UC Irvine
UC Irvine Previously Published Works

Title
Longer Predialysis ACEi/ARB Utilization Is Associated With Reduced Postdialysis Mortality.

Permalink
https://escholarship.org/uc/item/8{70969]

Journal
The American journal of medicine, 133(9)

ISSN
0002-9343

Authors

Gosmanova, Elvira O
Molnar, Miklos Z
Naseer, Adnan

Publication Date
2020-09-01

DOI
10.1016/j.amjmed.2020.03.037

Copyright Information

This work is made available under the terms of a Creative Commons Attribution License,
availalbe at https://creativecommons.orag/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8j70g69j
https://escholarship.org/uc/item/8j70g69j#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Am J Med. Author manuscript; available in PMC 2021 September 01.

Published in final edited form as:
Am J Med. 2020 September ; 133(9): 1065-1073.e3. doi:10.1016/j.amjmed.2020.03.037.

Longer predialysis ACEI/ARB utilization is associated with
reduced postdialysis mortality

Elvira O. Gosmanova®P, Miklos Z. Molnar®d.€, Adnan Naseer®f Keiichi SumidaC, Praveen
Potukuchi®, Abduzhappar Gaipov9, Barry M. Wall®f, Fridtjof Thomas", Elani Streja',
Kamyar Kalantar-Zadeh®, Csaba P. Kovesdy®'

aNephrology Section, Stratton VA Medical Center, 113 Holland Ave, Albany, NY, 12208 United
States

bDivision of Nephrology, Department of Medicine, Albany Medical College, 43 New Scotland Ave,
Albany, NY, 12208 United States

¢Division of Nephrology, Department of Medicine, University of Tennessee Health Science Center,
956 Court Ave, Memphis, TN, 38163 United States

dDivision of Transplantation, Department of Surgery, University of Tennessee Health Science
Center, 956 Court Ave, Memphis, TN, 38163 United States

eMethodist University Hospital Transplant Institute, 1211 Union Ave, Memphis, TN 38104, United
States

Nephrology Section, Memphis VA Medical Center, 1030 Jefferson Ave, Memphis, TN, 38104
United States

9Department of Medicine, Nazarbayev University School of Medicine, Kerey and Zhanibek Khans
Street 5/1, Room 345, Nur-Sultan 020000, Republic of Kazakhstan

hDivision of Biostatistics, Department of Preventive Medicine, College of Medicine, University of
Tennessee Health Science Center, 66 N Pauline Street, Suite 633, Memphis, TN, United States

Corresponding Author: Csaba P. Kovesdy, MD, FASN, Division of Nephrology, Memphis VA Medical Center, 1030 Jefferson Ave.,
Mempbhis, TN 38104, Phone: 901-523 8990 Fax: 901-577-7539, ckovesdy@uthsc.edu.

Authors’ Contributions:

Authorship: All authors had access to the data and a role in writing this manuscript.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Disclaimers:
EOG, AN, BMW, KKZ, and CPK are employees of the US Department of Veterans Affairs. Opinions expressed in this paper are those
of the authors’ and do not necessarily represent the opinion of the Department of Veterans Affairs.

Financial Disclosure: EOG: honoraria from Amgen and Takeda; MZM: honoraria from Merck, CareDx and AbbVie; AN: None; PP:
None; KS: None; BMW: None; FT: None; AG: None; ES: research support from Department of Veterans Affairs, KKZ: honoraria
and/or research support from Abbott, Abbvie, Cara Therapeutics, Akebia, Alexion, Amgen, Astra-Zeneca, Aveo, BBraun, Chugai,
Cytokinetics, Daiichi, DaVita, Fresenius, Genentech, Haymarket Media, Hospira, Kabi, Keryx, Kissei, Novartis, OPKO, National
Institutes of Health, Pfizer, Regulus, Relypsa, Resverlogix, Dr Schaer, Sandoz, Sanofi, Shire, Department of Veterans Affairs, Vifor,
UpToDate, ZS-Pharma; CPK: honoraria from Amgen, Astra-Zeneca, Bayer, Cara Therapeutics, Reata, Takeda and Tricida.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gosmanova et al. Page 2

'Harold Simmons Center for Kidney Disease Research and Epidemiology, Division of Nephrology
and Hypertension, University of California Irvine Medical Center, 101 The City Drive, City Tower,
Suite 400, Orange, CA, 92868 United States

INephrology Section, Tibor Rubin Veterans Affairs Medical Center, 5901 E 7th Street, Long
Beach, CA, 90822 United States

Abstract

Background: Angiotensin converting enzyme inhibitors and angiotensin receptor blockers
(ACEI/ARB) improve predialysis outcomes; however, ACEi/ARB are underutilized in patients
transitioning to dialysis. We examined the association of different patterns of predialysis
ACEI/ARB use with postdialysis survival, and whether potentially modifiable adverse events are
associated with lower predialysis ACEi/ARB utilization.

Methods: This was a historic cohort study of 34,676 US veterans with, and 10,690 without
ACEI/ARB exposure in the 3-year predialysis period who subsequently transitioned to dialysis
between 2007-2014. Associations of different patterns of predialysis ACEi/ARB utilization with
postdialysis all-cause mortality and with predialysis acute kidney injury and hyperkalemia events
were examined using multivariable adjusted regression analyses.

Results: The mean age of the cohort was 70 years, 98% were males and 27% were African
Americans. Compared to ACEi/ARB nonuse, continuous ACEi/ARB use was associated with
lower postdialysis all-cause mortality (adjusted hazard ratio (aHR); 95% confidence interval [95%
Cl]1 0.87; 0.83-0.92). In analyses modeling the duration of predialysis ACEI/ARB utilization,
ACEI/ARB use of 50-74 and =75% were associated with lower mortality compared to nonuse
(aHR, 95% CI 0.96, 0.92—0.99 and 0.91; 0.88-0.94, respectively), while no increase in postdialysis
survival was observed with shorter predialysis ACEiI/ARB use. Predialysis acute kidney injury was
associated with shorter duration (<50%) of ACEi/ARB use and hyperkalemia was associated with
interrupted and ACEi/ARB use of <75%.

Conclusions: Longer predialysis ACEiI/ARB exposure was associated with lower postdialysis
mortality. Prospective studies are needed to evaluate the benefits of strategies enabling
uninterrupted predialysis ACEi/ARB utilization.

Keywords
ACEIi/ARB; mortality; ESKD; dialysis; veterans

Introduction

Chronic kidney disease is one of the most common non-communicable diseases. The
cornerstones of its management include correction of underlying etiology, control of blood
pressure, proteinuria, and cardiovascular disease risk factors to reduce disease progression
and mortality. Beneficial effects of angiotensin-converting enzyme inhibitors (ACEi) and
angiotensin receptor blockers (ARB) are well established in predialysis chronic kidney
disease. ACEi/ARB delay the development of end-stage kidney disease and reduce
cardiovascular events and all-cause mortality in patients with chronic kidney disease.2~2
Nonetheless, ACEi/ARB use is not without associated risks; e.g. higher rates of
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hyperkalemia-related hospitalizations have been reported in patients receiving ACEi/ARB.
10-12

Hypertension is highly prevalent in chronic kidney disease.13 A large number of patients
reaching dialysis would be expected to receive ACEi/ARB due to current guidelines.14.15
Nonetheless, the rates of ACEi/ARB use at the time of dialysis initiation are around 40—
50%.16.17 The reasons for the lower than expected rates of ACEi/ARB use in advanced
chronic kidney disease are not well studied. It is possible that ACEi/ARB are being actively
stopped when kidney function declines due to increasing incidence of hyperkalemia and/or
acute kidney injury. A small study showed that deliberate discontinuation of ACEiI/ARB in
advanced kidney disease led to a stabilization and even temporary improvement in kidney
function with no increase in predialysis mortality, suggesting that ACEi/ARB withdrawal in
the predialysis period may be beneficial.18 However, it is unknown if discontinuation of
ACEI/ARB could adversely affect long-term outcomes. We examined the association
between different patterns of ACEi/ARB utilization in the 3-year period before dialysis
initiation (predialysis) and postdialysis all-cause mortality. In addition, we evaluated the
association between predialysis ACEi/ARB utilization patterns and potentially modifiable
predialysis adverse events, such as acute kidney injury and hyperkalemia.

Materials and Methods

Study Participants

The study population was derived from the Transition of Care in Chronic Kidney Disease
historic cohort, comprising US veterans with incident end-stage kidney disease.1% 20 We
identified 102,477 patients from the United States Renal Data System (USRDS) who
initiated renal replacement therapy between October 1, 2007 and March 31, 2014. The
predialysis period was defined as the 3-year period before the start of dialysis. Patients were
excluded from analyses if they had no predialysis drug prescriptions in the Veterans Affairs
(\VVA) or Centers for Medicare and Medicaid Services (CMS) (28,165 patients), predialysis
follow-up of <3 years in the VA system (N=9,206), missing information on predialysis
serum potassium and/or serum creatinine (N=17,069), or ACEi/ARB prescription of <30
days (N=2,771). The final analytic cohort consisted of 45,266 patients (Suppl. Figure 1).
The study was approved by the Memphis and Long Beach VA Medical Centers Institutional
Review Boards.

Data Collection

The USRDS, VA and CMS databases were used to ascertain baseline patient characteristics.
Information on preexisting comorbidities recorded up to dialysis transition were extracted
from VA and CMS databases using inpatient and outpatient International Classification of
Disease, Ninth Revision Diagnostic codes and Current Procedural Terminology codes as
previously described.?1:22 The Charlson comorbidity index was calculated using the Deyo
modification for administrative data sets excluding kidney disease.23 Information about
predialysis laboratory data were obtained from the VA Corporate Data Warehouse LabChem
data files and the Decision Support System National Data Extracts Laboratory Results file of
the VA database, 242> and the mean of all intraindividual values was used for descriptive
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purposes. Estimated glomerular filtration rate (eGFR) was calculated using the Chronic
Kidney Disease Epidemiology Collaboration equation?® and slopes of eGFR decline were
calculated from mixed-effect models. Predialysis medication dispensation was collected
from both VA pharmacy and CMS Medicare Part D records.2’ Information about all-cause
mortality was obtained from the VA Vital Status files.28

Exposure Measurement and Outcome Assessment

Prescribing information for ACEi and ARB was extracted using specific drug class codes
and names. Patients who received at least one =30-day supply for any ACEi or ARB during
predialysis were defined as ACEi/ARB users (34,676 patients). Patients with any other
predialysis medication prescription(s) but without ACEi/ARB prescriptions were categorized
as ACEIi/ARB nonusers (N=10,690) (Suppl. Figure 1). Our primary exposures were different
patterns of ACEi/ARB utilization compared to ACEiI/ARB nonuse during predialysis. We
performed two analyses to describe ACEi/ARB utilization in more detail. First, we
characterized ACEi/ARB use as percentages of exposure of <25% (N=7,588), 25-49%
(N=7,811), 50-74% (N=9,475), and =75% (N=9,752) based on the duration of time
ACEI/ARB were administered predialysis as determined from the proportion of days with an
available prescription for ACEi or ARB of =30 days (numerator) to the total duration of the
predialysis period (denominator). Second, we categorized ACEi/ARB utilization as (1)
continuous ACEi/ARB use if a patient was using ACEiI/ARB during all 12 quarters of
predialysis (N=2,776) vs. (2) interrupted ACEi/ARB use if ACEI/ARB prescriptions were
present during quarters 5-12 but not during the last year (quarters 1-4) before dialysis
initiation (N=10,397).

The primary study outcome was all-cause mortality after transition to dialysis. Patients were
followed until death, kidney transplantation, or the last date of documented contact (up to
May 24, 2017) in the VA system, whichever occurred first. The distribution of kidney
transplantation was similar in all groups (data not shown). Secondary study outcomes were
(1) incidence of acute kidney injury defined as >50% increase in serum creatinine from the
previous value, and (2) incidence of two levels of hyperkalemia, defined as at least one
serum potassium value of >5.5 mmol/L or >6.0 mmol/L during predialysis.

Statistical Analysis

Continuous variables were compared using #test or ANOVA for normally distributed data
and Mann-Whitney U test or Kruskal-Wallis tests for non-parametric data, as appropriate.
Categorical variables were compared with chi-square test. ACEi/ARB nonusers served as the
reference group for all analyses. Cox proportional hazard models were applied to evaluate
the relationship of different patterns of ACEiI/ARB use with all-cause mortality adjusted
incrementally for potential confounders, including demographic characteristics (age, gender,
race, and ethnicity), comorbidities (diabetes, ischemic heart disease, congestive heart failure,
peripheral vascular disease, cerebrovascular disease, mild and moderate/severe liver disease,
chronic lung disease, malignancies, Charlson comorbidity index), use of potassium-sparing
diuretics, predialysis nephrology care, mean predialysis eGFR, slopes of eGFR decline,
systolic blood pressure, serum potassium, acute kidney injury events, hyperkalemia events,
and the cause of end-stage kidney disease. We performed sensitivity analyses for all-cause
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mortality by restricting follow-up to the initial 12 months of the postdialysis period and by
restricting the cohort to patients who performed hemodialysis as renal replacement therapy
(N=37,675). No data were missing for age, gender, predialysis eGFR, slopes of eGFR
decline, blood pressure, serum potassium. Data were missing about ethnicity in <0.01% of
patients, about comorbidities in 0.2% of patients, and about nephrology care in 2.8% of
patients. Given these small numbers, no imputation analyses were done.

We also examined the associations of different patterns of ACEi/ARB utilization with acute
kidney injury and hyperkalemia in logistic regression models adjusted for baseline case-mix.

Two-sided p-values of less than 0.05 were considered as significant. Analyses were
conducted using SAS Enterprise Guide (7.1) (Cary, NC), or Stata 15 (College Station, TX).

Baseline Patient Characteristics

In the total cohort, the mean age was 70 years, 98% were males, 27% were African
Americans, 66% were seen by a nephrology specialist, and 76.4% had at least one =30-day
predialysis ACEi/ARB prescription. Table 1 summarizes baseline characteristics of the study
population by percentage of ACEi/ARB exposure and as interrupted/continuous predialysis
ACEI/ARB use. Overall, regardless of ACEI/ARB utilization patterns, ACEi/ARB users
were younger, had more diabetes, and higher prevalence of cardiovascular disease, but lower
prevalence of malignancies, chronic liver and lung disease. The mean predialysis eGFR was
not different between ACEi/ARB nonusers and ACEi/ARB users classified by increasing
percentage of ACEi/ARB exposure but was lower in RAASI users classified as continuous/
discontinuous use, as compared with ACEi/ARB nonusers. The mean predialysis serum
potassium was clinically similar among study patients.

Predialysis ACEI/ARB use and postdialysis all-cause mortality

The median (IQR) follow-up time after dialysis onset was 2.25 (0.81, 3.88) years. There
were 31,365 deaths (mortality rate [95% confidence interval] 273.5 [270.5-276.5]/1000
patient-years (PY)). Incremental increases in the percentage of ACEi/ARB exposure (<25%
to =75%) during predialysis were associated with reduced all-cause mortality in unadjusted
analyses (Table 2). However, only ACEi/ARB exposure of 50-74 and >75% were associated
with reduced multivariable-adjusted all-cause mortality (adjusted hazard ration (aHR); 95%
confidence interval [95% CI] 0.96; 0.92-0.99 and 0.91; 95% CI 0.88-0.94, respectively), as
compared with ACEi/ARB nonuse. Similarly, continuous predialysis ACEi/ARB use was
associated with a 13% lower postdialysis all-cause mortality in the final multivariable
adjusted model (aHR 0.87, 95% CI 0.83-0.92), while interrupted ACEIi/ARB use showed no
association (aHR 1.01, 95% CI 0.98-1.05), as compared with ACEi/ARB nonuse. The
aforementioned associations were slightly more accentuated in the evaluations restricted to
all-cause mortality in the initial 12 months after dialysis transition (Suppl. Table 1), and
remained similar in analyses restricted to patients who received hemodialysis (Suppl. Table
2).
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Predialysis ACEI/ARB utilization patterns and predialysis acute kidney injury and
hyperkalemia

Predialysis acute kidney injury and hyperkalemia events in patients with different patterns of
predialysis ACEi/ARB use are shown in Table 3. Lower utilization of predialysis ACEiI/ARB
(categories of ACEiI/ARB use <75% and interrupted ACEi/ARB use) was associated a
higher unadjusted risk of acute kidney injury. In the multivariable adjusted analysis,
ACEI/ARB utilization of <50% was associated with higher risk of acute kidney injury;
while, higher ACEI/ARB utilization (=75% and uninterrupted use) was associated with
lower risk of acute kidney injury events, as compared with no ACEi/ARB use (Figure 1A).

During the 3-year predialysis period, 35% and 15% of the study population experienced at
least one hyperkalemia event defined as serum potassium >5.5 mmol/L and >6.0 mmol/L,
respectively. When considering the increasing percentage of ACEi/ARB utilization or
interrupted/continuous ACEI/ARB use, the risk of mild hyperkalemia (serum potassium of
>5.5 mmol/L) was higher across increasing ACEi/ARB exposure in unadjusted and adjusted
analyses (Figure 1B). However, the risk of moderate-to-severe hyperkalemia (serum
potassium of >6.0 mmol/L) was only higher in the interrupted ACEi/ARB use category and
in the ACEi/ARB exposure of <75%, but not in the highest ACEi/ARB use group of >75%
or in the continuous ACEi/ARB use category, comparing to ACEi/ARB nonuse in all
analyses (Figure 1C).

Discussion

We found that utilization of ACEi/ARB for a longer period and, especially, continuous
ACEI/ARB utilization during the 3-year predialysis period was associated with reduced all-
cause mortality after dialysis initiation. It is generally accepted that ACEI/ARB reduce
mortality in predialysis patients based on evidence derived from subgroups of clinical trials
that assessed composite rather than individual clinical outcomes.82%-31 Nonetheless, meta-
analyses® and most8:8:32.33 put not all34 observational studies also corroborate the survival
benefits of ACEI/ARB use in patients with predialysis kidney disease. Our group has
previously shown that de novo initiation of ACEI/ARB in patients with chronic kidney
disease was associated with reduced all-cause mortality irrespective of baseline eGFR,
including in 2,535 patients with baseline eGFR <30%.8 The survival benefit of ACEi/ARB
was also demonstrated in end-stage kidney disease.3539 A smaller study from Thailand
showed that predialysis ACEI/ARB exposure of >1-year was associated with reduction in the
postdialysis all-cause mortality; however, possible reasons for low rates of predialysis
ACEIi/ARB use were not investigated.32 Therefore, the current study further supports
postdialysis benefits of predialysis ACEiI/ARB use, while also providing insights into
possible reasons for underutilization of ACEi/ARB.

Several potentially modifiable adverse associations with ACEi/ARB use emerged in this
study. Interrupted and shorted duration of predialysis ACEi/ARB use were associated with a
higher incidence of acute kidney injury and hyperkalemia. These are not unexpected
findings, given the physiologic action of ACEi/ARB on potassium excretion and kidney
adaptation to hemodynamic changes, and may be dissociated from their overall beneficial
cardiovascular effects. The adverse events associated with ACEiI/ARB use often lead to their
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discontinuation and may explain why only 21.5 and 6.1% of patients transitioning to dialysis
had predialysis ACEiI/ARB exposure of 275% or continuous ACEi/ARB use, respectively.
Previous studies also reported higher incidence of acute kidney injury0, faster end-stage
kidney disease onset34 and an increased risk of hyperkalemia-associated
hospitalizations!7:34 when ACEi/ARB are used in advanced kidney disease. Given these
concerns, there has been interest to examine whether ACEi/ARB should be proactively
discontinued in advanced kidney disease with the goal to preserve residual kidney function
and to delay end-stage kidney disease onset.#142 The ongoing Multi-Centre Randomized
Controlled Trial of ACEiI/ARB Withdrawal in Advanced Renal Disease (STOP-ACEI) study
is aimed to evaluate risks and benefits of withholding ACEi/ARB in predialysis diabetic
patients; however, the trial was not designed to evaluate effects of ACEiI/ARB
discontinuation on postdialysis outcomes*3, and hence questions would remain about the
risk-benefit balance of such interventions even if the study were to show a short-term benefit
on kidney function. Although hyperkalemia was shown to be associated with higher risk of
death in stage 3-4 chronic kidney disease,*44° there was no adverse effect on survival in
patients with hyperkalemia-associated hospitalizations in a study including predominantly
stage 5 patients.}” However, it is unknown whether special measures were taken in these
patients to reduce the mortality risk. In addition, Brar, et al, demonstrated that initiation of
ACEI/ARB within 6 months after an acute kidney injury-related hospitalization was
associated with 15% reduction in all-cause mortality and no effect on progression to end-
stage kidney disease despite a 28% increase in the risk of recurrent acute kidney injury-
associated hospitalizations.® Higher levels of ACEi/ARB exposure in the present study
remained independently associated with improved survival after adjusting for baseline
variables and whether or not predialysis slopes of eGFR decline, acute kidney injury and
hyperkalemia events were included into adjusted models. Therefore, it can be argued that
acute kidney injury and hyperkalemia episodes should not be considered as a
contraindication for restarting ACEi/ARB. Instead, meticulous attention should be paid to
kidney function changes and potassium levels in patients with advanced kidney disease
using ACEI/ARB. Clinicians should evaluate individual risk of acute kidney injury and
consider routine counselling about temporary discontinuation of ACEi/ARB during
intercurrent illnesses to preserve kidney autoregulation.*2 Education about potassium intake
and its moderation, as appropriate, should be provided. The introduction of novel potassium
binders may further reduce the incidence of hyperkalemia and allow longer continuation of
ACEI/ARB in predialysis period. The long-term benefits of such “ACEi/ARB -enabling”
strategies will have to be tested in prospective trials.

Several limitations of the current investigation should be considered. This was an
observational study; therefore, we can only describe associations and cannot make causal
inferences. While we adjusted for many known confounders, unmeasured confounding (such
as the lack of proteinuria measures or doses of ACEi/ARB) may affect the results. The
reasons for ACEi/ARB use or nonuse were unknown and it is possible that patients who
were perceived to be “sicker” were not prescribed ACEi/ARB, and, hence, would be at
higher risk of postdialysis mortality. However, we included patients who survived for 3 years
before dialysis start with no ACEi/ARB use and since RRT was instituted as a treatment
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option in these patients, it is unlikely that ACEi/ARB nonusers were systematically more ill
and were not candidates for ACEiI/ARB. Cause-specific mortality was not examined in this
analysis and it would be important to corroborate cardioprotective effect of ACEi/ARB in
dialysis patients in future studies. Our analyses are based on predialysis data of patients with
incident end-stage kidney disease, and hence these results may not apply to the overall
population with chronic kidney disease, a large proportion of whom will not initiate renal
replacement therapy. However, our design allowed the assessment of ACEi/ARB use
patterns during a continuous 3-year follow-up in patients at highest risk for ACEi/ARB-
associated complications, unaffected by predialysis deaths or other censoring events.
Although, rates of potentially modifiable adverse events were higher in patients with lower
levels of ACEiI/ARB use, the observational design of this study cannot confirm that acute
kidney injury and hyperkalemia were in fact the true reasons for ACEi/ARB interruption/
discontinuation. Lastly, the study was limited to predominantly US male veterans and its
results might not be generalizable to females or the general population. Nevertheless, this is
largest study to date evaluating different patterns of predialysis ACEi/ARB utilization and
their associations with important predialysis and postdialysis outcomes.

Conclusions

The current study strengthens the supports for ACEI/ARB in predialysis chronic kidney
disease by providing evidence that their use is associated with postdialysis survival in spite
of increased risk of acute kidney injury and hyperkalemia. Further research is warranted to
evaluate the risks and benefits of continuous ACEiI/ARB use in predialysis patients, and the
effects of proactive strategies aimed at enabling a higher proportion of patients with
advanced kidney disease to maintain continuous ACEi/ARB therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Significance

. ACEI/ARB utilization during the predialysis period was suboptimal: only 1 in
5 individuals used ACEi/ARB >75% of the time and only 1 in 16 individuals
had uninterrupted ACEi/ARB use.

. Acute kidney injury and hyperkalemia events were associated with lower
utilization of ACEi/ARB during the predialysis period.

. Patients with longer ACEiI/ARB use and uninterrupted ACEi/ARB use during
the predialysis period had lower all-cause mortality after dialysis initiation.
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Unadjusted analysis

B Adjusted analysis
ACEI/ARB exposure OR (95%CI)  p-value
<25% 1.80 (1.66, 1.96) <0.001
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Figure 1:
Association between different patterns of ACEi/ARB utilization and adverse predialysis

outcomes. A. Association between different patterns of ACEi/ARB utilization and
predialysis acute kidney injury. B. Association between different patterns of ACEiI/ARB
utilization and mild hyperkalemia, defied as serum potassium of >5.5 mmol/L; C.
Association between different patterns of ACEiI/ARB utilization and moderately severe
hyperkalemia, defied as serum potassium of >6.0 mmol/L.

ACEIi/ARB, angiotensin converting enzyme inhibitors/angiotensin receptor blockers; OR,
odds ratio; Cl, confidence interval; p-p-value; Interrupted ACEi/ARB use defined as
ACEI/ARB prescription for more than 30 days in quarters 5-12 and no ACEi/ARB
prescription in quarters 1-4 before dialysis onset; Continuous ACEi/ARB use, defined as
continuous ACEI/ARB prescription in all 12 quarters of predialysis period; Adjusted
analysis, Cox regression adjusted for age, sex, and race/ethnicity, diabetes, ischemic heart
disease, congestive heart failure, Charlson comorbidity index, mild and moderate/severe
liver disease, chronic lung disease, malignancies, use of potassium sparing diuretics, the
cause of end-stage kidney disease, predialysis nephrology care, mean predialysis systolic
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blood pressure, mean predialysis serum potassium (for predialysis acute kidney injury events
analyses only), presence of hyperkalemia events (for predialysis acute kidney injury events
analyses only) and mean predialysis estimated glomerular filtration rate.
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Baseline cohort characteristics according to increasing percentage of ACEiI/ARB use during prelude

ACEIi/A

ACEi/ARB  ACEi/ARB

ACEIi/ARB ACEI/ARB Interrupted Continuous
All RB use 25— use 50— - -
nonuse use <25% 19% 74% use=75% ACEIi/ARB ACEIi/ARB
45(’”2&3) 15,%;0) (n=7,588)  (n=7811)  (n=9475)  (n=9,752)  (n=10,397)  (n=2,776)
Age years 70(1)  72(12  70(1) 69 (11) 69 (11) 71 (10) 70 (11) 71 (10)
44358 10,485
Sex (male) ¥ o g ~ TA14() 7628(08) 9240(%) O591(%8)  10174(98)  2726(%8)
Race *
White 3%%())2 7(%8 5264 (70) 5120(66) 6,426 (68) 6,964 (71) 7,264 (70) 2,012 (72)
African-American %27‘)55 2(';'39)6 2082 (27) 2440(31) 2715(29) 2532(26) 2,833 (27) 686 (25)
Other 1206(3) 263(3) 242 (3) 251 (3) 284 (3) 256 (3) 300 3) 78 (3)
Nephrology care *
Yes 2?6%())4 6('25)9 4733(64) 4940 (65) 5893 (64) 6,109 (65 6876 (68) 1,783 (66)
No 1((%?3 Z(Sj)l 1605(23)  1,655(22) 2104(23) 2188(23) 2,009 (20) 613 (22)
Unknown 5’({’36)8 1('12%1 948(13)  991(13)  1,189(13) 1,159 (12) 1248 (12) 313 (12)
Comorbid conditions *
Ischemic heart 31,016 7,030
dias 9 6 5195(69) 5351(69) 6634(70) 6806(70) 7297 (70) 1,942 (70)
Congestive heart 29,439 6,412
faiteon s ey 4951(65) 5281(68) 6,389(68) 6406(66) 6,939 (67) 1,787 (64)
Peripheral vascular 24,718 5,848
i ) s 4178(s5) 4237(54) 5080(54) 5375(55) 5808 (50) 1,526 (55)
Cerebrovascular 20,948 5,052
disease 46) a7y B60B(48)  3652(48)  4293(46)  4:342(45)  4.948(49) 1,218 (44)
Diabetes mellitus 34622 6616 563(76) 6305(81) 7,861(83) 8077(83) 8282 (80) 2,282 (82)
an (62)
Dementia 2414(5) 698(7) 420 (6) 449 (6) 459 (5) 388 (4) 599 (6) 104 (4)
Chronic lung 25,927 6,235
diare oy G 4%2T(T)  404(57)  5415(58)  5456(56) 6,040 (56) 1,511 (54)
Liver disease, mild 7('1‘77)1 1('18%4 1290 (17)  1302(17) 1,565(17) 1450(15) 1,706 (16) 380 (16)
Liver disease,
. Oc;;’f;te/'::jesfe 1,668 (4) 501 (5) 314 (4) 277 (4) 324 (3) 252 (3) 401 (4) 66 (2)
Malignancy 1‘(‘573‘;’9 4('313)0 2405(32) 2384(31) 2773(29) 3007(31) 3,387 (33) 861 (31)
Charlson comorbidit
T Y 5503 550 5.6 (3) 5.6 (3) 5.6 (3) 5.4 (3) 57@3) 54(3)
Predialysis systolic 142.3 139.3
oo 1s) sy 435015 1443(15) 1435(14) 142104)  1435(19) 141.8 (14)
Predialysis maximal 180.0 1705
' : 181.7(29) 1856(29) 1843(20)  180.5 (28 182.3 (29 179.5 (27
systolic BP7 (29 @7 (@9) @) 0) (28) (@) @)
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All A%%/A ACEI/ARB ASSEei/ng AS;"QEB ACEI/ARB  Interrupted Continuous
nonuse use <25% 49% 74% use=75% ACEI/ARB ACEI/ARB
45(’”256) 1523;0) (n=7588)  (n=7.811)  (n=9475) (n=9,752)  (n=10397)  (n=2,776)
Predialysis lowest 108.6 1115
' ' 1002(19) 107.0(18) 1069(17) 107.7(17)  108.6(18 108.1 (17
systolic gp’ (18) (19) (19) (19 an @n (18) an
Predialysis eGFR, ml/
_ 7 279(17) 280(0) 27.6(16)  27.3(15)  283(15)  28.4(16) 25.8 (14) 27.4 (16)
minl.73m?
Predialysis potassium,
7 45(05) 45(05) 4505  45(05)  45(05)  45(0.4) 45 (0.5) 45 (0.5)
mmol/L
Predialysis eGFR 8.4 13 84(73) -94(74) -91(70) -81(64) 8.0(6.2) 7.5 (6.0)
slope, mimin1.73m2” (7.0) (7.1) T T T o R o
Potassium-sparing 6.453
N ' 1,002(9) 1,018(13) 1247(16) 1618(17) 1568(16) 1,466 (14) 430 (18)
diuretic use™ (14)
Percentage of MRA
Smong Pe0, 86 84 78 83 86 84 85 86 82
Cause of end-stage
kidney disease”
Diabetes 2%12?8 3('58)1 3496 (46)  4,030(52) 4968(53) 5093 (52) 5,163 (50) 1,459 (53)
Hypertension 1%%?1 3('371)9 2320(31) 2155(27) 2541(27) 2417 (25) 3,083 (30) 659 (24)
Glomerulonephritis 2471 (5)  619(6) 418 (5) 403 (5) 443 (5) 588 (6) 511 (5) 182 (6)
Other 5('1739)2 2('215)2 908(12)  765(10)  956(10)  1,050(11) 1,078 (10) 325 (12)
Unknown 2864(6) 829(7) 437 (6) 467 (6) 527 (5) 604 (6) 562 (5) 151 (5)
Mode of renal
replacement therapy”
Hemodialysis 3&%5 8(';%3 6,323(84) 6642(85) 7.951(85) 8056 (83) 8,747 (84) 2,282 (82)
Peritoneal dialysis ~ 2,264(5) 509 (5) 387 (5) 383 (5) 497 (5) 488 (5) 594 (6) 144 (5)
Preemptive kid
. an;g?;‘:ﬁ’ VEKINEY 4201y  123(1) 53 (1) 60 (1) 79 (1) 107 (1) 84 (1) 40 (2)
Unknown 4('173)1 1('33)3 805 (10) 704 (9) 867(9) 1,072 (11) 943 (9) 303 (11)

’/, Mean (Standard deviation);

*
, Number (%);

#, dispensation of at least one prescription for potassium-sparing diuretics of more than 30-days in predialysis period; ACEi/ARB, angiotensin
converting enzyme inhibitors/angiotensin receptor blockers; BP, blood pressure in mmHg, MRA, mineralocorticoid receptor antagonists; PSD,
potassium sparing diuretics. Interrupted ACEi/ARB use defined as ACEI/ARB prescription for 230 days in quarters 5-12 and no ACEi/ARB
prescription in quarters 1-4 before dialysis onset; Continuous ACEi/ARB use, defined as continuous ACEi/ARB prescription in all 12 quarters of

prelude.
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Association of different patterns of predialysis ACEI/ARB utilization and postdialysis all-cause mortality

Groups Model 1 Model 2 Model 3 Model 4
HR P HR P HR P HR P
(95%Cl) (95%Cl) (959%Cl) (959%Cl)
Percentage of ACEi/ARB use during predialysis period

N=44,124 Event
number=31,365

N=44,124 Event
number=31,365

N=43,004 Event
number=30,670

N=43,004 Event
number=30,670

ACEI/ARB nonuse 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

301 [294-308]/

1000 Py’

ACEI/ARB use 0.96 (0.92— 0.013 1.08 (1.05, <0.001 1.05 (1.01, 0.008 1.06 (1.02, 0.003
<259 287 [280- 0.99) 1.12) 1.09) 1.10)

295]/1000 PY’/

ACEI/ARB use 25- | 0.89 (0.86— <0.001 1.05 (1.01, 0.008 1.00 (0.97, 0.8 1.01 (0.97, 0.7
49% 266 [259- 0.92) 1.09) 1.04) 1.05)

273]/1000PY”

ACEI/ARB use 50- | 0.88 (0.85— <0.001 1.00 (0.97, 0.8 0.96 (0.93, 0.018 0.96 (0.92, 0.016
74% 262 [255— 0.91) 1.04) 0.99) 0.99)

268]/1000 PY”

ACEI/ARB use > 0.86 (0.83- <0.001 0.93 (0.90, <0.001 0.92 (0.89, <0.001 0.91 (0.88- <0.001
75% 255 [249- 0.88) 0.96) 0.95) 0.94)

261]/1000PY 7

Categories of ACEi/ARB use during predialysis period

N=23,178 Event
number=16,575

N=23,178 Event
umber=16,575

N=22,610 Event
number=16,232

N=22,610 Event
number=16,232

ACEI/ARB nonuse 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

300 [293-307)/

1000 PY”

Interrupted 0.93 (0.90, <0.001 1.04 (1.00, 0.02 1.00 (0.97, 0.9 1.01 (0.98, 05
ACEI/ARB 279 0.96) 1.07) 1.04) 1.05)
[273-285]/1000

PY”

Continuous 0.82 (0.78, <0.001 0.88 (0.84— <0.001 0.88 (0.83, <0.001 0.87 (0.83, <0.001
ACEIi/ARB 244 0.86) 0.93) 0.93) 0.92)
[233-255]/1000

PY”

ACEI/ARB, angiotensin converting enzyme inhibitors/angiotensin receptor blockers; N, number, HR, hazard ratio; Cl, confidence interval; p-p-

value;

7

, Death Rate and 95% ClI; PY, person-years; ACEi/ARB nonusers served as a reference group for ACEi/ARB utilization patterns characterized by

increasing percentage of exposure and interrupted/continuous use during 3-year predialysis period, Interrupted ACEi/ARB use defined as
ACEI/ARB prescription for =230 days in quarters 5-12 and no ACEi/ARB prescription in quarters 1-4 before dialysis onset; Continuous ACEiI/ARB
use, defined as continuous ACEi/ARB prescription in all 12 quarters of prelude; Model 1, unadjusted analysis; Model 2, adjusted for age, sex, and
race/ethnicity; Model 3, Model 2 and also adjusted for ischemic heart disease, congestive heart failure, Charlson comorbidity index, diabetes, mild
and moderately-severe liver disease, chronic lung disease, malignancies, use of potassium sparing diuretics, predialysis nephrology care and the
cause of end-stage kidney disease; Model 4, Model 3 also adjusted for mean predialysis systolic blood pressure, mean predialysis estimated
glomerular filtration rate (eGFR) and potassium, acute kidney injury events, hyperkalemia events, and slopes of predialysis eGFR decline.
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Predialysis period acute kidney injury, hyperkalemia according to different levels of ACEi/ARB exposure

nonuse (n
Outcomes = 10690)

<25%
(n=7,588)

25-49%
(n=7,811)

ACEI/ARB use

50-74%
(n=9,475)

>75%
(n=9,752)

Interrupted Continuous
(n=10,397) (n=2,776)

Acute kidney injury
events

Total N (%) of
patients with event

Mean (SD) N of
events per patient with 0.8 (1.0)
event

5,265 (49)

Potassium >5.5
mmol/L

Total N (%) of
patients with event

Mean (SD) N of
events per patient with 1.2(2.7)
event

2,882 (27)

Potassium K>6.0
mmol/L

Total N (%) of
patients with event

Mean (SD) N of
events per patient with 0.3(1.0)
event

1,192 (11)

4,128 (54)

0.7 (1.0)

2,921 (39)

09(2.7)

1,399 (18)

0.2 (0.9)

4,370 (56)

0.9 (1.0)

3,224 (41)

15 (3.3)

1,471 (19)

0.4 (1.2)

4,843 (51)

0.9 (1.0)

3,604 (38)

1.5 (3.0)

1,499 (16)

0.4 (1.1)

4,398 (45)

0.8 (1.0)

3,112 (32)

12 (2.6)

1,159 (12)

0.3(0.9)

5,291 (51) 1,177 (42)

0.9 (1.0) 0.8 (1.0)

4,365 (42) 853 (31)

15(3.2) 0.8 (1.8)

2.019 (19) 275 (10)

0.4(1.2) 0.2 (0.6)

AKI, acute kidney injury, defined as a 50% increase in serum creatinine compared to the last value in the preceding period; eGFR, estimated
glomerular filtration rate; K, serum potassium expressed in mmol/L; ACEi/ARB, angiotensin converting enzyme inhibitors/angiotensin receptor
blockers; N, number; Predialysis period was defined as a 3-year period before dialysis initiation. Interrupted ACEi/ARB use was defined as
ACEI/ARB prescription for =230 days in quarters 5-12 and no ACEi/ARB prescription in quarters 1-4 before dialysis onset; Continuous ACEiI/ARB
use, defined as continuous ACEi/ARB prescription in all 12 quarters of prelude.
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