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ABSTRACT

Introduction: This analysis examined the
baseline characteristics and clinical outcomes
of patients with chronic kidney disease (CKD)
and rapid or non-rapid estimated glomerular fil-
tration rate (eGFR) decline, using retrospective

Supplementary Information The online version
contains supplementary material available at
https://doi.org/10.1007/s12325-024-02913-x.

H. Heerspink (P<)

Department of Clinical Pharmacy

and Pharmacology, University of Groningen, P.O.
Box 30.001, 9700 RB Groningen, The Netherlands
e-mail: h.j.lambers.heerspink@umcg.nl

S. Nolan
Global Medical Affairs, BioPharmaceuticals Medical,
AstraZeneca, Cambridge, UK

J.-J. Carrero

Department of Medical Epidemiology

and Biostatistics, Karolinska Institutet, Stockholm,
Sweden

M. Arnold
Real World Data Science, BioPharmaceuticals
Medical, AstraZeneca, Cambridge, UK

R. Pecoits-Filho
School of Medicine, Pontifical Catholic University
of Parana, Curitiba, Brazil

R. Pecoits-Filho
Arbor Research Collaborative for Health, Ann Arbor,
MI, USA

data from DISCOVER CKD (ClinicalTrials.gov,
NCT04034992).

Methods: Data (2008-2020) were extracted
from UK Clinical Practice Research Datalink,
US TriNetX, US Limited Claims and Electronic
Health Record Dataset, and Japan Medical Data
Vision. Patients with CKD (two consecutive
eGFR measures<75 mL/min/1.73 m? recorded
90-730 days apart) were included. Rapid eGFR
decline was defined as an annual decline of
>4 mL/min/1.73 m? at 2 years post-index;
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non-rapid eGFR decline was defined as an
annual decline of <4 mL/min/1.73 m?. Clinical
outcomes assessed included all-cause mortality,
kidney outcomes (composite risk of kidney fail-
ure [progression to CKD stage 5] or >50% eGFR
decline, and kidney failure alone), cardiovas-
cular events—including major adverse cardio-
vascular events (MACE; non-fatal myocardial
infarction/stroke and cardiovascular death)—
and all-cause hospitalization.

Results: Across databases, rapid eGFR decline
occurred in 13.7% of 804,237 eligible patients.
Mean annual eGFR decline ranged between —-6.21
and -6.86 mL/min/1.73 m? in patients with
rapid eGFR decline versus between —0.11 and
-0.77 mL/min/1.73 m? in patients with non-rapid
eGFR decline. Rapid eGFR decline was associated
with increased comorbidity burden and medica-
tion prescriptions. Across databases, the composite
risk of kidney failure or >50% decline in eGFR was
significantly greater in patients with rapid versus
non-rapid eGFR decline (P<0.01); all-cause mor-
tality, kidney failure alone, MACE, and all-cause
hospitalization each significantly increased in two
databases (P<0.01-0.05).

Conclusion: Understanding patient factors
associated with rapid eGFR decline in patients
with CKD may help identify individuals who
would benefit from proactive management to
minimize the risk of adverse outcomes.

Trial Registration: ClinicalTrials.gov identifier,
NCT04034992.
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Key Summary Points

Why carry out this study?

Identifying the risk factors for rapid estimated
glomerular filtration rate (eGFR) decline in
chronic kidney disease (CKD) may help patients
at highest risk receive earlier diagnosis and ini-
tiation of treatment and more frequent moni-
toring to slow disease progression and reduce
the risk of adverse clinical outcomes.

What did the study ask?

This analysis investigated the baseline char-
acteristics and clinical outcomes of patients
with rapid and non-rapid eGFR decline using
retrospective data from the DISCOVER CKD
observational cohort study.

Data were extracted from four databases: UK
Clinical Practice Research Datalink (2008—
2019); US TriNetX (2008-2020); US Limited
Claims and Electronic Health Record Dataset
(2012-2019); and Japan Medical Data Vision
(2008-2017).

What was learned from the study?

Urine albumin-to-creatinine ratios and
C-reactive protein levels were both higher,
and anemia, atrial fibrillation, and acute kid-
ney injury were all more prevalent, among
patients with rapid versus non-rapid eGFR
decline, suggesting that preventing or treat-
ing these conditions could prevent rapid
declines in kidney function.

The risk of kidney failure or >50% decline
in eGFR was significantly elevated among
patients with rapid versus non-rapid eGFR
decline in all four databases; all-cause mor-
tality, kidney failure alone, major adverse
cardiovascular events, and all-cause hospi-
talization were significantly elevated in two
databases each.
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INTRODUCTION

Rapid estimated glomerular filtration rate (eGFR)
decline in patients with chronic kidney disease
(CKD) is associated with worse clinical outcomes
compared with non-rapid eGFR decline, inde-
pendent of baseline eGFR [1-4]. Identifying
comorbidities and patient characteristics associ-
ated with rapid eGFR decline remains challeng-
ing in clinical practice. eGFR decline has been
associated with increased age, comorbidities
including diabetes mellitus and hypertension,
genetic mutations, previous eGFR decline, and
current eGFR [1, 4-6].

Although risk calculators predicting clinical
outcomes such as kidney failure and mortal-
ity have been developed from epidemiological
data [7, 8], they do not include the rate of eGFR
change over time, which may help to contextu-
alize individual risk profiles [9].

Determining the relationships between
patient baseline characteristics, rate of eGFR
decline, and adverse clinical outcomes is a first
step in isolating risk factors for rapid eGFR
decline. This could direct prioritization of
resources towards those patients at highest risk,
ensuring they receive earlier and more intense
diagnosis and treatment initiation and more fre-
quent monitoring to reduce the risk of adverse
clinical outcomes, and delay or even avoid
the need for renal replacement therapy (RRT).
Although several publications have reported on
this topic, studies comparing patients with rapid
or non-rapid eGFR decline using multiple inter-
national datasets are lacking. DISCOVER CKD
(ClinicalTrials.gov, NCT04034992) is an ongo-
ing international observational cohort study
of patients with CKD, aiming to improve our
understanding of the epidemiology, and clini-
cal and economic burden of CKD, as well as the
determinants of clinical and patient-reported
outcomes in real-world CKD settings [10-14].
In this analysis, the baseline characteristics and
clinical outcomes of patients with CKD and
rapid or non-rapid eGFR decline were evaluated
using retrospective data from DISCOVER CKD.

METHODS

Patient Population and Study Databases

The data used in this analysis are from a subset
of patients from the DISCOVER CKD retrospec-
tive cohort [10], extracted from the following
databases: UK Clinical Practice Research Datalink
(CPRD) [15-17] linked to hospital episode statis-
tics data (2008-2019); US TriNetX, a global fed-
erated health research analytics network dataset
(2008-2020); US Limited Claims and Electronic
Health Record Dataset (LCED; 2012-2019); and
Japan Medical Data Vision (MDV; 2008-2017).

This analysis included adults aged > 18 years
(220 years for Japan MDV) at the index date,
defined as the second of two consecutive eGFR
measurements< 75 mL/min/1.73 m? recorded
90-730 days apart, on or after January 1,
2008. Patients were required to have continu-
ous enrollment in the database of 212 months
before the index date. Patients with <30 days
follow-up from index, a history of kidney trans-
plant or chronic RRT, or a history of type 1 dia-
betes, polycystic kidney disease, lupus nephritis,
or anti-neutrophil cytoplasmic antibody nephri-
tis were excluded from this analysis.

Definition of Rapid and Non-rapid eGFR
Decline

The CKD Epidemiology Collaboration equation
[18] was used to calculate eGFR from records of
serum creatinine measurements. Linear mixed
models (separated by database) were used to
estimate eGFR trajectories by extracting eGFR
measurements recorded in the first 2 years post-
index; eGFR values<5 mL/min/1.73 m? were
excluded from eGFR trajectory calculations as
they were assumed to have been misrecorded.
On the basis of calculated eGFR trajectories,
patients were classified as having rapid or non-
rapid eGFR decline. Rapid eGFR decline was
defined as annual decline>4 mL/min/1.73 m?.
Non-rapid eGFR decline was defined as annual
decline<4 mL/min/1.73 m? Groupings were
based on published literature [1, 2]. Only
patients with >2 years follow-up were included
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in the analyses. The baseline (time zero) for
these patients was “reset” at 2 years post-index,
at which point patient characteristics and out-
comes were assessed.

Study Variables and Outcomes

Patient characteristics analyzed included age;
sex; laboratory findings, including baseline eGFR
and urine albumin-to-creatinine ratio (UACR),
although UACR data were not available for the
Japan MDV; comorbidities, including type 2
diabetes (T2D), stroke, coronary heart disease
(CHD), heart failure (HF), hypertension, hyper-
kalemia, atrial fibrillation, and anemia; and
prescribed medications, including renin-angi-
otensin-aldosterone system inhibitors (RAAS;];
comprising angiotensin-converting enzyme
inhibitors [ACEi], angiotensin receptor blockers
[ARB], and mineralocorticoid receptor antago-
nists), diuretics, sodium-glucose co-transporter-2
inhibitors (SGLT2i), insulin, potassium binders,
and statins. Laboratory data and procedural his-
tory were captured at or within 12 months of
baseline (index). Prescribed medications were
assessed at or within 90 days of baseline. Comor-
bidity history used data captured at any point in
a patient’s medical history.

Risks of clinical outcomes with rapid versus
non-rapid eGFR decline were assessed at 2 years
post-index, after the initial 2-year window was
used to calculate eGFR trajectories. Clinical
outcomes included all-cause mortality; kidney
outcomes, comprising the composite of kid-
ney failure (progression to CKD stage 5 [sus-
tained eGFR< 15 mL/min/1.73 m? in patients
with eGFR>15 mL/min/1.73 m? at baseline
or initiation of chronic RRT for >30 days])
or >50% decline in eGFR, and kidney fail-
ure alone; a composite of CV events (includ-
ing major adverse CV events [MACE], defined
as non-fatal myocardial infarction, non-fatal
stroke, and CV death); hospitalization for HF
(hHF); and all-cause hospitalization. For analy-
ses of kidney outcomes, patients with baseline
eGFR< 15 mL/min/1.73 m? were excluded. Data
on all-cause mortality were not captured in the
US LCED, and data on hHF were not captured
in the Japan MDYV, because these databases

are generated from medical records data that
did not include this information. The analysis
observation period was from index date until
death (censored at 3 years of follow-up), loss to
follow-up, dialysis initiation, kidney transplant,
or database end, whichever occurred first.

Statistical Analyses

Baseline (2 years post-index) characteristics,
including prescribed medications, were sum-
marized descriptively.

To compare risks of adverse clinical outcomes,
Cox proportional hazards modelling was applied
to calculate the adjusted hazard ratios and 95%
confidence intervals. Models were adjusted
for baseline age, sex, race (UK CPRD and US
TriNetX), diastolic and systolic blood pressure
(BP), body mass index, cholesterol, eGFR, natu-
ral logarithm of number of eGFR tests recorded
before 2 years post-index, UACR, hemoglobin,
serum potassium, medications, and history of
hypertension, T2D, HF, stroke, or myocardial
infarction. Risk of all-cause mortality strati-
fied according to eGFR category at baseline was
assessed for individual databases, and pooled for
the UK CPRD, US TriNetX, and Japan MDYV data-
bases (patient confidentiality agreements relat-
ing to the US LCED forbade pooling with other
databases). To account for missing data, a binary
numerical indicator was used (data were coded
as missing [0] or not missing [1]) for continuous
variables; for categorical variables derived from
continuous variables, a new category was added
for missing data (if an underlying continuous
variable was missing). For prior comorbidities
and medications, no prior record (i.e., missing)
was defined as lack of evidence of prior comor-
bidity or medication prescription. Sensitivity
analyses included a competing risks analysis
of adverse clinical outcomes to determine the
potential impact of the competing risk of mor-
tality on results.

Ethical Approval

This study was performed in accordance with
ethical principles consistent with the Declara-
tion of Helsinki, International Conference on
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Harmonisation, Good Clinical Practice, and the
applicable legislation on noninterventional stud-
ies and observational studies. This study used de-
identified data and did not require data collection
beyond that of routine clinical care. No identifia-
ble information was collected or examined as part
of the study. Ethical and scientific approval for use
of CPRD data in the current study was obtained
from the Independent Scientific Advisory Com-
mittee of CPRD (protocol number 19_172).
Informed consent was waived by the East Mid-
lands — Derby Research Ethics Committee because
CPRD data are anonymized for research purposes
(for further information, see https://cprd.com/
safeguarding-patient-data). Ethics approval was
not required for use of data from the US TriNetX
and Japan Medical Data Vision for this study, in
accordance with local or national guidelines.

RESULTS

Patient Attrition

The DISCOVER CKD cohort included data from
>1.8 million patients. Overall, 804,237 patients

across the four databases were eligible for this
analysis (Supplementary Material Fig. S1).

Baseline Characteristics

The baseline characteristics of each cohort
are summarized in Supplementary Mate-
rial Table S1. Rapid eGFR decline occurred in
13.7% (n=110,494) of patients overall, varying
from 4.9% in the UK CPRD to 18.1% in the US
TriNetX. The mean number of eGFR measure-
ments per patient used to calculate eGFR slopes
was 6.9-12.7 and 3.0-7.7 for patients with rapid
and non-rapid eGFR decline, respectively. Mean
annual eGFR decline ranged between -6.21
and -6.86 mL/min/1.73 m? for patients with
rapid eGFR decline, and between —-0.11 and
-0.77 mL/min/1.73 m? for patients with
non-rapid eGFR decline (Fig. 1). The median
follow-up time per patient was 3.3-4.5 and
3.6-5.0 years for patients with rapid and non-
rapid eGFR decline, respectively. In patients
without (i.e., no eGFR measurement in the first
2 years) versus with eGFR slope data, mean age
was numerically lower, and a higher proportion
were female (Supplementary Material Table S2).
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Fig. 1 Annual ¢GFR decline in patients with rapid ver-
sus non-rapid ¢GFR decline. CPRD Clinical Practice
Research Datalink, ¢GFR estimated glomerular filtra-

tion rate, LCED Limited Claims and Electronic Health
Record Dataset, MDV Medical Data Vision, SD standard

deviation
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Fig.2 Comorbidity burden in patients with rapid versus
non-rapid ¢GFR decline (2 years post-index). CHD was
ascertained via diagnostic codes for unstable angina and
myocardial infarction. AKT acute kidney injury, CHD cor-
onary heart disease, CKD chronic kidney disease, CPRD

In patients with rapid versus non-rapid eGFR
decline, mean age and median UACR were
numerically higher at baseline. Proportions of
male and female patients, mean systolic and
diastolic BP, mean high- and low-density lipo-
protein (HDL and LDL) values, and median
glycated hemoglobin (HbAlc) were compara-
ble between groups (Supplementary Material
Tables S1 and S3). Mean total cholesterol levels
were numerically higher in patients with non-
rapid versus rapid eGFR decline (Supplementary
Material Table S3).

Prevalence of comorbidities was higher in
patients with rapid versus non-rapid eGFR
decline (Fig. 2; Supplementary Material
Table S4). Hypertension was the most prevalent
comorbidity in all patients. Patients in Japan
had a greater overall comorbidity burden com-
pared with patients in the USA and UK (Fig. 2).

The proportion of patients with prescribed
medications at baseline was higher in patients
with rapid versus non-rapid eGFR decline. The
proportion of patients prescribed RAASi was
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T2D Stroke CHD AKI
Clinical Practice Research Datalink, ¢GFR estimated glo-
merular filtration rate, HF heart failure, HTN hyperten-
sion, LCED Limited Claims and Electronic Health Record
Dataset, MDV Medical Data Vision, 72D type 2 diabetes

14.5-58.5% in patients with rapid eGFR decline
and 10.8-42.2% in patients with non-rapid eGFR
decline (Supplementary Material Table S5).

Clinical Outcomes

Across databases, the composite risk of kidney
failure or >50% decline in eGFR was significantly
greater in patients with rapid versus non-rapid
eGFR decline (P<0.01), while all-cause mortality,
kidney failure alone, MACE, and all-cause hos-
pitalizations were each significantly increased
in two databases (P<0.01-0.05; Fig. 3). The
risk of all-cause mortality among patients with
eGFR>45 mL/min/1.73 m? at baseline was signifi-
cantly higher in those with rapid versus non-rapid
eGFR decline (Fig. 4). A competing risks analysis
accounting for mortality demonstrated an over-
all greater risk of adverse clinical outcomes in
patients with rapid versus non-rapid eGFR decline
(Supplementary Material Fig. S2).
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Events Events
(rapid), n (non-rapid),n HR (95% CI)

UK CPRD-HES All-cause mortality H@H * 425 4621 1.17 (1.04-1.30)
(N=107,159) Kidney failure or > 50% decline in eGFR —o—i * 608 1273 2.86 (2.54-3.21)
Kidney failure —— 103 206 1.07 (0.81-1.42)
MACE @ * 375 5286 1.21(1.08-1.36)
hHF o 82 683 1.18 (0.91-1.53)
All-cause hospitalization ®x 1899 42,191 1.14 (1.08-1.20)
US TriNetX All-cause mortality . 1274 7341 1.06 (0.99-1.13)
(N = 462,352) Kidney failure or > 50% decline in eGFR o 8808 20,652 1.84 (1.79-1.90)
Kidney failure o 3205 6478 1.12 (1.07-1.17)
MACE ® 7145 54,413 1.00 (0.98-1.03)
hHF 4 1107 6271 1.06 (0.98-1.13)
All-cause hospitalization ® 8208 63,215 1.01 (0.99-1.04)

US LCED All-cause mortality T - - NR
(N=95,739) Kidney failure or > 50% decline in eGFR @ * 1086 2603 1.86 (1.71-2.01)
Kidney failure @ 333 677 1.15(0.99-1.34)
MACE e 774 7600 0.95 (0.88-1.03)
hHF —@— 38 230 0.89 (0.61-1.30)
All-cause hospitalization [ 3363 37,494 0.97 (0.94-1.01)
Japan MDV All-cause mortality @ik 166 906 1.24 (1.04-1.48)
(N =39,782) Kidney failure or > 50% decline in eGFR —@—i * 519 1196 2.52(2.25-2.81)
Kidney failure —o—i * 179 377 1.43 (1.19-1.73)
MACE @1 ok 517 5617 1.11 (1.01-1.22)

hHF T - - NR
All-cause hospitalization @ * 962 8188 1.19 (1.11-1.28)

1 1 1
0 1 2 3 4

Increased with non-rapid
eGFR decline

Fig.3 Clinical outcomes in patients with rapid versus
non-rapid eGFR decline (2 years post-index). *P < 0.01 for
rapid versus non-rapid progressors; **P < 0.05 for rapid ver-
sus non-rapid progressors. 'Data not available. HRs were
computed using Cox proportional hazards models adjusted
for baseline age, sex, race (where available), diastolic blood
pressure, systolic blood pressure, body mass index, high-
and low-density lipoprotein, ¢GFR, urine albumin-to-
creatinine ratio, medications, log (natural logarithm) of the
number of eGFR tests recorded prior to 2 years post-index,

DISCUSSION

In this analysis, mean annual eGFR decline ranged
between -6.21 and -6.86 mL/min/1.73 m?
in patients with rapid eGFR decline; in patients with
non-rapid eGFR decline, mean annual eGFR decline
ranged between —0.11 and —0.77 mL/min/1.73 m?,
which contrasts slightly with the mean cre-
atinine clearance reported by the Baltimore
Longitudinal Study of Aging for individuals

v

Increased with rapid
eGFR decline

hemoglobin, serum potassium, and history of hyperten-
sion, type 2 diabetes, HF, stroke, and MI. MACE includes
non-fatal MI, non-fatal stroke, and cardiovascular death,
defined by diagnostic codes. CT confidence interval, CPRD
Clinical Practice Research Datalink, ¢GFR estimated glo-
merular filtration rate, HES hospital episode statistics, PHF
hospitalization for heart failure, HR hazard ratio, LCED
Limited Claims and Electronic Health Record Dataset,
MACE major adverse cardiovascular event, MDV Medical
Data Vision, M1 myocardial infarction, NR not reported

without renal disease (-0.75 mL/min/1.73 m?)
[19]. The relationship between age, sex, and
eGFR decline is unclear. Previous studies have
associated rapid eGFR decline with both older
and younger age [1, 2, 20] and both male and
female sex [2, 21]. In this analysis, mean age was
higher in patients with rapid eGFR decline, but
proportions of male and female patients were
comparable.
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Events Events
(rapid), n (non-rapid),n HR (95% CI)

UK CPRD-HES  60-75 * 242 2368 1.27 (1.07-1.50)
(N=107,159) 45-<60- o i 136 1478 1.32 (1.06-1.63)

30-< 45 o ** 43 612 1.41(1.01-1.98)

15-< 30 1 3 150 NR
US TriNetX 60-75 PR 645 3673 1.14 (1.03-1.25)
(N=462,352) 45-<60- o * 391 2032 1.34 (1.18-1.52)

30—< 45 - . 186 117 1.22 (1.03-1.44)

15-< 30 . 43 432 0.81 (0.59-1.12)
Japan MDV 60-75 — * 80 398 1.49 (1.13-1.96)
(N =39,782) 45-<60+ 58 280 1.57 (1.14-2.16)

30-< 45 21 159 1.34 (0.82-2.19)

15-< 30 T 7 66 NR
Overall* 60-75 i * 1415 10,054 1.30 (1.22-1.39)
(N=1708,498) 45-<60- o—iw 804 5744 1.44 (1.32-1.57)

30-<45+ o * 319 2664 1.37 (1.21-1.55)

15-< 30 65 855 0.98 (0.75-1.27)

T
0 1 2 3
Increased with non-rapid  Increased with rapid
eGFR decline  eGFR decline

Fig.4 All-cause mortality in patients with rapid versus
non-rapid eGFR decline (2 years post-index), stratified by
eGFR category. *P<0.01 for rapid versus non-rapid pro-
gressors; **P<0.05 for rapid versus non-rapid progressors.
"Data not available because of low event numbers. "Exclud-
ing data from LCED, where data on all-cause mortality were
not available. Patients with eGFR<15 mL/min/1.73 m*
were excluded from analyses, owing to confounding by dialy-
sis. HRs were computed using Cox proportional hazards
models adjusted for baseline age, sex, race (where available),
diastolic blood pressure, systolic blood pressure, body mass

Median UACR was higher in patients with
rapid eGFR decline, consistent with previous
findings (2, 22, 23]. Acute kidney injury, a risk
factor for accelerated CKD progression [24],
anemia, atrial fibrillation, and elevated mean
C-reactive protein were also more common in
patients with rapid eGFR decline, which may
therefore be avoided by preventing or treating
these conditions.

Elevated HbA1lc is associated with rapid eGFR
decline in patients with T2D [25]. In this anal-
ysis, T2D was more common in patients with

index, high- and low-density lipoprotein, ¢GFR, urine
albumin-to-creatinine ratio, medications, log (natural
logarithm) of the number of eGFR tests recorded prior to
2 years post-index, hemoglobin, serum potassium, and his-
tory of hypertension, type 2 diabetes, heart failure, stroke,
and myocardial infarction. CI confidence interval, CPRD
Clinical Practice Research Datalink, ¢GFR estimated glo-
merular filtration rate, HES hospital episode statistics, HR
hazard ratio, LCED Limited Claims and Electronic Health
Record Dataset, MDV Medical Data Vision, INR not
reported

rapid eGFR decline, but mean HbA1lc was similar
between patients with rapid and non-rapid eGFR
decline. HbA1c recordings in patients without
T2D may have impacted the calculated means.

Elevated BP, total cholesterol, HDL, LDL
and proteinuria are risk factors for rapid eGFR
decline [1, 2, 26-31]. BP is especially sensitive
to eGFR, although strategies for managing BP
in CKD vary widely in the real world [32]. In
this analysis, mean systolic and diastolic BP, and
HDL and LDL were comparable between patients
with rapid and non-rapid eGFR decline despite
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hypertension and other comorbidities being
more common in patients with rapid decline.
Mean total cholesterol was higher in patients
with non-rapid eGFR decline. Our contradic-
tory findings may be because more patients with
rapid eGFR decline were receiving BP-lowering
medications and/or statins. Alternatively, along-
side the greater burden of CV comorbidities in
patients with rapid eGFR decline, it is possible
that higher statin use in these patients is accel-
erating eGFR decline.

Higher medication prescriptions in patients
with rapid eGFR decline likely reflect their
greater comorbidity burden, with diuretics
used to manage many comorbidities including
hypertension, CHD, and HF. Despite guidelines
recommending that RAASi are prescribed at
optimal doses [33], RAASi use was low overall
(10.8-58.5%) and less than that reported else-
where for patients with rapid or non-rapid eGFR
decline (66-71%) [2]. Although low use of RAASi
in our study could be due to suboptimal medi-
cation capture in the databases, it is more likely
due to hyperkalemia-related RAASi discontinu-
ation [34-37], even though this is associated
with increased healthcare resource utilization
and a higher risk of cardiorenal events [38-41].
Guidelines now recommend taking measures to
reduce serum potassium, including the use of
novel potassium binders, to restore and main-
tain normokalemia when necessary and enable
the prescription of RAASI at optimal doses [33].
Elsewhere, it has been suggested that discontinu-
ing RAASIi in patients with advanced CKD may
slow eGFR decline [42, 43]. This matter remains
under debate: findings from the STOP-ACEi
trial suggest that RAASi discontinuation has no
clinically relevant impact on eGFR decline [44],
while current KDIGO guidelines recommend
continuing RAASi in patients with CKD even
when eGFR falls [45].

In patients with rapid eGFR decline, the risk
of kidney failure or >50% eGFR decline was
significantly increased across all databases (as
anticipated); the risks of all-cause mortality,
kidney failure alone, MACE, and all-cause hos-
pitalization were each significantly increased in
two databases, consistent with previous find-
ings [2, 46, 47]. Although several factors may
elevate the risk of adverse outcomes in patients

with rapid eGFR decline, Cox proportional haz-
ards models adjusted for key comorbidities in
our analysis suggest that eGFR decline rate is a
Key determinant.

The clinical outcomes assessed showed
between-country differences. In patients with
rapid eGFR decline, the risk of kidney failure
alone was significantly increased in the US
TriNetX and Japan MDYV databases but not in
the UK CPRD or US LCED databases. Similarly,
the risk of MACE and all-cause hospitalization
was increased in the UK CPRD and the Japan
MDYV databases but not in the US TriNetX or US
LCED databases. This could be due to low base-
line risk (most patients had stage 2-3a CKD
and median UACR was relatively low), rela-
tively short follow-up, differences in patient
characteristics (primary care data in the UK
versus secondary data in the USA and Japan),
differences in local treatment guidelines, or
variations in clinical practice and adherence
to treatment guidelines.

Notably, the risk of all-cause mortality was
lowest in patients with stage 4 CKD. This may
be related to a ceiling effect of rapidly worsen-
ing renal function in patients who already had
poor kidney function, or potentially due to a
greater proportion of patients with stage 4 CKD
being under specialist care and improved man-
agement. In two databases, risk of all-cause
mortality stratified by baseline eGFR category
(not reported in US LCED) was significantly
increased in patients with rapid eGFR decline
and eGFR>45 mL/min/1.73 m?2. Patients with
mild-to-moderate CKD may therefore ben-
efit from additional monitoring and proactive
management to minimize the risk of adverse
clinical outcomes. Previous studies have demon-
strated that augmenting RAASi with SGLT2i can
improve clinical outcomes and reduce the risk of
mortality in patients with CKD [48-51]. SGLT2i
use was very low overall, although prescriptions
were more common in patients with rapid eGFR
decline. This is likely due to the higher preva-
lence of T2D in these patients, with SGLT2i hav-
ing shown that they can improve clinical out-
comes in patients with CKD and T2D [48-51].

Strengths of this analysis include the very
large cohort size (>800,000 patients), regional
scale (patients from the UK, USA, and Japan),
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and inclusion of patients with a wide range
of baseline eGFR values. Additional strengths
include the granularity of data, the large number
of covariates and outcomes captured, and the
use of data from primary and secondary health-
care databases.

Limitations of this analysis include those that
are inherent to retrospective studies, in that
conclusions about causal relationships between
baseline characteristics and rapid eGFR decline
cannot be made. Additionally, approximately
one-third of patients from the overall DIS-
COVER CKD cohort were excluded from this
analysis on the basis of the eligibility criteria. A
high proportion of laboratory data were missing
(including UACR and HbAlc measurements),
and the proportion of missing data tended to be
higher in patients with non-rapid eGFR decline.
Furthermore, our findings are only applicable
to patients meeting the analysis eligibility cri-
teria within specified countries and healthcare
systems. There is also the potential for coding
errors, as data were not collected for research
purposes. For example, data on race and eth-
nicity were only available in the UK CPRD and
US TriNetX databases, medication prescription
data were not fully captured, and there was no
means of verifying adherence to medications.
Differences between the data sources (primary
versus secondary healthcare data) could also
impact interpretation of our findings. Finally,
although our data suggest associations between
some patient baseline characteristics and rapid
eGFR decline, there may be other unmeasured
factors that are contributing, including genetic
predisposition, environmental toxins, smoking
status, race, occupational history, and BMI.

CONCLUSION

To the best of our knowledge, this is the most
robust analysis of eGFR slopes performed to
date in a global CKD population. Rapid eGFR
decline was associated with increased comozr-
bidity burden and medication prescriptions,
and increased risk of adverse clinical outcomes.
These findings emphasize the importance of

routine monitoring of eGFR, as well as the
often-overlooked UACR parameter, to identify
patients at high risk of rapid eGFR decline who
may benefit from proactive and more intense
management, and early diagnosis and treat-
ment, to minimize risks of adverse clinical
outcomes.
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