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Abstract

Background—Studies in chronic kidney disease populations suggest that the non-GFR 

determinants of serum levels of the low molecular weight (LMW) protein filtration markers 

cystatin C, beta-2 microglobulin (B2M) and beta trace protein (BTP) are less affected by age, sex 

and ethnicity than those of creatinine.

Study Design—Cross-sectional study.

Setting & Participants—Predominantly elderly participants selected from the Age, Gene/

Environment Susceptibility Kidney Study [AGES-Kidney, N=683, mean (SD) age 79 (4), GFR 62 

(17) ml/min/1.73 m2] and from the Multi-Ethnic Study of Atherosclerosis Kidney Study [MESA-

Kidney, N=273, mean (SD) age 70.5 (9), GFR 73 (19) ml/min/1.73 m2].
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Predictors—Demographic and clinical factors hypothesized to be associated with conditions 

affecting non-GFR determinants of the filtration markers.

Outcomes—mGFR and eGFRs based on creatinine, cystatin C, B2M and BTP (eGFRcr, 

eGFRcys, eGFRB2M and eGFRBTP, respectively). Residual associations of factors with eGFR after 

accounting for mGFR as the parameter of interest.

Results—eGFRcys, eGFRB2M and eGFRBTP had significantly less strong residual associations 

with age and sex than eGFRcr in both AGES-Kidney and MESA-Kidney, and were not associated 

with ethnicity (black vs. white) in MESA-Kidney. After adjusting for age, sex and ethnicity, 

residual associations with most clinical factors were smaller than observed with age and sex. 

eGFRcys, eGFRB2M, but not eGFRBTP had significant residual associations with CRP in both 

studies.

Limitations—Small sample size may limit power to detect associations. Participants may be 

healthier than the general population.

Conclusions—Similar to previous studies in chronic kidney disease, in community-dwelling 

elders, cystatin C, B2M and BTP are less affected than creatinine by age and sex and are not 

affected by ethnicity. Both cystatin C and B2M may be affected by inflammation. These findings 

are important for the development and use of GFR estimating equations based on LMW serum 

proteins throughout the range in GFR.
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Serum levels of filtration markers, including the metabolite creatinine and the low molecular 

weight (LMW) proteins cystatin C, β2-microglobulin (B2M), and beta-trace protein (BTP), 

are influenced both by the glomerular filtration rate (GFR) and physiological processes other 

than GFR (“non-GFR determinants”). Non-GFR determinants of the serum levels of 

filtration markers introduce bias and imprecision into estimates of GFR, and knowledge of 

the non-GFR determinants can facilitate interpretation of GFR estimates when applied to an 

individual patient.

Prior work has reported on demographic and clinical factors associated with creatinine, 

cystatin C, B2M and BTP after adjustment for associations with measured GFR in chronic 

kidney disease (CKD) populations and suggests differential effects of non-GFR 

determinants on the serum concentrations of these filtration markers.1,2 In particular, age, 

sex and ethnicity appear to affect the non-GFR determinants of the LMW serum protein 

filtration markers less than those of creatinine, while CVD and some CVD risk factor 

conditions may affect their non-GFR determinants more than those of creatinine. However, it 

is not known whether these findings would be generalizable to community-dwelling elderly 

populations. The goal of the current study was to evaluate demographic and clinical 

characteristics as potential factors associated with non-GFR determinants of creatinine, 

cystatin C, B2M and BTP in two ancillary studies from established community-based cohort 

studies of elderly adults in Iceland and the United States in which GFR was measured.
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Methods

Study Population

Age, Gene/Environment Susceptibility Kidney Study (AGES-Kidney)—AGES-

Kidney is an ancillary sub-study on kidney function in the elderly in Iceland drawn from the 

AGES-Reykjavik Study, a long-term follow up study of the Reykjavik Study, a prospective 

cohort study conducted between 1967 and 1996 in Iceland to study cardiovascular disease in 

a community-based cohort.3 Between 2002 and 2006, 5764 participants from a random 

sample of survivors of the Reykjavik Study were recruited for the AGES-Reykjavik Study. 

Between 2007 and 2011, 3411 participants returned for a second AGES-Reykjavik Study 

visit; in 2010–2011, participants were recruited and enrolled into AGES-Kidney, of whom 

805 completed determination of measured GFR (mGFR).4 For the present analysis the 

AGES-Kidney study sample included 683 participants after excluding participants with 

missing serum filtration marker measurements or missing data on factors hypothesized to be 

associated with non-GFR determinants. AGES-Kidney was approved by Icelandic Bioethics 

Committee; approval number VSN-00-063 and the Institutional Review Boards for the 

National Institute on Aging and Tufts Medical Center and participants provided written 

informed consent.

Multi-Ethnic Study of Atherosclerosis Kidney Study (MESA-Kidney)—MESA-

Kidney is an ancillary study of older black and white participants from MESA, a 

community-based cohort designed to study subclinical cardiovascular disease in four race 

and ethnic groups in the United States who were free of clinical cardiovascular disease at the 

baseline visit (2000–2002).5 MESA participants underwent their 5th visit between April 

2010 and December 2011; Among 746 MESA-Kidney participants who completed the 5th or 

earlier visits from the Johns Hopkins University, Baltimore, Maryland MESA field center, 

307 were recruited between May 2012 and April 2014 and 294 completed determination of 

mGFR.6 For the present analysis the MESA-Kidney study sample included 275 participants 

after excluding participants with missing serum filtration marker measurements or with 

missing data on factors hypothesized to be associated with non-GFR determinants. MESA-

Kidney was approved by Johns Hopkins Medicine Institutional Review Board; approval 

number 99-11-10-06 and participants provided written informed consent.

Outcome Assessment: Measured GFR and Estimated GFR Based on Each Serum Filtration 
Marker

GFR was measured using plasma clearance of iohexol and expressed with indexing per 1.73 

m2 body surface area in both AGES-Kidney and MESA-Kidney, as previously described.4,7 

Serum levels of creatinine, cystatin C, B2M and BTP were measured at the University of 

Minnesota using stored samples collected during the AGES-Kidney and MESA-Kidney 

study visits.

Creatinine was assayed by the Roche enzymatic method on a Roche Modular P Chemistry 

Analyzer (Roche Diagnostics Corporation) (CV 2.3%). The method is calibrated using a 

National Institute of Standards and Technology (NIST) standard traceable to reference 

material SRM 909b (Isotope Dilution Mass Spectroscopy (IDMS).8 Cystatin C was assayed 
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by the Gentian turbidimetric method (Gentian AS, Moss, Norway) on the Roche COBAS 

6000 chemistry analyzer (Roche Diagnostics) (CV 4.3% at 0.75 mg/L and 3.2% at 3.83 

mg/L). This method is traceable to NIST methods).8, 9 B2M was measured on the Roche 

COBAS 6000 chemistry analyzer (Roche Diagnostics) (CV 3.2% at 1.63 mg/L and 4.3% at 

0.63 mg/L). BTP was assayed using Immunonephelometric methods on the Siemens 

ProSpec nephelometer (Siemens Healthcare Diagnostics, Newark, DE) (CV 10.6% at 0.618 

mg/L and 7.4% at 1.852 mg/L.

Predictor Variable Assessment

Demographic and clinical factors hypothesized to be associated with conditions affecting 

non-GFR determinants were selected based on previous studies in CKD cohorts1, 2 and in 

the general US population.5 Demographic factors included age and sex in both studies and, 

in MESA-Kidney only, race/ethnicity; these factors are associated with muscle mass. 

Clinical factors of interest included the following: body mass index (a measure of adiposity); 

smoking status, serum albumin, and serum C-reactive protein (measures of inflammation); 

serum HDL cholesterol and serum triglycerides (measures of dyslipidemia), cardiovascular 

disease (CVD), and diabetes. Weight and height were ascertained during the AGES-Kidney 

or MESA-Kidney visit. Other clinical factors were ascertained during the most recent prior 

AGES or MESA visit using standard protocols as previous described.4, 7 CRP was measured 

using the Immunoturbidimetric Roche methods on the COBAS 6000 chemistry analyzer 

(Roche Diagnostics) (CV 6.7% at 3.12 mg/L and 5.1% at 1.05 mg/L). Albumin was 

measured using the Bromcresol Purple method on the COBAS 6000 chemistry analyzer 

(Roche Diagnostics) (CV 2.6% at 3.90 g/dL and 2.2% at 2.68 g/dL).

Statistical Analyses

For analyses, serum creatinine, cystatin C, B2M and BTP were transformed to the GFR 

scale using each filtration marker to estimate mGFR (after log transformation of markers 

and mGFR) to allow for comparisons across study-specific single-marker eGFRs (eGFRcr, 

eGFRcys, eGFRB2M and eGFRBTP), thus each eGFR is related to the reciprocal of the serum 

concentration of the filtration marker. Other factors typically used in estimation equations 

(e.g. age, sex, and race/ethnicity) were not incorporated into the study-specific eGFRs, so we 

could evaluate their roles as factors associated with non-GFR determinants in analyses. We 

did not use previously developed estimating equations based on B2M and BTP as they were 

developed in CKD populations and have not been evaluated in elderly populations.

Analyses were performed separately in AGES-Kidney and MESA-Kidney due to regional 

and demographic differences of the two study cohorts. Participant characteristics and the 

distribution of mGFR and filtration markers in the two study samples are described using 

means (standard deviations) for non-skewed continuous variables, medians [interquartile 

range] for skewed continuous variables, and N (%) for categorical variables. Pearson 

correlation coefficients and partial Pearson correlation coefficients adjusted for mGFR were 

used to evaluate correlations among mGFR and eGFR based on each filtration marker.

Generalized estimating equations (GEE) were used to evaluate the unadjusted associations 

of each GFR with age, sex, and ethnicity as well as age-, sex-, and ethnicity adjusted 
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associations of the factors with mGFR and each eGFR and were used to evaluate residual 

associations of each factor with each eGFR after accounting for mGFR. Each stacked GEE 

model included five linear regression models with mGFR and each eGFR as outcomes and 

each factor of interest, an indicator variable for GFR measurement type, and the interaction 

of the factor of interest and the GFR indicator variable.10 These interaction terms reflect the 

difference (residual association) between the regression coefficients for the associations of 

the factor of interest with eGFR vs. mGFR. Models were also performed with eGFRcr as the 

reference group for the GFR measurement type variable such that the interaction term in the 

GEE models compare the residual associations of each factor with eGFRcys, eGFRB2M and 

eGFRBTP to the residual association of the factor with those of eGFRcr. Generalized 

estimating equations were performed assuming an exchangeable correlation for the 

covariance matrix and a sandwich estimator to obtain robust estimates of the standard error.

Continuous predictors were standardized to their study-specific interquartile range. mGFR 

and eGFRs were expressed as natural log transformations such that the beta coefficients 

could be interpreted as a percent difference. The direction of associations of categorical and 

continuous variables is generally described for lower mGFR and eGFR. Analyses were 

performed in Stata, Version 12.1 (StataCorp. 2011. Stata Statistical Software: Release 12.1 

College Station, TX: StataCorp LP).

Results

Participant Characteristics

Characteristics of participants from the two study cohorts are presented in Table 1. In 

AGES-Kidney, participants were on average 79 years old (SD 4 years, range 71 to 91 years) 

with a mean mGFR of 62 ml/min/1.73m2; 57% were women, 10% had diabetes, 13% had 

prevalent CVD, 61% had hypertension, and 5% were current smokers. In MESA-Kidney, 

participants were on average 70 years old (SD 9 years, range 55 to 91 years) with a mean 

mGFR of 73 ml/min/1.73m2; 48% were women, 45% were black, 25% had diabetes, 5% had 

prevalent CVD, 65% had hypertension, and 9% were current smokers.

Correlations Among mGFR and Filtration Markers

In AGES-Kidney, correlations of mGFR with eGFR were significant and ranged from 0.84 

for eGFRcys to 0.72 for eGFRcr (Table S1A). Correlations of mGFR with eGFR in MESA-

Kidney were significant but not as high as in AGES-Kidney, ranging from 0.75 for eGFRcys 

to 0.47 for eGFRcr (Table S2A). Partial correlations among eGFRs after adjusting for mGFR 

ranged from 0.50 and 0.72, respectively, for eGFRcys with eGFRB2M to 0.27 and 0.26, 

respectively, for eGFRcr with eGFRB2M (Tables S1B and S2B), indicating stronger 

correlations of cystatin C and B2M due to non-GFR determinants compared to correlations 

of creatinine and B2M.

Associations with Age, Sex and Ethnicity

Associations of age, sex and ethnicity with mGFR and each eGFR are shown in Figure 1 and 

residual associations and their comparisons after accounting for mGFR are shown in Table 

2. In both AGES-Kidney and MESA-Kidney, older age and female sex were associated with 
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lower mGFR (Figure 1). Before accounting for mGFR, older age was associated with lower 

eGFRcr, eGFRcys, eGFRB2M and eGFRBTP (higher serum concentration of all filtration 

markers) (Figure 1). After accounting for mGFR, older age had a significant positive 

residual association with each eGFR (Table 2), indicating younger age is associated with 

lower eGFR (higher serum concentration of filtration markers) after accounting for the 

association of age with mGFR. Residual associations were significantly smaller for 

eGFRcys, eGFRB2M and eGFRBTP than for eGFRcr (Table 2). Before accounting for mGFR, 

female sex was associated with higher eGFRcr only (lower serum creatinine concentration) 

(Figure 1). After accounting for mGFR, female sex was associated with significant positive 

residual associations with each eGFR (Table 2), indicating male sex is associated is 

associated with lower eGFR (higher serum concentration of filtration markers) after 

accounting for the association of sex with mGFR. Residual associations were significantly 

smaller for eGFRcys, eGFRB2M and eGFRBTP than for eGFRcr (Table 2).

In MESA-Kidney, black ethnicity was not associated with lower mGFR (Figure 1). Before 

accounting for mGFR, black ethnicity was associated with lower eGFRcr and higher 

eGFRB2M and eGFRBTP. After accounting for mGFR, black ethnicity had a significant 

negative residual association with eGFRcr but not with eGFRcys, eGFRB2M or eGFRBTP 

(Table 2), indicating black ethnicity is associated only with lower eGFRcr (higher serum 

creatinine concentration) after accounting for the association of ethnicity with mGFR. 

Residual associations of black ethnicity were significantly smaller for eGFRcys, eGFRB2M 

and eGFRBTP than for eGFRcr (Table 2).

Associations with Clinical Factors

Associations of clinical factors with mGFR and each eGFR after adjustment for age, sex and 

ethnicity are shown in Figure 2 and residual associations and their comparisons after 

accounting for mGFR are shown in Table 3. Many factors had residual associations with 

eGFR using one or more filtration markers, but most associations were smaller than 

observed with age and sex. A residual association with lower eGFRcr was observed for 

higher serum albumin in both cohorts; and for non-diabetic status and lower CRP in MESA 

only. Residual associations with lower eGFRcys were observed for higher BMI, lower HDL 

cholesterol, higher triglycerides and higher CRP in both cohorts; and with current smoking 

status in AGES only. Residual associations with lower eGFRB2M were observed for higher 

CRP in both cohorts; higher serum albumin in AGES-Kidney only; and higher BMI, lower 

serum albumin and higher triglycerides in MESA-Kidney only. Residual associations with 

lower eGFRBTP were observed for lower BMI and higher triglycerides in AGES-Kidney 

only; and lower triglycerides in MESA-Kidney only. No significant residual associations 

with any eGFR were observed for CVD. Residual associations for eGFRcys, eGFRB2M and 

eGFRBTP with several factors were significantly different from those observed for eGFRcr.

Discussion

In two community-based cohort studies of predominantly elderly persons, we demonstrate 

differential residual associations of demographic and clinical factors with serum levels of the 

LMW protein filtration markers cystatin C, B2M and BTP (expressed as eGFRs) after 
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accounting for mGFR compared to residual associations with the metabolite creatinine. 

First, we found that age and sex had stronger residual associations with creatinine than with 

cystatin C, B2M and BTP, consistent with results from previous studies in younger patients 

with CKD.1, 2 Second, we observed that ethnicity (black vs. white) had no significant 

residual associations with either cystatin C, B2M or BTP. Third, after accounting for age, 

sex and ethnicity, we found differential residual associations of some common clinical 

factors with LMW protein filtration markers, but most associations were smaller than their 

associations with age and sex. In particular, both cystatin C and B2M, but not BTP, had 

significant residual associations with CRP in both studies. Neither CVD nor diabetes was 

associated with cystatin C, B2M or BTP. These findings suggest age, sex and common 

clinical conditions may affect the non-GFR determinants of LMW serum proteins 

throughout the range of GFR and have implications for the development and use of GFR 

estimating equations based on LMW serum proteins.

Creatinine generation by muscle is generally assumed to be the main source of variation in 

serum levels, independent of GFR. Cystatin C is thought to be less affected by muscle mass 

than creatinine.11 The smaller residual associations of age, sex and ethnicity with B2M and 

BTP, as well as cystatin C, compared to creatinine observed in this study are similar to 

results observed in low GFR populations and suggests that muscle mass has weaker effects 

on generation of B2M and BTP than on creatinine at higher GFR levels and in the 

elderly.1, 2, 12 These findings suggest that eGFRB2M and eGFRBTP, similar to eGFRcys, may 

be more accurate than eGFRcr in patients with alterations in muscle mass, such as limb 

amputations, eating disorders, neuromuscular disorders or malnutrition.13, 14 On the other 

hand, significant residual associations of cystatin C and B2M but not creatinine with BMI 

suggests that eGFRcys and eGFRB2M may be less accurate than eGFRcr in obesity.

Residual associations of age and sex with cystatin C, B2M and BTP were significant and in 

the same direction as previously reported in patients with CKD.2 Residual associations with 

ethnicity were not significant, in contrast to the previously reported study in patients with 

CKD, 13 which showed significantly lower BTP in blacks than whites after adjusting for 

mGFR.2 The findings regarding cystatin C are consistent with recent GFR estimating 

equations based on cystatin C, which include coefficients for sex and/or age, but not 

ethnicity.8, 15–18 The findings regarding B2M and BTP can be compared with GFR 

estimating equations based on these markers that were developed in CKD populations.12 

Coefficients for age and sex were included in the equations based on BTP, but not the 

equations based on B2M alone or in combination with BTP. Whether coefficients for age 

and sex are required in estimating equations based on BTP and B2M for use in elderly 

populations with higher levels of GFR is not yet determined. In CKD populations, a 

coefficient for ethnicity was not included in the equations based on either BTP or B2M in 

CKD, and our findings suggest that ethnicity may not be required in elderly populations of 

blacks and whites with higher levels of GFR. Lack of inclusion of ethnicity in GFR 

estimating equations could potentially facilitate their use in racial-ethnic groups other than 

blacks and whites, in geographical regions outside of North America, Europe and Australia, 

in mixed ethnicity patients and in patients in whom information on ethnicity is not 

available.19
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Conditions affecting the non-GFR determinants of LMW serum proteins are less well 

characterized than for creatinine. All three LMW serum proteins have multiple biological 

functions and prior studies have suggested associations with CVD and CVD risk factors, 

including obesity, smoking, diabetes, inflammation, dyslipidemia and proteinuria 

independent of mGFR, although the mechanisms for these associations are not 

understood.1, 10, 20–22 Cystatin C is a 120 amino acid protein cysteine protease inhibitor, 

which is generated in all nucleated cells, modulates the immune system, has antibacterial 

and antiviral activities, and modifies the response to brain injury.23 B2M is a 100 amino acid 

protein component of class I major histocompatibility molecules, which is found on the 

surface of nucleated cells, and is used clinically as a marker for tumor burden in some 

lymphoproliferative and plasma cell disorders.24, 25 BTP is a 168 amino acid glycoprotein 

enzyme, which is produced in the central nervous system, promotes the conversion of 

prostaglandin H2 to prostaglandin D, and is used clinically as a marker for leakage of 

cerebrospinal fluid into nasal secretions.26 As previously reported in patients with CKD,2 

both cystatin C and B2M had small residual associations with CRP in both AGES-Kidney 

and MESA-Kidney suggesting that both markers are affected by inflammation throughout 

the range in GFR, which should be considered in interpreting eGFRcys and eGFRB2M. Other 

associations, such as the previously reported associations of smoking and BMI with cystatin 

C,2 were less consistent, but may contribute to errors in eGFR in some patients. Nonetheless, 

these markers may be useful in combination, as has been shown previously for eGFRcr-cys 

compared with eGFRcr and eGFRcys, likely because combining markers reduces the 

influence of conditions affecting the non-GFR determinants of each marker compared with 

the influence of these conditions when using either marker alone.17, 19, 27, 28 In CKD 

populations, eGFRB2M, eGFRBTP and in combination were not more accurate than 

eGFRcr-cys.12 Whether combinations using B2M and BTP can improve GFR estimation 

further in higher GFR populations has not been determined.

Similar to the prior study in CKD,2 we found moderate to high correlations of GFRB2M and 

eGFRBTP with mGFR, but after accounting for mGFR, we observed higher correlations 

between eGFRcys and eGFRB2M than between eGFRcys and eGFRBTP, suggesting more 

conditions in common which affect the non-GFR determinants of cystatin C and B2M than 

conditions which affect the non-GFR determinants of cystatin C and BTP. In addition, we 

found no consistent significant residual associations with BTP in both cohorts. Possibly, 

factors other than those that we studied may be associated with the non-GFR determinants 

of BTP to account for the lower correlation with mGFR of eGFRBTP compared with 

eGFRcys and eGFRB2M. Alternatively, measurement of BTP was less precise than for other 

LMW serum protein and may have precluded detection of such associations.

Our study has several strengths that warrant mention. AGES-Kidney and MESA-Kidney are 

drawn from well-characterized elderly community-based cohorts from Iceland and the 

United States, respectively, allowing evaluation of many important demographic and clinical 

characteristics that may influence LMW serum filtration marker levels in the elderly. Our 

study sample includes both white (MESA and AGES) and black (MESA only) participants, 

increasing the potential generalizability of our findings. We have utilized a statistical 

approach that takes into account measurement error in our gold standard assessment of 

mGFR. We have also evaluated each filtration marker on the eGFR scale using single-
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marker eGFR equations developed within each study rather than relying on current 

estimating equations. While published GFR estimating equations for creatinine, cystatin C, 

B2M and BTP are available, equations using creatinine and cystatin C include ethnicity 

and/or age and sex, which would preclude direct evaluation of these factors; equations using 

B2M and BTP were developed in CKD populations, leading to the potential for bias if we 

had used them in these analyses. Our study also has limitations to inferences about the 

relationships of underlying conditions with non-GFR determinants of the filtration markers. 

Our cohorts are smaller than the study of Liu et al,2 thus we may not have had sufficient 

power to detect some associations. Only a small fraction of eligible participants were 

included, so selection bias must also be considered. Similar to previous studies, our study is 

cross-sectional, so we could not assess temporality of the observed associations. Not all 

participants were elderly, and volunteer participants in clinical research are healthier on 

average than their peers, so our findings may not apply well to frail or institutionalized 

elders. Filtration markers were measured in previously frozen, single samples collected 

during each study’s respective examination. As an observational study, there is always 

potential for residual confounding that would influence the magnitude of observed 

associations.

In summary, in a cross-sectional study drawn from two elderly community-based cohorts, 

we showed that the non-GFR determinants of cystatin C, B2M and BTP are less affected by 

age and sex than those of creatinine and are unaffected by ethnicity. After adjusting for age, 

sex and ethnicity, the non-GFR determinants of both cystatin C and B2M are more affected 

by markers of adiposity, dyslipidemia, and inflammation than creatinine, but many of the 

effects appear to be small. The non-GFR determinants of BTP may be less affected by these 

factors than by cystatin C and B2M. The appropriate use of B2M and BTP in GFR 

estimating equations requires further study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Unadjusted, study-specific associations of age, sex, and ethnicity with mGFR and eGFR 
in (A) AGES-Kidney and (B) MESA-Kidney
Ethnicity estimates not reported in AGES because all participants are white and of Icelandic 

descent. The difference in the height of the bars for eGFR in comparison to mGFR reflects 

the residual association with eGFR accounting for mGFR. * p<0.05 vs. mGFR
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Figure 2. Study-specific age, sex, and ethnicity-adjusted associations with mGFR and eGFR in 
(A) AGES-Kidney and (B) MESA-Kidney
AGES results are age- and sex-adjusted because all participants are white and of Icelandic 

descent. The difference in the height of the bars for eGFR in comparison to mGFR reflects 

the residual association with eGFR accounting for mGFR. * p<0.05 vs. mGFR
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Table 1

Participant Characteristics in AGES-Kidney and MESA-Kidney.

AGES-Kidney MESA-Kidney

N 683 275

Age (year) 79 (4) 70 (9)

Female 57% 48%

Black Ethnicity 0% 45%

Body Mass Index (kg/m2) 27 (4) 30 (5)

Diabetes 10% 25%

Current Smoking 5% 9%

Cardiovascular Disease 13% 5%

Hypertension 61% 65%

Serum Albumin (g/dL) 3.7 (0.2) 3.8 (0.3)

Serum HDL Cholesterol (mg/dL) 62 (17) 56 (18)

Serum Triglycerides (mg/dL) 95 [73, 121] 92 [68, 124]

Serum C-Reactive Protein (g/dL)* 2 [1, 3] 2 [1, 4]

Urinary Albumin-Creatinine ratio (mg/g) 8 [5, 19] 10 [6, 21]

Serum Creatinine (mg/dL) 1.0 (0.4) 0.9 (0.3)

Serum Cystatin C (mg/L) 1.2 (0.4) 1.0 (0.3)

Serum BTP (mg/L) 0.9 (0.4) 0.6 (0.3)

Serum B2M (mg/L) 2.9 (1.3) 2.2 (1.0)

mGFR (ml/min/1.73m2) 62 (17) 73 (19)

eGFRcr (ml/min/1.73m2)** 61 (14) 71 (11)

eGFRcys (ml/min/1.73m2)** 62 (15) 72 (15)

eGFRB2M (ml/min/1.73m2)** 62 (14) 72 (14)

eGFRBTP (ml/min/1.73m2)** 61 (14) 72 (13)

Unless otherwise noted, continuous characteristics are presented as mean (standard deviation); categorical values are presented as count (percent). 
Conversion factors for units: serum HDL cholesterol in mg/dL to mmol/L, ×0.02586; serum triglycerides in mg/dL to mmol/L, ×0.01129; serum 
creatinine in mg/dL to μmol/L, ×88.4. eGFR, estimated glomerular filtration rate; eGFRcr, serum creatinine–based eGFR, eGFRcys, cystatin C–
based eGFR, eGFRB2M, β2-microglobulin–based eGFR, eGFRBTP, beta trace protein–based eGFR

*
Median [25th, 75th percentile]

**
Study specific eGFR based on each filtration marker (without including age, sex or ethnicity)
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