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4. Rationale: 
 

The association between socioeconomic status (SES) and end-stage renal disease (ESRD) 
incidence and mortality has been examined at both the individual (1-3) and area levels (4-10); 
most of these studies confirmed an inverse relationship between SES and ESRD incidence (1-
6,8).  Although some of this research sought to explain racial disparities in ESRD (1,2,5), many 
studies concluded that SES accounted for only some of the racial differences (1,3-5).   

Much of the literature focuses on ESRD, with few studies investigating milder renal disease 
and SES (11,12).  While a precursor to ESRD, renal function decline is also an independent risk 
factor for cardiovascular disease (13,14) and cerebrovascular (15) disease.  Aside from the public 
health importance of preventing those diseases, the association between renal function decline 
and SES may shed new light on the racial disparities observed with regard to renal disease.  

This proposal intends to examine area and individual-level socioeconomic indicators.  
Individual-level SES has been the focus of much of the epidemiologic literature regarding health 
and SES.  SES information at the aggregate level, however, can reveal important elements of 
society that might be affecting one’s health regardless of individual status (16-28). The effects of 
individual and area-level socioeconomic indicators on ESRD incidence have been shown in 
previous studies (1,4-7), and thus may be related to milder forms of renal insufficiency; to our 
knowledge, area-level SES and renal impairment has not yet been studied. Moreover, the 
independent effects of individual and area-level SES (examining each level while adjusting for 
the other) on ESRD or renal impairment have not yet been explored and may tease out the 
important SES elements in this relationship.  Potential area-level indicators include: higher 
exposure to occupational or environmental nephrotoxins, (1,4)  higher intake of over-the-counter 
analgesics, over-crowding, exposure to lead paint and Hantavirus organisms, higher prevalence of 
behaviors such as street drug use, and exposure to HIV,(1) less usage of Medicare coverage,(29) 
under-utilization of health care  services, (1) and inaccessibility to health care (4,7)  Other specific 
area-level factors not specific to renal disease may include exposure to crime and stress.(24,30) 

Finally, this longitudinal study of renal impairment, as measured by estimated glomerular 
filtration rate (GFR), while accounting for changes in area-level SES and individual-level income 
at later visits, will examine the temporal relationship between SES and renal disease.  That is, do 
people with renal function decline subsequently have lower incomes or move to lower SES areas, 
or do these socioeconomic changes precede renal impairment? 
 
5. Main Hypothesis/Study Questions: 
 
Hypothesis 
 

Area-level and individual-level socioeconomic indicators are independently associated 
with renal function decline.  Moreover, area and individual socioeconomic differences may 
explain racial disparities in renal disease incidence. 
 
Study Questions 
 
a) To examine the longitudinal association between renal function decline and individual and 

area-level socioeconomic status. 
 
b) To specifically address the issue of racial differences with regard to renal impairment and 

assess this relationship after adjusting for area and individual-level socioeconomic status, as 
well as other relevant individual-level risk factors. 
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This proposal is part of a project to investigate renal impairment and SES in middle aged adults 
and adults aged 65 and older.  Thus, we are interested in studying ARIC participants as well as 
the Cardiovascular Health Study (CHS) participants, adults aged 65 and older.   
 
 
6. Data (variables, time window, source, inclusions/exclusions): 
 
Variables:  Serum creatinine, race, age, gender, prevalence of diabetes, systolic blood pressure, 
body-mass index, smoking, income, education, occupation, residential county, census tract and 
block group. 
 
Time window: All visits, from visit 1: 1986-1989, to visit 4: 1996-1999. 
 
Source:  
• Baseline self-reported questionnaire: race, age, gender, smoking, income (this information 

was updated at visit 3), education occupation, residential information (this information was 
updated at visit 3). 

• Clinical examination and blood analyses at baseline and follow-up: serum creatinine, systolic 
blood pressure, diabetes, body-mass index. 

• 1990 Census data: neighborhood-level SES indicators.  
 
Inclusions/exclusions: Include all participants with properly geocoded information on residential 
county, census tract and block group. Participants missing information on serum creatinine, race, 
age, gender or individual-level SES at intermediate visits will be excluded. 
 
 
Analysis 
 
Study population and variables of interest: 
 

The outcome of interest in this study is renal function, as measured by estimated GFR at 
each visit.  GFR is considered the best index of renal health and morbidity (31). Considering the 
clinical difficulty in measuring GFR, many researchers have used serum creatinine or creatinine 
clearance as estimates of GFR (11,12,32-36).  These measurements, however, have been shown 
to be inaccurate in certain populations and in certain conditions (37,38) and thus may produce 
biased results.  To overcome these limitations, GFR can be estimated by use of equations that 
take into account additional variables.  The most popular of these, the Cockroft-Gault equation, 
considers weight, age, gender and serum creatinine to measure creatinine clearance (39).  
Recently a new prediction equation for GFR has been developed in conjunction with the 
Modification of Diet in Renal Disease (MDRD) Study that consists of serum creatinine, age, 
gender and race (40,41).  These equations were tested using a gold standard measurement of 
GFR, and the MDRD equation provided more accurate and precise results (40).  We will use this 
equation in the proposed study to estimate GFR, and thus examine renal function in this 
population. We will also conduct confirmatory analyses using the Cockroft-Gault equation to 
measure creatinine clearance and examining serum creatinine directly because of limitations in 
measuring the outcome, and in order to better explore racial differences.   

GFR and its decline will primarily be examined as a dichotomous variable. A value of 
GFR<60 ml/min/1.73m2 at any follow-up visit will be considered incidence of moderate chronic 
kidney disease as defined by the Chronic Kidney Disease Evaluation, Classification and 
Stratification Clinical Practice Guidelines Draft Document (41).  An additional binary variable 
will be used, to define a decrease in GFR as incidence of renal function decline.  Previous work 
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has shown that a decline in GFR of %30 or greater or a rise in creatinine of 0.4 mg/dl, reflect a 
clinically meaningful decline in kidney function (11,12,42).  Utilizing follow-up hospitalization 
and medical records, we will also include as an event any participant who initiates dialysis or 
whose GFR<15 ml/min/1.73m2.  Confirmatory analyses will include examining estimated GFR 
and its decline as a continuous variable.   

 
 
The independent variables of interest include: 
1) Area-level SES indicators obtained from 1990 census linked by census tract at baseline, 

including income, education, occupation, poverty, housing and over-crowding. The SES 
indicators will be collapsed into categories based on the race-specific distributions as well as 
overall distributions. 

2) Individual-level SES indicators include: income, education, and occupation. 
3) Other individual-level risk factors known (and hypothesized) to be related to renal function 

decline will be examined and adjusted for, and include: race, gender, age, prevalence of 
diabetes, systolic blood pressure, BMI, smoking and baseline creatinine.   

4) Additional variables will account for changes in residence (reflecting changes in SES) and 
changes in individual-level income, as these were updated at the third visit.  Aside from 
adjusting for these changes, we will also examine them idependently in their association with 
renal impairment.   

 
 
 
 
Statistical analysis  
 
• Explore incidence of renal function decline (as defined above), measured at each and any 

visit, by race and gender.  Incidence rates will be calculated using person years, based on 
individual follow-up dates.  These rates will be adjusted for age and center using Poisson 
regression models.  Incidence rates of moderate renal disease and more severe renal 
insufficiency will also be examined in this way. 

• Relative hazard ratios by area indicators will be determined using discrete proportional 
hazards models.  Area SES effects will be estimated before and after adjustment for 
individual-level SES indicators and other risk factors listed above. 

 
 
Secondary analyses include: 
• Repeat the models above examining creatinine clearance using the Cockroft-Gault equation.  

These models will consider a 0.4 mg/dl increase of creatinine as a measure of renal function 
decline, as consistent with other studies (11,12,42). 

• Examine GFR as a continuous variable by individual and area-level SES indicators at each 
visit and by race and gender. 

• Assess the longitudinal change of GFR by way of scatter plots and smoothing techniques. 
• Construct generalized estimating equation (GEE) linear regression models (43) to estimate 

the mean changes of GFR over time and the effects of SES indicators, by pooling GFR values 
across visits and accounting for repeated individual measurements. 

 
 
All these analyses will be stratified by race and gender (where appropriate).   Multivariate models 
examining creatinine clearance will also be fit pooling race, in order to thoroughly examine racial 
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differences, as discussed in objective “b.”  Confirmatory analyses will include using SUDAAN to 
adjust for within neighborhood correlations (44).  Moreover, additional variables will be included 
in the GEE models to account for any potential correlations within areas.  
 
 
7.a. Will the data be used for non-CVD analysis in this manuscript? __x__ Yes ____ No 
 
 
 
   b. If Yes, is the author aware that the file ICTDER02 must be used to exclude persons 
with a value RES_OTH = “CVD Research” for non-DNA analysis, and for DNA analysis 
RES_DNA = “CVD Research” would be used? __x__ Yes ____ No 
(This file ICTDER02 has been distributed to ARIC PIs, and contains 
the responses to consent updates related to stored sample use for research.) 
 
 
8.a. Will the DNA data be used in this manuscript? ____ Yes _x_ No 
 
 
8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 
Center must be used, or the file ICTDER02 must be used to exclude those with value 
RES_DNA = “No use/storage DNA”? ____ Yes ____ No 
 
 
9. The lead author of this manuscript proposal has reviewed the list of existing 

ARIC Study manuscript proposals and has found no overlap between this 
proposal and previously approved manuscript proposals either published or still 
in active status.   

___X___  Yes     _______ No 
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