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Classification of chronic kidney disease in older
Australian adults by the CKD-EPI 2009 and 2021
equations: secondary analysis of ASPREE study data

Elisa K Bongetti?, Rory Wolfe?, James B Wetmore?, Anne M Murray*, Robyn L Woods?, Michelle A Fravel®, Mark R Nelson®,

Nigel P Stocks’, Suzanne G Orchard?, Kevan R Polkinghorne™?

The known: The 2009 CKD-EPI equation is used in Australia for
estimating glomerular filtration rate without adjusting for ethnic
background. The 2021 revision of the equation, without a race
coefficient, has been widely adopted in the United States.

The new: In a large cohort of Australians aged 70 years or older,
the proportion classified as having chronic kidney disease was
markedly smaller with the 2021 (12%) than the 2009 CKD-EPI
equation (17%). The likelihood of reclassification was greater for
women, and declined with age.

The implications: Were the CKD-EPI 2021 equation adopted in
Australia, the estimated prevalence of chronic kidney disease
among generally healthy older people would be lower, potentially

influencing decisions about treatment and specialist referrals.

(CKD) based on estimated glomerular filtration rate (eGFR)

is important for secondary disease prevention, medication
prescribing, treatment decisions, and timely specialist referrals.!
Reliable GFR estimation is particularly important for older
adults, as they are more likely to be prescribed medications
and referred to specialist care for other medical conditions.”
In Australia, GFR is estimated using the 2009 Chronic Kidney
Disease Epidemiology Collaboration equation (CKD-EPIL,,,)
whenever serum creatinine is assessed. The recently published
CKD-EPI equation update (CKD-EPL,;,) does not adjust
estimates for race.” Recognising that race is a social and not a
biological construct, CKD-EPL,,, was validated using data from
more than 4000 participants (mean age, 57.0 years; standard
deviation, 174 years) in the United States, where its use is now
recommended by the National Kidney Foundation® and the
American Society of Nephrology.”

The diagnosis and classification of chronic kidney disease

Outside the United States, including in Australia, the CKD-
EPL,,, equation is typically used without adjusting for ethnic
background, and the applicability and impact of introducing the
revised equation has therefore been questioned.®” Medical care
for people in certain population subgroups could be affected by
using the new equation as a result of reclassification of their CKD
status, including older adults. Investigation of the implications
of the revised equation for older adults, particularly those with
few other medical conditions, is limited. One recent study of
adults of European and African descent aged 65 years or older
found no clear benefit or harm in using CKD-EPL,,, rather
than CKD—EPIZOO9.8 However, as CKD is more frequent in older
people, any change in disease reporting could have important
effects on diagnosis, referral patterns, and the management of
risk factors. This is particularly important in Australia, given
its ageing population and the increasing burden of CKD and
related complications.”"

Abstract

Objectives: To assess the clinical impact on generally healthy older
Australians of changing from the 2009 CKD-EPI (CKD-EPI, )

to the 2021 CKD-EPI (CKD-EPI,,,) equation for calculating the
estimated glomerular filtration rate (eGFR).

Study design: Secondary analysis of data from the prospective
ASPirin in Reducing events in the Elderly (ASPREE) cohort study.

Setting, participants: Australians aged 70 years or older living
in the community and without life-limiting medical conditions,
recruited 1 March 2010 - 31 December 2014 for the ASPREE trial.

Main outcome measures: Baseline characteristics and long term
health outcomes for participants classified to different chronic
kidney disease (CKD) stages by CKD-EPI,,, and CKD-EPI,, and
for those classified to the same CKD stage by both equations.

Results: Complete data were available for 16 244 Australian
ASPREE trial participants. At baseline, their mean age was 75.3
years (standard deviation, 4.4 years), and 8938 were women
(55%); the median eGFR (CKD-EPl,g,o) was 74 mL/min/1.73 m*
(interquartile range [IQR], 64-85 mL/min/1.73 m?), the median urine
albumin-to-creatinine ratio 0.8 mg/mmol (IQR, 0.5-1.4 mg/mmol).
eGFR values were higher for most participants with CKD-EPI,,,
than with CKD-EPL, o (median difference, 3.8 mL/min/1.73m*; IQR,
3.3-4.4 mL/min/1.73 m), and 3274 participants (20%) were classified
to less advanced CKD stages by CKD-EPI,,,. The proportion of
participants with eGFR values below 60 mL/min/1.73 m? (clinical
CKD) was 17% (2770 participants) with CKD-EPI, ., and 12% (1994
participants) with CKD-EPI,,,. Participants were followed up at a
median of 6.5 years (IQR, 5.4-7.9 years); the risks of reaching the
disability-free survival composite endpoint (adjusted hazard ratio
[aHR], 0.94; 95% confidence interval [Cl], 0.84-1.05), all-cause
mortality (aHR, 0.90; 95% Cl, 0.78-1.03), major cardiac events (aHR,
0.94; 95% Cl, 0.79-1.13), and hospitalisations with heart failure
(aHR, 1.00; 95% Cl, 0.67-1.49) were each similar for participants
reclassified or not reclassified by CKD-EPL,,,.

Conclusions: Using CKD-EPI,,, would yield higher eGFR values
than the CKD-EPI,,, substantially reducing the proportion of
older Australian adults classified as having CKD, without any overall
difference in long term health outcomes for people reclassified to
less advanced CKD stages. Using the CKD-EPl,,, could markedly
reduce the number of referrals of generally healthy older adults to
specialist nephrology services.

Using the CKD-EPL,,, could lead to higher eGFR estimates
than the CKD-EPI,,,, and to reclassification of some people
by Kidney Disease Improving Global Outcomes (KDIGO)
CKD stage. We would expect that people reclassified to a less
advanced CKD stage would generally be healthier than those
not reclassified, and they would have similar risks of long term
clinical outcomes; people reclassified to a more advanced CKD
stage would be less healthy and at greater risk of negative long
term outcomes. We therefore assessed the clinical impact on
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generally healthy older Australians of changing from CKD-
EPI,9 to CKD-EPIL,,,.

Methods

In this article, we report the secondary analysis of data from
the ASPirin in Reducing Events in the Elderly (ASPREE)"!
and the ASPREE-eXtension (ASPREE-XT) studies.”” ASPREE
(International Standard Randomized Controlled Trial Number
Register, ISRCTN83772183; ClinicalTrials.gov, NCT01038583)
was a double-blind, randomised, placebo-controlled, primary
prevention trial conducted in Australia and the United States
during 1 March 2010 — 12 June 2017, it examined whether
daily 100mg enteric-coated aspirin extended disability-free
survival in healthy older people. In Australia, people aged 70
years or older and living in the community were recruited
for participation during 1 March 2010 — 31 December 2014;
people with hypertension were eligible for enrolment only if
the condition was well controlled, and those with histories
of cardiovascular disease, dementia, independence-limiting
physical disability, or other known five-year life-limiting illness
were excluded. Participants were followed up for a median
of 4.7 years (interquartile range, 3.6-5.7 years). ASPREE-XT
(ClinicalTrials.gov, NCT01038583) is a longitudinal observational
study of ASPREE participants who consented to further
follow-up, commencing 1 February 2018 — 31 October 2019 (XT01)
and with annual visits thereafter (XT02-XT06). In this study, we
included data up to and including ASPREE-XTO02 for Australian
participants only, and excluded those for whom baseline serum
creatinine data were missing. We report our study according
to the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines."

Primary exposure

The primary exposure was baseline eGFR, calculated using
the CKD-EPIL,,, and CKD-EPL,, equations (Supporting
Information, supplementary methods). The KDIGO classifies
CKD stage according to GFR (G1, 90 or greater; G2, 60-89; G3a,
45-59; G3b, 30-44; G4, 15-29; G5, less than 15mL/min/1.73m?>;
stages 3a to G5 indicate clinical CKD) and the urinary albumin-
to-creatinine ratio (Al, less than 3; A2, 3-30; A3, more than
30m,.g,f/mmol).14 We compared participants who were classified
to different KDIGO CKD stages using the two equations with
those whose classification was the same with both equations.
Kidney function was assessed in each participant annually.

Outcomes

The primary outcome was disability-free survival, with the
primary endpoint defined as the first occurrence of death,
dementia, or persistent physical disability.”” Secondary outcomes
were major cardiovascular events (first occurrence of ischaemic
stroke, myocardial infarction, or death from coronary heart
disease, but excluding cardiac failure), hospitalisation with heart
failure, death from any cause, and annual eGFR decline.

Other variables

Baseline variables included participant age, sex, education
(less than twelve years, twelve years or more), dyslipidaemia,
hypertension, diabetes, body mass index (BMI; less than 20,2024,
25-29, 30-34, 35 kg/m2 or more), smoking (currently, previously,
never), alcohol use (currently, previously, never), polypharmacy,
and urine albumin-to-creatinine ratio (log, transformed).

medications or a serum cholesterol level of 5.5mmol/L or more.
Hypertension was defined as mean blood pressure exceeding
140 mmHg (systolic) or 90 mmHg (diastolic) or by pharmacologic
treatment for high blood pressure. Polypharmacy was defined
as using five or more prescription medications.

Statistical analyses

Categorical variables are summarised as numbers and
proportions, normally distributed continuous variables as means
with standard deviations (SDs), and skewed continuous variables
as medians with interquartile ranges (IQRs). The distributions of
baseline eGFR with the two equations are presented in kernel
density plots. For each equation, eGFR categories were cross-
tabulated to determine the distribution of participants and the
proportions in each category reclassified by the newer equation.

We assessed changes in eGFR over time (per annual visit)
according to each equation in linear mixed model. We assessed
associations of variables with reclassification to a different eGFR
category in three logistic regression analyses: an unadjusted
model; a model adjusted for age and sex; and a model adjusted
for age, sex, education, BMI, urine albumin-to-creatinine ratio,
history of dyslipidaemia, diabetes, hypertension, smoking,
alcohol use, and polypharmacy (fully adjusted model). We report
unadjusted odds ratios (ORs) and adjusted ORs (aORs) with 95%
confidence intervals (CIs).

We compared study outcomes for reclassified and other
participants in three Cox proportional hazards regression
models: an unadjusted model; a model adjusted for age and
sex; and a model adjusted for age, sex, education, BMI, urine
albumin-to-creatinine ratio, history of dyslipidaemia, diabetes,
hypertension, smoking, alcohol consumption, and polypharmacy
(fully adjusted model). Assumptions for proportional hazards
were checked by visually checking survival curves for crossover
and reviewing plotted Schoenfeld residuals for each study
variable. We report unadjusted hazard ratios (HRs) and adjusted
HRs (aHRs) with 95% Cls.

To assess whether changing from the 2009 to the 2021 CKD-
EPI equation would affect clinical outcomes by CKD stage, we
undertook further analyses for three subgroups:

* participants with stage G3a CKD (eGFR, 45mL/min/1.73 m?to
less than 60 mL/min/1.73m?” according to both equations);

« participants with stage G3b CKD (eGFR, 30mL/min/1.73m” to
less than 45mL/min/1.73m? according to both equations); and

e participants with CKD stages G3a to G5 according to CKD-
EPL,),, (€GFR below 60mL/min/1.73 mz) but not CKD-EPL,,,
(ie, eGFR with CKD-EPI,,, of 60mL/min/1.73 m? or more).

Survival analyses (Cox proportional hazards regression models)
compared the risk of study outcomes in these three subgroups with
those for participants classified by both equations as not having
CKD (eGFR 60mL/min/1.73m? or more and urine albumin-to-
creatinine ratio below 3mg/mmol). The four subgroups were
mutually exclusive. Statistical analyses were undertaken in R
Studio 2023.12.01 (R Foundation for Statistical Computing).

Ethics approval

ASPREE was approved by multiple institutional review boards
in the United States and Australia, and undertaken in accordance
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Research Ethics Committee approved the primary ASPREE \

Dyslipidaemia was defined by the use of cholesterol-lowering
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1 Baseline characteristics of the Australian ASPREE participants, overall and according to whether the 2021 Chronic Kidney Disease-
Epidemiology Collaboration equation reclassified their chronic kidney disease stage compared with the 2009 equation

Characteristic Overall Not reclassified Reclassified
Participants 16244 12970 3274
Age (years), mean (SD) 75.3 (4.4) 75.6 (4.4) 74.3(3.9)
Sex (women) 8938 (55%) 6897 (53%) 2041(62%)
Ethnic background
Aboriginal or Torres Strait Islander 11 (< 0.1%) 11 (< 0.1%) 0
European 16019 (99%) 12777 (99%) 3242 (99%)
Asian 128 (0.8%) 108 (0.8%) 20 (0.6%)
Black 4(<0.1%) 3 (<0:1%) 1(< 0.1%)
Other 82 (0.4%) 71(0.6%) 11(0.3%)
Education
Less than 12 years 8150 (50%) 6485 (50%) 1665 (51%)
12 years or more 8093 (50%) 6484 (50%) 1609 (49%)
Drinks alcohol
Currently 12827 (79%) 10241 (79%) 2586 (79%)
Formerly 799 (5%) 650 (5%) 149 (5%)
Never 2618 (16%) 2079 (16%) 539 (16%)
Smokes tobacco
Currently 550 (3%) 445 (3%) 105 (3%)
Formerly 6674 (41%) 5370 (41%) 1304 (40%)
Never 9020 (56%) 7155 (55%) 1865 (57%)
Diabetes 1601 (10%) 1272 (10%) 329 (10%)
Hypertension 12190 (75%) 9776 (75%) 2414 (74%)

Body mass index (kg/m?), median (IQR)

27.4 (24.8-30.5)

27.5(24.9-30.5)

27.4(24.7-30.6)

Dyslipidaemia 11034 (68%) 8780 (68%) 2254 (69%)

Polypharmacy 4239 (26%) 3365 (26%) 874 (27%)

CKD-EPl, 04 €GFR (mL/min/1.73m?), median (IQR) 75 (64-85) 73 (65-81) 87 (60-88)
Less than15 0 0 0
15-29 34(0.2%) 27 (0.2%) 7(0.2%)
30-44 460 (2.8%) 307 (2.4%) 153 (4.7%)
45-59 2276 (14%) 1500 (12%) 776 (24%)
60-89 12 092 (74%) 9754 (75%) 2338 (71%)
90 or greater 1382 (8.5%) 1382 (11%) 0

Urine albumin-to-creatinine ratio (mg/mmol), median (IQR)

0.80 (0.50-1.40)

0.80 (0.40-1.40)

0.80 (0.50-1.30)

Al (below 3) 13713 (89%) 10907 (89%) 2806 (90%)
A2 (3-30) 1597 (10%) 1296 (11%) 301(9%)
A3 (more than 30) 120 (1%) 105 (1%) 15 (1%)

ASPREE = ASPirin in Reducing Events in the Elderly study; CKD-EPI,qo4 = Chronic Kidney Disease-Epidemiology Collaboration 2009 equation; IQR = interquartile range; SD = standard
deviation. ®

study (MUHREC 2006000745) and the ASPREE-XT secondary were missing. Data for 16244 people were included in our
analyses (MUHREC 24743). analysis (Supporting Information, figure 1), none of whom

developed kidney failure (€GFR below 15mL/min/1.73m?
Results during the follow-up period.

Of the 16703 Australian ASPREE trial participants, we excluded At baseline, the mean age of the 16244 participants was 75.3
459 for whom baseline serum creatinine measurements data years (SD, 4.4 years); 8938 were women (55%). The median



2 Distribution of baseline estimated glomerular filtration rate
values using the 2009 and 2021 Chronic Kidney Disease-
Epidemiology Collaboration equations: kernel density plot
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3 Differences between estimated glomerular filtration rate
values using 2009 and 2021 Chronic Kidney Disease-
Epidemiology Collaboration equations, by mean baseline
values (2009 and 2021 equations) and age group: Bland-
Altman plot
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eGFR (CKD-EPL,,,,) was 74mL/min/1.73 m? (IQR, 64-85mL/
min/1.73 mz), and the median urine albumin-to-creatinine ratio
was 0.8mg/mmol (IQR, 0.5-1.4mg/mmol). A total of 12190
participants had hypertension (75%), 11034 had dyslipidaemia
(68%), and 1601 had diabetes (10%) (Box 1).

eGFR values were higher for most participants with CKD-EPI,,,
than with CKD-EPL,,, (median difference, 3.8 mL/min/1.73m";
IQR, 3.3-44mL/min/1.73m? (Box 2). The differences were
greatest for participants with CKD-EPL,,, eGFR in the range
70-90mL/min/1.73m?* and for participants aged 80 years or
older; CKD-EPL,y,, values were lower only for participants

CKD-EPI,,, eGFR values exceeding 100 mL/min/1.73 m? (Box 3).
The mean annual decline in eGFR during the follow-up period
was 1.07mL/min/1.73m? (95% CI, 1.04-1.09mL/min/1.73m?
with CKD-EPL,,,, and 1.05mL/min/1.73 m? 95% CI, 1.03-
1.08 mL/min/1.73m?) with CKD-EPIL,,.

A total of 3274 participants (20%) were classified to different CKD
stages by the two equations; in each case, CKD-EPL,,, indicated
a less advanced CKD stage. The proportion of participants with
eGFR below 60mL/min/1.73m? (clinical CKD) was 17% (2770
participants) with CKD-EPL,,, and 12% (1994 participants) with
CKD-EPL,,, (Box 4).

Characteristics and outcomes for reclassified and other
participants

In the fully adjusted model, the odds of reclassification declined
with age (per year: aOR, 0.95; 95% CI, 0.94-0.96) and were higher
for women (aOR, 1.51; 95% CI, 1.38-1.64). The likelihood of
reclassification was not significantly higher for people with
diabetes (aOR, 1.11;95% CI,0.97-1.28), dyslipidaemia (aOR, 0.94; 95%
CL,0.86-1.02), or polypharmacy (aOR, 1.04;95% CI,0.94-1.14) (Box 5).

Participants were followed up at a median of 6.5 years (IQR, 5.4—
79 years); 2380 participants (15%) died or developed dementia
or persistent physical disability during this period. The risk of
reaching the disability-free survival composite endpoint was
lower for reclassified participants in the unadjusted model (HR,
0.81; 95% CI, 0.73-0.90), but not after adjustment for age and sex
(@HR, 0.96; 95% CI, 0.86-1.07) (Box 6). The Kaplan—Meier curve
for the fully adjusted model of disability-free survival did not
indicate a difference by reclassification status (Box 7).

The risks of long term health outcomes, including death (any
cause; 1565 participants, 10%), major cardiovascular events
(881 participants, 6%) and hospitalisation with heart failure
(193 participants, 1%) were similar in fully adjusted models for
participants who were reclassified or not reclassified (Box 6).

Reclassification of chronic kidney disease stage and long
term outcomes

We compared the long term health outcomes for three subgroups
of reclassified participants with those of participants classified as
not having CKD according to both equations (11474 participants
for whom eGFR was at least 60mL/min/1.73m?) (Supporting
Information, table 1). In the fully adjusted analyses, differences
in the risks of disability-free survival, all-cause mortality, and
hospitalisation with heart failure for the three groups were not
statistically significant from those for the comparison group.
The only significant difference with regard to major adverse
cardiovascular events was that participants classified by both
equations as having stage 3a CKD were at greater risk of a major
adverse cardiovascular event than people without CKD (aHR,
1.34; 95% CI, 1.09-1.66) (Supporting Information, table 2 and
figures 2 to 4).

Discussion

We assessed the potential clinical implications of using the
CKD-EPL,,, instead of the CKD-EPL,,, for estimating GFR in
a large group of generally healthy older Australians (70 years
or older). We made three main findings. First, using the CKD-
EPL,,, shifted the eGFR distribution curve to higher values,
resulting in the reclassification of 20% of people to less advanced
CKD stages. Second, the likelihood of reclassification declined
with age and was higher for women. Third, the long term health
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4 Classification of participants by estimated glomerular filtration rate (eGFR) category using the 2009 and 2021 Chronic Kidney
Disease-Epidemiology Collaboration equations

eGFR: CKD-EPL,,, (mL/min/1.73 m?)
eGFR:CKD-EPl, o, (mL/min/1.73m?)  Participants (2009) 90 or greater (G1) 60-89 (G2) 45-59 (G3a) 30-44 (G3b) 15-29 (G4)
Participants (2021) 3720 10530 1653 314 27
90 or greater (G1) 1382 1382 (100%) — — — —
60-89 (G2) 12092 2338 (19%) 9754 (81%) — — —
45-59 (G3a) 2276 — 776 (34%) 1500 (66%) — —
30-44 (G3b) 460 — — 153 (33%) 307 (67%) —
15-29 (G4) 34 — — — 7 (21%) 27 (79%)
CKD-EPI = Chronic Kidney Disease-Epidemiology Collaboration equation; eGFR = estimated glomerular filtration rate. Bold: reclassified participants. 4

5 ASPREE participant characteristics and odds of reclassification of chronic kidney disease glomerular filtration rate stage by the 2021
Chronic Kidney Disease-Epidemiology Collaboration equation: logistic regression analyses*

Characteristic 0dds ratio (95% CI) Adjusted odds ratio’ (95% Cl) Adjusted odds ratio* (95% CI)

Age, per year 0.95 (0.94-0.96) 0.95 (0.94-0.96) 0.95 (0.94-0.96)

1.47 (1.35-1.59)
0.97 (0.89-1.05)

Sex (women)
Education (12 years or more)

Drinks alcohol

Currently 1

Formerly 0.93(0.77-112)

Never 1.04 (0.93-116)
Smokes tobacco

Currently 1

Formerly 1.01(0.81-1.26)

Never 1.09 (0.87-1.36)
Diabetes 1,03 (0.90-117)

0.92 (0.84-1.00)
0.99 (0.99-1.00)
1.06 (0.97-115)
1.04 (0.95-114)
1.00 (0.98-1.03)

Hypertension

Body mass index, per 1.0 kg/m?

Dyslipidaemia

Polypharmacy

Urine albumin-to-creatinine ratio, per 1.0 mg/mmol

Urine albumin-to-creatinine ratio (mg/mmol), by category
Al (below 3) 1
A2 (3-30) 0.90 (0.79-1.03)

A3 (more than 30) 0.52 (0.30-0.91)

1.49 (1.37-1.62)
0.96 (0.89-1.04)

1
0.97 (0.80-1.17)
0.99 (0.89-110)

1
1.08 (0.86-1.35)
1.07 (0.86-1.34)
1.09 (0.95-1.24)
0.97 (0.88-1.06)
0.99 (0.98-1.00)
0.94(0.87-1.03)
1,02 (0.93-112)

1.01(0.98-1.04)

1
0.97 (0.85-111)
0.60 (0.34-1.05)

1.51(1.38-1.64)
0.95 (0.88-1.03)

]
0.96 (0.80-116)
0.98 (0.88-110)

]
111 (0.89-1.40)
111(0.88-1.39)
111(0.97-1.28)
0.97 (0.89-1.07)

0.99 (0.98-1.00)
0.94 (0.86-1.02)
1.04 (0.94-114)
1.01(0.98-1.04)

1
0.97 (0.85-1.01)
0.60 (0.34-1.06)

ASPREE = ASPirin in Reducing Events in the Elderly study; CI = confidence interval. * Excludes 814 participants (5.0%) for whom baseline urinary albumin measurement data were missing.
T Adjusted for age, sex. ¥ Adjusted for age, sex, education, alcohol, smoking, diabetes, hypertension, body mass index, dyslipidaemia, polypharmacy, urinary albumin-to-creatinine ratio,
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baseline estimated glomerular filtration rate (Chronic Kidney Disease-Epidemiology Collaboration 2009 equation).

outcomes of participants who were reclassified did not differ
from those of people who were not reclassified.

In our study, the proportion of older people classified as having
CKD stages G3 to G5 was much smaller with CKD-EPL,,, (12%
of participants) than with CKD-EPL,,, (17%), and eGFR values
for most participants were higher (median difference, 3.8 mL/
min/1.73m?). Large European studies of adults (mean ages, 4654
years) found that the prevalence of CKD was 0.7 to 1.3 percentage

points lower with CKD—EPIZO21.3'16’17 The larger difference we
found (five percentage points) is probably explained by the
higher mean age of our cohort, an interpretation consistent
with reports of larger differences when assessing older people
with the CKD-EPL,,, because of the age coefficient.> As the
development of CKD-EPL,,, was validated in the United States
in participants with a mean age of 57 years, its generalisability to
older Australian adults was unclear. Although age-specific eGFR
equations developed for older adults have generally performed
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6 Long term health outcomes for ASPREE participants reclassified to a different chronic kidney disease glomerular filtration rate
stage by the 2021 Chronic Kidney Disease-Epidemiology Collaboration equation: Cox proportional hazards regression analyses*

Adjusted hazard ratio’ (95% CI) Adjusted hazard ratio* (95% Cl)

Disability-free survival® 0.81(0.73-0.90)

All-cause mortality 0.78 (0.68-0.89)
Major adverse cardiovascular events 0.85(0.71-1.01)

Hospitalisations with heart failure 0.78 (0.53-1.13)

0.96 (0.86-1.07)
0.95 (0.83-1.09)
1.00 (0.84-119)

0.94 (0.84-1.05)
0.90 (0.78-1.03)
0.94(0.79-113)

0.96 (0.66-1.41) 1.00 (0.67-1.49)

ASPREE = ASPirin in Reducing Events in the Elderly study; CI = confidence interval. * Median follow-up: 6.5 years (interquartile range, 5.4-7.9 years); reference: participants who were
not reclassified. Excludes 814 participants (5.0%) for whom baseline urinary albumin measurement data were missing. T Adjusted for age, sex. ¥ Adjusted for age, sex, education, alcohol,
smoking, diabetes, hypertension, body mass index, dyslipidaemia, polypharmacy, urinary albumin-to-creatinine ratio, baseline estimated glomerular filtration rate (Chronic Kidney Disease-
Epidemiology Collaboration 2009 equation). § Endpoint: first occurrence of death, dementia, or persistent physical disability. ¢

7 Disability-free survival for ASPREE participants, by whether
the 2021 Chronic Kidney Disease-Epidemiology Collaboration
equation reclassified their chronic kidney disease stage
compared with the 2009 equation: Kaplan-Meier analysis*
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* Excludes 814 participants (5.0%) for whom baseline urinary albumin measurement
data were missing. Adjusted for age, sex, education, alcohol, smoking, diabetes,
hypertension, body mass index, dyslipidaemia, polypharmacy, urinary albumin-to-
creatinine ratio, baseline estimated glomerular filtration rate (Chronic Kidney Disease-
Epidemiology Collaboration 2009 equation). Reclassified v not re-classified: P=0.25. ¢

well in practice in Australia, the CKD-EPL,,, is the default
equation used by pathology laboratories, and it also accuratelzy
assesses kidney function in Indigenous Australians.®™
According to our findings, changing to CKD-EPL,,, in Australia
would considerably reduce the estimated prevalence of clinical
CKD in older adults.

Our findings contrast with those of an analysis of eight
population-based studies including more than 67000 adult
Asians which found that the proportion of people with diabetes
was larger among those whose CKD stage was reclassified.”
Similarly, a recent longitudinal study found that reclassification
of people aged 65 years or older to less advanced KDIGO
CKD stages by CKD-EPL,,; was more frequent for those with
histories of diabetes or cardiovascular disease."” The differences
in locations and demographic characteristics probably account
for these findings differing from ours.

People who are at greater risk of both cardiovascular disease and
CKD progression could be inappropriately reclassified to less
advanced CKD stages with CKD'EPlzozl-S We found that most

participants who were reclassified had mild to moderate CKD
and were moved from stage G3a to G2 or from G2 to G1. As mild
to moderate kidney disease (stage G3a or lower) is associated with
lower risks of death and myocardial infarction than advanced
kidney disease,” the impact of reclassification on clinical
decision-making regarding these outcomes would be minimal.
We did not find that the proportions of people with diabetes
or dyslipidaemia were larger among people reclassified to less
advanced CKD stages, and the risks of long term negative health
outcomes were not affected by reclassification. Our findings differ
from those of a study of 1.6 million Swedish adults which found
that the risks of cardiovascular mortality, all-cause mortality, and
major cardiovascular events were higher for people reclassified to
different CKD stages than for those who were not reclassified."”
However, most participants in the Swedish study were under
70 years of age. It is reassuring that our findings indicate that
using CKD-EPL,,; would not affect the prognosis of non-kidney
medical outcomes for older, generally well Australians.

The public health and primary care implications of using CKD-
EPl,,, for older adults must be carefully considered, as CKD
is a major public health problem that primarily affects older
Australians.”® We found that seven of 34 participants with stage
G4 CKD (21%; eGFR, 15-29mL/min/1.73 mz) using CKD-EPL,,
were reclassified to stage G3b (eGFR, 30-44mL/min/1.73m")
by the CKD-EPL,,, formula. Australian guidelines advise that
people with eGFR values greater than 30mL/min/1.73m? in
the absence of other risk factors, can be appropriately managed
in primary care.* Moving to the 2021 equation could therefore
reduce the number of referrals to specialist nephrology services.

The higher eGFR values using CKD-EPL,,, could also affect
when clinical disease is diagnosed in older adults. Whether
an age-adjusted CKD staging system should be used for older
adults has been discussed for some time.”” Early diagnosis of
CKD facilitates interventions for slowing disease progression,
and eGFR thresholds are used to guide decisions.?® However,
the definition of CKD in older adults has led to intense debate,
as the physiological, age-related decline in GFR is not taken
into account by the KDIGO CKD definition.>?* Using the 2021
equation could reduce the treatment burden for otherwise well
older adults, provided treating practitioners are mindful of
individual patient-level factors.

Limitations

ASPREE provided a unique dataset based on a large group
of generally healthy older, community-dwelling adults with
prospective longitudinal follow-up, rich phenotypic data, and
adjudicated health outcomes. However, about 85% of participants [

had preserved kidney function (eGFR greater than 60mL/ \
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min/1.73m?), which restricted our assessment of the implications
of the change in equation for people with advanced stage CKD.
As ASPREE enrolled generally healthy older adults, it is unclear
whether these findings can be generalised to older adults who
have other medical conditions with clinical indications for
aspirin therapy. CKD-EPL,,, and CKD-EPL,;,, were developed
in United States populations of middle-aged adults; equations
for estimating GFR are most applicable to the populations in
which they were developed. As we had no data on measured
GEFR or cystatin C-based estimates of GFR, we could not compare
the accuracy of CKD-EPL,,,, and CKD-EPI,,, estimates. As no
participants developed kidney failure during the follow-up
period, we could not assess it as an outcome. Older adults with
CKD typically experience slower decline in kidney function than
younger people, and they may die from associated conditions
before kidney failure develops.®® Given the generally good
health of the ASPREE participants, it is unsurprising that kidney
failure was not an assessable outcome. It is unclear whether
our findings can be generalised to Aboriginal and Torres Strait
Islander Australians; Indigenous people were underrepresented
in our sample, and CKD rates are higher among Indigenous
than non-Indigenous people.”’ Similarly, it may be inappropriate
to generalise our findings to older adults with other ethnic
backgrounds underrepresented in the ASPREE cohort.

Conclusion

Implementing CKD-EPL,,, in Australia would generally
increase eGFR values compared with CKD-EPL,,, and
substantially reduce the estimated prevalence of CKD in older,
generally healthy adults of predominantly European origin.
Participants reclassified by the 2021 equation to less advanced
GEFR stages of CKD were not at greater risk of adverse clinical
outcomes. These implications are important for health care in
the community and for research should the revised equation be
adopted in Australia.
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