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Abstract

Background—Using change in estimated glomerular filtration rate (eGFR) based on creatinine 

as a surrogate outcome in clinical trials of chronic kidney disease has been proposed. Risk of end-
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stage renal disease (ESRD) and all-cause mortality associated with change in other filtration 

markers has not been studied in chronic kidney disease populations.

Study Design—Observational analysis of two clinical trials

Setting & Participants—Participants in the MDRD (Modification of Diet in Renal Disease; 

n=317) Study and AASK (African American Study of Kidney Disease and Hypertension; n=373)

Predictors—Creatinine, cystatin C, β-trace protein (BTP), and β2-microglobulin (B2M) levels 

were measured in serum samples collected at the 12-month and 24-month follow-up visits, along 

with measured GFR (mGFR) at these time points.

Outcomes—ESRD and all-cause mortality

Measurements—Poisson regression was used to estimate incidence rate ratios and 95% CIs for 

ESRD and all-cause mortality during long-term follow-up (10–16 years) per 30% decline in 

mGFR or eGFR for each filtration marker and the average of all four markers.

Results—One-year decline in mGFR, eGFRcr, eGFRBTP, and the average of the four filtration 

markers was significantly associated with an increased risk of incident ESRD in both studies (all 

p≤0.02). Compared to mGFR, only decline in eGFRBTP was statistically significantly more 

strongly associated with ESRD risk in both studies (both p≤0.03). Decline in eGFRcr, but not 

mGFR or the other filtration markers, was significantly associated with risk of all-cause mortality 

in AASK only (incidence rate ratio per 30% decline, 4.17; 95% CI, 1.78–9.74; p<0.001), but this 

association was not significantly different from decline in mGFR (p=0.2).

Limitations—Small sample size

Conclusions—Declines in mGFR, eGFR based on serum creatinine and BTP, and the average of 

four filtration markers (creatinine, cystatin C, BTP, and B2M) were consistently associated with 

progression to ESRD.

Index words

beta-2-microglobulin (B2M); beta trace protein (BTP); creatinine; cystatin C; filtration markers; 
death; mortality; end-stage renal disease (ESRD); incident ESRD; glomerular filtration rate 
(GFR); estimated GFR; measured GFR; kidney function decline

Estimated glomerular filtration rate (eGFR) and serum concentrations of filtration markers 

are strong predictors of adverse outcomes in individuals with chronic kidney disease (CKD). 

Recent meta-analyses demonstrate the consistency of findings for baseline eGFR across a 

broad range of clinical outcomes including kidney disease progression, cardiovascular 

disease, and mortality.1–6 Previous studies have reported differences between baseline levels 

of filtration markers with respect to their relationships with subsequent development of end-

stage renal disease (ESRD) and mortality.7

Assessing filtration markers at multiple time points may improve the prediction of clinical 

outcomes among individuals with CKD relative to a single measurement. Change in eGFR 

based on creatinine (eGFRcr) has been proposed as a surrogate outcome of kidney disease 

progression in clinical trials based on the association with ESRD and all-cause mortality.8,9 

Prior studies have reported a U-shaped relationship with both decline and rise in eGFRcr 
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demonstrating adverse health consequences, although there are some inconsistencies for 

eGFRcr rise.10–14 Risk of ESRD and mortality associated with change in novel filtration 

markers (cystatin C, β-trace protein [BTP], and β2-microglobulin [B2M]) has not been 

previously assessed in a CKD study population.

The primary objective of our investigation was to examine the association of one-year 

change in eGFR based on individual filtration markers compared to mGFR with subsequent 

risk of developing ESRD and all-cause mortality in adults with CKD from the MDRD 

(Modification of Diet in Renal Disease) Study and AASK (African American Study of 

Kidney Disease and Hypertension).

METHODS

Study Design and Participants

The present study is a prospective analysis of change in mGFR and eGFR using established 

and novel filtration markers from follow-up visits at 12 and 24 months and subsequent long-

term follow-up for clinical outcomes among participants in the MDRD Study and AASK. 

The MDRD Study was a randomized clinical trial of dietary intake of protein and 

phosphorus and blood pressure control in individuals with CKD conducted in 1989–1993 

with follow-up through 2000.15 The AASK study was a randomized clinical trial of blood 

pressure lowering in African-Americans with hypertension conducted in 1995–1998 with 

follow-up through 2001.16 We evaluated MDRD and AASK participants with non-missing 

data for filtration markers at the 12 month and 24 month follow-up visits, follow-up data for 

the ascertainment of outcomes, and covariates assessed at the 12 month follow-up visit 

(Figure 1; MDRD Study: n=317; AASK: n=373). Participants who were included in the 

present study had slightly higher baseline eGFRcr and were more likely to be male than 

those who were excluded (Table S1, available as online supplementary material). Approval 

was provided by the Institutional Review Board (IRB00003782), procedures adhered to the 

Declaration of Helsinki, and study participants provided informed consent.

Measurement of GFR and Endogenous Filtration Markers

In the MDRD Study and AASK, mGFR was assessed as four period urinary clearance 

of 125I-iothalamate.17,18 Concentrations of creatinine, cystatin C, BTP, and B2M were 

measured in serum specimens collected at the 12-month and 24-month follow-up visits. 

Using the Roche Cobas 6000 chemistry auto-analyzer, creatinine was measured by the 

enzymatic method and calibrated to the isotope-dilution mass spectrometry (IDMS) standard 

(coefficient of variation [CV], 2.8%–2.9%), cystatin C was measured by a particle-enhanced 

turbidimetric immunoassay (Gentian; CV, 3.2%–4.3%), and B2M was measured 

immunoturbidimetrically by quantifying absorbance due to agglutination of latex particles 

consisting of B2M antibody bound to B2M in the specimens (Roche Tina-Quant β2-

microglobulin reagent; CV, 3.2%–4.3%).19 The marker BTP was measured by the 

immunonephelometric method (Siemens) and quantified using the Siemens ProSpec 

nephelometer (CV, 7.4%–10.6%). Assays were completed at the University of Minnesota 

Advanced Research and Diagnostic Laboratory in 2014–2015. Specimens from both visits 
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were run mixed together (i.e. not sorted by study visit) to minimize the likelihood of a 

systematic bias due to batch effect.

Calculation of Change in mGFR and eGFR

The main exposure was one-year percent change in mGFR and eGFR, which was calculated 

as the difference between two measurements as a proportion of the first measurement. 

Change in mGFR was compared to change in eGFR for each of the four filtration markers 

alone and in combination. eGFR was calculated using the CKD-EPI (CKD Epidemiology 

Collaboration) equations for creatinine (eGFRcr), cystatin C (eGFRcys), β-trace protein 

(eGFRBTP), and β2-microglobulin (eGFRB2M).20–22 The average of four markers was 

calculated by summing percent change in eGFR for the four individual filtration markers and 

dividing by four: average of four markers = (% Δ eGFRcr + % Δ eGFRcys + % Δ eGFRBTP + 

% Δ eGFRB2M)/4. Percent change in mGFR and eGFR was expressed continuously using 

two linear spline terms with a knot at 0% change.

Outcome Ascertainment

Incident ESRD and all-cause mortality were ascertained after the one-year change period 

through December 31, 2010, in the MDRD Study and through June 30, 2007 in AASK. In 

the MDRD Study, incident ESRD was defined as initiation of dialysis or receipt of a kidney 

transplant as determined by entry into the US Renal Data System registry, and participants 

who died from any cause were identified by linkage to the National Death Index, as 

previously described.23,24 Deaths that occurred both prior to and subsequent to ESRD were 

ascertained in the MDRD Study. In AASK, incident ESRD was defined as self-reported 

transplantation or initiation of dialysis.17,25 In AASK, deaths prior to ESRD were 

ascertained and were identified by phase, and deaths were identified by review of 

hospitalization records and confirmed with autopsy forms and death certificates during the 

trial and by proxy self-report during the cohort phase.25

Assessment of Other Covariates

Demographic and clinical characteristics known to be risk factors for ESRD and mortality 

were collected according to the protocol during study visits for these two clinical trials. 

Sociodemographic factors (age, sex, racial group) and health history (diabetes status) were 

ascertained through structured questionnaires. Health metrics including weight and height 

for the calculation of body mass index (kg/m2) and systolic blood pressure were determined 

by physical examination. Total cholesterol (mg/dL) was measured in blood specimens 

according to the original study protocols. Study design characteristics, i.e. randomized 

treatment group and study group (for MDRD Study only), were also included in our 

analysis. We used covariates ascertained at the 12 month follow-up visit (baseline for this 

analysis).

Statistical Analysis

Baseline demographics, clinical characteristics, and eGFR levels were described using 

means, standard deviations, and proportions. Kernel density plots were created for the two 

studies to display the distribution of percent change in mGFR, eGFR for each individual 

Rebholz et al. Page 4

Am J Kidney Dis. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



filtration marker, and eGFR for the average of all four filtration markers. Spearman 

correlation coefficients were calculated between change in mGFR and change in eGFR for 

the filtration markers separately and in combination. Poisson regression was used to estimate 

incidence rate ratios (IRRs) and 95% confidence intervals (CIs) for the association between 

one-year percent change in mGFR and eGFR for each filtration marker, separately and in 

combination, with subsequent risk of developing ESRD and all-cause mortality, 

incorporating time to event or censoring. We evaluated risk associated with both decline and 

rise in mGFR and eGFR given prior reports of a U-shaped relationship. In addition to 

examining the unadjusted associations, we used multivariable regression to estimate the 

independent associations between change in GFR and outcomes after accounting for 

participant characteristics, risk factors, and design features that could partially explain the 

change in GFR. To examine whether mGFR and eGFR change was independently associated 

with ESRD and death, we used multivariable regression models adjusted for baseline age, 

sex, race, body mass index, systolic blood pressure, diabetes status, total cholesterol, 

randomized treatment group, study group (for MDRD Study only), and first measurement of 

mGFR or eGFR for the respective filtration marker (“first” refers to the baseline visit for the 

present analysis, i.e., the 12 month follow-up visit). We conducted several sensitivity 

analyses: 1) adjusted for the first measurement of mGFR in lieu of the first measurement of 

eGFR based on the respective filtration marker; 2) adjusted for proteinuria; and 3) adjusted 

for eGFR for the respective filtration marker and covariates ascertained at the “last” visit (or 

second time point for the change period, i.e. the 24 month follow-up visit).

Adjusted IRRs were calculated per 30% decline and per 30% rise in mGFR and eGFR using 

linear spline terms with one knot at 0%. Although 30% decline over a one-year period is 

large, this quantity is relevant since it has been proposed as a surrogate of kidney disease 

progression in clinical trials.8 To visualize ESRD and mortality risk associated with decline 

and rise in mGFR and eGFR, we plotted adjusted risk estimates across the spectrum of 

percent change in mGFR and eGFR using the same linear spline terms and centered the 

graph at 0% as the reference point. Seemingly unrelated regression was used to formally test 

for differences in risk estimates from separate regression models and account for correlated 

error terms.26 Competing risk regression models were used to evaluate the association 

between change in mGFR and eGFR and ESRD while accounting for the competing risk of 

death prior to the development of ESRD using the Fine and Gray method.27 Analyses were 

conducted separately for the MDRD Study and AASK given the inherent differences in the 

study populations and study designs.

RESULTS

Baseline Characteristics at 12-Month Follow-up Visit

In both studies, participants were middle-aged and approximately one third were men (Table 

1). In AASK, all study participants were African-American and none had diabetes, whereas 

in the MDRD Study, only 5.0% were African-American and 4.4% had type 2 diabetes. 

Systolic blood pressure levels and mGFR levels were higher in AASK than in the MDRD 

Study.
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Distribution of Percent Change in mGFR and eGFR From 12- to 24-Month Follow-up

For percent change in mGFR and eGFRcr in the MDRD Study, the distribution was wider 

and shifted toward greater decline relative to the other filtration markers (Figure 2A). There 

was less variability in the distributions of percent change in mGFR and eGFR for the 

filtration markers in AASK (Figure 2B) compared to the MDRD Study, which could be due 

to differences in demographic characteristics such as race/ethnicity between the two studies 

(Table 1). Change in mGFR had a moderate to strong positive correlation with change in 

eGFR for the individual filtration markers and the combination of the filtration markers in 

both studies (Table S2).

Decline in eGFR and mGFR From 12- to 24-Month Follow-up and Subsequent ESRD

In the MDRD Study and AASK, respectively, there were 237 and 92 incident ESRD cases 

during a median follow-up of 5 (range, 0–16) and 7 (range, 0–10) years. Decline in mGFR 

and eGFR decline for all filtration markers over the one-year period was associated with an 

increased risk of incident ESRD in the MDRD Study (Table 2; Figure 3A), and decline in 

mGFR, eGFRcr, eGFRBTP, and the average of four markers was associated with increased 

risk of ESRD in AASK (Table 2; Figure 3B). Per 30% decline in mGFR over a one year 

change period, there was a 1.91 (95% CI, 1.39–2.61) times (p<0.001) and 3.03 (95% CI, 

1.76–5.23) times (p<0.001) increased risk of ESRD for the MDRD Study and AASK, 

respectively. Decline in eGFRBTP, but not the other filtration markers, was more strongly 

associated with ESRD risk than decline in mGFR for both studies (IRRs per 30% decline 

were 4.06 [95% CI, 2.39–6.90; p<0.001; p=0.01 for comparison to mGFR] and 6.88 [95% 

CI, 3.43–13.80; p<0.001; p=0.03 for comparison to mGFR] for MDRD Study and AASK, 

respectively). The association between percent change in eGFRcr and ESRD was similar to 

that for mGFR in the MDRD Study and AASK (IRRs per 30% eGFRcr decline were 1.98 

[95% CI, 1.52–2.59; p=0.9 for comparison to mGFR] and 3.62 [95% CI, 2.05–6.39; p=0.5 

for comparison to mGFR], respectively).

In a sensitivity analysis, risk estimates were attenuated after adjustment for first 

determination of mGFR in lieu of adjusting for first assessment of eGFR based on the 

respective filtration marker (Table 3). In unadjusted models, risk estimates were stronger and 

decline in mGFR and eGFR for all filtration markers, separately and in combination, were 

associated with ESRD (Table S3). After adjusting for proteinuria, the magnitude of the 

results was similar to that in the main analysis, but less precise in AASK (Table S4). After 

adjusting for covariates and GFR ascertained at the 24 month follow-up visit, decline in 

mGFR and eGFR was no longer significantly associated with ESRD (Table S5). After 

accounting for the competing risk of death prior to ESRD, results were similar to those in 

the main analysis for decline in mGFR and eGFR (Table S6).

Decline in mGFR and eGFR From 12- to 24-Month Follow-up and Subsequent Mortality

In the MDRD study and AASK, respectively, there were 140 and 48 deaths during a median 

follow-up of 15 (range, 0–16) and 7 (range, 0–10) years. Decline in mGFR was not 

significantly associated with risk of all-cause mortality in either study (IRRs per 30% 

decline were 1.09 [95% CI, 0.69–1.72; p=0.7] and 2.05 [95% CI, 0.86–4.91; p=0.1] for the 

MDRD Study and AASK, respectively; Table 2). Decline in eGFRcr was significantly 
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associated with risk of all-cause mortality in AASK only (IRR per 30% decline, 4.17; 95% 

CI, 1.78–9.74; p<0.001; Table 2; Figure 4A; Figure 4B), but this association was not 

significantly different from mGFR (p=0.2). For the other filtration markers, eGFR decline 

was not associated with risk of all-cause mortality. Results were similar after adjusting for 

the first measurement of mGFR (Table 3) and after adjusting for covariates and GFR 

ascertained at the 24 month follow-up visit (Table S5).

Increase in mGFR and eGFR From 12- to 24-Month Follow-up and Subsequent Outcomes

It appeared that the risk of ESRD was lower for higher percent change in eGFR (Figure 3A; 

Figure 3B). There did not seem to be an association with the risk of all-cause mortality with 

higher percent change in eGFR with the possible exception of eGFRcr (Figure 4A; Figure 

4B). However, the only statistically significant finding with eGFR rise was observed for 

eGFRB2M and ESRD risk in the MDRD Study and AASK (IRRs per 30% increase were 

0.63 [95% CI, 0.43–0.93; p=0.02] and 0.31 [95% CI, 0.10–0.94; p=0.04], respectively; Table 

4). In unadjusted models, a rise in eGFRBTP and the average of 4 markers was significantly 

associated with a higher risk of all-cause mortality (Table S7). Using competing risk 

regression, the risk estimates for a rise in eGFR and ESRD were stronger and statistically 

significant for eGFRBTP, eGFRB2M, and the average of all four filtration markers in both 

studies as well as for eGFRcys in the MDRD Study (Table S6).

DISCUSSION

Decline in mGFR and eGFR, using serum concentrations of creatinine, BTP, and the average 

of four filtration markers, was associated with increased risk of developing ESRD during 

long-term follow-up in two clinical trials of kidney disease: the MDRD Study and AASK. 

These associations were independent of demographics, established risk factors, and first 

determination of GFR. Only decline in eGFRBTP was more strongly associated with ESRD 

than mGFR decline. Decline in eGFRcr in AASK only, but not mGFR, any of the other 

filtration markers, or the average of four filtration markers, was associated with all-cause 

mortality in fully-adjusted models, but was not more strongly associated with mortality than 

mGFR decline.

Several prior studies have examined the risk of ESRD and all-cause mortality in association 

with eGFRcr decline.9–13,28–31 The CKD Prognosis Consortium, a meta-analysis of 1.7 

million study participants, 12,344 ESRD cases, and 223,944 deaths, reported that 30% 

eGFRcr decline over two years was associated with 5.4 (95% CI, 4.6–6.4) times higher risk 

of ESRD and 1.77 (95% CI, 1.65–1.89) times higher risk of all-cause mortality among those 

with baseline eGFR <60 mL/min/1.73 m2.9 These effect estimates, which included change in 

eGFRcr from the MDRD Study and AASK in addition to 33 other studies, were generally 

similar to or slightly stronger than our results. Given that the analytic sample sizes of the two 

clinical trials (MDRD Study and AASK) were relatively small compared to those of 

previously published studies, it is possible that the present study was not sufficiently 

statistically powered to detect the weaker associations between change in filtration markers 

and all-cause mortality. Another potential reason for the slightly different results is the 

duration of the change period (two years in the CKD Prognosis Consortium versus one year 
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in the present study). Sustained decline over a longer period of time is more likely to be true 

change rather than transient change and it is less likely to be due to measurement error.

We observed that eGFRBTP decline was more strongly associated with ESRD risk than 

mGFR decline. To the best of our knowledge, no other studies have examined change in 

eGFRBTP. In our study, fewer participants had decline in eGFRBTP than decline in eGFRcr. 

Decline in eGFRBTP may represent unique aspects of ESRD risk, but the biological 

explanation for this finding is unclear. Since mGFR is thought to be unbiased, change in 

eGFRBTP may reflect some pathophysiologic pathway leading to ESRD that is distinct from 

GFR.

We also observed that an increase in mGFR and eGFR was not significantly associated with 

risk of ESRD or all-cause mortality, except for an increase in eGFRB2M, which was 

associated with a reduced risk of ESRD. Prior studies on eGFR increase have largely not 

detected significant associations with ESRD, similar to our findings. Some studies have 

reported significant associations between a rise in eGFR and mortality risk.10–14 In the CKD 

Prognosis Consortium, a eGFRcr slope of +6 mL/min/1.73 m2 per year was associated with 

1.58 (95% CI, 1.29–1.95) times higher risk of all-cause mortality in a meta-analysis of CKD 

cohorts.14 We would expect an increase in mGFR to be associated with better health 

outcomes. Alternatively, a rise in mGFR might reflect glomerular hyperfiltration or recovery 

from an acute kidney injury episode, which may be associated with adverse health 

outcomes. A rise in eGFRcr could also be due to change in factors unrelated to mGFR such 

as malnutrition and muscle wasting.

Strengths of our study are the assessment of mGFR and multiple filtration markers, 

ascertainment of two major clinical outcomes, and inclusion of individuals with kidney 

disease from two clinical trials. The results of our study may not be broadly generalizable 

since the study participants who enrolled in these two clinical trials may differ from other 

individuals with CKD in the United States, and, given the smaller analytic sample in the 

present analysis, these results may not be representative of the overall MDRD Study and 

AASK populations. Inclusion in the present analysis on change in mGFR and eGFR was 

conditional on attending the study visits at the two time points (12 months and 24 months) 

and the availability of an adequate amount of stored serum for the measurement of filtration 

markers. Those who died or developed ESRD before the second time point for the 

calculation of change in filtration markers were not included in the analysis. The relatively 

small sample size was a study limitation, resulting in wide CIs around the effect estimates. 

There may not have been sufficient statistical power to detect significant differences across 

filtration markers with respect to the strength of their associations with ESRD despite wide 

variability in the risk estimates. Further research is needed in a larger study in order to more 

precisely estimate the association between change in GFR and outcomes. Standardization of 

assays for novel filtration markers will be necessary before assessment of GFR change can 

be translated from the research setting to clinical practice. Furthermore, since BTP is not 

currently available for clinical practice, its use outside the research setting is limited. Our 

study is an improvement upon prior studies which typically rely on a single measurement of 

kidney function for the estimation of risk of future clinical outcomes. Nonetheless, more 

repeated measurements would allow for a detailed characterization of GFR trajectory over 
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time which may be warranted for future research. The one year time window for assessing 

eGFR change provides a range that is relevant for clinical practice since kidney disease 

patients are often monitored for kidney disease progression for a similar period. Another 

strength of our study is that the measurements were conducted altogether for all specimens 

collected at the two time points for both of the clinical trials, thereby eliminating the 

possibility of measurement error due to drift in the laboratory assays over time. There was 

limited variability detected using blind replicates (CV <11%).

In conclusion, declines in eGFRcr and decline in the average of the four filtration markers 

(creatinine, cystatin C, BTP, and B2M) were consistently associated with higher risk of 

incident ESRD relative to decline in mGFR, but only decline in eGFRBTP was significantly 

more strongly associated with ESRD risk than decline in mGFR. Measurement of BTP over 

time may offer additional information about future ESRD risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow Diagram of Study Participant Selection in the Modification of Diet in Renal Disease 

Study and the African American Study of Kidney Disease and Hypertension
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Figure 2. 
Kernel Density Plot of Change in Measured and Estimated Glomerular Filtration Ratea,b (A) 

in the Modification of Diet in Renal Disease Study and (B) in the African American Study 

of Kidney Disease and Hypertension
amGFR in purple; eGFRcr in orange; eGFRcys in pink; eGFRBTP in blue; eGFRB2M in 

yellow; average of four filtration markers in black
bMean (standard deviation) percent change over one year in the MDRD Study and AASK, 

respectively, was −10.0% (18.2%) and −4.2% (18.8%) for mGFR, −10.5% (19.0%) and 

−3.2% (16.9%) for eGFRcr, −1.0% (17.5%) and −2.6% (16.1%) for eGFRcys, −3.3% 
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(11.6%) and −2.5% (22.5%) for eGFRBTP, −6.6% (18.9%) and −3.8% (14.7%) for 

eGFRB2M, and −5.4% (14.6%) and −3.0% (13.0%) for the average of the four filtration 

markers.
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Figure 3. 
Adjusteda Risk of Incident End-Stage Renal Disease According to Changeb in Measured and 

Estimated Glomerular Filtration Ratec (A) in the Modification of Diet in Renal Disease 

Study and (B) in the African American Study of Kidney Disease and Hypertension
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aAdjusted for age, sex, race, body mass index, systolic blood pressure, diabetes, total 

cholesterol, randomized treatment group, study group (for MDRD Study only), and first 

measurement of mGFR or eGFR for the respective marker
bPercent change modeled as linear spline terms with one knot at 0%
cmGFR in purple; eGFRcr in orange; eGFRcys in pink; eGFRBTP in blue; eGFRB2M in 

yellow; average of four filtration markers in black
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Figure 4. 
Adjusteda Risk of All-Cause Mortality According to Changeb in Measured and Estimated 

Glomerular Filtration Ratec (A) in the Modification of Diet in Renal Disease Study and (B) 

in the African American Study of Kidney Disease and Hypertension
aAdjusted for age, sex, race, body mass index, systolic blood pressure, diabetes, total 

cholesterol, randomized treatment group, study group (for MDRD Study only), and first 

measurement of mGFR or eGFR for the respective marker
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bPercent change modeled as linear spline terms with one knot at 0%
cmGFR in purple; eGFRcr in orange; eGFRcys in pink; eGFRBTP in blue; eGFRB2M in 

yellow; average of four filtration markers in black
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Table 1

Study Participant Characteristics Assessed at Baseline in MDRD Study and AASK

MDRD (n=317) AASK (n=373)

Age, years 52.1 (11.9) 55.8 (10.3)

Male sex 64.0 (203) 62.2 (232)

African-American race 5.0 (16) 100.0 (373)

Body mass index, kg/m2 27.1 (4.2) 30.5 (6.6)

Systolic blood pressure, mmHg 130.5 (17.2) 149.3 (24.3)

Diabetes 4.4 (14) 0.0 (0)

Total cholesterol, mg/dL 214.3 (43.0) 209.9 (41.5)

mGFR, mL/min/1.73 m2 29.6 (12.6) 46.3 (16.4)

eGFRcr, mL/min/1.73 m2 31.9 (14.7) 48.6 (17.4)

eGFRcys, mL/min/1.73 m2 28.8 (12.8) 43.9 (16.5)

eGFRBTP, mL/min/1.73 m2 31.4 (9.5) 42.5 (12.4)

eGFRB2M, mL/min/1.73 m2 34.4 (13.0) 49.4 (15.6)

Average of 4 markersb, mL/min/1.73 m2 31.6 (11.8) 46.1 (14.1)

Note: Baseline for present study is 12-month follow-up visit. Values for categorical variables are given as number (percentage); for continuous 
variables, as mean ± standard deviation. Conversion factor for cholesterol in mg/dL to mmol/L, ×0.02586

b
Average of 4 markers = (eGFRcr + eGFRcys + eGFRBTP + eGFRB2M)/4

AASK, African American Study of Kidney Disease and Hypertension; eGFR, estimated glomerular filtration rate; eGFRcr, creatinine-based eGFR; 

eGFRcys, cystatin C–based eGFR; eGFRBTP, β-trace protein–based eGFR; eGFRB2M, β2-microglobulin-based eGFR; MDRD, Modification of 

Diet in Renal Disease; mGFR, measured glomerular filtration rate
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