University

&7 of Glasgow

Mark, P. B. et al. (2023) Major cardiovascular events and subsequent risk of
kidney failure with replacement therapy: a CKD Prognosis Consortium
study. European Heart Journal, 44(13), pp. 1157-

1166. (doi: 10.1093/eurheartj/ehac825)

Copyright © 2023 The Authors

This is the author version of the work.

There may be differences between this version and the published version.
You are advised to consult the publisher’s version if you wish to cite from it:
https://doi.org/10.1093/eurheartj/ehac825

https://eprints.gla.ac.uk/288763/

Deposited on: 4 January 2023

Enlighten — Research publications by members of the University of Glasgow
http://eprints.gla.ac.uk



https://eprints.gla.ac.uk/view/journal_volume/European_Heart_Journal.html
https://doi.org/10.1093/eurheartj/ehac825
https://doi.org/10.1111/anti.12803
https://doi.org/10.1111/anti.12803
https://eprints.gla.ac.uk/288763/
http://eprints.gla.ac.uk/

Major cardiovascular events and subsequent risk of kidney failure with replacement

therapy- a CKD Prognosis Consortium study

Patrick B Mark, MB, ChB, PhD*, Juan J Carrero, PharmD, PhD*, Kunihiro Matsushita, MD,
PhD, Yingying Sang, MSc, Shoshana H Ballew, PhD, Morgan E Grams, MD, PhD, Josef
Coresh, MD, PhD, Aditya Surapaneni, PhD, Nigel J Brunskill, MD, PhD, John Chalmers,
MD, PhD, Lili Chan, MD, MS, Alex R Chang, MD, MS, Rajkumar Chinnadurai, PhD,
Gabriel Chodick, PhD, Massimo Cirillo, MD, Dick de Zeeuw, MD, PhD, Marie Evans, MD,
PhD, Amit X Garg, MD, PhD, Orlando M Gutierrez, MD, Hiddo JL Heerspink, PhD, Gunnar
H Heine, MD, William G Herrington MD, Junichi Ishigami, MD, PhD, Florian Kronenberg,
MD, Jun Young Lee, MD, PhD, Adeera Levin, MD, Rupert W Major, MD, PhD, Angharad
Marks, MD, MSc, PhD, Girish N Nadkarni, MD, MPH, David MJ Naimark, MD, MSc,
Christoph Nowak, MD, PhD, Mahboob Rahman, MD, MS, Charumathi Sabanayagam, MD,
MPH, PhD, Mark Sarnak, MD, MS, Simon Sawhney, MD, PhD, Markus P Schneider, MD,
Varda Shalev, MD, Jung-Im Shin, MD, PhD, Moneeza K Siddiqui, PhD, MPH, Nikita
Stempniewicz, MSc, Keiichi Sumida, MD, MPH, José M Valdivielso, PhD, Jan van den
Brand, PhD, Angela Yee-Moon Wang, MD, PhD, David C Wheeler, MD, Lihua Zhang, MD,

Frank LJ Visseren, MD, PhD+, Benedicte Stengel, MD, PhD+

*co-first authors; fco-last authors

School of Cardiovascular and Metabolic Health, University of Glasgow, Glasgow, Scotland,

UK (PB Mark)



Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Huddinge,
Sweden and Division of Nephrology, Department of Clinical Sciences, Karolinska Institutet,
Danderyd Hospital, Stockholm, Sweden (JJ Carrero)

Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
MD (K Matsushita, Y Sang, SH Ballew, M Grams, J Coresh, A Surapaneni, J Ishigami, J-I
Shin)

John Walls Renal Unit, Leicester General Hospital, University Hospitals of Leicester NHS
Trust, Leicester, United Kingdom, Department of Cardiovascular Sciences, University of
Leicester, Leicester, United Kingdom (N Brunskill, RW Major)

The George Institute for Global Health, University of New South Wales, Sydney, NSW,
Australia (J Chalmers)

Department of Medicine, Division of Nephrology, Icahn School of Medicine at Mount Sinali,
New York, New York (L Chan, GN Nadkarni)

Department of Nephrology and Kidney Health Research Institute, Geisinger Medical Center,
Danville, Pennsylvania (AR Chang)

Department of Renal Medicine, Salford Care Organisation, Northern Care Alliance NHS
Foundation Trust, Salford, UK (R Chinnadurai)

Medical Division, Maccabi Healthcare Services, and Sackler Faculty of Medicine, Tel Aviv
University, Tel Aviv, Israel (G Chodick)

Department of Public Health, University of Naples “Federico II”, Italy (M Cirillo)
Department of Clinical Pharmacy and Pharmacology, University of Groningen, University
Medical Center, Groningen, Netherlands (D de Zeeuw, HJL Heerspink)

Department of Clinical Intervention, and Technology (CLINTEC), Karolinska University

Hospital and Karolinska Institutet, Stockholm, Sweden (M Evans)



ICES, London, Ontario, Canada; Division of Nephrology, Western University, London,
Ontario, Canada (AX Garg)

Departments of Epidemiology and Medicine, University of Alabama at Birmingham,
Birmingham, AL (O Gutierrez)

Saarland University Medical Center, Internal Medicine 1V, Nephrology and Hypertension,
Homburg, Germany (GH Heine)

Medical Research Council Population Health Research Unit at the University of Oxford,
Nuffield Department of Population Health (NDPH), and Clinical Trial Service Unit and
Epidemiological Studies Unit, NDPH, University of Oxford, Oxford, UK (WG Herrington)
Institute of Genetic Epidemiology, Medical University of Innsbruck, Innsbruck, Austria (F
Kronenberg)

Transplantation Center, Wonju Severance Christian Hospital, and Department of
Nephrology, Yonsei University Wonju College of Medicine, Wonju 26426, Korea (JY Lee)
Division of Nephrology, University of British Columbia, VVancouver, Canada (A Levin)
Institute of Applied Health Sciences, University of Aberdeen, Aberdeen, Scotland, UK (A
Marks)

Sunnybrook Hospital, University of Toronto, Toronto, ON, Canada (DMJ Naimark)
Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, Stockholm,
Sweden (C Nowak)

Division of Nephrology, Department of Medicine, Case Western Reserve University,
Cleveland, OH (M Rahman)

Singapore National Eye Centre, Singapore Eye Research Institute, Singapore, Singapore;
Yong Loo Lin School of Medicine, National University of Singapore, Singapore; Duke-NUS
Medical School, Singapore, Singapore (C Sabanayagam)

Division of Nephrology at Tufts Medical Center, Boston, Massachusetts (M Sarnak)



University of Aberdeen, Aberdeen, Scotland, UK (S Sawhney)

Department of Nephrology and Hypertension, Friedrich-Alexander Universitat Erlangen-
Nrnberg, Erlangen, Germany (MP Schneider)

Institute for Health and Research and Innovation, Maccabi Healthcare Services and Tel Aviv
University, Tel Aviv, Israel (V Shalev)

Division of Population Health and Genomics, School of Medicine, University of Dundee,
Dundee, UK (MK Siddiqui)

AMGA (American Medical Group Association), Alexandria, Virginia and OptumLabs
Visiting Fellow (N Stempniewicz)

Division of Nephrology, Department of Medicine, University of Tennessee Health Science
Center, Memphis, TN (K Sumida)

Vascular & Renal Translational Research Group, IRBLIeida, Spain and Spanish Research
Network for Renal Diseases (RedInRen. ISCIII) , Lleida, Spain (JM Valdivielso)
Department of Nephrology, Radboud Institute for Health Sciences, Radboud University
Medical Center, Nijmegen, The Netherlands (J van den Brand)

Department of Medicine, Queen Mary Hospital, The University of Hong Kong, Hong Kong
(AYM Wang)

Centre for Nephrology, University College London, London, UK (D Wheeler)

National Clinical Research Center of Kidney Disease, Jinling Hospital, Nanjing University
School of Medicine, Nanjing, Jiangsu, P.R. China (L Zhang)

Department of Vascular Medicine, University Medical Center Utrecht, Utrecht, The
Netherlands (FLJ Visseren)

University Paris-Saclay, UVSQ, University Paris-Sud, Inserm, Clinical Epidemiology team,

CESP, Villejuif, France (B Stengel)



Corresponding author: Chronic Kidney Disease Prognosis Consortium, ckdpc@jhmi.edu

Abstract

Background and Aims: Chronic kidney disease (CKD) increases risk of cardiovascular
disease (CVD). Less is known about how CVD associates with future risk of kidney failure
with replacement therapy (KFRT).

Methods: The study included 25,903,761 individuals from the CKD Prognosis Consortium
with known baseline eGFR and evaluated the impact of prevalent and incident coronary heart
disease (CHD), stroke, heart failure (HF), and atrial fibrillation (AF) events as time-varying
exposures on KFRT outcomes.

Results: Mean age was 53 years (SD 17) and mean estimated glomerular filtration rate (eGFR)
was 89 ml/min/1.73m?, 15% had diabetes and 8.4% had urinary albumin-to-creatinine ratio
(ACR) available (median 13 mg/g); 9.5% had prevalent CHD, 3.2% prior stroke, 3.3% HF and
4.4% prior AF. During follow-up there were 269,142 CHD, 311,021 stroke, 712,556 HF, and
605,596 AF incident events and 101,044 (0.4%) patients experienced KFRT. Both prevalent
and incident CVD were associated with subsequent KFRT with adjusted hazard ratios (HR) of
3.1(95% CI 2.9-3.3), 2.0 (1.8-2.1), 4.5 (4.2-4.8), 2.8 (2.6-3.1) after incident CHD, stroke, HF
and AF, respectively. HRs were highest in first three months post CVD incidence declining to
baseline after three years. Incident HF hospitalisations showed the strongest association with
KFRT (HR 46 (95% CI 43-49) within 3 months) after adjustment for other CVD subtype
incidence.

Conclusions: Incident CVD events strongly and independently associate with future KFRT
risk, most notably after HF, then CHD, stroke, and AF. Optimal strategies for addressing the

dramatic risk of KFRT following CVD events are needed.


mailto:ckdpc@jhmi.edu

Background

It is well established that chronic kidney disease (CKD) is a risk factor for developing
cardiovascular disease (CVD)Y2. However, whether CVD is a risk factor for CKD progression
and subsequent kidney failure with replacement therapy (KFRT, i.e. dialysis or kidney
transplant) is less clear. Such bidirectional association is plausible and consistent with the
hypotheses postulated in the cardiorenal syndrome®*. Many consequences of CVD, including
inflammation®®, oxidative stress’, haemodynamic changes (e.g. renal congestion,
neurohormonal activation)®, and medical interventions (e.g. use of loop diuretics, radiocontrast

agents)® may negatively impact kidney function.

Epidemiological data exploring CVD as a cause of CKD is scarce, and potentially limited by
small sample sizes, single-center studies, the timing of the CVD event and varying definitions
of CKD outcomes mostly focused on relative declines of estimated glomerular filtration rate
(eGFR). Early reports disclosed that patients with prevalent CVD were at higher risk of
receiving a diagnosis of CKD or having a more rapid eGFR decline!®*2, More recently, incident
major CVD events, particularly heart failure (HF) have been associated with a faster eGFR

decline®® and KFRT 1415,

A comprehensive analysis evaluating the robustness and consistency of this association is
lacking, perhaps because the outcome of KFRT is rare and requires large sample sizes with
long follow-up. Using data from the multinational CKD-Prognosis Consortium, we sought to
quantify the association of CVD incidence, prevalence and subtypes on subsequent risk of
KFRT. We hypothesized that incident CVD events would be associated with increased risk of

KFRT.



Methods

This study was approved for use of de-identified data by the institutional review board at the
Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA
(#IRB00003324). The need for informed consent was waived by the institutional review board.
Populations

We included cohorts in the CKD-PC with available data for the present study. The details of
CKD-PC are described elsewhere!®, but in brief, this consortium included both research cohorts
and health system datasets, with participants from 41 countries from North America, Europe,
the Middle East, Asia, and Australia. These cohorts included general population (screening
cohorts and health systems), high-risk (specifically selected for clinical conditions, such as
diabetes), and CKD (exclusively enrolling individuals with CKD) cohorts. For the present
study, cohorts were required to have data on at least one CVD subtype and subsequent follow-
up for KFRT as the outcome. Cohorts also needed to have baseline information on eGFR and
some albuminuria data. In total, 81 cohorts had adequate data and agreed to participate. Further
information on cohorts is available in Appendix 1. Individual patient data (IPD) level analysis
was performed in two stages. First the analysis was conducted within each cohort and then the
results were meta-analyzed. This permits IPD analysis of cohorts where the data must reside
on a separate server (e.g., VA and OLDW).

Exposures: CVD types of interest

We explored the risk associated with prevalent and incident non-fatal coronary heart disease
(CHD), stroke, HF, and atrial fibrillation (AF) events on the outcome of KFRT. Prevalent CHD
was defined as positive history of myocardial infarction (MI), bypass grafting, or percutaneous
coronary intervention. Incidence of CHD was defined as the occurrence of a de novo MI. Most
cohorts did not have information on HF type, so we analyzed overall HF (see Appendix 1.4 for

details and ICD codes).



Outcomes

The main outcome of interest was KFRT defined as initiation of chronic dialysis or transplant.
Information on outcome ascertainment is provided in Appendix 1. The secondary outcome was
the combined end point of kidney failure defined as KFRT or having a follow-up eGFR <15
ml/min/1.73m?2. We also considered mortality as a competing outcome.

Covariables

Demographic variables included age, sex, and race. Body mass index was modelled as linear
spline with knot at 30 kg/m?. Smoking status was recoded as current smoking, former smoking
versus never smoking. eGFR was estimated by the CKD-EPI equation using age, sex, race, and
serum creatinine'’. eGFR was modelled as linear spline with knot at 60. Albuminuria was
recorded as the urinary albumin-to-creatinine ratio (ACR) or protein-to-creatinine ratio and
converted to ACR as done previously®®. If these measurements were not available, we used
dipstick proteinuria information and converted to ACR?8. When albuminuria was missing more
than 25% in a single study, a missing indicator was used (a value of 10 mg/g was used to anchor
the missing ACR category); this occurred in health systems where the missing ACR indicator
reflects existing clinical practice. Hyperlipidaemia status was controlled for with information
on total cholesterol, HDL cholesterol and use of lipid lowering medication. Diabetes mellitus
was defined as the use of glucose lowering drugs, a fasting glucose >7.0 mmol/L or non-fasting
glucose > 11.1 mmol/L, hemoglobin Alc >6.5%, or self-reported diabetes. Hypertension was
modelled as continuous systolic blood pressure and antihypertensive medication use. These
variables were imputed to the sample mean if less than 50% missing in a single study, otherwise

the variables were excluded from the model.

Statistical Analyses



Descriptive data are presented as mean and standard deviation (SD) or median and inter quartile
interval (1QI). Time to event analysis was analyzed for each CVD event separately with follow-
up from baseline as the time scale. Baseline was selected on the first serum creatinine
measurement 12 months after start date in health system cohorts to allow adequate information
for determining prevalent CVD. Incident CVD was modelled as a time dependent exposure.
Hazard ratios and 95% confidence intervals were obtained from Cox regression models in each
cohort, adjusted for all available covariables. Estimates were meta-analyzed using a random
effects meta-analysis to conservatively incorporate any between cohort variance. Following
analysis of each CVD event type separately, we analyzed all four CVD subtypes in a single
model adjusting for each other. The latter analysis was limited to cohorts that had data on all
CVD subtypes. Timing of excess risk and absolute risk after C\VD were estimated in the Optum
Labs Data Warehouse (OLDW) cohorts only due to their large sample size and
representativeness of health system data. The OLDW is a longitudinal, real-world data asset
with de-identified administrative claims and electronic health record (EHR) data.'® Time after
incidence of CVD was modelled in three month categories to quantify a priori hypothesized
higher risk proximal to the CVD event. Baseline absolute risk was estimated from a Fine and
Gray model with mortality as a competing outcome for each CVD type®. Risks were expressed
across categories of eGFR and ACR and adjusted to age 70 and 50% male to facilitate
comparisons across CVD events. Absolute risk was not included for times without CVD since
the focus of this risk analysis was time after an event and a comparison of absolute risk across
CVD subtypes. In models adjusting for all subtypes of CVD, each was modelled as a time-
varying covariate in a single model with all the CVD subtypes, censoring only for KFRT, death,
and administrative censoring. As a result, risk is attributed to each of the CVVD subtypes when
each of multiple events occur. We only model the first CVD event of each subtype to avoid

intractable model complexity in the setting of multiple hospitalisations.



Missingness in covariates was modelled with a missing indicator variable (see eAppendix 1).
The variable most often missing was albuminuria, which reflects clinical practice. Sensitivity
analyses adjusted for the last eGFR before the CVD event to conservatively remove the part of
the risk associated with eGFR decline prior to the event. Analyses were done in Stata version

16 (StataCorp). Statistical significance was determined using a 2-sided test.

Results

Baseline characteristics

Across 25,903,761 patients from 81 cohorts, the mean age was 53 (SD 17), 52% were female,
the mean baseline eGFR was 89 ml/min/1.73m? (SD 23), 8.8% were black, 15% had diabetes
and 8.4% had ACR available (median 13 mg/g, 1QI 6-36); 2,450,902 (9.5%) had prevalent
CHD, 824,717 (3.2%) prior stroke, 848,609 (3.3%) HF and 1,071,615 (4.4%) a history of AF

(Table 1 and Tables S1-S3).

Incidence of CVD and KFRT

During a mean follow up of 4.2 years 269,142 (1.0%) participants experienced CHD, 311,021
(1.2%) stroke, 712,556 (2.8%) HF and 605,596 (2.5%) AF incident events. Respective mean
(SD) age for these incident events were 69 (13), 71 (13), 72 (12) and 73 (11) years, with details
in Table S3. In this follow-up period, 101,044 participants developed KFRT in the overall
population, whilst 221,659 participants developed the combined end point of KFRT or eGFR
<15 ml/min/1.73m? in the subpopulation with repeated eGFR available after the index eGFR
(Table S4). Among participants who developed KFRT, 53% experienced CVD events
(including both prevalent and incident cases) prior to KFRT, compared to only 17%
experiencing CVD events among participants who did not develop KFRT. Figure 1 shows the

distribution of CVD events by occurrence of KFRT during follow-up.
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Prevalent and incident CVD and subsequent risk of KFRT

Patients with prevalent CHD, stroke, HF, and AF at cohort entry were at higher risk of future
KFRT with adjusted hazard ratios of 1.21 (95% CI 1.17, 1.26), 1.14 (1.10, 1.18), 1.41 (1.34,
1.49), and 1.12 (1.07, 1.18) respectively (Table 2; Table S5 shows further details of
progressive adjustment and sex stratified analyses). Incident CVD during follow-up was
strongly associated with subsequent risk of KFRT with hazard ratios ranging from 1.98 for
stroke to 4.50 for HF; Forest plots show the meta-analysis results were supported by the
majority of the cohorts (Figure S1). Analysis of each CVD event adjusted for all the other CVD
events in 55 cohorts showed that the largest hazard ratio for KFRT was associated with HF.
Among prevalent events, the hazard ratios were 1.12 (1.08, 1.15), 1.07 (1.03, 1.11), 1.37 (1.31,
1.44), and 0.98 (0.94, 1.02) for CHD, stroke, HF, and AF adjusted for each other. For incident
events, the hazard ratios were 1.49 (1.38, 1.61), 1.33 (1.22, 1.45), 3.69 (3.36, 4.04), and 1.39

(1.28, 1.52) for CHD, stroke, HF, and AF adjusted for each other.

The excess risk was highest in the months following the CVD events, persisted for two years
and returned to baseline three years after CVD among those who survived (Figure 2, Table
S6). This analysis was limited to the OLDW cohorts since their large sample size (greater than
19 million) allowed for a detailed examination of the change in hazard ratio of KFRT for each
quarter year. This revealed adjusted relative hazards of KFRT ranging from 45 (95% CI 41,
49) for stroke to 106 (102, 110) for HF in the first 3 months following the CVD event. The
risks declined progressively until three years after each event. An analysis adjusting each
incident CVD event for the other events showed very high risk persisting for HF with an
adjusted hazard ratio of 46 (95%CI 43, 50) in the first months after HF incidence. In contrast,

adjusted for HF and the other CVD events, the adjusted hazard ratio for CHD, stroke and AF
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declined markedly with remaining short term risks ranging from 2.1 to 3.6 which declined to

less than two-fold after 3 months but stayed statistically significant for over a year.

Sensitivity analyses showed that the excess risk associated with CVD remained, even after
adjustment for the most recent eGFR recorded prior to the CVD event (Table S7). Results were
consistent if shorter follow-up time after the CVD event was considered (Table S8) as well as
for the secondary broader outcome including eGFR <15 ml/min/1.73m? during follow-up
(Table S9). Interaction models showed that the hazard ratios of KFRT after CVD incidence

were somewhat smaller at lower eGFR and higher alouminuria (Table S7 and S8).

Absolute risk of KFRT

The 2-year risk of KFRT following CVD events was higher at lower eGFR and elevated ACR
with highest absolute risk in HF compared to other CVD subtypes. The 2-year risk of KFRT
in eGFR 15-29 and ACR 300+ was 21.1%, 17.9%, 25.6%, and 19.1% for CHD, stroke, HF,
and AF adjusted to age 70 and half male population after taking death into account as a
competing outcome (Table 3). The risk of death after CVD events was substantial and higher
with lower eGFR and higher ACR (Table S10). Among those with eGFR above 60
ml/min/1.73m?, the risk of KFRT was higher among younger individuals with diabetes (Table

S11).
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Discussion

In this large multinational individual participant meta-analysis, we observed strong
associations between major CVD events and subsequent risk of KFRT. The risk of KFRT was
strikingly elevated after incident HF, but also after CHD, stroke and AF. Excess risk was
present for prevalent CVD events but much higher for incident CVD events, particularly HF
with consistent results across subgroups and a wide range of sensitivity analyses. Given the
poor clinical and patient-reported outcomes as well as the excessive healthcare costs of
KFRT223, our results have implications on need of detection and monitoring of kidney disease
measures, including eGFR and albuminuria, as well as on need of therapeutic strategies to

delay KFRT after CVD events.

Previous smaller studies have shown prevalent or ‘baseline’ CVD to be associated with
subsequent accelerated decline in eGFR-12, However, studies of prevalent CVD and future
eGFR decline are biased by their inability to take into account the decline in eGFR that occurs
between the CVD event and subsequent entry into the cohort studied. Hence these analyses
give limited insight into the degree of risk directly attributable to the CVD event. Our results
are in agreement with analyses of the Atherosclerosis Risk in Communities (ARIC) study,
which examined the impact of incident CVD and future KFRT, in both degree of risk and effect
of each of the CVD subtypes!*. However, the number of KFRT events in ARIC was small
(n=210), and was limited to US participants. In the Stockholm CREAtinine Measurements
(SCREAM) project, incident CVD was associated with an acceleration in decline in eGFR over
the subsequent two years post CVD event®3. This was most marked for HF events, with lesser
magnitude of acceleration in eGFR decline observed following CHD events. However,
quantification of pre-post eGFR slopes depended on testing and on surviving two years post

CVD event.
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The complex mechanisms underlying the increased risk of KFRT in patients with CVD in
general and with HF in particular are outlined in Figure S2. On one hand, both conditions share
common risks factors, such as hypertension, diabetes, smoking, obesity and physical
inactivity?*, so these could be thought of as confounders. Conversely, both conditions share
mediating pathophysiological mechanisms, often inducing a ‘vicious cycle’ of dysregulated
homeostasis including neurohormonal activation, anaemia, endothelial dysfunction, arterial
calcification and fibrotic responses leading to kidney disease®®. We are unable to attribute
causality, or clearly distinguish confounding from mediation, in these associations. However,
the observed greater than 50-fold relative hazard within months of HF incidence, which
diminishes nearly all the way to baseline three years later, demonstrating an extremely strong

temporal association.

The bidirectional, inter-dependent interaction between HF and kidney dysfunction is well
acknowledged, with worsening HF being a risk factor for decline in kidney function, whilst
lower eGFR predicts adverse outcomes, including mortality, in patients with HF?®, The
relationship between evidence-based medicines for treatment of HF (e.g. renin angiotensin-
aldosterone system inhibition) and decline in kidney function is controversial with much
evidence coming from observational data which is susceptible to indication bias?’ as they may
be prone to indication bias. We did not have access to prescribing information for the duration
of follow up in all cohorts to evaluate this. For other CVD subtypes, acute kidney injury is
common in the setting of atherothrombotic CVD events such as stroke or CHD. Subsequent
KFRT risk may reflect loss of eGFR after an episode of AKI or de novo accelerated eGFR

decline as suggested previously?2°,
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Our findings have clinical implications on risk stratification and informing decisions around
therapeutic interventions, intensity of monitoring kidney disease measures, and planning for
long term KFRT. eGFR monitoring is already emphasized by cardiology guidelines®, and
creatinine is included in some risk calculators for predicting survival of patients with HFZ.
Albuminuria testing is an additional, inexpensive early sign of kidney damage to add to routine
secondary CVD prevention workup, hence informing KFRT risk and CVVD prognostication
simultaneously®?-34, Our results evidence the need for preventing KFRT through established
therapies including renin angiotensin system inhibition®3’ sodium glucose transport 2
(SGLT2) inhibition®® and finerenone3¥4°, These agents have demonstrated efficacy in both
reducing albuminuria and delaying eGFR decline with additional cardiovascular benefits.
Prudent use of diuretics to ensure ‘decongestion’ has a role in both treatment of HF and
maintenance of kidney function?’. Routine care data and clinical trials shows suboptimal use

of guideline based cardio- and nephroprotection with opportunities for improvement*142,

Collaboration between nephrology and cardiology is crucial in personalizing preparation for
KFRT. For example: creation of an arteriovenous fistula for haemodialysis risks exacerbating
pre-existing HF*3; Management of CKD- related complications such as anaemia, acidosis and
mineral bone disorders; Long-term planning to consider dialysis modality and/or consider
whether kidney transplantation is feasible. Indeed, workup of kidney transplant candidates with
cardiovascular disease is controversial and requires advance planning**. Patients at highest risk
of CKD progression are likely to benefit from additional management efforts, including
avoidance of nephrotoxins like non-steroidal anti-inflammatory drugs, proton-pump inhibitors,

warfarin or certain antibiotics.
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Strengths of this study include the large sample sizes of the study populations; the clinical and
geographic diversity of the participants in both general population and high cardiovascular risk
cohorts; and the rigorous analytical approach. However, limitations also exist.
Misclassification is amplified by any heterogeneity in how CVD subtypes were determined or
defined across cohorts as well as baseline eGFR and albuminuria measurement at a single visit.
Consistency of our findings despite this inevitable heterogeneity favors, however, true and
generalizable associations. We lack data on a number of important variables such as
inflammation, socioeconomic status, complete medication history and exposure to
radiocontrast, and some covariates were not present in all cohorts. Whilst CHD, HF and stroke
are likely to represent cardiovascular events with a definitive date of occurrence, the incidence
and timing of atrial fibrillation diagnosis may be prone to acquisition bias*. Some cohorts rely
on health record coding for outcomes, and lack detailed phenotyping of CVVD subtypes, such
as ejection fraction by echocardiography in HF or distinction between ischaemic/haemorrhagic
strokes. Inherent to observational studies, residual confounding may exist, and we are unable
to separate the effect that incident CVD has per se on KFRT risk from that of CVD-
management, nor did we evaluate acute kidney injury risks and mediation of KFRT risk.
Understanding best management strategies within secondary CVD prevention that may alter
CKD progression warrants further study and may serve to individualize treatment pathways.
Finally, absolute risk estimates and the time dependent analysis of risk after CVD had to be
limited to the OLDW cohorts, due to their large sample size, availability of all four CVD

subtypes, and representativeness of health care systems.

In summary, we show evidence that incident CVD events are strongly and independently

associated with risk for KFRT, with greatest risk in the first year following HF, then CHD,

stroke, and AF. Patients, clinicians and healthcare systems engaged with the management of
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major CVD should be aware of this risk to optimize long-term care and ensure that those at
highest risk receive appropriate evaluation, counselling, therapy, and referral for management

of progressive CKD.
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FIGURE TITLES AND LEGENDS

Figure 1. CVD events distribution by occurrence of KFRT during follow-up. Both
prevalent and incident CVD events are included. Among individuals who developed KFRT
events are limited to CVD prior to KFRT while among individuals without KFRT all events
during follow-up are included

Figure 2. Adjusted hazard ratios and 95% confidence intervals of kidney failure replacement
therapy (KFRT) associated with different cardiovascular (CVD) events modelled (A)
separately or (B) simultaneously adjusted for each other by timing after the incident CVD
event in OLDW

Dots show the hazard ratio and whiskers are the 95% confidence intervals. The dots are
plotted in the center of 3 month windows (e.g., for 0-3 months, the dot is at 1.5 months or
0.125 years).

Structured Graphical abstract. Hazard ratios (and 95% confidence intervals) for the risk of
kidney failure with replacement therapy (KFRT) associated to developing heart failure (HF),
myocardial infarction (MI), atrial fibrillation (AF) or stroke, across 81 global cohorts and
graphically depicted using the OLDW database.
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