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Abstract

BACKGROUND—Current equations for estimated glomerular filtration rate (eGFR) that use
serum creatinine or cystatin C incorporate age, sex, and race to estimate measured GFR. However,
race in eGFR equations is a social and not a biologic construct.

METHODS—We developed new eGFR equations without race using data from two development
data sets: 10 studies (8254 participants, 31.5% Black) for serum creatinine and 13 studies (5352
participants, 39.7% Black) for both serum creatinine and cystatin C. In a validation data set of 12
studies (4050 participants, 14.3% Black), we compared the accuracy of new eGFR equations to
measured GFR. We projected the prevalence of chronic kidney disease (CKD) and GFR stages in a
sample of U.S. adults, using current and new equations.

RESULTS—In the validation data set, the current creatinine equation that uses age, sex, and race
overestimated measured GFR in Blacks (median, 3.7 ml per minute per 1.73 m? of body-surface
area; 95% confidence interval [CI], 1.8 to 5.4) and to a lesser degree in non-Blacks (median,

0.5 ml per minute per 1.73 m2; 95% ClI, 0.0 to 0.9). When the adjustment for Black race was
omitted from the current eGFR equation, measured GFR in Blacks was underestimated (median,
7.1 ml per minute per 1.73 m%; 95% CI, 5.9 to 8.8). A new equation using age and sex and
omitting race underestimated measured GFR in Blacks (median, 3.6 ml per minute per 1.73 m?;
95% Cl, 1.8 to 5.5) and overestimated measured GFR in non-Blacks (median, 3.9 ml per minute
per 1.73 m%; 95% Cl, 3.4 to 4.4). For all equations, 85% or more of the eGFRs for Blacks and
non-Blacks were within 30% of measured GFR. New creatinine—cystatin C equations without race
were more accurate than new creatinine equations, with smaller differences between race groups.
As compared with the current creatinine equation, the new creatinine equations, but not the new
creatinine—cystatin C equations, increased population estimates of CKD prevalence among Blacks
and yielded similar or lower prevalence among non-Blacks.
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CONCLUSIONS—New eGFR equations that incorporate creatinine and cystatin C but omit

race are more accurate and led to smaller differences between Black participants and non-Black
participants than new equations without race with either creatinine or cystatin C alone. (Funded by
the National Institute of Diabetes and Digestive and Kidney Diseases.)

THE GLOMERULAR FILTRATION RATE (GFR) is generally estimated from serum
concentrations of endogenous filtration markers such as creatinine or cystatin C. During
the past two decades, automated clinical laboratory reporting of GFR estimated with the
use of creatinine (eGFRcr) has become widespread, coincident with increased awareness
of chronic kidney disease (CKD) in the United States.1~# Equations for estimated GFR
(eGFR) incorporate demographic variables to explain variation in serum concentrations of
endogenous filtration markers that are unrelated to GFR, thereby minimizing systematic
errors in subgroups defined by these variables and systematic differences between groups.®
The current guideline-recommended approach is to use eGFRcr as the initial test in GFR
evaluation, with an equation that includes race (Black vs. non-Black), because previous
studies indicated a higher average serum creatinine level for the same measured GFR level
in Black participants than in non-Black participants.>~" Although not yet widely used, the
serum cystatin C level is recommended for confirmatory testing of eGFR.8 The current
equation for eGFR that uses serum cystatin C (eGFRcys) does not include race and has
similar accuracy to eGFRcr. The current equation that uses both markers (eGFRcr-cys) is
more accurate than either eGFRcr or eGFRcys but includes race.>?

Inclusion of race in GFR estimating equations, along with other algorithms in medicine, is
facing increasing scrutiny because race is a social and not a biologic construct; its inclusion
ignores diversity within and among racial groups and may contribute to systemic racism

in medicine.19-13 In response, some institutions omit Black race in computation of eGFR,
thus assigning the value for non-Black persons to Black persons. However, the accuracy

of this approach as compared with measured GFR has not been evaluated; it could lead to
underestimates of measured GFR, with effects on clinical decision making and public health.
This is particularly important given that Black Americans already bear a disproportionate
burden of kidney failure.® Systematic differences in GFR-based care could exacerbate health
disparities.14-20

This study evaluated the accuracy of current guideline-recommended GFR estimating
equations and compared them with new equations that do not use race. We also evaluated the
effect of these equations on prevalence estimates for CKD and GFR stages used for clinical
decisions among a representative sample of U.S. adults.

METHODS

STUDY OVERSIGHT

The study was conducted by the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI). The study was funded by the National Institute of Diabetes and Digestive and
Kidney Diseases, which had no role in the analysis of data, the preparation or approval

of the manuscript, or the decision to submit the manuscript for publication. The authors
vouch for the completeness and accuracy of the data and for the fidelity of the study to
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the statistical analysis plan. The institutional review boards at all participating institutions
approved each study that was used as a data source, and the institutional review board at
Tufts Medical Center approved the overall analyses.

EQUATIONS TO ESTIMATE GFR AND ACCURACY AS COMPARED WITH MEASURED GFR

Data Sources and Laboratory Methods—We pooled data from research studies

and clinical populations in which GFR was measured with the use of urinary or plasma
clearance of exogenous filtration markers (Table S1 and Fig. S1 in the Supplementary
Appendix, available with the full text of this article at NEJM.org).>° For development of
new equations, we used the data sets previously used for development of current equations
(development data sets): CKD-EPI 2009 for eGFRcr (10 studies, 8254 participants) and
CKD-EPI 2012 for eGFRcys and eGFRer-cys (13 studies, 5352 participants)®? (Table S2).
For external validation, we used a new data set (CKD-EPI 2021), consisting of the CKD-EPI
2012 external validation data set and new studies (12 studies [7 new], 4050 participants)
(validation data set), to compare the performance of current and new equations. All the
participants were 18 years of age or older. Race was reported by the participant in most
studies (Table S3) and was categorized as Black or non-Black (hereafter, race groups),
consistent with current equations and the purposes of these analyses. Measurement of
creatinine, cystatin C, and GFR followed previously reported methods.>9:21:22

Development and Validation of Equations—Our goal was to compare the current
CKD-EPI eGFRcr, eGFRcys, and eGFRcr-cys equations with equations developed with

the use of two new approaches for GFR estimation that do not involve race.>9 As we
described previously, the current approach to the development of CKD-EPI equations has
been to model eGFR with the use of least-squares linear regression to relate log-transformed
measured GFR to log-transformed filtration markers, age, sex, and race with separate

slopes for higher as compared with lower levels of creatinine and cystatin C.%9 Race is

an explanatory variable in the current eGFRcr and eGFRcr-cys equations but not in the
current eGFRcys equation.

The first set of new equations uses the same coefficients for the intercept, age, sex and
creatinine level as in the current eGFRcr and eGFRcr-cys equations but removes the Black
race coefficient in computing eGFR, thereby assigning the eGFRcr and eGFRcr-cys values
for non-Black persons to Black persons. For the second set of new equations, we fit new
models using eGFRcr and eGFRcr-cys by means of the same regression function as the
current equations but without inclusion of race as an explanatory variable. In total, we
evaluated seven equations (three current and four new equations). Because all equations
were developed by the CKD-EPI research group, we refer to them only by the filtration
marker or markers (creatinine [eGFRcr], cystatin C [eGFRcys], or creatinine—cystatin C
[eGFRcr-cys]) and the demographic factors (age, sex, and race [ASR] or age and sex [AS])
that were used in their development. We use the term non-Black (NB) to refer to ASR
equations that were fit with a race term but in which the Black race coefficient was removed
for computation of eGFR. Additional details are provided in the Methods section in the
Supplementary Appendix.
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In the development data sets, we assessed bias (systematic error) as the difference between
measured GFR and eGFR and assessed model fit using root-mean-square error.>° In the
validation data set, we assessed accuracy overall and within race groups as bias, percentage
of estimates less than 30% different from measured GFR (P3q, with 1-P3q corresponding
to large errors that may be clinically significant), and agreement of eGFR with measured
GFR categories using guideline-recommended GFR stages (<30, 30 to 44, 45 to 59, 60

to 89, and >90 ml per minute per 1.73 m2 of body-surface area).8 A P3q value of 80 to

90% is considered to be acceptable for GFR evaluation in many circumstances, and a P3q
value of 90% or higher is preferred; these values correspond to approximately 60 to 70%
agreement and more than 70% agreement of eGFR with measured GFR in GFR categories,
respectively.>8:9 We also focused on differential bias (systematic differences) between race
groups because it could lead to systematic differences in treatment for the same measured
GFR level. Confidence intervals for bias were calculated by means of bootstrap methods.
We assessed accuracy in subgroups according to eGFR (as defined above), age (<40, 40 to
65, and >65 years), sex, and body-mass index (BMI, the weight in kilograms divided by the
square of the height in meters: <25, 25 to <30, and =30).

In sensitivity analyses, we weighted the proportion of Black participants in the development
data set from 0 to 100% to evaluate the effect on accuracy. In the validation data set,

we calibrated measured GFR to account for differences between measurement methods

as compared with the development data sets,>9-23 and we compared equations that were
developed by other research groups to estimate GFR in adults.24-28

ESTIMATION OF PREVALENCE OF CKD AND GFR STAGES IN U.S. ADULTS

RESULTS

We estimated CKD prevalence using data from 4563 participants from the 1999-2000 and
2001-2002 cycles of the National Health and Nutrition Examination Survey (NHANES)
who were 20 years of age or older and had data available on serum creatinine or cystatin C
levels (Tables S4 and S5).2° We used recommended NHANES methods for weighting and
variance estimation.30-32 CKD was defined as an eGFR of less than 60 ml per minute per
1.73 m2 with the use of the equations described above or persistent albuminuria (urinary
albumin-to-creatinine ratio [with albumin measured in milligrams and creatinine measured
in grams] of >30) and the guideline-recommended GFR stages.82° We assessed the number
of participants with CKD or an eGFR lower than key thresholds for clinical decision making
(60, 45, and 30 ml per minute per 1.73 m2) as compared with the number of participants
according to the current eGFRcr(ASR) equation. Prevalence estimates were applied to the
2019 U.S. Census estimate of 246.6 million adults 20 years of age or older. Additional
details are provided in the Methods section in the Supplementary Appendix.

DEVELOPMENT OF EQUATIONS AND ACCURACY AS COMPARED WITH MEASURED GFR

Participants—Black participants made up 31.5% of the 2009 development data set, 39.7%
of the 2012 development data set, and 14.3% of the 2021 validation data set; the mean
(xSD) measured GFR in each overall data set was 67.6+39.6, 67.9+38.6, and 76.4+29.6 ml
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per minute per 1.73 m2, respectively (Table 1 and Fig. S2). Tables S6 through S9 show
demographic and clinical characteristics within each study used as a data source.

Description of Current and New Equations—Table 2 shows the variables included

in the current and new equations. By design, coefficients are the same for the ASR and
ASR-NB equations except for the presence or absence of the Black race coefficient. All
coefficients for the new AS equations differed from those for the current ASR and new
ASR-NB equations (Table 2). For the same age, sex, and creatinine level, eGFRcr for Black
participants was highest for the current ASR equation, lowest for the new ASR-NB equation,
and intermediate for the new AS equation. For non-Black participants, eGFRcr was equal
for the ASR and ASR-NB equations and higher for the AS equation (Fig. S3 and Table

S10). Differences in eGFR values between race groups were smaller for new eGFRcr-cys
equations than for new eGFRcr equations.

Bias in Equations Involving Black and Non-Black Participants in Development
Data Sets—In the development data sets, the current eGFRcr(ASR) and eGFRcr-cys(ASR)
equations were unbiased in both race groups (Fig. S4 and Table S11). The new ASR-NB
equations underestimated measured GFR in Black participants. The new AS equations
underestimated measured GFR in Black participants less than the ASR-NB equations but
overestimated measured GFR in non-Black participants. Bias was smaller for new eGFRcr-
cys equations than for corresponding new eGFRcr equations. In sensitivity analyses for the
new AS equations, varying the proportion of Black participants in the development data sets
changed the magnitude of the bias in each race group but not the differential bias between
race groups and had less effect on the bias for eGFRcr-cys equations than on the bias for
eGFRcr equations (Fig. S5 and Table S12).

Creatinine-Based eGFR in Validation Data Set—In the validation data sets, the
current eGFRcr(ASR) equation overestimated measured GFR in Black participants by a
median of 3.7 ml per minute per 1.73 m2 (95% confidence interval [CI], 1.8 to 5.4) and
minimally overestimated measured GFR in non-Black participants by a median of 0.5 ml
per minute per 1.73 m? (95% Cl, 0.0 to 0.9); the differential bias was 3.2 ml per minute

per 1.73 m2 (95% ClI, 1.3 to 5.0) (Fig. 1, Fig. S6, and Table 3). In a sensitivity analysis that
was calibrated for differences in GFR measurement methods, the equation was unbiased in
Black participants and underestimated measured GFR in non-Black participants, without a
change in the differential bias (Figs. S7 and S8 and Table S13). The new eGFRcr(ASR-NB)
equation underestimated measured GFR in Black participants (7.1 ml per minute per 1.73
m?; 95% Cl, 5.9 to 8.8). The new eGFRcr(AS) equation underestimated measured GFR in
Black participants (3.6 ml per minute per 1.73 m2; 95% ClI, 1.8 to 5.5) and overestimated
measured GFR in non-Black participants (3.9 ml per minute per 1.73 m%; 95% ClI, 3.4 to
4.4). The differential bias was 7.6 ml per minute per 1.73 m? for both new ASR-NB and
AS equations. P3g was 85 to 90% for both race groups for all eGFRcr equations (Table 3).
Agreement between GFR categories was 59 to 69% and was lower in Black participants than
in non-Black participants for all eGFRcr equations, especially for the ASR-NB equation
(Table 3 and Table S14).
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eGFR Based on Creatinine and Cystatin C in Validation Data Set—The current
eGFRcr-cys(ASR) equation overestimated measured GFR in Black participants (2.5 ml per
minute per 1.73 m2; 95% Cl, 1.2 to 3.7) and minimally overestimated measured GFR in
non-Black participants (0.6 ml per minute per 1.73 m2; 95% ClI, 0.2 to 0.9). The differential
bias was 1.9 ml per minute per 1.73 m2 (95% ClI, 0.6 to 3.2). The new eGFRcr-cys(ASR-
NB) and eGFRcr-cys(AS) equations had smaller bias in Black participants, similar bias in
non-Black participants, and smaller differential bias than the corresponding new eGFRcr
equations. P3p was greater than 90% for Blacks and non-Blacks, and agreement between
GFR categories was 67 to 71% and more similar for Black and non-Black participants than
with eGFRcr equations. The eGFRcys equation had minimal bias in both groups but lower
P3g and lesser agreement for GFR categories than with the current and new eGFRcr-cys
equations.

Results for bias and P3g were generally consistent across subgroups of eGFR, age, sex,
diabetes status, and BMI (Fig. S7). Other eGFRcr or eGFRcr-cys equations that were
developed previously in mainly White populations showed greater bias in Black participants
(Table S13).

PREVALENCE OF CKD AND GFR STAGES ACCORDING TO EQUATION

Figure S10 shows the distribution of eGFR with the use of different equations. As compared
with the current eGFRcr(ASR) equation, the estimated prevalence of CKD among Black
persons was higher for the new eGFRcr(ASR-NB) and eGFRcr(AS) equations, but the
estimated prevalence was lower among non-Black persons for the eGFRcr(AS) equation,
mostly owing to differences in the prevalence of CKD stage G3 (GFR of 30 to 59 ml per
minute per 1.73 m?) (Table 4 and Tables S15 and S16). With the use of the current eGFRcys
equation, the estimated prevalence was similar to that for the current eGFRcr(ASR) equation
among Black persons but was higher among non-Black persons. As compared with the
current eGFRcr(ASR) equation, the new eGFRcr-cys equations had less effect on CKD
prevalence than the new eGFRcr equations. For GFR thresholds, the new ASR-NB and

AS equations moved more persons across higher GFR thresholds than across lower GFR
thresholds (Table 4). Movement across the eGFR threshold of 60 ml per minute per 1.73 m?
was generally more frequent among Black persons than among non-Black persons and was
less frequent with all eGFRcr-cys equations than with eGFRcr equations.

DISCUSSION

National kidney disease organizations recommend replacement of current eGFR equations
by equations that do not use race and that are accurate, inclusive, and standardized in every
laboratory in the United States.33 A change in estimating equations could affect care of
patients and estimates of the public health burden of CKD. In a large population of adults
with or without CKD, we evaluated the accuracy with respect to measured GFR of new
approaches without race (ASR-NB and AS) as compared with the currently recommended
approach with race (ASR) and estimated their effects on the national prevalence of CKD
and GFR stages. The new eGFRcr equations may introduce inaccuracies for both race
groups and differences in eGFR between groups. The magnitude of these inaccuracies was
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generally smaller than the 30% margin of error, which is considered adequate for clinical
decision making in many circumstances. However, the larger biases that were observed for
the new eGFRcr equations in each race group and differential bias between groups led to
differences in estimates of CKD prevalence and GFR stages. This could lead to systematic
differences in care between race groups, especially at higher GFR. In contrast, new eGFRcr-
cys equations minimized inaccuracy for both race groups, differences in eGFR between race
groups, and differences in estimated CKD prevalence. More frequent use of eGFRcr-cys
may improve the accuracy of CKD diagnosis and GFR staging while eliminating the use of
race in GFR estimating equations.

Uniform implementation by clinical laboratories of new GFR estimating equations without
race will be essential for consistent care. Our results show that the new eGFRcr(ASR-NB)
equation, as has been adopted by some institutions, could lead to large errors in GFR
estimation in some Black persons — for example, as Hsu et al. now report in the Journal3*
The new eGFRcr(AS) equation may be more equitable than the new eGFRcr(ASR-NB)
equation because it averages observed differences across all persons and may be more
appropriate for the increasingly diverse U.S. population. As compared with the ASR-NB
equation, the AS equation decreases the bias in Black persons but also introduces a bias

in non-Black persons; the magnitude of the bias in each group reflects the proportion of
Black participants included in the development data set, which emphasizes the importance
of including diverse populations in these data sets.5:35:36

As compared with the current eGFRcr(ASR) equation, the new AS equation would have less
effect than the new ASR-NB equation on the prevalence of CKD and GFR stages among
Black persons but a greater effect among non-Black persons'®19.20 Assigning a lower eGFR
to Black persons would increase the estimated prevalence of CKD among Black persons
and could enable earlier diagnosis and treatment. However, it could also lead to potential
overdiagnosis of CKD and missed opportunities for therapies that are contraindicated at

a low GFR.1%19.20 Assigning a higher eGFR to non-Black persons would decrease the
estimated prevalence of CKD and could lead to underdiagnosis of CKD and inappropriate
exposure to interventions contraindicated at a lower GFR.

Increased use of estimating equations that incorporate cystatin C could mitigate limitations
of the new eGFRcr(ASR-NB) and eGFRcr(AS) equations. The current eGFRcys(AS)
equation is nearly unbiased in both race groups, but agreement with measured GFR is

not as high as with new eGFRcr-cys equations, and the prevalence of CKD may be
overestimated in non-Black persons. The new eGFRcr-cys equations had smaller differences
in bias between race groups than the corresponding eGFRcr equations, with less effect on
prevalence estimates for CKD and GFR stages than the corresponding eGFRcr equations.
Enhanced systems for rapid, cost-effective measurement of cystatin C levels could facilitate
its increased use.

The strengths of our study are its design, with separate large data sets that include both
Black participants and non-Black participants for development and validation of new
equations that eliminate race from GFR estimation. The limitations are that categorization
of race into two groups does not adequately represent the diversity within and among racial
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groups, some of the included studies that were used in the development of the equations
are old, and none were in representative populations. We had a smaller number of Black
participants than non-Black participants in the validation set, so the estimates of accuracy
may be less precise in Black persons, and we had an insufficient representation of racial
and ethnic groups other than Black and White.3” We did not use the same data sets in

the development of different eGFR equations, which could explain some of the difference
in bias between those equations. The studies involved only ambulatory adult populations
without serious coexisting conditions; thus, our results may not apply to patients in acute
care settings.

We present new eGFRcr equations without race that would be considered sufficiently
accurate for clinical practice in many circumstances but may lead to systematic differences
in accuracy of eGFRcr between race groups, with implications for individual patients and
public health. New eGFRcr-cys equations without race more accurately estimated measured
GFR than equations with either the creatinine or cystatin C level alone and led to smaller
differences from measured GFR between race groups. These data may inform ongoing
discussions on eGFR equations for use in clinical practice, research, and public health.38

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A Creatinine Equations
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Figure 1. Comparison of Measured GFR and Estimated GFR (eGFR) According to Race Group
across Alternative GFR Estimating Equations.

The equations are referred to by the filtration marker or markers (creatinine [eGFRcr],
cystatin C [eGFRcys], or creatinine—cystatin C [eGFRcr-cys]) and the demographic factors
(age, sex, and race [ASR] or age and sex [AS]) that were used in their development.
Non-Black (NB) refers to equations in which the Black race coefficient was omitted in
computation of the eGFR value. Data from the validation data set are shown. Data from
the development data set are shown in Figure S4 in the Supplementary Appendix. Bias

is defined as the median difference between measured GFR and eGFR. A positive sign
indicates underestimation of measured GFR, and a negative sign indicates overestimation
of measured GFR. P3g is the proportion of eGFR within 30% of measured GFR. Correct
classification refers to agreement between measured GFR and eGFR categories of more than
90, 60 to 89, 45 to 59, 30 to 44, 15 to 29, and less than 15 ml per minute per 1.73 m2.

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



Page 13

Inker et al.

‘a1qeaijdde jou wN

pue ‘uoirenba O UILISAI-3UIUINEBID WOY Y4 PaIeWISe SAI-104499 ‘UoIENba BUIUIEaID WOy Y-S Parewss sa1ouap 104499 wie) ay | xipuaddy Areluswsajddng ayy ur 8S ybnoayy 9s ssjgel ul papiaoid

aJe 135S 1ep Yoes 10§ Pasn salpnis sy} 03 Buipiodoe exep aAndiLosaq “Buipunod Jo asnedaq QOT [e10} Jou Aew sabeluaalad +°88 Aq Ajdiynuw ‘1a)i| Jad S3|0LWOJIW 0} SUIUIESID WNISS J0) SANEA 3U) LIBAUOD

0l '/910°0 Aq Aldninw ‘1818w atenbs Jad puodss Jad sia

w 01 (Y49) ares uonea|y sejniawolb 1oy sanfea ayy LaAuod o] ‘sjuedidited syl Aq paliodas sem adey "dSF SUBaW aJe SanjeA snuiw-sn|d
*

15070Z'T
2L0%9T'T
(5'0¢) 8501
(z'6€) TOET
(ree) 218
(6'9) ove

0'0E¥T'SL
(821) Svv
(ege) 9811
(6'02) €2L
(9'0v) 80T
(r've) €61T
(T'v) 2wt

8'v¥8'92

(8'0v) LTYT
(8'ge) evet
(e'sv) 2L6T
(6'81) 959

0'8T+9'2S
1’98

(TLvE =N)
oe|g-uoN

TV'0750°'T
95°0%9T'T
(9'TP) TVC
(s'Tv) VT
(s¥7) v8
2 vT

0'9¢¥0'18
(r'2) v1
(ree) L1
(6'82) 291
(zLe) s12
(6'62) €21
(ov) e

0'9%0°82
(cva) ovt
(8'L1) €01
(0zy) L1y
(cor) 65

9'CT+9'€s
€VT

(6/5=N)
xoelg

G5'078T'T
0L°0¥9T'T
(T2€) 6621
(5'6€) T09T
(Tz2) 968
(€'9) v5e

9'62F9L
(e'1T) BSY
(5°28) LGeT
(0'22) 068
(T'ov) €291
(8°€€) 99¢T
(T'v) o1

0'G¥6'92

(v'8¢e) LGST
(zee) ovet
(T°6¥) 6861
(LL1) 512

¥’ L1+0°LS
00T

(0sov = N)
]1:2=2%}

1S eleQ uoliepleA 1¢oc

9/°0%6€'T
L6'0FSY'T
(7'1) LE€T
(zet) 9zv
(7'92) 258
(067) ¥19

9EVFY'SL
(e'9) 0.1
(e2v) LesT
(002) L¥9
(0'2€) s6TT
(6'28) Geet
(09) 19T

257992
(T'vv) €evT
(T'T1) 85¢
(09¢) 2911
(6'29) 60LT

9'GT¥CCY
€09

(6226 =N)
Yoe|g-uoN

£9'0%61'T
G8'0FrL'T
(¥'6) 002
(0'z¢) 629
(0ev) €16
(951) TEE

¥'G2¥G'9G
(s0) 01
(¥'6) 66T
(z'8¥) v2oT
(e'2€) 989
(0°27) 09€
(52) s

6'9¥8°0€
(28¢) zes
(021) T9€E
(6'89) €9vT
(T'v1) 662

9TT+T'ES
L'6€

(€2T2 =N)
oe|g

TL0FEV'T
€6'0F.S'T
(2'82) e5T
(9°02) so1T
(0°ge) S9LT
(2L1) 5v6

9'86¥6'L9
(7€) 08T
(cze) 9zLt
(zTe) TL9T
(z'se) 1881
(9°'62) G85T
(0v) v1e

€'9¥€'82
(6'Tv) Sree
(ret) 6TL
(0°6¥) G29e
(5°2€) 800C

T'ST+S'97
00T

(25es=N)
[Z=T)

VN
8T'TF95'T
(0'ov) 092¢
(5's1) 9.8
(T'e2) 8ogT
(7'12) 602T

o'svFzEL
(021) 196
(e°2¢8) 60T
('ve) 8LET
(5'9¢) T90C
(z's€) 6861
(ov) Gez

§6¥CLT

(9'sv) 0852
(T'11) L29
(e'vv) 20se
(9'vv) vese

CSTFE WY
§'89

(€596 =N)
oe|g-uoN

WN
60'T¥98T
(e'01) 692
(s0¢) €61
(¥'6€) 920T
(L61) €15

7'1T¥S'SS
(£2) 69
(r'11) L62
(0Lv) g2zt
(Tee) 298
(921) LY
(e2) 09

L'9¥9°0¢8

(¥'6€) 920T
(e'9T) 26€
(5'69) L08T
(e'sT) L6€

0'¢T+8'¢S
§'TE

(T09z = N)
xoelg

VN
9T'TF99'T
(9°0¢) 2S¢
(z'02) 6991
(e'82) veee
(6'02) zeLT

9'6€¥9'L9
(521) 080T
(T'62) 90vZ
(5'1€) 009¢
(vs€) €26¢
(9°'62) 9vve
(s¢) a8z

T'9¥2'82

(Lev) 909¢
('21) v2oT
(z'29) 60y
(v's¢€) Te6e

8YVI¥0'LY
00T

(¥Sz8 = N)
[i:Z=T%)

1S eleq Wwewdopraq gToz SA-10Y-499 1S eleq wewdopAQ 6002 10H499

Ja)/Bw — O uneisko
|p/Bw — sulunesid
W ELT/UIW/|W 06
W €L T/UlW/jw 06> 01 09
W ELTT/UlW/|w 09> 01 O
W ELT/UIW/|W 0E>
(%) "ou — K10Be1e0 M4 painses|y
LW €L T/UIW/|W — ¥-49D painses|y
(%) "ou — sajepipued Jouop-Asupiy
#(%) "ou— saeqeig
0e=<
0€>01G¢
G¢>010¢
0¢>
(%) "ou— KioBores [N
/NG
(%) "0uU — X@s a[ewWa
1A go<
1K 59-0v
1K op>
(%) "ou — K10Ba1e0 9By
IA— 8by

uonendod |[eJan0 JO Juddiad

o11s1 1R FRYD

Author Manuscript

Author Manuscript

,'S19S eleQ uolepleA pue Juswdojansd ayp ul sjuedidiied ay) Jo sonsLisoeIeyD

‘TalqeL

Author Manuscript

Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



Page 14

Inker et al.

‘sjuedionued 1oe|g-uou #0TE pue ‘siuedionied xoelg Z1s ‘uoneindod [elano sy} ui syuedionted 9T9E J0) 3]gR|IBAR S18M SNIEIS S813CRIP UO Blep ‘185 BIep UoNepIfeA TZ0Z U} c_x

‘sjuedioned yoe|g-uou 99€ pue ‘siuedioned xoelg g/ ‘uoneindod felano ayy ui siuedionted 0y 10} |qe|IRAR S18M || UO BIep ‘13S B1ep UOIIepI[eA

T20z ay1 uj ‘siuedioned yoe|g-uou gzze pue ‘syuedionted xoelg €21z ‘uoneindod |jelano ayy ui syuedionied TGEG o) ajqe|rene alam (NgG) Xapul ssew-Apog uo erep ‘18s eyep juswdolansp 210z ayl c_4N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



Page 15

Inker et al.

‘sjuedionued ajewsay oy Jayij19ap Jad Bw ;0 pue syuedionted afew 1oy Ja319ap Jad B °Q ey J8yealb auluneald

1O S|9A3] 10§ PasN sIZ2 11014809 8y | “siuedionted ajewsay Joy Jay10ap Jad Bw 20 pue siuedionied afew 1oy Ja|10ap Jad B 6°0 03 [enba 10 UBY) SS3] BUIUITESID JO S|9AB] 104 Pasn SI 72 JUaI014300 m;._.u

"aN[eA Y499 8y JO UoIEINLIOD Ul PSIIWIO SEA JUBIOLJB0D 0B YIB|g aUl YdIym Ul suonenbs o} s1aes (gN) Yoe1g-UoN uswdojansp Jiays ul pasn aiam eyl ([Sy] xes pue abe 1o

[4SW] 291 pue ‘xas ‘abe) si01oey dlydesBowap ayy pue ([sAd-194493] D uneIsAa—auluieald 10 ‘[sAod493] O uneIsAd ‘[1044939] auluieald) siaxew Jo JaxJew uoneiiy syl Aq 0] paiiajel ale suonenbs ay ._.4N

"3lew |\ pue ‘aews) 4 ‘uoieloge]jod ABojolwapid3 aseasig Asupiy 21U0IYD S8I0UP [dI-AMD "SIUBIJIY0I X3S dJewa) Se [|aM Se SIUBIDIYB09 auluIleald J14199ds-Xas Se pajapow aJe suolenba sA2-104499
pue 194499 10} S30UBIBYIP X3S A|snoinaid padojanap aJam S|apow ZT0Z PuUe 6002 8YL T PUB X/10S JO WNWIXeW dy} Sa1edIpul Xew pue ‘T pue 3/19S 0 Wnwiuiw ay} sayealpul uiw ‘sjuedionied sjew
104 6°0 pue siuedioned afeway 0} 10 81 * ‘a1eH *[YorIg 1|2 X [arewiaf J1]p X o5y2 X 7 (1 °80/5Kg)xwut X [ (1 °8°0/sKG)uIM X 7, (1 ¥ /108)X0Us X (] “4/1G)UI X H = YD

“e|nwioy BUIMO][0) BU Ul 3SN 0} SIUBIOIB09 MOYS S|199 B L
*

(zv0°0- 01 S¥2°0-) MBU ‘(SV)SA2-104499 ‘(sdel
(9vL0- (ozz'0- (s15°0- ¥v1°0- N NOYNM 11 D ulteISA9—-aulueald
(#26°0 01 256°0) (5966°0 03 £566°0) 01 608°0-) 01 927°0-) 012/5°0-) (T0T°0- 01 98€°0-) (LeT 01 2ET) 1d3-aXD 2102) O uneisko
— €960 1966°0 811°0- €280~ 7G50 6T2°0- ' GET —8uIuneald |d3-aMO 1202
(2010~ 01 80€0-) _
(8290~ (rrzo- (TL5°0- L02°0- N | mau ‘(an
(086°0 01 856°0) (28660 01 8766°0) 01 .°0-) 01//%°0-) 01 0£9°0-) “(zeT°0- 01 ¥9£°0-) (LeT 01 2ET) -4SV)sA9-104493 16D uneIsko
T 6960 2566°0 1.0~ G/E0- 109°0- 8v2'0- 4 GET —auIueald |d3-aMO 2102
(L0T'0- 01 80£°0-)
(829°0- (vrz0- (TL50- L02°0- N , . uauns
(€60°T 01 290°'T) (086°0 01 856°0) (2566°0 01 8766°0) 0} ¥%7.°0-) 0} //%°0-) 0} 0€9°0-) ‘(ze1°0- 01 #9€°0-) (LeT 01 2€T) (4SV)sA0-104498 1gD uneIsko
080'T 6960 2566°0 1120~ G/E0- 109°0- 872'0- ' GET —8uIuNeald [d3-aMO 2102
(ete1- (88g'0- .
(v6'0 01 T26°0) (99660 01 2566°0) 01 pvE'T-) 01019'0-) (9eT 01 0€7) . Juaund ‘(Sv)shoy4oe
— 2€6'0 2966°0 82e'T- 6670~ — — geT ‘60 unesho 1d3-aMo 210z
(20z°0- 01 £0v°0-)
(68T'T- 20€°0-:IN MaU ‘(SV)104499 ‘(adel
(€20'T 01 000°T) (2766°0 0} G£66°0) 01 TTZ'T-) “(8€T°0- 01 ¥¥E°0-) (v¥T 01 6ET) INOYNM J1j UIUIE3ID [dF-AMD
— 20T 8£66°0 — — 00Z'T- 720~ 4 Wl 6002) duluneald [d3-aMd 1202
(¥1€°0- 01 805°0-)
(8611~ TT7'0- N »
(620'T 01 200°T) (£€66'0 01 5266°0) 01022'1-) {(0gz'0~ 01 82v'0-) (vv1 01 6€ET) | Mou ‘(aN-dSV)0d499
T 810'T 6266°0 — — 602'T- 62€°0- ' i -gduluneald 1d3-aMO 6002
(¥1€°0- 01 805°0-)
(86T'T- TI70- N .
(orTTovwTT) (620701 200°T) (€€66°0 01 5266°0) 01022'7-) ‘(0gz'0- 01 821'0-) (vyT 01 6€T) | Juadind ‘(YSv)od490
65T'T 810'T 62660 — — 602'T- 62€°0- ' T ‘gduIUNeaId |d3-aMD 6002
NQ NQ Zp I'p
(12 %s6) (19 (10 %g6) 8By g(10 %56) ¥ (10 %g6) juotrenb3 josuren ‘pPO
Q0ey oe|g Jo} %G6) X3S aewed 10§ 9 JUBIIPOD D uIeIsAD 10JSIBPILR0D (1D %S6) duluITes 1D 10} SILBIDIB0D n 1deo U]
CRUCTe]IT=lele} 10} p WeIYPOD

, Y9 ajewns3 o} suolyenb3 MaN pue JusLnD

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



Page 16

Inker et al.

sy Jad Bw g0 uey) Ja1ealh S|aAs] 4oy pash s1Cq 1uaId1Y809 sy} pue ‘18)1| Jad B g'Q 03 [enba Jo uey) SS8] D UIRISAD JO S|9AS] 104 Pasn SI Zg 1us11y309 mﬁm

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



Page 17

Inker et al.

(67— 01 L'€T-) €'6-

(T- 01 9°6-) €G-

(rzoroe-) €0-
(Tarzy-)9T1-
(6'0-012'9-) 8'e-

(TT-061-) €p-
(8eovz-) L0
(0orz9-)Te-

C1T-092-) -

sjurod abejuaalad

yo91)oe
(5092 0y
(90-012¢-) 6T~

(800152-) 80~

(56019°6) 9L

(0601T9) 92
(eT-006-) z¢e-

Sug1awW a1enbs £/ T 4d aanujw 1ad St

(T0L010°29) 589
(T'0L010°29) 589

(8'16 016'68) 8'06
(€6 015'16) ¥'26
(2'€6 015°T6) ¥'26

(6'68 01 6°28) 6'88

(928 01 7'G8) 598

(°06 01 5°88) G°68
('06 01 5'88) 568

Jud219d

§(%8d) YD paInsealN 40 9%0g UIYNM JUaWaaIBY

(gz-oee-)62-
(z0-60-) 90-
(z0-060-)90-

(zT01Z°0) 20

(re-ayy-) 6'e-

(0001 6°0-) 50—
(00016'0-) G°0-

(z'€9 012°'5G) 265
(1729 01 €°65) 2'€9

4 Sel0B81eD 449 painsesinl pue ¥492 usamaq Juswasiby Jusdlad

(6'26 017'88) 5'06
(T'¢6 01 1°88) 806
(76 018°58) 9'88

(92801 2'18) 9'v8

(006 015'18) 2’28
(168 01 1°€8) ¥'98
(6'28012'28) T'S8

(9T0160-)TO
(SrYo1gT) ¥'e
(z1-012¢-) G2

(9T016T-) T0-

(gg018T1)9¢

(88069 T2
(8'T-01'6-) L'g-

£(1 9%56) Y493 Pue 4O PaINSE3|\ USSMIB] S0UBIBIQ UBIPIIN Selg

1(10 %86) siued il red soe|g-UoN pue siuedidilred oe|g Usemiag aous Bjid

Siuedilred xoe|g-uoN

siuedpiired soelg

MaU ‘(gN-HSV)I0H499
JUBLIND ‘(YSV)I0H499

auIuneald

Mau ‘(SY)sA-10449D3
MU ‘(N-HSV)sA0-104199
1U3LIND ‘(4SV)SAI-104498
2 uneisAo—aulunesIn
JUBINY ‘(SY)sAoY49D9
D unesAko
MU ‘(SV)Iod498
MaU ‘(aN-HSV)10d499
JU3LIND (4SV)I0d499

auIuneald

Mau ‘(SY)sA-194499
MU (EN-HSV)sAa-104499
JUBLIND ‘(YSV)SA-1944Dd
D uneIsko—auunead
JUaLIND ‘(SY)sAdd49D9
D uneIsh)
MU ‘(Sv)Iod498
Mau ‘(GN-4SV)104499
JUBLIND (YSV)I0H499

auIuNealD

uotrenb3 pue e e uoiey|id

185 B1eQ UONEPIEA 8yl Ul Y49 painses|y yum pasedwo) se uonewnsg Y49 1oy sayoeoiddy MaN pue juaiing Jo Aoeinooy

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



Page 18

Inker et al.

oW €2°T Jad emnuiw Jad |wi GT UBL) $S3] PUR ‘62 01 GT ‘v 0} OF ‘65 0} G ‘68 O 09 ‘06 UBLY 210U JO S3110B81RI Y493 PUR YD PRINSERW UBIMIS JUBLWaBIGR 0) SIaja1 LONEILISSE|D 1081100 )

"449 painseaw J0 %0E UIYIM Y4938 Jo uonodoid ays si omn_%

449 PaINseawl JO UOIEBLINSSISA0 S81ea1pul ubls aAleBau e pue ‘Y49 painseaw Jo UONBWISaIapuUN sajealpul ubis aAnIsod v 4498 pue Hy-49 painsesll Usamiag sousIalip UBIpawW ay) Se paulsap si mm_m_n

'syutod abejusdiad se passaldxa ale sal10ba1ed Y49 painsesw pue Y498 Usamiaq Juswaaibe 1uadlad 10j pue Y49 painseaw JO 9,0 UILIM JuaLWaaIbe

10} $90uaIayIQ “siuedioned yoejg-uou yum pasedwod se siuedioned yoe|g ul Juswaalbe ssa) sarealpul Juswaaibie A1oba1ed Y49 1o 0€4 1oy ubis aniebau v “sjuedionied xoe|g-uou 0} anle|al syuedioned

3ae|g Ul Y49 painseall JO uolewsalapun sajealpul seiq Ul adualayip 1oy ubis aanebau v ‘siuedionied yoejg-uou snuiw syuedionied %oe|g Ul 9L1I8W 8y} Se pauljap sem sdno.b ades usamiaq mocem&_n_JN

"PAAOWIAI SBM JUBIDIJA0D 9Jk1 YIB|g BU) YdIym Ui suorenba 01 siajal (gN) oe|g-uoN Juswdojansp J1ays ul pasn aiam eyl ([S] xas pue abe 1o
[4sv] adel pue ‘xas ‘abie) si01oey o1ydelbowap ayy pue ([SA2104493] O uneIsAI—auluneald 1o ‘[sAoy49a] O unelsAo ‘[10449a] auluileald) siaxew Jo JaxJew uonesyjly ayl Aq ol paliajal ate suolenba ay
*

(rz09-)81- (L'12019'89) Z°0L (222 019%9) ¥'89 Mau ‘(Sy)sho-104499

(0019'8-) €¥- (r'zL 01 €69) 8°0L (€'02 01929) 599 MaU ‘(gN-YSV)sho-104499

(eToT-)62- (722 01 £69) 8°0L (LTL01T19) 629 BN ‘(YSV)sho-104498
o) c_amum\@lm:_c_ﬂmm\_o

(8001 08-) 9°¢- (L2901 6%9) T'99 (5'99 01 9°85) 529 ua.nd ‘(Sv)shoy499
2 uneisAko

(50-01€'6-) 67— (z'89 01 17'59) 299 (8'59 01 6°28) 8'T9 MaU ‘(SW)104499

.PA_U gmmv wuc.mg_u_:mn_ oe|g-UoN pue wHCmQ_U_:mn_ oe|g Usemiag adue RiId qumQ_u_:Gn_ )oe|g-UoN muc.mn_u_:mn_ Xoe|g *CO_Hm:Um_ pue B Ie|\ uolredljiq

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



Page 19

Inker et al.

0

ERIVEDEI )]

GE'0¥9°0-
GE'0FE0
GE'0F€0

¢9'0+0C

9T'0%9'T-
0

CRIVED TN

¢E€0FL0-
T€'0¥C0
T€'0¥¢0

15'0¥9°T
9T'0¥S'T-

0

ERIVED TN

Judauad

1+(dSV) o499 woJjabueyd

12°0¥8¢'¢
12°0¥82°¢

97'0¥€C'9
Ly'0F12'L
LY'0F12'L

69°0¥98'8

9€'0¥8¢'S
T¥'0¥98°9
T¥'0798°9

L6'0F70'TT
G6'0¥68'TT
G6'0¥68'TT

00°'TFOE'ET

§6'0+G2'0T

€6'0¥¢L'TT
€6'0F¢L'TT

97’ 0F06'¥
97’ 0F06'v

86'0¥6E°CT
20'TF61'ST
20'TF61'ST

67" T+v0'6T

8L 0FVE'TT
68°0F¥SL VT
68'0FSL' VT

60'¢¥eLee
¥0°¢¥8G5'SC
G0'¢¥8G'SC

YT1°¢FL5'8C

S0'2+e0'¢e

66'T¥LT'SC
00°¢FLT'SC

LT0FY'T

CRIVEIETEN]

Tr'0+€0-
LE0FL0
6€°0¥9°0—

99'0+€°0

9¢'0%¥0°¢

9v'0¥6'C

CRIVEIETN]

8¢ 0+V'0-
8C°0F7'0
SC'0FL°0-

SY'0FT'0-

0€'0+0°C

Zr'oFYe

CRIVEIETN]

Juauad

Tr0FeTy ET0FSET
¥¥'0¥08°C ¥1'0¥68°0
€9'0¥8¢'9 0C'0%66'T
S9'0F¢'L T2'0¥0€C
€9'0F.L6'S 02'0¥06'T
78'0¥78'9 LT0FLTC
95'0+95'8 8T°0%¢l¢e
9.°0%EY'0T ¥2'0F¢Ee
95'0F¥5'9 8T°'0¥80°C
6T'T+C6ET 8E' 0+ 'y
ST TFCZLVT LE°0¥89'7
ST'TFE9'ET LE°0FEE Y
CETFET VT ' 0Fesy
TCT+¢E9T 8€'0+8T'S
9CTFLLLT 07'0¥59'S
ST TFE VT 92'0¥95'7

1o lad peIYBIBM  SUOIIITIN UI'ON  4+(dSV) 0499 woljabueyd  1uedsed peIybem  suolfl Ul 'ON

SUOS Jad Yoe|g-uoN

suos led Yoe|g

Mau ‘(gN-dSVv)10d498
W82 ‘(4SV)I04498
auluness)
z WELT/UIW/|W Gp> H4O9
Mau ‘(SV)sAo-104499
MaU ‘(GN-YSV)sAo-104493
JUB.IND ‘(YSV)SAD-10449D8
2 unelsAo—auluneasd
JUa1INY ‘(SY)sAoY498
O uneisho
Mau ‘(SY)10H499
Mau ‘(aN-USV)Ioy498
W82 ‘(4SV)I04498
aulunessn
z WELT/UIW/|W 09> YOS
MU ‘(SY)sAd-104490
Mau *(aN-YSV)sA0-104 199
JUB.LIND ‘(YSV)SAD-104498
0 uneisAo—suiuneal)
JUaINY ‘(SY)sAoy498
O uneisho
MaU ‘(SV)104499
MaU ‘(EN-HSW)IoH1D9
JUBLIND (4SV)I0H498
aulunessn

& SSESIP foUp 1) D1U0IYD

JEo:m:Um_

Author Manuscript

. 'SUNpY 'S’ Buowre safiels Y49 pue aseasiq AsupIy J1UOIYD JO 89UBJeASId Palewnsy

‘v alqeL

Author Manuscript

Author Manuscript

Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



Page 20

Inker et al.

*(0€< 40 [swelb ul painseaw
1W Ul painseaw ulwingje Y] oies suluieald-ol-uiwngje Areurn) enuiwnge uasisiad 1o ZWeLT Jad anurw Jad Jw 09 UeyY) $S8 JO H-4O B Sk pauljep Sem aseasip Asupiy o_coEo%

"(YSV)194499 woly wadad pajybiram ul aduaIaYIp aY} Se PajenNdjed sem omcmcon

"POAOLLBI SBM JUSIDISS09 9981 4I8|g dU} YdIyMm Ul suoienba 0} s1ajal (gN) 19e|g-UuoN uswdojansp 11y} ul pasn atam 1ey ([Sy] xas pue abe o

[4sv] aoel pue ‘xas ‘abie) si01oey o1ydeBowap ayy pue ([sA2-104498] D uneIsAo—auluneald Jo ‘[ unelsAa] sAoyd49s ‘[104498] auluinea.ld) siaxiew 10 JayJew uone|iy ayl Aq 01 paiiajal ale suolenbas ay ¢

"JS+ sueaW aJe sanjeA snul-sn|d
¥

3UIUINLaIO pUe SWel

LO0F€0 €1°0708°0 62°0FTLT 2r0¥E0 LT0¥7eLT 60'0¥55°0 MaU ‘(SV)sAd-104499

80°0F7'0 9T'0798'0 GE'0758'T ET0FY0 82'0708'T 60°0F/5°0 MU ‘(GN-YSV)sho-104499

80°0F1'0 97'0%98'0 GE'0758'T ZT'0%€0 120%2L'T 60°0%55°0 WaLNd “(YSV)sAo-104498
0 uneisAo—sulunesl)

TT'0%L0 6T°0¥6T'T 07'0%95C YT'0F0 62°0¥18'T 60°0F.50 WaNd “(S)skoy498
2 uneisho

v0'0¥T°0- 80°078€0 9T'0¥18°0 L0'0FT°0 LTO0FYST 60'0767°0 Mo ‘(Sv)10d499

0 0T'0FTS0 ZZ0F0T'T ZT0F0 62°076LT 60°0F/5°0 MU ‘(GN-YSV)I0H498

ERIVEIEIEN] 0T 0¥TS0 CC0F0T'T ERIVEIETEN] G2 0FOV'T 80°0FSY'0 JuaaInd ,Amw<v‘_ow_u_mum
aulunesal)

¢ WELT/UIW/|W 0E> H4O9

0T'0¥T0 2T 0FeEeT 8y'0¥10'S T2°0¥€0 9€'0FT'E 2T'0%66'0 Mau ‘(S)sho-104499

60°0FE0 £2°0¥19°C 05'0F19'S ST'0FL0 SY'0FIS'E vT'0¥2T'T MaU ‘(GN-YSV)sho-104499

60°0¥€°0 €2°0¥19°C 05°0¥19'S 8T°0FT°0 LE'0¥98'C ZT'0¥16°0 WaNd ‘(4SV)sho-104498
2 unelsAo—auluneald

v 0FS'T GE'0F9L'E GL'0¥60'8 €2°0%5°0 TV’ 0FeE'e €T'07S0'T WaNd {(Sv)skoy499
D uneisky

LO'0F10- 6T°0¥58T 07’ 0FL6°€ Zr0F 0 vy 0FETE yT°0¥€0°T MaU (SY)104499

+(dSV)od499 woujsbueyd  1uedled peIYBIBM  SUOHIIIA UI'ON  4+(SV)JoH4D9 woujebueyd  1uedled peIyBm  SUOI||IA Ul 'ON

SUGs ;8d Moe|g-UuoN suos od oe|g t_o_a:cm_

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



	Abstract
	METHODS
	STUDY OVERSIGHT
	EQUATIONS TO ESTIMATE GFR AND ACCURACY AS COMPARED WITH MEASURED GFR
	Data Sources and Laboratory Methods
	Development and Validation of Equations

	ESTIMATION OF PREVALENCE OF CKD AND GFR STAGES IN U.S. ADULTS

	RESULTS
	DEVELOPMENT OF EQUATIONS AND ACCURACY AS COMPARED WITH MEASURED GFR
	Participants
	Description of Current and New Equations
	Bias in Equations Involving Black and Non-Black Participants in Development Data Sets
	Creatinine-Based eGFR in Validation Data Set
	eGFR Based on Creatinine and Cystatin C in Validation Data Set

	PREVALENCE OF CKD AND GFR STAGES ACCORDING TO EQUATION

	DISCUSSION
	APPENDIX
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

