may occur. This may explain the lack of

ssociation between childhood area SES and
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Shoham et al224
KD. Results also would be underestimated if
ocial class or education level were subject to
ondifferential misclassification because of im-
recision in measuring social class or recall bias.
isclassification would only bias results away

rom the null if those with CKD: (1) knew they
ad CKD and (2) were more likely than those
ithout CKD to mistakenly report adverse socio-

conomic conditions. Although we do not have
ata for test-retest characteristics of participants,
ifferential misclassification bias is an unlikely
cenario given the low awareness of CKD in the
eneral population.5,50

Second, many subjects were missing census
racts at ages 30 and 40. We used a multiple
mputation technique to adjust for these missing
ata. The validity of the multiple imputation
pproach is contingent upon the data being miss-
ng at random, given a set of available informa-
ion.51,52 We believe missingness is accounted
or largely by available variables, which in-
luded race, occupation, age, and health behav-
ors. Analyses that include only the original non-
mputed data yielded similar results from those
eported here, although the former tended to be
loser to the null value and lower precision.

Third, we used race-specific tertiles to define
rea-level SES categories. However, whites and
frican Americans had distinctly different area-

evel scores, with little overlap; this is not surpris-
ng given the history of segregation in the United
tates.53 Racial and economic segregation into

ow SES areas might account for some of the
acial disparities in kidney disease, but we could
ot investigate this hypothesis using the avail-
ble data.

Finally, adjustment for causal intermediates to
stimate the direct effect of socioeconomic con-
itions on CKD is subject to limitations. By the
irect effect, we mean the effect not transmitted
hrough the effect of social factors on these other
hronic conditions.54 The unbiased estimation of
he direct effect assumes there are no unmea-
ured confounders between these intermediates
nd the outcome55 and there is no interaction
etween exposure and intermediates in the causa-
ion of the outcome.56 If these assumptions hold,
djustment for diabetes and hypertension should
ave attenuated the estimated exposure mea-
ures. However, there was little change in ORs

hen a class-based definition was used, which is t
onsistent with social class being associated with
KD independently of diabetes and hyperten-

ion.
Our study offers some implications of immedi-

te importance. First, social class is important
mong both whites and African Americans; the
atter group shows both a stronger association
ith social class and a greater absolute burden of

ater-stage kidney disease. Our study lends sup-
ort to a focus on social factors that might
ccount for racial disparities in CKD and ESRD.
lthough the association between education and
KD was largely eliminated upon adjustment for
onfounding and mediating attributes, the social
lass measures were robust to such adjustment,
specially among African Americans.

In conclusion, we show that social class may
e an antecedent cause of CKD and appears to be
ndependent of more proximate causes. The
echanisms involved remain to be determined.
eing a member of the working class in early
dulthood is at least as harmful to the kidneys as
ater-life working class status; however, this asso-
iation appears to be independent of hyperten-
ion and diabetes. If the association between
ocial conditions and CKD truly is causal, ame-
ioration of CKD disparities may require consid-
rable political will and changes in policy. Poli-
ies that focus on individual behavior alone may
ot be sufficient to stem the tide of kidney
isease.

APPENDIX

KD Definition Based on ICD-9 Codes

CKD defined by hospital discharge diagnoses
ncluded the following ICD-9 codes: 250.4x,
03.x, 581.x, 582.x, 583.x, 585.x, 586.x, 587.x,
88.x, v42.0, v45.1, 39.95, or 54.98 at any time
hrough the end of 2002 (participants with ICD-9
odes for uremia, acute renal failure, and posttrau-
atic renal failure were excluded [codes 584.x,

88.9x, 958.5x, and 584.0x]).

odel Specifications for
ultiple Imputations

Stata version 9.0 (Stata Corp, College Station,
X) user written multiple imputation programs
pecifying 10 iterations and 5 imputations were
sed.52,58 Predictor variables used in the imputa-

ion included father farming; working class sta-
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us for father and at ages 30, 40, 50, and at last
ob; hypertension and diabetes status at ARIC
aseline visit; sex; age; race; drinking and ciga-
ette consumption; baseline body mass index;
aseline serum high-density lipoprotein choles-
erol level; ARIC study center; mother’s, fa-
her’s, and subject’s educational attainment; and
vailable area-level attributes and scores for child-
ood and ages 30, 40, and 50.
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