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 Introduction 

 Blacks experience a fourfold greater risk of end-stage 
renal disease (ESRD) compared to whites  [1]  for reasons 
that are poorly understood. Lower socioeconomic status 
(SES), measured either by personal education  [2–4] , an-
nual household income  [5, 6]  or both  [7, 8] , is associated 
with the disparate risk for ESRD among blacks. In addi-
tion, an association between neighborhood poverty and 
increased risk of ESRD has been reported for blacks com-
pared to whites in some  [9, 10]  but not all studies  [11] .

  Population-based studies on earlier stages of chronic 
kidney disease (CKD) have found that, in contrast to 
ESRD rates, rates of earlier stages of CKD are comparable 
 [12, 13]  or increased  [14]  among whites compared to 
blacks. It is not clear why this reversal occurs and to what 
degree the association between SES and the racial dis-
parities observed for incident ESRD patients can account 
for the decreased prevalence of less severe CKD among 
blacks compared to whites. For example, the Atheroscle-
rosis Risk in Communities (ARIC) Study found that only 
white males had an increased risk of progressive CKD in 
lower SES neighborhoods  [15]  and that the estimated glo-
merular filtration rate (GFR) was higher among black 
ARIC participants.

  These observations suggest that the association be-
tween SES, race and decreased GFR is complex. The pur-
pose of this report is to describe the association between 
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 Abstract 

 There are pronounced disparities among black compared to 

white Americans for risk of end-stage renal disease. This 

study examines whether similar relationships exist between 

poverty and racial disparities in chronic kidney disease (CKD) 

prevalence.  Methods:  We studied 22,538 participants in the 

REasons for Geographic And Racial Differences in Stroke 

( REGARDS) cohort study. We defined individual poverty as 

family income below USD 15,000 and a neighborhood as 

poor if 25% or more of the households were below the fed-

eral poverty level.  Results:  As the estimated glomerular fil-

tration rate (GFR) declined from 50–59 to 10–19 ml/min/

1.73 m 2 , the black:white odds ratio (OR) for impaired kidney 

function increased from 0.74 (95% CI 0.66, 0.84) to 2.96 (95% 

CI 1.96, 5.57). Controlling for individual income below pov-

erty, community poverty, demographic and comorbid char-

acteristics attenuated the black:white prevalence to an OR of 

0.65 (95% CI 0.57, 0.74) among individuals with a GFR of 59–

50 ml/min/1.73 m 2  and an OR of 2.21 (95% CI 1.25, 3.93) 

among individuals with a GFR between 10 and 19 ml/min/

1.73 m 2 .  Conclusion:  Household, but not community pov-

erty, was independently associated with CKD and attenuat-

ed but did not fully account for differences in CKD preva-

lence between whites and blacks. 
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race, SES, and the level of GFR to determine if individual 
and neighborhood poverty independently contribute to 
racial disparities in CKD prevalence.

  Methods 

 Study Design and Participants 
 Renal REGARDS is an ancillary study of the ongoing REasons 

for Geographic And Racial Differences in Stroke cohort study  [16, 
17] . The REGARDS cohort is a national random sample of non-
institutionalized individuals aged 45 years and older, 20% of 
whom reside in the coastal plain of North Carolina (NC), South 
Carolina (SC), and Georgia (GA), 30% in the remainder of NC, 
SC, and GA and the southeastern states of Tennessee, Mississippi, 
Alabama, Louisiana and Arkansas, and 50% in the remaining 42 
contiguous states. Enrollment was targeted to be approximately 
half black, half white, and half female. Enrollment of the cohort 
was completed in October 2007.

  Data 
 Data were obtained from each participant in a telephone inter-

view followed by a subsequent in-home examination and included 
age, gender, race, previous history of stroke and coronary heart 
disease, and education. Hypertension was defined as either self-
reported use of antihypertensive medications or a systolic blood 
pressure of  1 140 mm Hg or a diastolic blood pressure of  1 90 mm 
Hg measured during the home examination, where systolic blood 
pressure and diastolic blood pressure were the average of two mea-
sures taken in the seated position. Diabetes was defined as taking 
insulin or oral hypoglycemics, or either a fasting blood glucose of 
 6 126 mg/dl or a non-fasting blood glucose of  6 200 mg/dl. We 
defined hyperlipidemia as a ‘yes’ answer to the telephone interview 
question: ‘Have you ever been told by a doctor that you have high 
cholesterol or an abnormal level of fats in your blood?’

  Serum creatinine is measured by colorimetric reflectance 
spectrophotometry using the Ortho Vitros Clinical Chemistry 
System 950IRC instrument (Johnson & Johnson Clinical Diag-
nostics, Rochester, N.Y., USA). In 2007, after completion of RE-
GARDS recruitment, the REGARDS laboratory at the University 
of Vermont changed creatinine reagents to a method traceable to 
creatinine determined by isotope dilution mass spectrometry. 
Fifty samples were run in duplicate comparing the original meth-
od to the traceable method yielding the following calibration 
equation:

  IDMS traceable creatinine = –0.06 + 0.953 ! creatinine.

  In addition, in 2007, 200 samples were sent from the RE-
GARDS laboratory to the Cleveland Clinic for calibration result-
ing in the following calibration equation:

  Calibrated creatinine = –0.06 + 0.98 ! REGARDS creatinine.

  As the two equations were nearly identical, the Vermont equa-
tion was used to convert original REGARDS creatinine values to 
IDMS-traceable values for determination of estimated GFR 
(eGFR), using the formula:

  eGFR = 175  !  standardized creatinine–1.154  !  age–0.203  !  
1.212 (if black)  !  0.742 (if female).

  This approach was used to obtain the eGFR values for the cur-
rent article, and will be used in future publications concerning the 
REGARDS cohort.

  A single serum creatinine measurement was available for each 
participant, and these values were used to define the eGFR. Esti-
mated GFR was categorized as  6 60, 59–50, 49–40, 39–30, 29–20, 
and 19–10 ml/min/1.73 m 2 . Individuals with a GFR of  1 59 ml/
min/1.73 m 2  were collapsed into a single category, first to account 
for the imprecision of an eGFR above this level and second to con-
form with current diagnostic conventions that define individuals 
with a GFR of  ! 60 ml/min/1.73 m 2  as having CKD  [18] .

  Individual poverty was estimated by reported family income. 
We ascertained annual family income by a series of 9 questions 
during the telephone interview that began with the phrase ‘Is your 
annual household income from all sources less than …?’, and then 
by specifying income levels from USD  ! 5,000 to those USD 
 1 150,000. We then categorized the person’s household income as 
low if the reported income was USD  ! 15,000. This value in our 
data lies closest to the midrange of the federal poverty guidelines 
with an income threshold of USD 9,750 for a single individual and 
USD 19,350 for a family of 4 in 2005 [Fed Regist 2008;   73:   3971–
3972].

  Neighborhood poverty was estimated by the proportion of in-
dividuals residing below the federal poverty level in the census 
tract where the in-home examination was conducted. We geo-
coded the address used for the in-home interview to a specific 
census tract using US Census Bureau data to estimate the 1999 
census tract poverty rate. Census tracts are small, stable subdivi-
sions within a single county that include 2,500–8,000 persons 
who are similar with respect to demographic and socioeconomic 
characteristics  [19] . The Census Bureau assigns each census tract 
household to being above or below the Federal poverty level based 
on income, family size and ages of family members [http://www.
census.gov/hhes/www/poverty/povdef.html]. We defined a cen-
sus tract as high poverty if 25% or more of the households were 
assigned to below the federal poverty level. We defined 5 neigh-
borhood poverty categories: neighborhoods with 0–4.9, 5–9.9, 
10–14.9, 15–24.9, and 25% or more of the households living below 
federal poverty level (high poverty).

  Statistical Analysis 
 We described the baseline characteristics, prevalence of coro-

nary heart disease and impaired kidney function, among RE-
GARDS participants and compared them using t tests, ANOVA, 
and  �  2  tests. Independent associations were assessed using multi-
variable logistic models  [20] .

  We used multivariable logistic regression models to examine 
the association between the level of kidney function, race and 
poverty. Our dependent variable was race, with white race as the 
referent category. Our main exposure was the level of kidney 
function defined either as a GFR of  6 60 ml/min/1.73 m 2 , the 
non-CKD referent population, or by GFR decreasing by 10-ml/
min/1.73 m 2  decrements (increasing severity of CKD) between 59 
and 10 ml/min/1.73 m 2 .

  We assessed the potential confounding of the association be-
tween race and level of GFR by poverty measures in the following 
manner. First, we determined the association between GFR level 
and race (model 1). Next we successively added measures of 
household poverty (model 2), community poverty (model 3) and 
individual characteristics (model 4) to assess whether the asso-
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ciation between race and level of GFR persisted after controlling 
for these covariates. Finally, we included an interaction term be-
tween race and poverty measures in the final model. All analyses 
included a covariate indicating the subject’s region of residence. 
Analyses were conducted using SAS statistical software  [21] .

  Results 

 There were 30,193 REGARDS subjects with a complet-
ed in-home examination by November 1, 2007. We ex-
cluded 24 individuals with missing race or geographic 
region, and 2,900 without a geocoded home address, 
1,075 individuals with a missing serum creatinine and 75 
individuals with an eGFR of  ! 10 ml/min/1.73 m 2 . Final-
ly, we excluded 3,581 individuals with missing informa-

tion for at least one of the covariates included in our final 
multivariate analysis. Among those with missing covari-
ates most (n = 3,208, 89.5%) were missing income data.

  The mean (SD) age of the remaining 22,538 partici-
pants (74.6%) was 65.1 (9.4) years; 58.3% were white; 
47.0% were male; 58.2% had hypertension; 20.9% had di-
abetes mellitus, and 14.8% were current smokers. Coro-
nary heart disease was reported by 14.0% and a previous 
stroke was reported by 6.1%. An education less than high 
school was reported by 11.5%, and a family income below 
the poverty line was reported by 11.0% of participants.

  Individuals with low household income were more 
likely to be older, female, and black ( table 1 ). These indi-
viduals were more likely to have hypertension, diabetes, 
coronary heart disease, or a previous stroke, to be a cur-
rent smoker, and to report a lower attained level of educa-

Table 1.  Association between participant characteristics and household income below poverty

Characteristic All Below poverty level Unadjusted
odds ratio (95% CI)1

All 23,538 (100%) 2,472 (11.0%) –
Age, years

45–54 2,923 (13.0%) 244 (8.4%) Ref
55–64 8,765 (38.9%) 849 (9.7%) 1.18 (1.01, 1.37)
65–74 7,174 (31.8%) 828 (11.6%) 1.44  (1.24, 1.67)
75–84 3,271 (14.5%) 478 (14.6%) 1.88  (1.60, 2.22)

>85 405 (1.8%) 68 (16.8%) 2.23 (1.7, 3.0)
Gender

Male 10,568 (46.9%) 686 (6.5%) Ref
Female 11,970 (53.1%) 1,786 (14.9%) 2.56 (2.30, 2.77)

Race
White 13,147 (58.3%) 874 (6.6%) Ref
Black 9,391 (41.7%) 1,598 (17.0%) 2.88 (2.64, 3.14)

Hypertension 13,127 (58.2%) 1,722 (13.1%) 1.74 (1.59, 1.91)
Diabetes 4,702 (20.9%) 742 (15.8%) 1.74 (1.59, 1.91)
Current smoker 3,338 (14.8%) 578 (17.3%) 1.84 (1.64, 2.05)
CHD 3,159 (14.0%) 437 (13.8%) 1.37 (1.22, 1.53)
Stroke 1,384 (6.1%) 288 (20.8%) 2.28 (2.0, 2.6)
Education

Less than high school 2,606 (11.5%) 889 (33.9%) 34.0 (25.7, 44.9)
High school graduate 5,694 (25.3%) 864 (15.2%) 11.8 (9.0, 15.6)
Post-high school 10,522 (46.7%) 670 (6.4%) 4.48 (3.4, 5.9)
Professional 3,716 (16.5%) 55 (1.5%) Ref

GFR, ml/min/1.73 m2

>60 19,944 (88.9%) 2,086 (10.4%) Ref
50–59 1,292 (5.8%) 178 (13.7%) 1.36 (1.16, 1.61)
40–49 699 (3.1%) 104 (14.8%) 1.50 (1.21, 1.85)
30–39 306 (3.8%) 51 (16.6%) 1.71 (1.26, 2.32)
20–29 141 (0.6%) 36 (25.5%) 2.95 (2.01, 4.32)
10–19 60 (0.2%) 17 (25.0%) 2.87 (1.65, 4.97)

1  For total population.
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tion ( table 1 ). A GFR of  ! 60 ml/min/1.73 m 2  was present 
in 11.0% of participants, and individuals with household 
incomes below poverty were more likely to have a GFR of 
 ! 60 ml/min/1.73 m 2  ( table 1 ).

  The association between race and GFR was complex 
( fig.  1 ). Among individuals with a GFR of  ! 60 ml/
min/1.73 m 2 , the proportion of subjects who were black 
increased relative to the proportion of subjects who were 
white as GFR level declined. The black:white OR (95% CI) 
among individuals with a GFR between 50 and 59 ml/
min/1.73 m 2 , compared to a GFR of  6 60 ml/min/1.73 m 2 , 

was 0.74 (0.66, 0.84), increasing to 2.96 (1.72, 5.11) among 
individuals with a GFR between 10 and 19 ml/min/
1.73 m 2 .

  The prevalence of low household incomes was sub-
stantially greater among blacks at every level of kidney 
function ( fig. 2 ). As GFR declined the proportion of both 
whites and blacks with a household income below the 
poverty level increased. As shown in  table 2  the propor-
tion of whites with household incomes below poverty in-
creased substantially more among whites than blacks as 
GFR declined, rising nearly threefold from 6.1 to 15.8% 
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  Fig. 1.  Prevalence of REGARDS participants by race and level of 
GFR. The proportion of REGARDS subjects are denoted by bars, 
whites ( ) ) and blacks ( $ ), and the unadjusted black:white preva-
lence odds ratio is denoted by the triangles and line. 

  Fig. 2.  Proportion of REGARDS participants with household in-
comes below poverty by race and level of GFR. The proportion of 
whites ( ) ) and blacks ( $ ) and unadjusted black:white odds ratio. 

Table 2.  Association between level of GFR and family income below the poverty line and community poverty

White B lack

n (%) Low family
income, %

Community
poverty >25%, %

n (%) Low family
income, %

Community
poverty >25%, %

All subjects 13,147 (58.3) 6.6 13.7 9,391 (41.7)   17.0 43.4
GFR ml/min/1.73 m2

>60 11,598 (88.2) 6.1 13.6 8,405 (89.7)   16.4 43.0
50–59 843 (6.4) 9.5 13.3 457 (4.9)   21.4 44.9
40–49 442 (3.4)   10.6 17.0 259 (2.8)   22.0 44.8
30–39 174 (1.3)   14.4 16.1 133 (1.4)   19.6 50.4
20–29 70 (0.5)   17.1 10.0 71 (0.8)   33.8 53.5
10–19 20 (0.2)   15.8 5.0 48 (0.5)   29.2 58.5

p value <0.0001 0.0625 <0.0001 0.2149



 McClellan   /Newsome   /McClure   /Howard   /
Volkova   /Audhya   /Warnock    

Am J Nephrol 2010;32:38–4642

among whites and from 16.4 to 29.3% among blacks (p  !  
0.0001). The prevalence of low household income among 
blacks compared to whites was thus attenuated as GFR 
declined, with the black:white OR for low household in-
come declining from 3.0 (2.74, 3.32) to 2.2 (1.11, 5.45) as 
GFR declined from  6 60 to 10–19 ml/min/1.73 m 2  ( fig. 2 ).

  There were substantial racial differences with respect 
to community poverty as well, with 43.4% of black and 
13.7% of white subjects living in census tracts with more 
than 25% of households having incomes below poverty 
( fig.  3 ). As GFR declined from  6 60 to 10–19 ml/min/
1.73 m 2 , the proportion of blacks living in low income 
communities increased from 43 to 56.2%. In contrast, 
among whites the proportion of individuals living in low 
income communities increased from 13.6% for individu-
als with a GFR of  6 60 ml/min/1.73 m 2  to 17.0% among 
those with a GFR of 40–49 ml/min/1.73 m 2  and then de-
clined to 5.0% among those with a GFR of 10–19 ml/
min/1.73 m 2  ( fig. 3 ). Overall, blacks were nearly fivefold 
more likely to live in low income communities (OR 4.84; 
95% CI 4.54, 5.16). However, despite these racial differ-
ences there was no association between the degree of 
community poverty and the level of GFR among blacks 
and whites ( table 2 ).

  The first model in  table  3  presents the unadjusted 
black:white OR for successively severe levels of impaired 
kidney function with a GFR of  6 60 ml/min/1.73 m 2  as 
the reference level. The next model adjusts for household 
poverty, the third includes community poverty, and the 
final model adds personal characteristics to the fully ad-
justed model. The association between race and GFR per-
sisted after controlling for low household income, com-
munity poverty and personal characteristics. The addi-
tion of household poverty somewhat attenuated the 

black:white OR for CKD (model 2) and the addition of 
community poverty (model 3) did not further change the 
GFR stratum-specific ORs.

  In the fully adjusted model there was a further attenu-
ation of the black:white OR for CKD (model 4). In the 
fully adjusted model the black:white OR for impaired 
kidney function increased from 0.65 (95% CI 0.57, 0.74) 
to 2.21 (1.26, 3.93) as GFR declined from 50–59 to 10–19 
ml/min/1.73 m 2 . In these models we tested the interac-
tion between race and either low household income (p = 
0.1987) or community poverty (p = 0.2423). There was no 
interaction between low household income and commu-
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  Fig. 3.  Proportion of REGARDS participants living in high pov-
erty communities by race and level of GFR. The proportion of 
whites ( ) ) and blacks ( $ ) and unadjusted black:white odds ratio. 

Table 3.  Association between race and severity of kidney disease, with and without adjustments for age, gender, 
comorbidities, and household income

eGFR Model 1 Model 2 Model 3 Model 4

≥60 Ref Ref Ref Ref
59–50 0.74 (0.66, 0.84) 0.71 (0.63, 0.80) 0.72 (0.63, 0.81) 0.65 (0.57, 0.74)
49–40 0.81 (0.69, 0.94) 0.76 (0.65, 0.89) 0.74 (0.62, 0.87) 0.68 (0.57, 0.81)
39–30 1.05 (0.84, 1.32) 0.98 (0.78, 1.24) 0.93 (0.73, 1.19) 0.76 (0.59, 0.99)
29–20 1.39 (1.00, 1. 94) 1.20 (0.86, 1.68) 1.19 (0.83, 1.70) 0.97 (0.67, 1.40)
19–10 3.03 (1.96, 5.57) 2.97 (1.75, 5.05) 2.79 (1.61, 4.87) 2.21 (1.25, 3.93)

B lack:white ratio (95% CI) for CKD. Model 1 = Unadjusted association between black race and level of GFR. 
Model 2 = Model 1 controlling for household income below poverty. Model 3 = Model 2 and controlling for 
community poverty. Model 4 = Model 3 and controlling for age, gender, and comorbidities.
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nity poverty in these models (p = 0.1402). The addition of 
education and having health insurance and an identified 
source of care to this final model did not change these 
GFR-specific black:white OR (data not shown).

  Characteristics in the fully adjusted model other than 
race (p  !  0.0001) that were associated with the level of 
GFR included: increasing age (p  !  0.0001), female gender 
(p  !  0.0001), diabetes mellitus (p  !  0.0001), hypertension 
(p  !  0.0001), coronary heart disease (p  !  0.0001), previ-
ous stroke (p  !  0.0001), and household income below 
poverty (p = 0.0052). When education, rather than pov-
erty, was included in the fully adjusted model there was 
no association between education and kidney function 
(p = 0.1907), and when the three SES measures were in-
cluded in the fully adjusted model household income be-
low poverty (p = 0.02), but neither community poverty 
(p = 0.9131) nor education (p = 0.3715) were significantly 
associated with GFR level.

  Discussion 

 Our main finding is that race and family income were 
independently associated with GFR level and this effect 
was similar for whites and blacks in our study. In con-
trast, neighborhood poverty was not associated with 
GFR. Further, accounting for household and community 
poverty attenuated some, but not all, of the unexpectedly 
higher prevalence of CKD among whites compared to 
blacks. These observations suggest that (1) household 
poverty increases the likelihood that both black and 
whites will have more severe reductions in GFR; (2) this 
effect of poverty is comparable or greater among whites, 
and (3) poverty as measured in our study cannot fully 
explain racial disparities in the prevalence of early stages 
of CKD in the this population.

  The increased prevalence of CKD (GFR  ! 60 ml/
min/1.73 m 2 ) among whites compared to blacks was first 
identified in the National Health and Nutrition III 
(NHANES) Study  [12, 13]  and previously reported for the 
REGARDS cohort  [14] . Even after including the presence 
of proteinuria as well as a GFR of  ! 60 ml/min/1.73 m 2  in 
the definition of CKD, analysis of later NHANES surveys 
conducted between 1999 and 2004, found the prevalence 
of all stages of CKD to be 16.1% (95% CI 16.6–18.7%) 
among whites and 19.9% (95% CI 18.2–21.8%) among 
blacks  [22] , clearly unexpected in view of the fourfold in-
creased incidence of ESRD among blacks consistently re-
ported for the US population. Of note, the 30% increased 
prevalence among blacks reflected an increased preva-

lence of persistent albuminuria among individuals with 
a GFR of  6 60 ml/min/1.73 m 2  and, as with earlier 
NHANES reports, the prevalence for whites and blacks 
of a GFR between 30 and 59 ml/min/1.73 m 2  was 5.8 and 
4.7% and of a GFR between 15 and 29 ml/min/1.73 m 2 , 
0.3 and 1.1%  [22] .

  It has been suggested that blacks may experience more 
rapid progression to ESRD, thus contributing to higher 
incidence rates but not the prevalence of lower GFR. Fac-
tors that might mediate more rapid progression may in-
clude genetic susceptibility to kidney injury like the re-
cently reported polymorphisms in the nonmuscle myo-
sin heavy chain-9 (MYH9) gene which are associated 
with increased risk of ESRD among blacks  [23] , environ-
mental exposures, and barriers to healthcare  [24, 25] . An-
other possible contributing factor is that differential sur-
vival among individuals with CKD might contribute to 
these racial disparities  [26] .

  There is growing interest in the role of SES as a modi-
fying influence on racial disparities in the risk of progres-
sive kidney disease and ESRD  [27, 28] . Risk factors asso-
ciated with poverty that might accelerate the progression 
of CKD associated with SES include perinatal factors and 
low birth weight, behavioral exposures like smoking, an-
algesic and other drug use, lead exposure due to illicit 
alcohol or pica consumption, and access and adequacy of 
healthcare. It is possible that poverty-related exposures 
might interact with genetic factors predisposing to rapid 
loss of kidney function or increased mortality rates 
among individuals with lower GFR and thus contribute 
to racial disparities in the prevalence of CKD.

  There is increasing evidence to support a role of pov-
erty and SES in a more rapid decline in GFR. Peralta et al. 
 [29]  used a genetic admixture score based on 24 genetic 
markers to estimate the degree of African ancestry in the 
Cardiovascular Health Study, and found that the degree 
of African ancestry was not associated with either base-
line or change in kidney function. Decreasing income, in 
contrast, was associated with an increased prevalence of 
impaired kidney function and this association persisted 
after controlling for African ancestry, age, gender, smok-
ing status, diabetes, hypertension, education and occupa-
tion. The ARIC cohort study found increasing neighbor-
hood poverty was associated with an increased 9-year 
risk of a composite outcome measured by an increase in 
serum creatinine level of 0.4 mg/dl or more, hospitaliza-
tion for CKD, or death  [15] . A decreasing neighborhood 
SES score was associated with higher age-adjusted inci-
dence rates among white males but not other race-gender 
groups.
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  These observations were repeated for elderly white 
participants in the Cardiovascular Health Study  [30]  
where the age-adjusted incidence rate for a composite 
outcome was 60% higher in the lowest versus the highest 
quartile of SES, and was unchanged after controlling for 
other  covariates. Finally, a report using NHANES III 
data by Martins et al.  [31]  found that blacks were 25% 
more likely than whites (OR 1.25, 95% CI 1.10, 1.43) to 
have a urinary albumin to creatinine ratio (ACR) be-
tween 30 and 300 mg/g and 80% more likely (OR 1.80, 
95% CI 1.31, 2.49) to have an ACR in excess of 300 mg/g. 
When subjects were stratified into low and high poverty 
levels based on reported income, the black:white OR was 
lower, reflecting a diminished effect of race on prevalence 
of proteinuria, in the higher compared to lower poverty 
level  [31] .

  We recently reported that increasing census tract pov-
erty level was strongly associated with a higher ESRD in-
cidence for both blacks and whites  [10] . We found that, 
while the magnitude of the rate difference between black 
and white ESRD incidence rates increased, the black:white 
relative risk declined as community poverty increased. 
These opposite effects were due to a greater rate of rise in 
white compared to black ESRD incidence rates as com-
munity poverty increased, raising the possibility that the 
impact of lower socioeconomic conditions on ESRD risk 
may be greater in whites. Our current study is consistent 
with that possibility as controlling for the effect of lower 
personal income on racial disparities in the prevalence of 
decreased GFR reduced the impact of declining GFR on 
black:white prevalence differences, leaving the unre-
solved issue of why, despite a substantial fourfold increase 
in risk of all-cause ESRD among blacks, they are substan-
tially less likely to have prevalent CKD.

  It should be noted in this comparison that the major-
ity of blacks live in census tracts with high community 
poverty. As the level of GFR declined the proportions 
with low household income increased tenfold in blacks 
and sevenfold in whites. Thus, larger proportions of black 
as compared to whites with more severe CKD have low 
family incomes. Previously reported racial disparities in 
incident ESRD associated with community poverty may 
reflect these population differences. However, we cannot 
reconcile these observations until we have accumulated 
sufficient follow-up time to examine the risks associated 
with personal income and community poverty in the RE-
GARDS cohort.

  A major strength of our study is that of a large, random 
sample of the older US population which provides suffi-
cient numbers of cases to examine the full range of im-

paired kidney function below a GFR of 60 ml/min/
1.73 m 2 . It is unlikely that the racial differences in the 
prevalence of CKD we report are due to biased selection 
of  subjects.  Further,  the  possibility  of  misspecification   
of kidney function is reduced as we used an appropriate-
ly calibrated serum creatinine and the MDRD equation, 
which has been extensively validated for both whites and 
blacks, to estimate GFR  [18] . We only had complete infor-
mation on 74.6% of our subjects and this raises a concern 
that the subjects included in our analyses may not be rep-
resentative of our entire cohort leading to a biased assess-
ment of association between individual and community 
SES measures and the distribution of kidney function 
blacks and whites. We have addressed this in several 
ways. First, when we included subjects with missing in-
come information in our models using an indicator for 
poverty status that accounted for missing income our re-
sults were essentially unchanged (data not shown).   Sec-
ond, we compared the key attributes in our analyses 
(GFR, household income, and community poverty sta-
tus) for the whole cohort, those included in our analyses 
and those who we excluded. Mean age, race, the propor-
tions with low household incomes and living in poor 
communities, and the distribution of CKD are compa-
rable for all subjects, those included in our analyses and 
those with one or more missing data element. In contrast, 
compared to men, women were more likely to have miss-
ing data. However, our main observation of an indepen-
dent association between GFR and race that persists in 
sequential models controlling first for GFR, next for in-
come, then community poverty, and finally demograph-
ic characteristics is consistent across models and we feel 
this reduces the likelihood of substantial selection bias. 
Thus, while we cannot exclude the possibility that the 
subjects excluded for our analyses may have altered our 
conclusions, we feel that the comparability of the exclud-
ed and included subjects and the consistency of our crude 
and adjusted results lessens this possibility.

  A weakness of our study is that our measure of house-
hold income is by self-report and was not validated, and 
previous studies suggest that considerable misclassifica-
tion of income status may occur with self-reported in-
come data  [30] , although the misclassification and failure 
to report seems to be consistent across all income ranges. 
It should also be noted that the income threshold that we 
used to identify low income homes failed to account for 
household size, which was unavailable in our data, and 
thus is an imperfect measure of actual household poverty. 
However, inasmuch as individual poverty was associated 
with increased CKD prevalence we suspect that more 
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precise estimates of individual poverty would give results 
consistent with those we report here.

  Further, although its use as a measure of neighbor-
hood impoverishment has been extensively validated for 
studies like ours  [31–33] , it should be noted that census 
tract poverty might not accurately reflect the neighbor-
hood environment as experienced by our subjects. It is 
also possible that, as kidney disease is a chronic process, 
residential mobility might confound the associations be-
tween race and kidney disease within communities as 
persons experiencing the economic burden of chronic 
diseases move to less affluent neighborhoods  [34, 35] .

  As we had only a single measure of serum creatinine 
we cannot exclude the possibility that some individuals 
were misclassified with respect to CKD. There is no rea-
son to expect that this misclassification would occur dif-
ferently for blacks and whites, and thus it should attenu-
ate, rather than amplify, the racial disparities we ob-
served. Also, we cannot exclude the possibility that some 
degree of misclassification of individual and neighbor-
hood poverty may be possible sources of bias, but we feel 
that this is unlikely to significantly obscure the observa-
tion that the increased prevalence of CKD among whites 
compared to blacks among REGARDS subjects cannot be 
attributed to differences in SES. Finally, and importantly, 
we cannot exclude the possibility of reverse causation in 
the current analysis and it is possible that the association 
between income and CKD is due to the impact of disease 
on family earning potential. Finally, the relevance of low-
er GFR as a risk factor for progression of CKD among 
both older blacks and whites remains unsettled and fol-
low-up studies to ascertain the independent role of pov-
erty in progression to ESRD are needed.

  Finally, a recent publication by Crews et al.  [36]  noted 
that blacks sampled from a single community in Mary-
land had an increased prevalence of eGFR of  ! 30 ml/
min/1.73 m 2 . Lower SES in this population, measured by 
self-reported income, was associated with an increased 
prevalence of CKD among blacks but not whites. This 
observation is consistent with the failure of individual 
SES to account for racial disparities in the prevalence of 
CKD in our analysis  [36] .

  In conclusion, family income below the poverty level 
is a risk factor for increased prevalence of CKD in both 
blacks and whites. Low income did not explain the unex-
pected increased CKD prevalence among whites. The 
factors associated with poverty that contribute to these 
disparities remain to be identified by prospective studies 
of the REGARDS and other cohort populations.
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