Proceedings of Machine Learning Research 248:619-643, 2024

Conference on Health, Inference, and Learning (CHIL) 2024

Algorithmic Changes Are Not Enough: Evaluating the
Removal of Race Adjustment from the eGFR Equation

Marika M. Cusick
Stanford University School of Medicine

Glenn M. Chertow
Stanford University School of Medicine

Douglas K. Owens
Stanford University School of Medicine

Michelle Y. Williams
Stanford Health Care

Sherri Rose
Stanford University School of Medicine

Abstract

Changing clinical algorithms to remove race ad-
justment has been proposed and implemented
for multiple health conditions. Removing race
adjustment from estimated glomerular filtra-
tion rate (eGFR) equations may reduce dispar-
ities in chronic kidney disease (CKD), but has
not been studied in clinical practice after im-
plementation. Here, we assessed whether im-
plementing an eGFR equation (CKD-EPI 2021)
without adjustment for Black or African Amer-
ican race modified quarterly rates of nephrol-
ogy referrals and visits within a single health-
care system, Stanford Health Care (SHC). Our
cohort study analyzed 547,194 adult patients
aged 21 and older who had at least one recorded
serum creatinine or serum cystatin C between
January 1, 2019 and September 1, 2023. During
the study period, implementation of CKD-EPI
2021 did not modify rates of quarterly nephrol-
ogy referrals in those documented as Black or
African American or in the overall cohort. Af-
ter adjusting for capacity at SHC nephrology
clinics, estimated rates of nephrology referrals
and visits with CKD-EPI 2021 were 34 (95% CI
29, 39) and 188 (175, 201) per 10,000 patients
documented as Black or African American. If
race adjustment had not been removed, esti-
mated rates were nearly identical: 38 (95% CI:
28, 53) and 189 (165, 218) per 10,000 patients.
Changes to the eGFR equation are likely in-
sufficient to achieve health equity in CKD care
decision-making as many other structural in-
equities remain.
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Data and Code Availability We used elec-
tronic health record (EHR) data at Stanford Health
Care (SHC) from the STAnford medicine Re-
search data Repository (STARR) (Callahan et al.,
2023). Because our data include protected
health information, the data are not available to
be shared publicly. Our code is available at:
github.com/Stanford HPDS /egfr_equation_shc.

Institutional Review Board (IRB) The Stan-
ford University Institutional Review Board approved
this research.

1. Introduction

Chronic kidney disease (CKD) currently affects more
than 1 in 7 U.S. adults, about 37 million persons
(CDC, 2022). Clinical management of CKD focuses
on preventing kidney failure which requires dialysis
or kidney transplantation, and preventing associated
complications, including exceptionally high rates of
cardiovascular disease. For racial and ethnic minori-
ties, the burden of kidney failure is higher, with little
to no improvement observed for several decades de-
spite recognition of disparities since the 1980s (Vart
et al., 2020; Hsu et al., 2003; Rostand et al., 1982).
Black or African American and Hispanic patients are
at least 3-fold and 1.5-fold more likely to progress to
kidney failure in comparison to non-Hispanic white
patients (Desai et al., 2019; System, 2020). Subop-
timal management of mild-to-moderate CKD in the
primary care setting, including delays in referrals and
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visits to nephrology, have contributed to disparities To our knowledge, prospective assessments of the
in CKD and kidney failure outcomes (Navaneethan new equation's e ect on CKD care decision-making
et al., 2008). and health outcomes have not been reported. Herein,

Primary care providers typically rely on the es- we estimate the e ects of implementing CKD-EPI
timated glomerular ltration rate (eGFR) equation 2021 on nephrology referrals and visits for patients
to gauge severity of CKD and inform CKD care Within a single health care system.
decisions. As eGFR values decrease, patients are
classi ed into more severe CKD stages. While sev- 2. Methods
eral such equations were developed, the two most
widely adopted equations (the 4-variable MDRD 2.1. Data, Study Population, and Measures
Study equation and the CKD-EPI 2009 equation) in-
corporated age, sex, Black versus non-Black race, and
serum creatinine. The MDRD and CKD-EPI 2009
equations include coe cients that increase eGFR es-
timates 21% and 16% higher, for patients adminis-
tratively documented as Black or African American
(Levey et al., 2009, 1999; Eneanya et al., 2019).

The inclusion of race in clinical algorithms, such
as the eGFR equation, propagates racial bias in
decision-making (Vyas et al., 2020). Calls for a non-
race-adjusted eGFR equation led to an e ort sup-
ported by two professional organizations and a novel
eGFR equation (CKD-EPI 2021) that was estimated
without race. In retrospective validation studies, the
CKD-EPI 2021 eGFR equation underpredicted mea-
sured GFR, the gold standard, for Black patients, yet
overpredicted measured GFR for non-Black patients
(Inker et al., 2021). Many health care systems sub-
sequently implemented and deployed CKD-EPI 2021
into clinical care (Miller et al., 2022; Genzen et al.,
2022, 2023). The literature on algorithmic bias and
fairness has proposed additional potential changes be-
yond removing race adjustment for health care al-
gorithms, including fairness constraints in the loss

In this cohort study, we identi ed all adult patients
aged 21 and older with at least one serum creati-
nine or serum cystatin C at an SHC hospital or
clinic recorded in STARR during our study period:
January 1, 2019 through September 1, 2023. At
SHC, the CKD-EPI 2021 eGFR equation was im-
plemented on December 1, 2021 in Epic EHR sys-
tems. eGFR was computed automatically for chem-
istry panels and point of care services, requiring no
behavior change from SHC providers. We manually
validated the implementation and uptake of CKD-
EPI 2021 in STARR by computing the proportion of
measurements that rely on the new equation (Ap-
pendix A.1, Table B1). For eGFR measurements
recorded after December 1, 2021, we compared di er-
ences in eGFR values and CKD stages as calculated
with CKD-EPI 2021 and CKD-EPI 2009, the eGFR
formula most commonly used at SHC prior to the im-
plementation of CKD-EPI 2021 (Appendix A.2, Ta-
ble B1).

Our outcomes were quarterly rates of nephrology
referrals and visits (Appendix A.3). Nephrology re-
ferrals are often prerequisites to nephrology visits. A

, given patient would have no more than one nephrol-
funcUon_, but such changes have not been deployed ogy referral, whereas nephrology visits can occur re-
in practice for .CKD (Chen et al., 2021). ) , peatedly. We de ned quarters to align with the

Implementation of a new eGFR equation without  yate of CKD-EPI 2021 implementation: December {
race adjustment has the potential to reduce down- February, March { May, June { August, and Septem-

stream disparities in CKD and kidney failure, par-  per 1 November. Rates were normalized by number
ticularly for Black or African American patients, by patients with any visit at SHC per quarter during

lowering GFR estimates and promoting early detec- . study period (Figures B1, B2 and B3).
tion and treatment of CKD (Ahmed et al., 2021; '

Gregg et al., 2022; Ku et al., 2022; Ghuman et al.,
2022). However, racial disparities in CKD cannot
be explained by eGFR-guided CKD decision-making We estimated the e ect of implementing the CKD-

alone, as other factors, including higher prevalence EPI 2021 equation on quarterly rates of nephrology
of other comorbid conditions (diabetes, hyperten- referrals and visits using an interrupted time series
sion), lower socioeconomic status, poorer housing(ITS) study design estimated by Poisson regression,
and neighborhood conditions, and other systemically a common choice for count outcomes (Bernal et al.,
racist policies and practices, contribute to CKD in- 2017). In our ITS formulation, the underlying time

equities (Norton et al., 2016). series trend of SHC nephrology referrals and visit

2.2. Statistical Analyses
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rates was interrupted by the implementation of CKD- an alternative impact model (assuming an immediate
EPI 2021. level and slope change on rates of nephrology referrals
Our main results assumed the eGFR equation and visits), and another indicator for capacity: aver-
change had a gradual e ect on rates of nephrology age number of active providers at SHC nephrology
referrals and visits, which we formalized in an impact clinics (de ned as providers with at least one visit at
model with a temporary slope change followed by a a SHC nephrology clinic). We considered the inclu-
level change in our rates of interest. We expected sion of other possible time-varying covariates, such as
gradual changes after the eGFR equation change SHC demographics (average age, proportion of doc-
given use of the CKD-EPI 2021 equation steadily umented female patients) and number of patients in
increased across SHC hospitals and clinics in theour cohort with common comorbidities (diabetes and
months following December 1, 2021. We assumed thehypertension). Finally, we tested our regressions as-
period associated with the temporary slope change suming rates of nephrology referrals and visits fol-
was nine months, which corresponds to when usage oflowed seasonal patterns, as patient counts at SHC
the CKD-EPI 2021 equation was at least 90% across can follow seasonal patterns from infectious diseases

SHC hospitals and clinics (Figure B4). The unad- (Appendix A.6) (Fisman, 2007).
justed ITS regression was given by: We stored data on a secure Google Cloud Storage
server and processed using BigQuery SQL workplace.
Ye= ot 1Ti+ 2AQ We conducted all analyses in Python version 3.9.1.
Y; : Quarterly rate at time t;
T; : Quarters elapsed at timet;

A : CKD-EPI 2021 at time t; 3. Results

wheret = f1;:::; 18y was measured in quarters. The 3.1. Study Population and Outcomes

indicator for CKD-EPI 2021, A, was 0 prior to CKD-

EPI 2021 implementation, between 0 and 1 during the A total of 547,194 adult patients had at least one
9-month temporary period, and 1 afterward. The Serum creatinine or cystatin C value at SHC hospi-
temporary period values were directly tied to the tals and clinics during our study period. Mean age
temporary slope change impact model withA, val- Was 48 years and 298,680 (55%) were female. Docu-
ues of 0.25, 0.50, 0.75 at 3, 6, and 9 months post-mented race and ethnicity characteristics were: 2,257
implementation. The e ect of interest, », represents (<1%) American Indian or Alaska Native, 121,673
the impact of implementing CKD-EPI 2021. We con- (22%) Asian, 24,373 (5%) Black or African Ameri-
ducted the ITS subgroup analyses for patients docu- ¢an, 5,555 (1%) Native Hawaiian or Other Paci c Is-
mented as Black or African American or not Black or lander, 271,604 (50%) white, and 105,545 (20%) addi-
African American as well as analyses for the overall tional group as well as 82,639 (15%) Hispanic/Latino
SHC population (Appendix A.4). (Table 1).

We reported estimated quarterly rates of nephrol-  In our cohort, 9,329 (2%) and 10,676 (2%) pa-
ogy referrals and visits after December 1, 2021, with tients had nephrology referrals and visits, respec-
and without implementation of the CKD-EPI 2021 tively, where, for example, visits include patients who
equation. Changes to rates from the implementa- had external referrals that are not documented in the
tion of the CKD-EPI 2021 equation were estimated EHR. Of those with referrals and visits, 687 (7%)
by unadjusted and adjusted rate ratios (RRs with and 738 (7%) were observed in patients documented
95% ClIs). To account for capacity at SHC nephrol- as Black or African American. During the study pe-
ogy clinics, a possible time-varying covariate, we ad- riod, the average observed quarterly rates of nephrol-
justed for the median number of days from nephrol- ogy referrals and visits were 20 and 99 per 10,000
ogy referral to visit at a nephrology clinic (Ap- patients. Among patients documented as Black or
pendix A.5, Tables B2 and B3, Figures B5, B6 and African American and not Black or African Ameri-
B7). The adjusted ITS regression was given by: can, average observed quarterly rates for nephrology
Ye = o+ 1Tt + 2A{ + 3Xi; where X; was me- referral and visits were 33 and 167 per 10,000 patients
dian days from referral to visit at time t. and 19 and 96 per 10,000 patients, respectively (Ta-

In sensitivity analyses, we tested varying tempo- ble 2). The median time from nephrology referral to
rary slope change periods (3, 6, and 12 months), visit at a nephrology clinic increased from 32 days in

621



Removing eGFR Race Adjustment

Table 1: Characteristics of adult patients with at least one serum

Stanford Health Care hospitals and clinics

creatinine or cystatin C recorded at

Characteristic

Age (mean (SD))

Documented sex @ (%)) Female
Male
Unknown

48 (18)
298,680 (55%)

248,345 (45%)
169 (< 1%)

Documented race (n (%))

Documented ethnicity

(n (%))

American Indian or Alaska Native

Asian

Black or African American

Native Hawaiian or Other Paci c Islander
White

Additional group

Decline to State

Unknown

Hispanic/Latino

Not Hispanic/Latino
Decline to State
Unknown

2,257 (< 1%)
121,673 (22%)
24,373 (5%)
5,555 (1%)
271,604 (50%)
105,545 (20%)
13,686 (3%)
24,727 (5%)

82,639 (15%)
435,138 (80%)
17,935 (3%)
26,041 (5%)

At rst observed visit at Stanford Health Care
Percentages do not sum to 1 as some patients were documented in multiple categories

2019 to 100 days in 2023 (Table B2, Figures B5, B6 the estimated quarterly rate was 38 (95% CI: 28, 53)
and B7). per 10,000 patients documented as Black or African
American. With and without the implementation of
CKD-EPI 2021, quarterly rates of nephrology vis-
its did not dier: 188 (95% CI: 175, 201) and 189
When compared to CKD-EPI 2009, CKD-EPI 2021 (95% CI: 165, 218) per 10,000 patients documented
produced the largest changes in eGFR values for pa-as Black or African American. For patients docu-
tients documented as Black or African American, for mented as not Black or African American, estimated
whom eGFR values decreased on average by 10%yates of nephrology referrals and visits were 20 (95%
and 18% of measurements were assigned to more seg|: 19, 21) and 102 (95% Cl: 100, 104) per 10,000
vere CKD stages (Tables B4, B5 and B6). For those patients with CKD-EPI 2021 and 21 (95% CI: 19,

not documented as Black or African American, eGFR 23) and 100 (95% ClI: 96, 104) per 10,000 patients
values increased by 5% on average and 12% were asyithout CKD-EPI 2021 (Table 3).

signed to less severe CKD stages (Tables B4, B7 and
B8). The majority (58%) of changes in CKD stage
assignment were between CKD stages G1 and G2, the For patients documented as Black or African Amer-

3.2. Main Analyses

least severe stages of CKD (Tables B9 and B10).
Estimated quarterly rates of nephrology referrals
and visits did not di er following implementation of
the CKD-EPI 2021 eGFR equation among studied
subgroups (Figures 1 and 2). After implementation
of the CKD-EPI 2021 equation, the estimated quar-

terly rate of nephrology referrals was 34 (95% CI:

ican, the unadjusted RRs of the CKD-EPI 2021 equa-
tion implementation on nephrology referrals and vis-
its was 0.85 (95% CI: 0.61, 1.20, p-value: 0.37) and
0.98 (95% CI:0.84, 1.14, p-value: 0.78). After ad-
justing for capacity at SHC nephrology clinics, the
corresponding RRs were 0.84 (95% CI: 0.57, 1.23, p-
value: 0.37) and 0.99 (95% CI: 0.83, 1.17, p-value:

29, 39 per 10,000 patients documented as Black or0.90). For those documented as not Black or African

African American. If the CKD-EPI 2021 eGFR equa-

tion had not been implemented (i.e., race-adjusted),

American, adjusted RRs of the CKD-EPI 2021 equa-
tion implementation on nephrology referrals and vis-
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Table 2: Mean observed quarterly rates for nephrology referrals and visits

Black or Not Black or
Overall African American African American
Rate of nephrology referrals 20 33 19
(per 10,000 patients)
Rate of nephrology visits 99 167 96
(per 10,000 patients)
Patients with any visit at SHC 263,742 11,711 252,067
Median time from referral to visit 57 58 57

Documented race

Table 3: Rate ratios (RR) of implementing CKD-EPI 2021 and estimated quarterly rates of nephrology
referrals and visits under CKD-EPI 2021 and race-adjusted eGFR with con dence intervals (95% CIs) from
interrupted time series regression for overall cohort and subgroups (Black or African American, not Black
or African American)

Black or Not Black or

Overall African American African American
Nephrology referral rates
Unadjusted RR 0.93 (0.85, 1.02) 0.85 (0.61, 1.20) 0.94 (0.85, 1.03)
(CKD-EPI 2021)
Adjusted RR 0.93 (0.84, 1.04) 0.84 (0.57, 1.23) 0.94 (0.84, 1.05)
(CKD-EPI 2021)
Estimated rate per 10,000 people 21 (20, 22) 34 (29, 39) 20 (19, 21)
(CKD-EPI 2021)
Estimated rate per 10,000 people 22 (20, 24) 38 (28, 53) 21 (19, 23)
(race adjusted)
Nephrology visit rates
Unadjusted RR 0.99 (0.95, 1.03) 0.98 (0.84, 1.14) 0.99 (0.95, 1.04)
(CKD-EPI 2021)
Adjusted RR 1.02 (0.97, 1.07) 0.99 (0.83, 1.17) 1.03 (0.98, 1.08)
(CKD-EPI 2021)
Estimated rate per 10,000 people 110 (108, 112) 188 (175, 201) 102 (100, 104)
(CKD-EPI 2021)
Estimated rate per 10,000 people 108 (104, 113) 189 (165, 218) 100 (96, 104)

(race adjusted)
Documented race
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(a) Black or African American (a) Black or African American
(b) Not Black or African American (b) Not Black or African American
(c) Overall (c) Overall

Figure 1: Observed and estimated quarterly rates Figure 2: Observed and estimated quarterly rates

(with shaded 95% CIs) of nephrology referrals with (with shaded 95% ClIs) of nephrology visits with

CKD-EPI 2021 and race-adjusted eGFR from inter- CKD-EPI 2021 and race-adjusted eGFR from inter-

rupted time series regression during study period rupted time series regression during study period
Documented race Documented race
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its were 0.94 (95% CI: 0.84, 1.05, p-value: 0.28) andter the implementation of CKD-EPI 2021 may not

1.03 (95% CI: 0.98, 1.08, p-value: 0.32) (Table 3).
When examining the overall cohort, estimated
quarterly rates of nephrology referrals and visits did
not change after implementing the CKD-EPI 2021
equation. If CKD-EPI 2021 were not implemented,

be large enough to meaningfully in uence system-
wide nephrology referrals and visits. The majority of
changes were in the earliest stages of CKD, where the
eGFR equations show the poorest concordance with
measured GFR (Inker et al., 2021). Third, CKD-EPI

estimated rates were 22 (95% CI: 20, 24) and 1082021 produced the largest changes in eGFR values for
(95% CI: 104, 113) per 10,000 patients for nephrology patients documented as Black or African American,

referrals and visits, respectively. With implementa-
tion of CKD-EPI 2021, estimated rates were 21 (95%

who only made up 5% of our study population. Our
results may be limited by small sample sizes, and

Cl: 20, 22) and 110 (95% CI: 108, 112) per 10,000health systems with a larger proportion of patients

patients, respectively (Table 3).

3.3. Sensitivity Analyses

Our results were robust across sensitivity analyses.
There were no statistically signi cant di erences in
the quarterly rates of nephrology referrals and vis-
its under alternative temporary slope change peri-
ods, impact models, adjustment with another poten-
tial time-varying covariate (active providers at SHC
nephrology clinics), and seasonal adjustments (Ta-
bles B11, B12, B13, B14, B15 and B16). The addi-
tional potential time-varying covariates also did not
appear to be strongly time-varying over our study
period (Figures B8, B9, B10 and B11).

4. Discussion

In the two years following implementation of the
CKD-EPI 2021 equation|]a new eGFR equation
without race adjustment|there were no changes in
referral or visit rates among patients with mild-to-
moderate CKD within a single healthcare system.
When comparing the CKD-EPI 2021 equation with-
out race adjustment to previously utilized eGFR

documented as Black or African American may ob-
serve di erent results.

More importantly, racial disparities in CKD a ect-
ing Black or African American patients cannot be
attributed to eGFR-guided nephrology referral pat-
terns alone. Previous studies have found that Black
or African American patients had higher rates of
nephrology care, anti-hypertensive medication usage,
and albuminuria testing compared to non-Hispanic
White patients (Chu et al., 2021; Suarez et al., 2018).
This suggests that disparities in CKD are also driven
by factors outside the healthcare delivery process,
such as social determinants of health and structural
racism (Norton et al., 2016; Crews et al., 2022; Boul-
ware and Mohottige, 2021). Prior research cites lower
socioeconomic status (Norris and Nissenson, 2008;
Norris and Beech, 2021), lower rates of health in-
surance coverage and access to usual medical care
(Jurkovitz et al., 2013; Evans et al., 2011), increased
stress from racial discrimination (Bruce et al., 2015,
2009; Camelo et al., 2018), and poorer environmental
and neighborhood conditions (Volkova et al., 2008;
Guterrez, 2015), as contributors to inequities in
CKD.

While the inclusion of race adjustment in clinical

equations, eGFR estimates were consistently lower equations contributes to racial bias, changes to the

for patients documented as Black or African Ameri-
can, resulting in a higher proportion of patients docu-
mented as Black or African American being classi ed

in more severe CKD stages. Despite these di erences,

eGFR equation are insu cient to tackle social fac-
tors and structural inequities. A focus on equations
should not divert e orts from research and interven-
tions that aim to tackle these structural causes of

we observed no change to nephrology referrals andhealth and health care disparities in kidney disease.

visits after implementation of the new equation.
There are a number of reasons that may be under-

Use of the CKD-EPI 2021 eGFR equation has been
hypothesized to in uence clinical decisions beyond

lying the results seen here where we did not observenephrology referrals and visits, such as prescription

changes in rates of nephrology referrals and visits.
First, CKD care decision-making (including referral

to nephrology) relies on a myriad of factors, including
eGFR, albuminuria, and presence of comorbid condi-
tions including diabetes, obesity, hypertension, and

medication eligibility, acute kidney injury treatment,
vascular access referral, and kidney transplant eli-
gibility (Ahmed et al., 2021; Ghuman et al., 2022;
Uzendu et al., 2023). We did not examine these out-
comes due to sample size and de nition limitations.

cardiovascular disease. Second, changes to eGFR afOur analyses focused on nephrology referrals and vis-
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its, as we did not expect meaningful changes in CKD We include the following acknowledgement text

and kidney failure outcomes within a two-year period. as guided by the O ce of the Senior Associate

Future research could evaluate these outcomes with Dean for Research at Stanford School of Medicine
a longer follow-up period after the implementation of (starr.stanford.edu/resources/faq):

CKD-EPI 2021.

There are limitations to our study. First, our study \This research used data or services pro-
relies on EHR data in a single health system, which vided by STARR, \STAnford megilplne Re-
are limited to clinical encounters within SHC. Sec- search data Repository,” a clinical data
ond, the reliability of race and ethnicity information warehouse containing live Epic data from
in EHR data are unclear. Previous studies have re- ~ Stanford Health Care, the Stanford Chil-
ported lack of concordance between self-reported and ~ dren's Hospital, the University Healthcare
administratively recorded race and ethnicity infor- Alliance and Packard Children’s Health
mation in other health systems (Polubriaginof et al., Alliance clinics and other auxiliary data
2019; Hamilton et al., 2009). Third, we categorized from Hospital appllcatlons_ such as radiology
all other racial and ethnic groups as not documented PACS. STARR platform is developed and
as Black or African American in our subgroup anal- operated by Stanford Medicine Research
yses, which does not allow us to explore whether ~ Téchnology team and is made possible by
nephrology referrals diered among additional mi- Sta?ford School of Medicine Research Of-
noritized groups over the study period. Fourth, the ce.

COVID-19 pandemic occurred during our study pe- We also would like to acknowledge Jeremy
riod, which broadly in uenced clinical care, including Goldhaber-Eiebert Nak

. . aya Frazier, Kelvin Nguyen,
referral patter_n s and prov_lder workload. We a|_m_ed and Joshua Salomon for providing feedback and
to address this by adjusting for changes to clinical . . .

. insights on this research.
demand over the course of the study period. How-
ever, it is possible that other factors related to the
COVID-19 pandemic in uenced our results. Finally, References
there may be other unknown policy changes related
to CKD care at SHC that impact rates of nephrology Salman Ahmed, Cameron T Nutt, Nwamaka D
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Mendu. Examining the potential impact of race
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in CKD care will require a continued focus on social

and structural causes of inequities across all aspectsL Ebony Boulware and Dinushika Mohottige. The
of health care in the US. Algorithmic changes willnot ~ seen and the unseen: race and social inequities af-

be enough. fecting kidney care. Clinical Journal of the Amer-
ican Society of Nephrology: CJASN 16(5):815,
2021.

Acknowledgments

Marino A Bruce, Bettina M Beech, Mario Sims,

This work was funded by a grant from the Stanford Tony N Brown, Sharon B Wyatt, Herman A Tay-

Impact Labs. lor, David R Williams, and Errol Crook. Social
environmental stressors, psychological factors, and

626



Removing eGFR Race Adjustment

kidney disease.Journal of Investigative Medicine,
57(4):583{589, 2009.

Marino A Bruce, Derek M Grith, and Roland J
Thorpe Jr. Stress and the kidney. Advances in
chronic kidney disease 22(1):46{53, 2015.

Alison Callahan, Euan Ashley, Somalee Datta,
Priyamvada Desai, Todd A Ferris, Jason A Fries,
Michael Halaas, Curtis P Langlotz, Sean Mackey,
Joe D Posada, et al. The stanford medicine data
science ecosystem for clinical and translational re-
search. JAMIA open, 6(3):00ad054, 2023.

Lidyane V Camelo, Luana Giatti, Roberto Marini
Ladeira, Rosane Harter Griep, Joe Geraldo Mill,
Dora Chor, and Sandhi Maria Barreto. Racial
disparities in renal function: the role of racial
discrimination. the brazilian longitudinal study of
adult health (elsa-brasil). J Epidemiol Community
Health, 2018.

CDC. Chronic kidney disease basics | chronic kid-
ney disease initiative, 2022.

Irene Y Chen, Emma Pierson, Sherri Rose, Shalmali
Joshi, Kadija Ferryman, and Marzyeh Ghassemi.
Ethical machine learning in healthcare. Annual Re-
view of Biomedical Data Science 4:123{144, 2021.

Chi D Chu, Neil R Powe, Charles E McCulloch, Dei-
dra C Crews, Yun Han, Jennifer L Bragg-Gresham,
Rajiv Saran, Alain Koyama, Nilka R Burrows,
Delphine S Tuot, et al. Trends in chronic kid-
ney disease care in the US by race and ethnicity,
2012-2019. JAMA network open, 4(9):e2127014{
2127014, 2021.

Deidra C Crews, Rachel E Patzer, Lilia Cervantes,
Richard Knight, Tanjala S Purnell, Neil R Powe,
Dawn P Edwards, and Keith C Norris. Design-
ing interventions addressing structural racism to
reduce kidney health disparities: A report from a
national institute of diabetes and digestive and kid-
ney diseases workshop.Journal of the American
Society of Nephrology 33(12):2141{2152, 2022.

Nisa Desai, Claudia M Lora, James P Lash, and
Ana C Ricardo. CKD and ESRD in US hispan-
ics. American journal of kidney diseases 73(1):
102{111, 2019.

Nwamaka Denise Eneanya, Wei Yang,

and Pe-

of using race to estimate kidney function. Jama,
322(2):113{114, 2019.

Kira Evans, Josef Coresh, Lori D Bash, Tiany
Gary-Webb, Anna Kettgen, Kathryn Carson, and
L Ebony Boulware. Race dierences in access to
health care and disparities in incident chronic kid-
ney disease in the US.Nephrology Dialysis Trans-
plantation, 26(3):899{908, 2011.

David N Fisman. Seasonality of infectious diseases.
Annu. Rev. Public Health, 28:127{143, 2007.

Jonathan R Genzen, Rhona J Souers, Lauren N Pear-
son, David M Manthei, Allison B Chambliss, Zahra
Shajani-Yi, and W Greg Miller. Reported aware-
ness and adoption of 2021 estimated glomerular |-
tration rate equations among us clinical laborato-
ries, march 2022.JAMA , 328(20):2060{2062, 2022.

Jonathan R Genzen, Rhona J Souers, Lauren N
Pearson, David M Manthei, Allison B Chambliss,
Zahra Shajani-Yi, and W Greg Miller. An up-
date on reported adoption of 2021 CKD-EPI esti-
mated glomerular ltration rate equations. Clinical
Chemistry, 69(10):1197{1199, 2023.

Jasleen K Ghuman, Junyan Shi, Leila R Zelnick, An-
drew N Hoofnagle, Rajnish Mehrotra, and Nisha
Bansal. Impact of removing race variable on ckd
classi cation using the creatinine-based 2021 CKD-
EPI equation. Kidney Medicine, 4(6), 2022.

L Parker Gregg, Peter A Richardson, Julia Akeroyd,
Michael E Matheny, Salim S Virani, and Sankar D
Navaneethan. E ects of the 2021 CKD-EPI crea-
tinine egfr equation among a national us veteran
cohort. Clinical Journal of the American Society
of Nephrology 17(2):283{285, 2022.

Orlando M Guterrez. Contextual poverty, nutrition,
and chronic kidney disease. Advances in chronic
kidney diseasg22(1):31{38, 2015.

Natia S Hamilton, David Edelman, Morris Wein-
berger, and George L Jackson. Concordance
between self-reported race/ethnicity and that
recorded in a veteran aairs electronic medical
record. North Carolina medical journal, 70(4):296{
300, 2009.

Chi-Yuan Hsu, Feng Lin, Eric Vittingho, and
Michael G Shlipak. Racial di erences in the pro-
gression from chronic renal insu ciency to end-

ter Philip Reese. Reconsidering the consequences stage renal disease in the united statesJournal of

627



Removing eGFR Race Adjustment

the American Society of Nephrology 14(11):2902{ Sankar D Navaneethan, Sarah Aloudat, and Sonal
2907, 2003. Singh. A systematic review of patient and health
system characteristics associated with late referral
in chronic kidney disease. Bmc Nephrology 9(1):

1{8, 2008.

Lesley A Inker, Nwamaka D Eneanya, Josef Coresh,
Hocine Tighiouart, Dan Wang, Yingying Sang,
Deidra C Crews, Alessandro Doria, Michelle M Es-
trella, Marc Froissart, et al. New creatinine-and Keith Norris and Allen R Nissenson. Race, gender,
cystatin c{based equations to estimate gfr without and socioeconomic disparities in CKD in the united
race. New England Journal of Medicine 385(19): states. Journal of the American Society of Nephrol-
1737{1749, 2021. ogy, 19(7):1261{1270, 2008.

Claudine T Jurkovitz, Suying Li, Keith C Nor- Keith C Norris and Bettina M Beech. Social deter-

ris, Georges Saab, Andrew S Bomback, Adam T minants of kidney health: focus on poverty. Clini-

Whaley-Connell, Peter A McCullough, Keep Inves-
tigators, et al. Association between lack of health
insurance and risk of death and ESRD: results
from the kidney early evaluation program (keep).
American journal of kidney diseases 61(4):S24{
S32, 2013.

Elaine Ku, Sandra Amaral, Charles E McCulloch,
Deborah B Adey, Libo Li, and Kirsten L Johansen.
Comparison of 2021 CKD-EPI equations for esti-
mating racial di erences in preemptive waitlisting
for kidney transplantation. Clinical Journal of the
American Society of Nephrology 17(10):1515{1521,
2022.

Andrew S Levey, Juan P Bosch, Julia Breyer Lewis,
Tom Greene, Nancy Rogers, David Roth, and Mod-
i cation of Diet in Renal Disease Study Group*. A
more accurate method to estimate glomerular |-
tration rate from serum creatinine: a new predic-
tion equation. Annals of internal medicine, 130(6):
461{470, 1999.

cal Journal of the American Society of Nephrology:
CJASN, 16(5):809, 2021.

Jenna M Norton, Marva M Moxey-Mims, Paul W Eg-
gers, Andrew S Narva, Robert A Star, Paul L Kim-

mel, and Gri n P Rodgers. Social determinants of
racial disparities in CKD. Journal of the American
Society of Nephrology: JASN 27(9):2576, 2016.

Fernanda CG Polubriaginof, Patrick Ryan, Hojjat

Salmasian, Andrea Wells Shapiro, Adler Perotte,
Monika M Sa ord, George Hripcsak, Shaun Smith,
Nicholas P Tatonetti, and David K Vawdrey. Chal-

lenges with quality of race and ethnicity data in
observational databases.Journal of the American
Medical Informatics Association, 26(8-9):730{736,
2019.

Stephen G Rostand, Katharine A Kirk, Edwin A Rut-

sky, and Brenda A Pate. Racial di erences in the
incidence of treatment for end-stage renal disease.
New England Journal of Medicing 306(21):1276{
1279, 1982.

Andrew S Levey, Lesley A Stevens, Christopher H Jonathan Suarez, Jordana B Cohen, Vishnu Potluri,

Schmid, Yaping Zhang, Alejandro F Castro IlI,
Harold | Feldman, John W Kusek, Paul Eggers,
Frederick Van Lente, Tom Greene, et al. A new
equation to estimate glomerular Itration rate. An-
nals of internal medicine, 150(9):604{612, 2009.

W Greg Miller, Harvey W Kaufman, Andrew S
Levey, Joely A Straseski, Kelly W Wilhelms,
Hoi Ying Yu, J Stacey Klutts, Lee H Hilborne,
Gary L Horowitz, John Lieske, et al. National
kidney foundation laboratory engagement work-

ing group recommendations for implementing the Anezi Uzendu,
CKD-EPI 2021 race-free equations for estimated

glomerular Itration rate: practical guidance for
clinical laboratories. Clinical chemistry, 68(4):511{
520, 2022.

628

Wei Yang, David E Kaplan, Marina Serper, Sid-
dharth P Shah, and Peter Philip Reese. Racial
disparities in nephrology consultation and disease
progression among veterans with CKD: an obser-
vational cohort study. Journal of the American
Society of Nephrology: JASN 29(10):2563, 2018.

United States Renal Data System. 2020 USRDS an-

nual data report: epidemiology of kidney disease
in the united states. 2020.

Kevin Kennedy, Glenn Chertow,
Amit P Amin, Jay S Giri, Jennifer A Rymer, Sri-
pal Bangalore, Kimberly Lavin, Cornelia Ander-
son, and John A Spertus. Implications of a race
term in GFR estimates used to predict aki after



Removing eGFR Race Adjustment

coronary intervention. Cardiovascular Interven- 2009 (adjusted for those not Black or African Amer-

tions, 16(18):2309{2320, 2023. ican), MDRD (adjusted for Black or African Amer-

) ) ican), and MDRD (adjusted for those not Black or
Priya Vart, Neil R Powe, Charles E McCulloch, agican American). We computed the absolute dif-

Rajiv Saran, Brenda W Gillespie, Sharon Say- forences between the recorded eGFR values and man-

dah, Deidra C Crews, et al. National trends in )1y computed eGFR values, and we assumed the

the prevalence of chronic kidney disease among,srr equation type to be the one with the small-

racial/ethnic and socioeconomic status groups, oot ahsolute di erence in eGFR values. Of the as-
1988-2016. JAMA network open, 3(7):e207932{ signed eGFR equation types, 8% and 3% had an

207932, 2020. absolute dierence in eGFR values greater than 1

Nataliya Volkova, William McClellan, Mitchel Klein, ~ ML/min/1.73m2 and 2 mL/min/1.73m2.
Dana Flanders, David Kleinbaum, J Michael  Prior to the eGFR equation change at SHC on De-
Soucie, and Rodney Presley. Neighborhood poverty cember 1, 2021, most visits (86%) with an eGFR mea-
and racial di erences in ESRD incidence. Journal Surement were reliant on the CKD-EPI 2009 equa-
of the American Society of Nephrology: JASN 19 tion, which had race adjustment according to whether
(2):356, 2008. patients are documented as Black or African Amer-
ican. However, after December 1, 2021, most visits
Darshali A Vyas, Leo G Eisenstein, and David S (87%) relied on the CKD-EPI 2021 equation, which
Jones. Hidden in plain sight|reconsidering the use  no longer adjusts for race (Table B1).
of race correction in clinical algorithms. New Eng-

land Journal of Medicine, 383(9):874{882, 2020. ] ]
A.2. Dierences in eGFR Values and CKD

Stages When Calculated with CKD-EPI

Appendix A. Appendix Methods 2021 and CKD-EPI 2009

o For all eGFR values recorded after December 1, 2021,
A.1. Manual Validation of SHC eGFR we compared eGFR values calculated with CKD-EPI
Equation Change 2009 and CKD-EPI 2021 eGFR equations. eGFR
On November 12, 2021, SHC announced that they values calculated with CKD-EPI 2009 represent the
would be implementing the new eGFR equation counterfactual scenario in which the eGFR equation
(CKD-EPI 2021) that no longer adjusts for race. Be- did not change and continued to have race adjust-
cause our analysis relied on the implementation of ment.
CKD-EPI 2021, we conducted a manual validation ~ We identi ed a total of 1,446,144 eGFR measure-
using STARR data to conrm changes in usage of ments at SHC, of which 69,747 (5%) corresponded
eGFR equation types over time across the SHC health to patients documented as Black or African Ameri-
system. can. Average percent change between eGFR values
We identied all unique serum creatinine mea- calculated with CKD-EPI 2009 and CKD-EPI 2021
surements (4,103,122) and eGFR measurementswas -10% for those documented as Black or African
(6,030,862) at SHC since the beginning of our American and 5% for those not documented as Black
study period. Because serum creatinine and eGFR or African American (Table B4).
measurements are often ordered simultaneously, we Among the 69,747 eGFR measurements corre-
matched serum creatinine and eGFR measurements sponding to patients documented as Black or African
according to unique visit identi ers and measurement American, a total of 12,456 (18%) measurements
date and time. We identi ed at least one eGFR mea- had a dierent CKD stage depending on whether
surement match for 84% of the serum creatinine mea- eGFR was computed with CKD-EPI 2009 or CKD-
surements. EPI 2021. The proportion of eGFR measurements
Using serum creatinine values, age at measure-that fell within stage 1 was 47% when computed with
ment, sex, and race (administratively documented as CKD-EPI 2009 and 38% when computed with CKD-
Black or African American), we manually computed EPI 2021 (Table B5). When CKD stages were di er-
eGFR values according to the following commonly ent, CKD-EPI 2021 always classi ed eGFR measure-
used equations: CKD-EPI 2021, CKD-EPI 2009 (ad- ments into more severe stages, most commonly from
justed for Black or African American), CKD-EPlI CKD stage 1 to CKD stage 2 (55%) (Table B6).
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Across 1,376,397 eGFR measurements correspond{days) from referral to post-referral visit.

ing to patients not documented as Black or African
American, a total of 167,514 (12%) measurements
had a dierent CKD stage depending on whether
eGFR was computed with CKD-EPI 2009 or CKD-
EPI 2021. The proportion of eGFR measurements
that fell within stage 1 was 43% when computed with
CKD-EPI 2009 and 50% when computed with CKD-
EPI 2021 (Table B7). When CKD stages were di er-
ent, CKD-EPI 2021 always classi ed eGFR measure-
ments into less severe CKD stages, most commonly
from CKD stage 2 to 1 (58%) (Table BS8).

A.3. Determination of Nephrology Clinics in
SHC Data

We identi ed a total of 12 nephrology clinics at SHC,
identi ed by keyword matching according to care site
name as recorded in SHC live Epic data. Nephrology

In Ta-
ble B2, we computed the proportion of patients with
identi ed referrals during our study period. Years
were assigned according to the post-referral visit date.
We investigated whether there were di erences in
the time from referral to visit among those who were
documented as Black or African American or not
Black or African American. Among patients with
a visit at an SHC nephrology clinic, 897 were doc-
umented as Black or African American, and 12,337
patients were documented as not Black or African
American. The proportion of patients with nephrol-
ogy referrals was 61% for those documented as Black
or African American patients and 57% for those not
documented as Black or African American. In Ta-
ble B3, we calculated yearly statistics for the propor-
tion of patients with a post-referral visit and days
from referral to visit at SHC nephrology clinics for
those documented as Black or African American or

clinics were located across the San Francisco Bay areanot Black or African American. There were no dif-

in the following counties: Santa Clara, Alameda, San
Mateo, and San Francisco. The majority of nephrol-
ogy visits (91%) took place at the SHC Boswell loca-
tion.

A.4. Documentation of Race and Ethnicity
in SHC Data

The reliability of race and ethnicity data in the elec-
tronic health data were unclear. We do not know if
these data are self-reported or documented on behalf
of patients by providers. Ascertainment of patient
self-reported race and ethnicity information was not
possible given the size of our patient cohort.

For 5% and 3% of patients in our cohort, there
was at least two race or ethnicity categories docu-
mented. For each of the eight race and four ethnicity
categories recorded at SHC, we recorded a binary in-
dicator and patients could be recorded in multiple
categories. Thus, race and ethnicity categories in Ta-
ble 1 do not sum to 1.

A.5. Time from Nephrology Referral to Visit
at Nephrology Clinic

We identied 6,828 (64%) patients that had a
recorded nephrology referral prior to their rst visit

at the SHC nephrology clinic and for whom it was
possible to calculate time from referral to visit. For
these patients, we identi ed the post-referral visit
(visit closest after referral rate), and calculated time

ferences in mean and median days from nephrology
referral to visit among these two subgroups.

A.6. Possible Seasonality Adjustments

While we do not expect CKD to be seasonal, it is
possible that rates of nephrology referrals and clinics
follow seasonal patterns because they were normal-
ized by overall patient counts at SHC, which include
visits due to infectious diseases. To adjust for possi-
ble seasonality, we included binary variables for each
quarter in an interrupted time series regression sen-
sitivity analysis (Table B16).
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Appendix B. Appendix Tables and Figures
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Figure B1: Quarterly patients seen at SHC during study period (documented as Black or African American)

Table B1: Proportion of visits using various eGFR equations before and after December 1, 2021, SHC eGFR
equation usage shift from CKD-EPI 2009 to CKD-EPI 2021

eGFR Equation Overall

Before December 1, 2021

After December 1, 2021

CKD-EPT 2009
CKD-EPI 2021
MDRD

Unknown

86%
0%
9%
5%

5%
87%
4%
4%
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Figure B2: Quarterly patients seen at SHC during study period (not documented as Black or African
American)
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Figure B3: Quarterly patients seen at SHC during study period (overall cohort)
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