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Some suggest race-specific cutpoints for kidney measures to define and stage chronic kidney

disease (CKD), but evidence for race-specific clinical impact is limited. To address this issue, we

compared hazard ratios of estimated glomerular filtration rates (eGFR) and albuminuria across

races using meta-regression in 1.1 million adults (75% Asians, 21% whites, and 4% blacks) from

45 cohorts. Results came mainly from 25 general population cohorts comprising 0.9 million

individuals. The associations of lower eGFR and higher albuminuria with mortality and end-stage

renal disease (ESRD) were largely similar across races. For example, in Asians, whites, and

blacks, the adjusted hazard ratios (95% confidence interval) for eGFR 45-59 vs. 90-104 ml/min/

1.73m2 were 1.3 (1.2-1.3), 1.1 (1.0-1.2) and 1.3 (1.1-1.7) for all-cause mortality, 1.6 (1.5-1.7), 1.4

(1.2-1.7), and 1.4 (0.7-2.9) for cardiovascular mortality, and 27.6 (11.1-68.7), 11.2 (6.0-20.9), and

4.1 (2.2-7.5) for ESRD, respectively. The corresponding HRs for ACR 30-299 mg/g or dipstick 1+

compared with ACR <10 or dipstick negative were 1.61 (1.41-1.84), 1.7 (1.5-1.9) and 1.8

(1.7-2.1) for all-cause mortality, 1.7 (1.4-2.0), 1.8 (1.5-2.1), and 2.8 (2.2-3.6) for cardiovascular

mortality, and 7.4 (2.0-27.6), 4.0 (2.8-5.9), and 5.6 (3.4-9.2) for ESRD, respectively. Thus, the

relative mortality or ESRD risks of lower eGFR and higher albuminuria were largely similar

among three major races, supporting similar clinical approach to CKD definition and staging,

across races.

Introduction

Chronic kidney disease (CKD) is a global public health problem,1-3 affecting 10 to 16% of

the adult population in several continents4-7 and increasing the risk of adverse outcomes.8-12

The definition and staging of CKD is based on the level of glomerular filtration rate (GFR)

and the presence of kidney damage, usually ascertained as albuminuria.1, 11, 13 However, the

comparability of GFR and albuminuria measures across racial groups and their relationship

with risk has not been fully explored,14 although some have suggested race-specific

thresholds for GFR and albuminuria to define and stage CKD.15 The primary objective of

this study was to quantify the associations of GFR and albuminuria with risk for all-cause

and cardiovascular mortality, and ESRD among Asians, whites, and blacks, three major

races in the world, and assess whether there are any substantial differences across the races.

Results

Study populations

A total of 1,130,472 individuals were studied, including 75% Asians (mostly Eastern

Asians), 21% whites and 4% blacks. Majority of the study population, 83% or 940,366

individuals, were from 25 general population cohorts, with remaining 13% or 151,494

individuals from 7 high-risk cohorts, and 3% or 38,612 individuals from 13 CKD cohorts

(Table 1). Thus, our primary analyses were conducted in the general population cohorts, and

results for the high-risk cohorts and CKD cohorts were shown in supplemental materials

separately. Asians comprised the majority of the general population cohorts (87%), but not

the high-risk (6%) or CKD (12%) cohorts, and mainly came from cohorts based on data

from comprehensive health screening programs for the healthy population. Accordingly,

Asians tended to have a lower risk profile (younger age and lower prevalence of comorbid

conditions) as compared to whites and blacks. While most Asians were from Asian cohorts,
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most blacks were from US cohorts. There were differences in the methods for ascertainment

of albuminuria among the general population cohorts: only 1% of Asians had ACR data,

while ACR data were available in 73% of whites and 100% of blacks included in the meta-

analysis, reflecting different medical and research settings.

eGFR and albuminuria distributions by race

In the general population cohorts, the crude prevalence of reduced eGFR (<60 ml/min/1.73

m2) in Asians, whites and blacks was 5.1%, 15.8%, and 9.4% respectively (Figure S1A).

The prevalence of elevated albuminuria (≥30 mg/g by ACR or ≥1+ by urine dipstick) in the

three races was 2.8, 9.9 and 16.8%, respectively (Figure S1B). The difference in prevalence

of reduced eGFR and elevated albuminuria across racial groups was attenuated after age

standardization, particularly for reduced eGFR (Figure S1C-D). In the high-risk cohorts, the

crude prevalence of decreased eGFR and high albuminuria were 11.6% and 24.0% in

Asians, 18.7% and 20.6% in whites, and 10.4% and 13.5% in blacks, respectively (Figure

S2).

Incidence rates of mortality and ESRD by race

We observed 38,696 all-cause deaths and 9,065 CVD deaths in Asians (mean follow-up of

9.2 years), 20,079 and 7,325 cases in whites (mean follow-up of 8.4 years), and 2,485 and

436 cases in whites (mean follow-up of 6.6 years) (Table S1). Crude rates for all-cause and

CVD mortality in the general population cohorts were 5.9 and 1.4 per 1,000 person-years in

Asians, 24.1 and 10.4 in whites, and 18.7 and 5.5 in blacks, respectively (Figure S3). After

age-standardization, mortality rates were higher in blacks compared to whites, while the

lower rates in Asians persisted. The variation in mortality rates was as great among studies

within races as among races within studies. Among the studies with data on ESRD, crude

incidence rates of ESRD per 1,000 person-years were 0.3 in Asians, 0.8 in whites, and 2.8 in

blacks.

Independent relationships of eGFR and albuminuria to clinical risk by race

Figure 1 shows HRs for all-cause mortality, CVD mortality, and ESRD in the general

population cohorts by race for eGFR from 15 to 120 ml/min/1.73 m2 compared to the

reference point at eGFR 95 ml/min/1.73 m2. The patterns for each outcome were

qualitatively similar among three races across most of the range of eGFR, with higher risk at

lower eGFR. For all-cause and cardiovascular mortality, although there was variation across

races in the eGFR thresholds below which the HRs were significantly greater than the

reference point, partially due to difference in the precision of estimates across races, the HR

reached significance at eGFR between 60 and 75 ml/min/1.73 m2 in most analyses and did

not differ significantly for a given eGFR among races, except for small ranges noted at the

bottom of Figure 1. For ESRD, the threshold eGFR varied from 65 to 83 ml/min/1.73 m2 for

all three races, although the pattern was least steep in blacks for eGFR <30 ml/min/1.73 m2.

Figure 2 shows HRs for all three outcomes by races according to albuminuria categories

(ACR <10, 10-29, 30-299 and ≥300 mg/g or urine dipstick levels negative, trace, 1+ and

≥2+, respectively) (Figure S4 shows the association for ACR as a continuous variable).

Again, the patterns for each outcome were similar among races, with higher HRs for higher
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albuminuria. The only significant difference was higher CVD mortality in blacks with ACR

30-299 mg/g. In all races, the threshold category above which the HRs for mortality

outcomes was significantly greater than the reference category was ACR ≥10 mg/g or

dipstick ≥trace. Although data were limited, the independent associations of low eGFR and

high albuminuria with three outcomes were largely similar across three races in both high-

risk and CKD cohorts (Figures S5-S8).

Combined relationships of eGFR and albuminuria to clinical risk by race

Figure 3 shows the adjusted HRs for all-cause mortality, CVD mortality, and ESRD in the

general population cohorts by eGFR and albuminuria categories compared to the reference

categories of eGFR 90-104 ml/min/1.73 m2 and ACR <10 mg/g or dipstick negative.

Consistent with the results in Figures 1-2, all-cause mortality risks for eGFR categories and

albuminuria categories (marginal rows and columns in Figure 3) were similar for Asians,

whites, and blacks. For example, in Asians, whites, and blacks, compared to eGFR 90-104

ml/min/1.73 m2, the HR [95% CI] for eGFR 45-59 ml/min/1.73 m2 was 1.25 (1.20-1.31),

1.09 (0.97-1.22) and 1.33 (1.07-1.65) for all-cause mortality, 1.59 (1.45-1.74), 1.40

(1.17-1.68), and 1.44 (0.72-2.86) for cardiovascular mortality, and 27.6 (11.1-68.7), 11.2

(6.01-20.9), and 4.05 (2.18-7.51) for ESRD, respectively. The corresponding HRs for ACR

30-299 mg/g or dipstick (1+) compared to ACR <10 mg/g or dipstick (−),were 1.61

(1.41-1.84), 1.68 (1.50-1.88) and 1.84 (1.65- 2.06) for all-cause mortality, 1.66 (1.37-2.01),

1.76 (1.49-2.09), and 2.79 (2.15-3.62) for cardiovascular mortality, and 7.39 (1.98-27.6),

4.04 (2.75-5.94), and 5.55 (3.36-9.18) for ESRD, respectively. The HRs were quantitatively

consistent across most of the studies for three outcomes (Figures S9-S11).

The pattern for categories based on eGFR and albuminuria (cells in Figure 3) was also

qualitatively similar among the three races, showing a multiplicatively higher risk for lower

eGFR and higher albuminuria, with limited interactions. Of note, the category of eGFR

45-59 with lowest albuminuria was associated with a point estimate for the HR >1.0

compared to the reference groups for all three outcomes for all three races (statistically

significant in 7 of 9 comparisons). The category of elevated albuminuria (ACR 30-299 mg/g

or urine dipstick 1+) with eGFR 90-104 was associated with a point estimate for the HR

>1.0 compared to the reference groups for all 9 comparisons (statistically significant in 8).

Similar results were observed for cardiovascular mortality and ESRD. Largely similar

results were also observed across three races in both high-risk and CKD cohorts (Figures

S12 and S13).

Discussion

Low eGFR and high albuminuria were both independently associated with an increased risk

of mortality and ESRD. In this unique and large meta-analysis, we observed qualitatively

similar adjusted HR for all-cause and cardiovascular mortality and ESRD according to

eGFR or albuminuria across three major races, Asian, white and black, in general population

cohorts, despite differences in demographic and clinical characteristics (Table 1) and

absolute risk (Figure S3) among racial groups and cohorts. The consistency in eGFR and
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albuminuria risk relationships across races has important implications for clinical practice,

research and public health.

The best known racial disparities in kidney disease are the widely different ESRD rates

among countries reported by USRDS.16 Our results describing highest ESRD rates in blacks

are consistent with other studies.17-20 It is more difficult to study racial differences in earlier

stages of CKD. There have not been large studies of multi-racial populations that have

simultaneously assessed eGFR and albuminuria regarding their associations with mortality

and ESRD. In addition, methods to estimate GFR and ascertain albuminuria have varied,

and many studies reported only eGFR or albuminuria. While our study has a wide variation

in demographic and clinical characteristics among cohorts, the availability of both eGFR and

albuminuria measurements permits a more robust analyses.

Prior reports from the CKD-PC, using comparable methods across cohorts, showed similar

impact of eGFR and albuminuria categories on relative risks of all-cause and cardiovascular

mortality and ESRD across subgroups defined by demographic and clinical characteristics

(age,21 sex,22 hypertension,23 and diabetes24). The current analysis expands our prior

observations to race groups, and establishes a consistency of the relationship of eGFR and

albuminuria to important outcomes irrespective of race. Given the increasing interest in

variability of incidence rates of ESRD across countries and races and the major resource

implications associated with high ESRD rates, it will be important to pursue the causes for

the differences in distribution of cardiovascular risk factors, eGFR and albuminuria that we

observed among the racial groups. Specifically, it will be important to determine the extent

to which social, environmental and genetic differences result in variation in disease

expression and outcomes (such as the higher prevalence of IgA nephropathy in Asia and the

contribution of economic aspects to variation in dialysis care).25 26 Better understanding of

the similarities and differences across races should direct research to identify modifiable

factors.

The GFR thresholds for the definition and staging of CKD were first proposed in 2002,

using data derived predominantly from a general US population.1 In the last decade, these

eGFR thresholds have been incorporated into clinical guidelines in other countries.3, 27, 28

The recognition of albuminuria as an independent risk factor for adverse outcomes has now

led to the incorporation of albuminuria categories into CKD staging, and this analysis has

utilized the new recommendations for categories of albuminuria and eGFR.29 The robust

relationship of eGFR and albuminuria to outcomes irrespective of race gives additional

credence to their use in clinical arenas and beyond. Given the complexity of using race-

specific thresholds of kidney measures in clinical practice, there would need to be strong

evidence for justification to support their adoption.

Standardization of methods for ascertainment of GFR and albuminuria remains a challenge.

Specification of race improves the accuracy of creatinine-based GFR estimating equations

by adjusting for differences in creatinine generation due to variation in muscle mass and

diet. Current guidelines recommend the CKD-EPI creatinine equation for use in North

American, Europe and Australia, which estimates GFR ~16% higher for blacks compared to

other races at a given age, gender and level of serum creatinine.30 In our study, the CKD-
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EPI creatinine equation demonstrates similar eGFR-risk association in Asians, whites, and

blacks, providing further support for its usefulness across racial groups and encouraging

more widespread reporting of eGFR around the world. Other equations have been developed

in Japanese, Taiwanese, and Chinese, but their generalizability has not been evaluated in

large studies.31-34 In our consortium, the selection of ACR vs. dipstick for assessment of

albuminuria varies across regions/cohorts and is largely based on study objectives and

resources (with ACR being used most commonly in North America, Europe and Australia

and dipsticks being most used commonly in Asia). Therefore, we could not assess the

influence of urinary creatinine per se, which may vary substantially across races, on the

association between ACR and clinical risk.35 Nevertheless, this study confirms the

usefulness of both methods in relating albuminuria with outcomes, thus supporting the use

of either method in clinical practice.

Strengths of our study include an international consortium with a wide range of cohorts in

various settings, comprehensive data on eGFR and albuminuria, a large study population,

and the assessment of both mortality and ESRD. The cohorts were not selected for previous

publication regarding the study question, thereby minimizing the possibility of publication

bias. The analysis was centrally coordinated, and adjustment for important variables was

uniformly carried out in all cohorts. Our continuous analysis using splines allowed

inspection of the pattern of association across the entire range of eGFR, irrespective of the

reference point used. The categorical analysis allowed combining across cohorts that

assessed albuminuria using ACR and dipstick and provided clinically useful information.

There are several limitations in our study. Measurements of creatinine and urine albumin

were not standardized in all studies, and we did not have data on measured GFR, cystatin C

or 24-h albumin excretion rate to confirm eGFR, urine ACR or dipstick.36 Only a few Asian

cohorts had ACR measurements, and none of them ascertained ESRD as an outcome. Most

of the blacks in our study were from cohorts in the US and not from the blacks in Africa.

Most Asians were in East Asian cohorts, and we could not compare East and South Asians.

Few cohorts included multiple racial groups. Further analyses will be required for Hispanics

and other racial/ethnic groups not represented in this study. We cannot rule out the

possibility of residual confounding due to unevaluated variables in this study such as

lifestyle (e.g., diet or physical activity) or socioeconomic status including access to health

care.

Despite wide variability in clinical characteristics among cohorts and lower risk profile in

Asian cohorts, there were no substantial differences among Asians, whites and blacks in the

independent and joint associations of reduced eGFR, based on the CKD-EPI creatinine

equation, and albuminuria, based on ACR or dipstick, with all-cause and CVD mortality and

ESRD. These results support the use of existing eGFR equations for risk categorization, and

thresholds of eGFR and albuminuria for CKD definition and staging across these racial

groups.
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Methods

Study design

Details of the Chronic Kidney Disease Prognosis Consortium (CKD-PC) were described

previously.8-12 To be included in the consortium, a study had to have at least 1,000

participants (not applied to studies predominantly enrolling CKD patients [CKD cohorts]9),

information at baseline on eGFR and albuminuria, and a minimum of 50 events for any of

the outcomes of interest. This analysis consists of data from 45 cohorts (25 general

population cohorts, 7 high-risk cohorts with high-risk participants selected for

cardiovascular or kidney disease risk factors, and 13 CKD cohorts) (Table 1, Table S2, and

Appendix 1). This study is based on secondary data analysis of pre-existing, de-

identified/de-linked dataset, and was approved by the Institutional Review Board at the

Johns Hopkins Bloomberg School of Public Health.

Study variables

GFR was estimated using the CKD-EPI creatinine equation: 141 × (minimum of

standardized serum creatinine [mg/dL]/κ or 1)α × (maximum of standardized serum

creatinine [mg/dL]/κ or 1)-1.209 × 0.993age × (1.018 if female) × (1.159 if black), where κ is

0.7 if female and 0.9 if male and α is −0.329 if female and −0.411 if male.37, 38 For studies

in which creatinine measurement was not standardized to isotope dilution mass spectrometry

(IDMS), we reduced the creatinine levels by 5%, the calibration factor used to adjust non-

standardized MDRD Study samples to IDMS.39 While urine albumin-to-creatinine ratio

(ACR) is the preferred measure of albuminuria in the clinical settings,1, 3 the semi-

quantitative measurement using urine dipstick in mass screening the healthy population has

also been reported to be highly valuable.40 A few studies that reported urine albumin

excretion or urine protein-to-creatinine ratio (PCR) were also included.1 Race/ethnicity was

categorized as white, Asian, black, Hispanic, and others. Due to sparse data, we could not

reliably investigate Hispanics and other racial/ethnic groups (Table S2) and thus their results

were not shown. Diabetes mellitus was defined as fasting glucose ≥7.0 mmol/L, non-fasting

glucose ≥11.1 mmol/L, hemoglobin A1c ≥6.5%, use of glucose lowering drugs, or self-

reported diabetes. Hypertension was defined as systolic blood pressure ≥140 mmHg or

diastolic blood pressure ≥90 mmHg, use of antihypertensive medication or self-reported

hypertension. Hypercholesterolemia was defined as total cholesterol ≥5.0 mmol/L in people

with prior CVD and as ≥6.0 mmol/L otherwise or use of lipid lowering drugs. CVD history

was defined as a history of myocardial infarction, coronary revascularization, heart failure or

stroke. Body mass index (BMI) was calculated as weight (kg) divided by square height (m).

Smoking was dichotomized as current versus former/non-smokers. All of these study

variables were assessed at baseline in every cohort.

Outcomes

The three outcomes of interest were all-cause mortality, cardiovascular mortality, and

ESRD. Cardiovascular mortality was defined as death due to myocardial infarction, heart

failure, sudden cardiac death, or stroke. ESRD was defined as start of renal replacement

therapy or death due to kidney disease. However, death due to acute kidney injury was not

included.41
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Statistical analyses

Analyses were restricted to subjects aged 18 years or older. Any subject with missing values

for eGFR, albuminuria, and race/ethnicity was excluded. Missing values for all other

covariates were imputed by the cohort mean. Age adjustment for distribution of kidney

measures and incidence rate of three outcomes was performed by direct standardization

using US NHANES III as reference population, the only cohort in the consortium

representing national data by design. The analysis overview and analytic notes for individual

studies are described in Appendix 2.

We subsequently conducted a series of analyses stratified by racial/ethnic groups. We used a

two-stage approach, in which statistics were first obtained in each study and then were meta-

analyzed estimates of each racial/ethnic group across studies by a random-effects model.

General population, high-risk and CKD cohorts were meta-analyzed separately.

Heterogeneity was quantified using the χ2 test for heterogeneity and the I2 statistic. All

analyses were conducted using Stata/MP 11.2 software (www.stata.com) and a P-value of

less than 0.05 was considered statistically significant.

Cox proportional hazards models were used to estimate the hazard ratios (HRs) of clinical

outcomes associated with eGFR and albuminuria, adjusted for age, sex, history of CVD,

smoking, systolic blood pressure (continuous), diabetes, serum total cholesterol

concentration (continuous), BMI (continuous), and either eGFR or albuminuria as

appropriate. Death was censored for ESRD analysis. Since few studies have multiple racial/

ethnic groups, incorporating interaction terms between kidney measures and race in models

was not practical. Therefore, meta-regression analysis with a random-effects model was

used to formally compare HRs according to eGFR and albuminuria across racial/ethnic

groups.42 We modeled eGFR and ACR using linear splines with knots at 30, 45, 60, 75, 90,

and 105 ml/min/1.73 m2 (105 is not implemented for CKD cohorts) and 10, 30, and 300

mg/g (30, 300, and 1000 mg/g for CKD cohorts) (to convert to mg/mmol multiply by 0.113),

respectively. eGFR 95 ml/min/1.73 m2 (50 for CKD cohorts) and ACR 5 mg/g (100 for

CKD cohorts) were treated as reference points.8, 9

We also compared the risk in categories of eGFR (<15, 15-29, 30-44, 45-59, 60-74, 75-89,

90-104, ≥105 ml/min/1.73 m2) and albuminuria (ACR: <10, 10-29, 30-299, and ≥300 mg/g;

protein-to-creatinine ratio: <15, 15-49, 50-499, ≥500 mg/g; dipstick: negative [−], trace [±],

+, ≥++) and their combination. For CKD cohorts, the following categories were used for

eGFR (<15, 15-29, 30-44, 45-74, 75-89, ≥90 ml/min/1.73 m2) and albuminuria (ACR: <30,

30-299, 300-999, ≥1000 mg/g; protein-to-creatinine ratio: <50, 50-499, 500-1499, ≥1500

mg/g; dipstick: negative/trace, +, ++, ≥+++). The category with eGFR 90-104 ml/min/1.73

m2 (45-74 for CKD cohorts) and the lowest albuminuria was used as the reference group.8, 9

Given that few Asian cohorts had ACR data, results for albuminuria were primarily shown

for categories.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Association of eGFR with all-cause mortality (A), cardiovascular mortality (B), and
ESRD (C) across three racial groups in general population cohorts.
The shaded area or whiskers represent 95% CIs. The reference (diamond) is eGFR 95

mL/min/1.73m2. Dots represent statistically significant points. Difference in HR among

racial groups were tested using meta-regression with whites as a reference, and stars along

the bottom of each panel indicate a significant interaction at P<0.05. HRs were adjusted for

age, sex, smoking, systolic blood pressure, history of cardiovascular disease, diabetes, serum

total cholesterol concentration, body mass index, and albuminuria.

Wen et al. Page 13

Kidney Int. Author manuscript; available in PMC 2015 April 01.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Figure 2. Association of albuminuria with all-cause mortality (A), cardiovascular mortality (B),
and ESRD (C) across three racial groups in general population cohorts.
The whiskers represent 95% CIs. The reference category is ACR <10 mg/g or dipstick

negative. Dots represent statistically significant points. Difference in hazard ratios (HR)

among racial groups were tested using meta-regression with whites as a reference. HRs were

adjusted for age, sex, smoking, systolic blood pressure, history of cardiovascular disease,

diabetes, serum total cholesterol concentration, body mass index, and eGFR categories.
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Figure 3. Hazard ratios (HRs) of clinical outcomes according to eGFR and albuminuria
categories across three racial groups in general population cohorts.
Each number represents a pooled HR from meta-analysis adjusted for covariates and

compared with the reference cell (REF) within each race. Bold numbers indicate statistical

significance at P<0.05. Color shading indicates the strength of association (approximately

one quarter of all cells across racial groups are shaded in each color; Green: low; yellow:

mild; orange: moderate; red: high). Difference in HR among racial groups were tested using

meta-regression with whites as a reference, and stars (*) indicate a significant interaction at

P<0.05.
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