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ABSTRACT

Background. While American nephrology societies recom-
mend using the 2021 Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) estimated glomerular filtration rate
(eGFR) equation without a Black race coefficient, it is unknown
how this would impact disease distribution, prognosis and
kidney failure risk prediction in predominantly White non-US
populations.

Methods. We studied 1.6 million Stockholm adults with
serum/plasma creatinine measurements between 2007 and
2019. We calculated changes in eGFR and reclassification
across KDIGO GFR categories when changing from the
2009 to 2021 CKD-EPI equation; estimated associations
between eGFR and the clinical outcomes kidney failure with
replacement therapy (KFRT), (cardiovascular) mortality and
major adverse cardiovascular events using Cox regression;
and investigated prognostic accuracy (discrimination and
calibration) of both equations within the Kidney Failure Risk
Equation.

Results. Compared with the 2009 equation, the 2021 equation
yielded a higher eGFR by a median [interquartile range (IQR)]
of 3.9 (2.9-4.8) mL/min/1.73 m?, which was larger at older age
and for men. Consequently, 9.9% of the total population and
36.2% of the population with CKD G3a-G5 was reclassified
to a higher eGFR category. Reclassified individuals exhibited a
lower risk of KFRT, but higher risks of all-cause/cardiovascular
death and major adverse cardiovascular events, compared
with non-reclassified participants of similar eGFR. eGFR by
both equations strongly predicted study outcomes, with equal
discrimination and calibration for the Kidney Failure Risk
Equation.

Conclusions. Implementing the 2021 CKD-EPI equation in
predominantly White European populations would raise eGFR
by a modest amount (larger at older age and in men) and shift
a major proportion of CKD patients to a higher eGFR category.
eGFR by both equations strongly predicted outcomes.

Keywords: CKD-EPI, creatinine, epidemiology, glomerular
filtration rate, kidney diseases

INTRODUCTION

Glomerular filtration rate (GFR) is widely used for the
detection, diagnosis, prognosis and management of patients
with kidney diseases [1-3]. GFR thresholds are a major
underpinning of many clinical decisions in medicine: amongst
others, they guide medication initiation, discontinuation and
dosing; nephrologist referral, planning for dialysis and evalu-
ation of kidney transplantation; utilization of contrast-based
tests and procedures, such as computed tomography scans
with intravascular contrast or cardiac catheterization; clinical
trial eligibility and recruitment; and on a population level
are used for surveillance and population tracking of kidney
diseases [4-7].

The creatinine equation currently recommended by the
international Kidney Disease: Improving Global Outcomes
(KDIGO) guideline is the 2009 Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation [1], and it
estimates GFR based on the variables age, sex, race (Black
vs non-Black) and creatinine. However, unlike age and sex,
race is considered a social, not a biological construct [8],
and its inclusion has been challenged recently [8-15]. A new
creatinine-based eGFR equation that does not include a race
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KEY LEARNING POINTS

What is already known about this subject?

o The Task Force of the US National Kidney Foundation and the American Society of Nephrology has recommended
immediate implementation of the new 2021 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine
equation in all laboratories in the USA. Implementation of this equation may be considered both for use in clinical practice
and in research worldwide.

o The 2021 CKD-EPI equation has larger bias compared with measured glomerular filtration rate (GFR) than the 2009
equation for non-Black individuals (~3.9 vs -0.5 mL/min/1.73 m?, respectively), and many European countries still have
predominantly White populations with low ethnic diversity or have been traditionally using the non-Black race coefficient
in automatic estimated GFR (eGFR) reporting or research.

o The practical implications of changing from the 2009 to the 2021 CKD-EPI equation on disease distribution, prognosis
and kidney failure risk prediction in European settings are unknown.

What this study adds?

o In a cohort of 1.6 million individuals with creatinine testing in Stockholm, we found that changing from the 2009 to the
2021 CKD-EPI equation would decrease the prevalence of CKD G3a-G5 from 5.1% to 3.8%, and reclassify 36.2% of people
with CKD G3a-G5 to a higher eGFR category.

« Reclassified individuals were older and therefore exhibited higher crude risks of all-cause/cardiovascular death and major
adverse cardiovascular events, and lower risk of kidney failure with replacement therapy.

» eGFR by both equations strongly predicted kidney, cardiovascular and mortality outcomes, and both equations had similar
prediction performance in the Kidney Failure Risk Equation.

What impact this may have on practice or policy?

« On a population level, changing from the 2009 to the 2021 CKD-EPI equation will decrease the estimated prevalence of
CKD G3a-G5 in White European populations, with the largest decreases among the elderly.

o On an individual level, the substantial reclassification to higher eGFR categories may have important implications for
medication initiation, discontinuation and dosing, and may lead to later nephrologist referral, planning for dialysis and

evaluation for kidney transplantation in White European populations.

coefficient was therefore developed by CKD-EPI in 2021,
including refitted coefficients for age, sex and creatinine [16].

The Task Force of the US National Kidney Foundation
and the American Society of Nephrology has recommended
immediate implementation of the new 2021 CKD-EPI cre-
atinine equation in all laboratories in the USA [17], and
implementation of this equation may be considered both for
use in clinical practice and in research worldwide. The 2021
CKD-EPI equation has larger bias compared with measured
GEFR than the 2009 equation for non-Black individuals (-3.9 vs
-0.5 mL/min/1.73 m?, respectively) [16], and in Europe, many
countries still have predominantly White populations with low
ethnic diversity and have been traditionally using non-Black
race coefficient in automatic eGFR reporting or research [18-
22].

In this study, we set out to evaluate how transitioning from
the 2009 to the 2021 CKD-EPI equation would affect disease
distribution and prognostic accuracy in non-US settings.
Using a large Swedish population of predominantly White
participants accessing routine healthcare we assessed (i) reclas-
sification across KDIGO GFR categories when changing from
the 2009 to 2021 CKD-EPI equation; (ii) associations between
eGFR and kidney fajlure with replacement therapy (KFRT),
(cardiovascular) mortality and major adverse cardiovascular
events; and (iii) prognostic accuracy of both eGFR equations
within the widely used predictive model for kidney failure, the
Kidney Failure Risk Equation. We note that this study is not
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about the abilities of the 2009 and 2021 CKD-EPI equation to
predict measured GFR, which has already been investigated
[16]; instead, we focus on the practical implications of using
one or the other equation.

MATERIALS AND METHODS
Data source

The study population consisted of participants included in
the Stockholm Creatinine Measurements (SCREAM) project, a
healthcare utilization cohort including all adult residents from
the region of Stockholm, Sweden between 2006 and 2019 [23].
There is a sole healthcare provider in Stockholm region, which
provides universal and tax-funded healthcare to 20%-25%
of Sweden’s population. In brief, SCREAM is a repository of
laboratory tests from any resident of the Stockholm region that
was linked, via each resident’s unique personal identification
number, to regional and national administrative databases
with complete information on demographics, healthcare use,
dispensed drugs, diagnoses and vital status, with virtually
no loss to follow-up. The Regional Ethical Review Board in
Stockholm approved the study.

Study population

We included all adult (>18 years) participants who had
at least one outpatient creatinine measurement between
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1 January 2007 and 31 December 2018 and no KFRT. The date
of the first creatinine measurement fitting these criteria was
the index date of the study. Patients were followed from index
date to the first occurrence of a study outcome, death or end of
follow-up (31 December 2019), whichever occurred first.

2009 and 2021 CKD-EPI eGFR equations

We calculated eGFR with the 2009 and 2021 CKD-EPI
creatinine equations, hereafter referred to as 2009 (original)
and 2021 (new) equations [16, 24]. Creatinine was measured
in plasma, with either an enzymatic or corrected Jaffe method
(alkaline picrate reaction); both methods are traceable to
isotope dilution mass spectroscopy standards. Creatinine tests
from inpatient care, emergency room visits and taken within
24 h before or after hospital admission were excluded because
they are less likely to represent steady kidney function. For
the 2009 equation, eGFR was calculated using the non-Black
coeficient. Race is not available in our cohort, because Sweden,
to prevent discrimination, does not allow collecting data on
ethnicity. Data on country of birth are collected and published
by the government on an annual basis [25], and based on these
population statistics, we estimated that ~2.5% of the included
cohort were born in African countries and assumed they may
be of African ethnicity. These individuals were not excluded
from the analyses.

Statistical analyses

Changes in eGFR with the 2021 vs 2009 equation

We calculated the eGFR distributions for the 2009 and 2021
equations separately using kernel density estimation. Since
the coeflicients of age, sex and creatinine differ between both
equations, we investigated their influence on eGFR increase by
calculating eGFR changes for each individual when changing
from the 2009 to 2021 equation and plotting this change
against age, sex and 2009 eGFR level. We also evaluated
this in subgroups of age, sex, hypertension, diabetes and
cardiovascular disease.

To assess reclassification, we cross-tabulated eGFR cat-
egories with the 2009 and 2021 equations according to
the KDIGO classification (>90, 60-89, 45-59, 30-44, 15—
29, <15 mL/min/1.73 m?, corresponding to GFR categories
G1, G2, G3a, G3b, G4 and G5, respectively) and calculated
the proportion of participants in each category of the 2009
equation that was reclassified by the 2021 equation. Analyses
were repeated within subgroups of age, sex, hypertension,
diabetes and cardiovascular disease.

We compared characteristics of reclassified and non-
reclassified individuals, including age, sex, attained education,
comorbidities, medication use and calendar year, with defini-
tions detailed in Supplementary Table S1. None of the included
variables had missing values.

Association between eGFR and kidney, cardiovascular and

mortality outcomes

We described the association between eGFR by both
equations and the outcomes KFRT, all-cause death, cardio-
vascular death and major cardiovascular events (MACE) by

Impact of CKD-EPI 2021 equation

fitting a cause-specific Cox model, modelling eGFR with a
restricted cubic spline with five knots placed on the 5th, 27.5th,
50th, 72.5th and 95th percentile of the data. An eGFR of
95 mL/min/1.73 m? was taken as reference value, similar to
previous studies [26]. KFRT was defined as a composite of
maintenance dialysis or kidney transplantation. MACE was
defined as a composite of cardiovascular death, non-fatal
myocardial infarction and nonfatal stroke. Definitions of study
outcomes are listed in Supplementary Table S2. Cause-specific
Cox regression was used to estimate hazard ratios and 95%
confidence intervals. The date of the creatinine measurement
was defined as the start of follow-up (T,). Patients were
followed until the first occurrence of the study outcome,
death, emigration or end of follow-up (31 December 2019),
whichever occurred first. In the primary analysis, we present
unadjusted hazard ratios, since our aim was to understand the
prognostic value of the initial eGFR used for CKD staging.
Furthermore, since the variables age and sex are included in
the eGFR equations, the different weights of these variables
in the 2009 and 2021 equations may explain differences
in the magnitude of the association between eGFR and
outcomes. Adjusting for age and sex could therefore potentially
‘hide’ the effects of these changes in coeflicients on risk
relationships. Harrell's C-index was calculated as a measure
of discrimination, using a prediction horizon of 10 years.
For the outcomes KFRT, cardiovascular death, and MACE,
we accounted for the competing risk of (non-cardiovascular)
death by setting the follow-up time to the administrative
censoring time for patients who experienced the competing
event [27]. In further analyses, we adjusted hazard ratios for
age and sex, as well as comorbidities and medication use, to
make results comparable with previous studies [26, 28].

We compared the risk of KFRT, all-cause and cardiovascular
mortality, and MACE between reclassified and non-reclassified
individuals in the same eGFR category (e.g. we compared the
risk of KFRT among those who were reclassified from G4 to
G3b with those who remained in G4). Since reclassified indi-
viduals were closer to the GFR threshold than non-reclassified
individuals, the reclassified had a higher mean eGFR than non-
reclassified (Supplementary Fig. S1). To explore to what extent
this eGFR difference explained the difference we observed
in prognosis, a second analysis was performed in which we
adjusted for 2009 eGFR level. Additionally, since the age
coefficient became larger in the 2021 equation and age is a
strong predictor for outcomes, we additionally adjusted for age
in a third analysis. This analysis explored how much of the
difference in prognosis in the second analysis was explained by
age (Supplementary Fig. S1). We also calculated the category-
based net reclassification index (NRI), with categories based
on the KDIGO eGFR cutoffs (detailed explanations provided
in Supplementary Methods) [29].

Prognostic accuracy of eGFR with the 2009 and 2021 equation

for kidney failure risk prediction

We investigated discrimination and calibration abilities in
the four-variable Kidney Failure Risk Equation (which uses
age, sex, urinary albumin-to-creatinine ratio and eGFR), using
the non-North American equations with a prediction horizon
of 5 years [30]. Population selection and detailed explanations
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FIGURE 1: (A) eGFR distributions for 2021 and 2009 CKD-EPI equations. (B) Relation between 2009 eGFR and increase in eGFR when
changing from the 2009 to the 2021 CKD-EPI equation. (C) Distribution of eGFR increase when changing from the 2009 to the 2021 CKD-EPI
equation, separately for those >65 and <65 years. (D) Relation between age and increase in eGFR when changing from the 2009 to the 2021
CKD-EPI equation, with mean increase shown separately for both sexes. (A) Distribution based on kernel density estimation. Dotted vertical
lines depict KDIGO GFR thresholds. (B) Each black dot represents an individual. Vertical lines represent GFR thresholds. Red areas denote
individuals who are reclassified to a less severe CKD G category. (C) Distribution based on kernel density estimation. Numbers depict the
proportion of participants within categories of eGFR difference (<0, 0-2, 2-4, 4-6, >6 mL/min/1.73 m?), separately for those >65 and

<65 years. (D) Each black dot represents an individual. The red and green dots show the mean difference in eGFR between the 2021 and 2009

equation for males and females, respectively, by 1-year age strata.

are supplied in Supplementary Methods. These analyses were
performed in a separate cohort of individuals with available
albuminuria measurements and an eGFR between 15 and
60 mL/min/1.73m? and repeated among individuals with
an eGFR between 15 and 30 mL/min/1.73 m?. All statistical
analyses were performed using R version 3.6.2 [31].

RESULTS

We included a total of 1601237 participants who had at
least one ambulatory creatinine measurement in Stockholm
healthcare between 1 January 2007 and 31 December 2018
(Supplementary Fig. S2). Mean age was 48 years, 53%
were women and mean plasma creatinine was 74 pmol/L
(Supplementary Table S3). The most common diagnosed
comorbidities were hypertension (14%), diabetes (5%), and
arrythmia (5%), and the most commonly used medications
were non-steroidal anti-inflammatory drugs (13%), renin-
angiotensin system inhibition (RASi, 10%) and beta-blockers
(10%). Participants with lower eGFR were more likely to be
older, women, have more comorbid conditions, and use more
medications (Supplementary Table S3). Similar results were
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observed across categories of eGFR with the 2009 equation
(Supplementary Table S4).

Changes in eGFR with the 2021 vs 2009 equation

eGFR with the 2021 equation was higher than with
the 2009 equation by a median of 3.9 (IQR 2.9-4.8)
mL/min/1.73 m? (Fig. 1A). All participants with an original
eGFR level between 9 and 105 mL/min/1.73 m* had higher
values with the new equation, whereas participants with 2009
eGFR >105 mL/min/1.73m* could also have lower values
(Fig. 1B). Changes in eGFR were smallest for individuals with
an original eGFR <30 mL/min/1.73 m? with greatest change
for participants with an original eGFR around 70 mL/min/
1.73 m? (Fig. 1B).

Older individuals had larger increases in eGFR than
younger participants. For instance, 73.7% of participants older
than 65 years had an increase between 4 and 6 mL/min/
1.73 m?, compared with 37.7% of those younger than 65 years
(Fig. 1C and D). Males also had a larger eGFR increase
compared with females, independent of age (Fig. 1D). Shifts in
eGEFR distribution were consistent across subgroups of hyper-
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Table 1. Reclassification across eGFR categories with the 2021 CKD-EPI equation from eGFR categories with the 2009 CKD-EPI equation

eGFR category
with the 2009
equation,
mL/min/

1.73 m? > 60-89 45-59

>90 1036982 (100%)
60-89 129363 (26.8%) 353218 (73.2%)
45-59 20912 (39.0%)

15-29
<15

Total 1166345 (72.8%) 374130 (23.4%)

32712 (61.0%)
30-44 6716 (33.1%)

39428 (2.5%)

eGFR category with the 2021 equation, mL/min/1.73 m?

30-44

1036982 (64.8%)
482581 (30.1%)
53624 (3.3%)
20275 (1.3%)
6332 (0.4%)
1443 (0.1%)
1601237

13559 (66.9%)
1709 (27.0%) 4623 (73.0%)
244 (16.9%)

4867 (0.3%)

1199 (83.1%)

15268 (1.0%) 1199 (0.1%)

Data in blue cells are the number of participants who are reclassified to less severe CKD G categories, and percentages represent the proportion of participants in the eGFR category

with the 2009 equation that are reclassified to a higher eGFR category with the 2021 equation. The percentages in parentheses in the “Total’ row and column denote the proportion of
participants in each eGFR category. Total number of participants reclassified = 158 944 (9.9% of total population). Total number of participants with CKD G3a-G5 reclassified = 29581

(36.2% of CKD G3a-G5 population).

tension, diabetes, and cardiovascular disease (Supplementary
Table S5 and Fig. S3).

Reclassification proportions

In total, 158944 participants (9.9% of the cohort) were
reclassified to higher eGFR categories with the 2021 equation,
and no participants were reclassified to more severe eGFR
categories (Table 1). For instance, 39.0% of individuals with
an original eGFR between 45 and 59 mL/min/1.73 m?* were
reclassified by the 2021 equation to an eGFR between 60 and
89 mL/min/1.73 m?. Among participants with CKD G3-G5
(N =81674), 29581 participants (36.2%) were reclassified to a
higher GFR category.

When applying the 2021 equation, the population
prevalence of CKD G3a-G5 decreased from 5.1% to
3.8% (Supplementary Table S5). Likewise, CKD G3b-G5
prevalence decreased from 1.8% to 1.3%, and CKD G4-G5
prevalence decreased from 0.5% to 0.4%. Decreases in CKD
prevalence were observed across all subgroups of age, sex and
presence/absence of hypertension, diabetes and cardiovascular
disease (Supplementary Table S5). The absolute decrease in
prevalence of CKD G3a-G5 was highest in participants >65
years (from 21.9% to 16.5%), those with diabetes (from 16.7%
to 13.4%) and those with cardiovascular disease (from 23.3%
to 18.6%).

Older adults were more likely to be reclassified than
younger ones: while 19.7% of participants >65 years with
CKD G5 were reclassified from CKD G5 to G4, only 10.9% of
participants <65 years did so. A similar pattern was observed
for reclassification from G4 to G3b and from G3b to G3a
(Supplementary Tables S6 and S7). In general, reclassification
proportions across GFR categories were similar for females and
males, individuals with and without hypertension, with and
without diabetes, and with and without cardiovascular disease
(Supplementary Tables S8-S15).

Characteristics and outcomes of reclassified vs
non-reclassified individuals

Table 2 describes general characteristics of reclassified
versus non-reclassified participants in the total cohort and
for those with CKD G3-G5 with the 2009 equation. In
the total cohort, reclassified individuals were older, had a

Impact of CKD-EPI 2021 equation

higher proportion of men, more comorbidities and used more
medications. Furthermore, they had eGFR values closer to
the GFR category thresholds than non-reclassified participants
(Fig. 1D, Supplementary Tables S16 and S17). Conversely,
among those with CKD G3-G5 with the 2009 equation,
reclassified individuals had similar age compared with non-
reclassified, a higher eGFR, and lower presence of comorbidi-
ties and medication use.

When comparing participants within each KDIGO GFR
category, we observed a lower risk for the reclassified vs
non-reclassified for KFRT, all-cause mortality, cardiovascular
mortality and MACE (Supplementary Table S18A). However,
reclassified participants had a higher eGFR than non-
reclassified because they were closer to the upper GFR
threshold of their 2009 G category (Fig. 1D, Supplementary
Table S16). After adjusting for differences in eGFR, reclassified
participants had a lower risk for KFRT than non-reclassified
ones, but higher risks for all-cause mortality, cardiovascular
mortality and MACE (Supplementary Table S18B). For
instance, participants with an eGFR between 30 and
44 mL/min/1.73 m* with the 2009 equation who were reclas-
sified had a hazard ratio of 0.62 [95% confidence interval (CI)
0.42-0.92] for KFRT, 1.23 (1.17-1.30) for all-cause mortality,
1.30 (1.21-1.40) for cardiovascular mortality and 1.25 (1.17-
1.33) for MACE, compared with non-reclassified participants.
Differences in outcomes between these two groups were
largely explained by the older age of the reclassified: after
additional adjustment for age the hazard ratios became
0.91 (0.66-1.24) for KFRT, 1.07 (1.01-1.12) for all-cause
mortality, 1.11 (1.03-1.19) for cardiovascular mortality and
1.09 (1.01-1.16) for MACE (Supplementary Table S18C).
For KFRT, the event NRI was -11.6% (95% CI -12.8 to
-10.2) and the non-event NRI was 9.9% (95% CI 9.9-10.0),
meaning that 11.6% of patients who experienced KFRT were
‘inappropriately’ classified to a lower-risk KDIGO category,
whereas 9.9% of patients who did not experience KFRT were
‘appropriately’ classified to a lower-risk KDIGO category.
Event and non-event NRI were -18.3% (-18.5 to -18.1) and
8.7% (8.6-8.7) for all-cause mortality, -19.0% (-19.3 to —-18.7)
and 9.5% (9.5-9.6) for cardiovascular death and —18.1%
(-18.3 to -17.9) and 9.2% (9.1-9.2) for MACE, respectively.
NRI across subgroups are shown in Supplementary Table S19.
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Table 2. Baseline characteristics of reclassified and non-reclassified individuals when changing from the 2009 to 2021 equation

All individuals (N = 1601 237)

Reclassified to a
higher eGFR category

Characteristic (N = 158944)

Mean age (SD), years 62 (16)
Age category, n (%)
<50 years 37454 (24)
50-59 years 27576 (17)
60-69 years 39668 (25)
70-79 years 36647 (23)
>80 years 17599 (11)
Female sex, 1 (%) 80067 (50)
Mean plasma creatinine (SD), umol/L? 80 (21)
eGFR with the 2009 equation, mL/min/1.73 m? 81 (14)
eGFR with the 2021 equation, mL/min/1.73 m? 86 (15)
Education, 1 (%)
Compulsory school 33973 (22)
Secondary school 60681 (39)
University 60535 (39)
Medical history, n (%)
Hypertension 40768 (26)
Myocardial infarction 5943 (4)
Other ischemic heart disease 12595 (8)
Heart failure 8083 (5)
Stroke 6906 (4)
Other cerebrovascular disease 6079 (4)
Arrhythmia 13442 (8)
Peripheral vascular disease 3172 (2)
Diabetes 13059 (8)
Cancer 6920 (4)
Chronic obstructive pulmonary disease 5417 (3)
Liver disease 2006 (1)
Concomitant medications, 7 (%)
Beta blocker 28809 (18)
Calcium channel blocker 14842 (9)
Diuretic 21212 (13)
RASI 27599 (17)
Lipid-lowering drug 21924 (14)
NSAIDs 22259 (14)
Calendar year, n (%)
2007-10 115430 (73)
2011-14 25314 (16)
2015-19 18200 (11)

Individuals with CKD G3-5 with the 2009
equation (N = 81674)

Reclassified to a

Not reclassified higher eGFR category Not reclassified

(N = 1442293) (N =29581) (N = 52093)
46 (18) 77 (12) 77 (13)
869312 (60) 860 (3) 2368 (5)
223430 (15) 1669 (6) 2666 (5)
184989 (13) 4614 (16) 6872 (13)
88856 (6) 8553 (29) 13305 (26)
75706 (5) 13885 (47) 26882 (52)
774139 (54) 17435 (59) 31264 (60)
73 (23) 104 (30) 130 (75)
98 (21) 53(9) 44 (11)
102 (20) 57 (10) 47 (12)
228433 (16) 10370 (37) 19427 (39)
553645 (39) 10759 (38) 18898 (38)
633786 (45) 7009 (25) 10875 (22)
187345 (13) 14342 (48) 27650 (53)
24795 (2) 2817 (10) 6065 (12)
50921 (4) 5750 (19) 11777 (23)
31153 (2) 5284 (18) 12268 (24)
28571 (2) 3251 (11) 6673 (13)
25305 (2) 2854 (10) 5868 (11)
61567 (4) 6194 (21) 12447 (24)
14073 (1) 1568 (5) 3473 (7)
72208 (5) 4620 (16) 9656 (19)
33063 (2) 2150 (7) 4096 (8)
22690 (2) 1904 (6) 3814 (7)
18490 (1) 471 (2) 954 (2)
132472 (9) 10860 (37) 21400 (41)
65105 (5) 5138 (17) 10135 (19)
88947 (6) 10950 (37) 23737 (46)
127590 (9) 9642 (33) 19603 (38)
95617 (7) 6722 (23) 12717 (24)
178010 (12) 4101 (14) 7090 (14)
882148 (61) 25694 (87) 45943 (88)
321304 (22) 2278 (8) 3546 (7)
238841 (17) 1609 (5) 2604 (5)

n = number; eGFR = estimated glomerular filtration rate; RASi = renin-angiotensin system inhibition (angiotensin-converting enzyme inhibitor or angiotensin receptor blocker);

NSAIDs = non-steroidal anti-inflammatory drugs.

*Mean (SD) plasma creatinine is 0.90 (0.24) mg/dL for reclassified and 0.83 (0.26) mg/dL for non-reclassified individuals. To convert plasma creatinine from pmol/L to mg/dL, multiply

by 0.0113,

Association between eGFR and kidney, cardiovascular
and mortality outcomes

During a median of 9.5 (IQR 5.6-11.9) years of follow-up
(corresponding to a total of 13731737 person years), 194247
participants died, of which 65 162 due to cardiovascular causes;
124210 experienced MACE and 2533 started KFRT. eGFR with
the 2021 and 2009 equations was strongly associated with these
outcomes: compared with an eGFR of 95 mL/min/1.73 m?, the
hazard ratios for KFRT were 1690.5 (95% CI 1519.4-1880.9)
for an eGFR of 15 mL/min/1.73 m? with the 2021 equation and
1528.6 (1373.8-1700.8) for an eGFR of 15 mL/min/1.73 m?
with the 2009 equation (Fig. 2). Similarly, the hazard ra-
tios were 27.0 (26.4-27.5) and 38.8 (38.1-39.5) for all-
cause mortality, 49.4 (47.9-51.0) and 81.8 (79.3-84.4) for
cardiovascular mortality, and 23.5 (22.9-24.1) and 31.5 (30.8-
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32.3) for MACE, for eGFR of 15 vs 95 mL/min/1.73 m?
with the 2021 equation and 2009 equation, respectively.
Similar findings were observed among subgroups of age, when
adjusting for age and sex (Supplementary Figs S4 and S5), and
when additionally adjusting for comorbidities and medication
use (Supplementary Fig. S6). When adjusting for covariates,
the relationships between eGFR and all-cause/cardiovascular
mortality and MACE became U-shaped instead of linear on
the log scale, and hazard ratios were attenuated.

Prognostic accuracy of eGFR with the 2009 and 2021
equation for kidney failure risk prediction

Discrimination and calibration of the Kidney Failure Risk
Equation was assessed among participants with available
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FIGURE 2: Hazard ratios for the association between eGFR with the 2021 and 2009 CKD-EPI equation and kidney failure with replacement
therapy (A), all-cause mortality (B), cardiovascular mortality (C) and major adverse cardiovascular events (D). An eGFR of 95 mL/min/1.73 m?
was taken as reference value. Dotted red lines depict 95% confidence intervals for the 2021 equation, and shaded grey areas depict 95%
confidence intervals for the 2009 equation. eGFR was modelled as a restricted cubic spline with five knots at the 5th, 27.5th, 50th, 72.5th and

95th percentile. Note that Y-axis is on a log-scale.

albuminuria measurements and an eGFR between 15 and
60 mL/min/1.73 m?, and baseline characteristics of this sub-
cohort are shown in Supplementary Table S21. Discrimi-
nation for the Kidney Failure Risk Equation was identical
when using the 2021 or 2009 equations, with a C-statistic
of 0.914 (95% CI 0.905-0.923) (Supplementary Table S22).
Calibration of predicted versus observed risk showed that
both models substantially overestimated the risk of kidney
failure (Supplementary Fig. S7A, Table S23). Upon visual
inspection, overprediction was slightly lower when using
the 2021 equation. Similar results for discrimination and
calibration were observed when analyses were repeated in
individuals with an eGFR between 15 and 30 mL/min/1.73 m?
(Supplementary Fig. S7B, Tables S22 and S23).

DISCUSSION

Kidney societies in the USA recommend immediate im-
plementation of the 2021 CKD-EPI creatinine equation in
clinical practice [17], but the impact of this recommendation
outside the USA has not been well evaluated. In this Swedish
healthcare-based cohort of more than 1.6 million participants
from a single region of predominantly White ethnicity, we
found that implementation of the 2021 equation would

Impact of CKD-EPI 2021 equation

increase eGFR by a modest amount, with larger increases
among the elderly and men. However, as a consequence, 1
in 10 individuals overall and 1 in 3 persons with CKD G3a-
G5 would be reclassified to a higher eGFR category; eGFR
by both the 2021 and 2009 equations was strongly associated
with kidney, cardiovascular and mortality outcomes; and had
similar prognostic accuracy (discrimination and calibration)
to predict kidney failure in the Kidney Failure Risk Equation.
There may be several clinical implications when changing
from the currently recommended 2009 CKD-EPI equation
to the new 2021 CKD-EPI equation in a predominantly
White population. On an individual level, although eGFR only
increased by a modest amount (for most individuals between
3 and 5 mL/min/1.73 m?), it led to more than 30% of partic-
ipants with CKD G3a-G5 being reclassified to a higher (less
severe) KDIGO GFR category. Since GFR thresholds are used
to guide medication initiation, discontinuation and dosing,
reclassification to a different GFR category can have important
implications. For instance, medications such as metformin,
Sodium-glucose cotransporter 2 (SGLT-2) inhibitors and
direct oral anticoagulants may be continued longer as eGFR
increases with the novel equation. Furthermore, cardio- and
kidney-protective medications such as angiotensin-converting
enzyme inhibitors SGLT2 inhibitors and GLP-1 receptor
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agonists may be initiated later as patients will take longer to
reach a decreased GFR threshold [6, 7]. A higher eGFR with the
new 2021 equation may also lead to later nephrologist referral,
planning for dialysis and evaluation for kidney transplantation.

On a population level, implementation of the 2021 equation
decreased the estimated prevalence of CKD G3a-G5 in our
study, with the largest observed decreases amongst the elderly.
Opverall, the prevalence estimate in our cohort decreased from
5.1% to 3.8%, and for participants >65 years it decreased
from 21.9% to 16.5%. In general, the elderly had larger eGFR
increases with the 2021 equation than younger participants.
This is a direct consequence of the change in the age coefficient
in the 2021 equation [16]. Reclassified individuals were
therefore older, and consequently also had more comorbidities
and used more medications, compared with non-reclassified
individuals. Understandably, reclassified individuals had a
higher risk of mortality and cardiovascular events than non-
reclassified individuals after accounting for differences in
eGFR, with adjustment for age negating these associations.
In NRI analyses, we observed that 11.6% of individuals who
experienced KFRT were ‘inappropriately’ reclassified to a
lower risk KDIGO category, and 9.9% of patients who did
not experience KFRT were ‘appropriately’ reclassified to a
lower risk KDIGO category. We note that when interpreting
these proportions, it should be taken into account that the
denominator for the event NRI is much smaller than the
denominator for the nonevent NRI. Three recent studies have
assessed the effects of changing from the 2009 to the 2021
equation on CKD prevalence: a Danish study found that
replacing the 2009 by the 2021 CKD-EPI equation would
decrease CKD prevalence from 5.5% to 4.2% [32]. Another
study in the Veterans Affairs healthcare system found that
adoption of the new equation increased the proportion of
Black individuals and decreased the proportion of non-Black
individuals with CKD G3-G4 [33]. Lastly, using data from
NHANES the CKD-EPI Collaboration showed that the 2021
equation would decrease CKD prevalence by 1.5% among non-
Black individuals [16]. These findings are congruent with ours.

An important finding is that eGFR by both equations was
strongly associated with kidney, cardiovascular and mortality
outcomes, and had similar discrimination for KFRT, all-
cause or cardiovascular mortality, and MACE. Both eGFR
equations had equal prediction performance for 5-year kidney
failure risk when using the Kidney Failure Risk Equation.
Discrimination was virtually identical and calibration was
slightly better for the 2021 equation. We observed that
the Kidney Failure Risk Equation significantly overestimated
the risk of kidney failure in our population, in line with
observations from a recent European study [34]. This may
partly be attributed to the fact that the competing risk of
death was not taken into account when developing this
equation, which will overestimate risks especially under a
longer prediction horizon and a high risk of the competing
event [35]. A recent analysis of the Chronic Renal Insufficiency
Cohort (CRIC) investigated the predictive accuracy of five
CKD-EPI creatinine or cystatin C equations on 2-year risk
of end-stage kidney disease using the Kidney Failure Risk
Equation; in keeping with our findings, the 2009 and 2021
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creatinine-based equations showed similar discrimination and
calibration [36].

From a clinical and public-health perspective, we feel that
our results suggest caution before directly transitioning to
the 2021 CKD-EPI equation in non-US predominantly White
populations, especially since the new equation has larger bias in
non-Black individuals (-3.9 vs 0.5 mL/min/1.73 m? for 2021
and 2009 equation, respectively) compared with measured
GFR [16]. Although additional factors (such as equity) should
be taken into account when making this decision, our data
suggest that it would affect a large population who have
CKD G3-G5 with the 2009 equation. It is possible that other
European-derived eGFR equations [such as the European
Kidney Function Consortium (EKFC) or Lund-Malmé equa-
tion] may better approximate measured GFR (mGFR) and/or
predict risks in European populations, but this is beyond
the scope of our analysis and requires further investigation.
Because our data show that both equations have similar
predictive ability for adverse outcomes, including kidney
failure, mortality and cardiovascular outcomes, this suggests
that both equations can be used for prognostic research.

The strengths of our study include the inclusion of a large
population with median 10 years of follow-up, virtually no loss
to follow-up, and validated KFRT endpoints. Our study also
has limitations. We had no data on race, because Sweden does
not allow collection of such data to prevent discrimination.
Nevertheless, only a small proportion of citizens in our cohort
were born in African countries and emigration from African
countries has been traditionally considered low [25]. Findings
apply to healthcare users from Stockholm, and extrapolation
to other regions or countries should be done with caution.
However, we feel results may inform other systems with
similar White ethnic predominance. Our cohort depends on
having creatinine measured in connection with a healthcare
encounter, which may lead to a selected sample. Nevertheless,
creatinine testing is common in healthcare and we have shown
to capture >99% of Stockholm citizens with cardiovascular
disease or diabetes, and >90% of citizens aged 65 years or
above [37]. Thus, we feel that our results are generalizable
to these clinically relevant groups who interact with the
healthcare system and are seen by doctors. We required
only one creatinine test for inclusion for the same reasons,
since applying the chronicity criterion of at least two eGFR
measurements <60 mL/min/1.73 m? is likely to lead to a
selective population [19]. We focused on comprehensively
comparing the 2021 vs 2009 CKD-EPI equations, because they
are widely used in clinical practice and research throughout the
world. A limitation is that we did not evaluate eGFR equations
using both creatinine and cystatin C measures. This is an
issue that warrants investigation given that these equations
more accurately approximate mGFR [16] and predict adverse
outcomes [38, 39] compared with eGFR equations based on
creatinine or cystatin C alone.

We conclude that implementing the 2021 CKD-EPI creati-
nine equation in a predominantly White health system from
Sweden raises eGFR by a modest amount (larger at older age
and men), but results in the shifting of a major proportion of
CKD patients to a higher eGFR category. Furthermore, eGFR
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by both equations strongly predicted outcomes, with similar
calibration and discrimination. Awareness of these implica-
tions is important for healthcare professionals, researchers, and
policy makers when evaluating transitioning to the 2021 CKD-
EPI equation in non-US health systems.
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