1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Mayo Clin Proc. Author manuscript; available in PMC 2020 November 01.

-, HHS Public Access
«

Published in final edited form as:
Mayo Clin Proc. 2019 November ; 94(11): 2220-2229. doi:10.1016/j.mayocp.2019.05.031.

Discontinuation of Angiotensin Converting Enzyme Inhibitors
and Angiotensin Receptor Blockers in Chronic Kidney Disease

Yao Qiao, MPHY2, Jung-Im Shin, MD, PhD1:2, Yingying Sang, MS1:2, Lesley A. Inker, MD,
MS3, Alex Secora, MPHY2, Shengyuan Luo, MBBS, MHS12, Josef Coresh, MD12, G. Caleb
Alexander, MD, MS1, John W. Jackson, ScD1, Alex R. Chang, MD, MS#, Morgan E. Grams,
MD, PhD%2:5

(MJohns Hopkins University Bloomberg School of Public Health, Johns Hopkins University,
Baltimore, Maryland @Welch Center for Prevention, Epidemiology and Clinical Research, Johns
Hopkins University, Baltimore, Maryland ©®)Tufts Medical Center, Department of Internal Medicine,
Division of Nephrology, Boston, Massachusetts “)Division of Nephrology, Geisinger Health
System, Danville, Pennsylvania ®)Johns Hopkins University Department of Internal Medicine,
Division of Nephrology, Baltimore, Maryland

Abstract

Objective: To assess the patterns of angiotensin converting enzyme inhibitors and angiotensin
receptor blockers (ACE-1/ARB) discontinuation in the setting of chronic kidney disease (CKD)
progression in real-world clinical practice.

Patients and Methods: We identified incident ACE-I/ARB users with a baseline estimated
glomerular filtration rate (eGFR) =15mL/min/1.73m? and without end-stage renal disease in the
Geisinger Health System between January 1, 2004 and December 31, 2015. We investigated the
associations of CKD stage, hospitalizations with and without acute kidney injury (AKI), serum
potassium, bicarbonate level, thiazide, and loop diuretic use with ACE-I/ARB discontinuation.

Results: Among the 53,912 ACE-I/ARB users, the mean age was 59.9 years and 50.6% were
female. Over half discontinued ACE-1/ARB within 5 years of therapy initiation. The risk of ACE-
I/ARB discontinuation increased with more advanced CKD stage. For example, patients who
initiated ACE-1/ARB with CKD stage G4 (eGFR: 15-29ml/min/1.73m?2) were 2.09-times [95% ClI:
1.87-2.34] more likely to discontinue therapy than those with eGFR=90mI/min/1.73m?. Potassium
level>5.3mEq/L, systolic blood pressures90mmHg, bicarbonate level<22mmol/L, and intervening
hospitalization — particularly AKI-related — were also strong risk factors for ACE-1/ARB
discontinuation. Thiazide diuretic use was associated with lower risk, whereas loop diuretic use
was associated with higher risk of discontinuation.
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Conclusion: In a real-world cohort, discontinuation of ACE-I/ARB was common, particularly in
patients with lower eGFR. Hyperkalemia, hypotension, low bicarbonate level, and hospitalization
(AKI-related, in particular) were associated with higher risk of ACE-I/ARB discontinuation.
Additional studies are needed to evaluate the risk-benefit balance of discontinuing ACE-I/ARB in
the setting of CKD progression.
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Angiotensin converting enzyme inhibitors (ACE-I) and angiotensin receptor blockers (ARB)
are first-line antihypertensives for individuals with albuminuria, and are among the few
clinically-proven therapies to delay chronic kidney disease (CKD) progression in patients
with albuminuria.1=> ACE-Is and ARBs may also provide benefits post myocardial
infarction, with improvement in myocardial performance and survival compared with
placebo.6-11 On the other hand, ACE-Is, ARBs, or their combination (ACE-I/ARB) may
predispose to hyperkalemia and acute kidney injury (AKI), risks that are particularly high
among patients with low estimated glomerular filtration rate (eGFR) or albuminuria.12:13

Currently, there is equipoise in the safety and efficacy of ACE-I/ARB use in advanced CKD,
which motivated ongoing clinical trials such as the STOP-ACE:i trial.141°5 The STOP-ACEi
trial is a multi-center randomized controlled trial, which randomizes users of ACE-I/ARB
with advanced progressive CKD to either discontinue or continue to receive ACE-1/ARB.
14.15 Clinical guidelines reflect the uncertainty, and remain vague as to when ACE-I/ARB
needs to be discontinued in patients with advanced CKD, leaving providers and patients to
navigate these questions without clear scientific guidance. For example, the Kidney Disease
Improving Global Outcomes (KDIGO) guideline recommends “temporary discontinuation”
of ACE-I/ARB “in people with a GFR <60 ml/min/1.73 m2 (GFR categories G3a-G5) who
have serious intercurrent illness that increases the risk of AKI”; yet also states “do not
routinely discontinue [ACE-1/ARB therapy] in people with GFR <30 ml/min/1.73 m?2 as
they remain nephroprotective”.16 Although clinical trials suggest the rate of discontinuation
of ACE-Is and ARBs is low,17 less is known about real-world practice in the setting of CKD
progression.

The goal of this study was to describe ACE-I/ARB discontinuation patterns in a real-world
setting using over ten years of data from a large, integrated healthcare delivery network, with
a particular focus on patterns in the setting of CKD. As a secondary objective, we identified
additional factors associated with ACE-I/ARB discontinuation, hypothesizing that
hypotension, elevated potassium levels, low bicarbonate level, and recent AKI-related
hospitalization would be among the strongest risk factors for discontinuing ACE-I/ARB
therapy. Additionally, we assessed how ACE-I/ARB discontinuation was affected by
concurrent use of loop and thiazide diuretics, two medication classes known to be associated
with decreased risk of hyperkalemia.18 Finally, among discontinued users, we assessed
antecedent events as well as the frequency of restarting ACE-I/ARB within six months of
therapy discontinuation.
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Patients and Methods

Study design, population, and data source

We conducted a retrospective study using electronic health records (EHR) data from a
community-based cohort receiving primary care in the Geisinger Health System. Geisinger
Health System has 12 hospitals in central and northeastern Pennsylvania. This large,
integrated EHR database combines patient-level information on demographic characteristics,
outpatient prescriptions, problem lists, inpatient and outpatient encounters, and laboratory
test results. Based on prescription records, we identified individuals who were first
prescribed an ACE-I, an ARB, or the combination of both between January 1, 2004 and
December 31, 2015 (Supplemental Table 1). Baseline for each patient was the date of the
initial ACE-1/ARB prescription, and follow-up was available until January 2017. Further
inclusion criteria were age 18 years or older; having an outpatient measurement of serum
creatinine, potassium, bicarbonate level, and systolic blood pressure within one year before
baseline; and having baseline eGFR =15 mL/min/1.73 m2 and no previous diagnosis of end-
stage renal disease.

Outcome, exposure, and covariate definitions

The primary outcome was discontinuation after starting ACE-1/ARB therapy.
Discontinuation was defined as a gap in therapy greater than 60 days. Switching to different
medications within ACE-I, ARB, or between the two medication classes was not considered
as discontinuation. Specifically, we classified discontinuation as the end date of a
prescription if there was no subsequent prescription within 60 days and the individual
continued to receive follow-up in the Geisinger system. We censored patients at the therapy
end date if no subsequent outpatient encounter was observed more than 60 days after the end
date.

CKD stage was defined based on the KDIGO guideline, with an eGFR =90, 60-89, 45-59,
30-44, 15-29, and <15 mL/min/1.73 m? classified as G1, G2, G3a, G3b, G4, and G5,
respectively.1® The eGFR was estimated from outpatient serum creatinine levels using the
CKD-EPI equation.1® Baseline eGFR was the latest outpatient measure taken within one
year prior to the initial ACE-I/ARB prescription. Time-dependent CKD stage was
ascertained using time-updated outpatient measures of serum creatinine.

Other covariates included age at baseline, gender, race, initial class of therapy (i.e., ACE-I,
ARB, or the combination of both), and calendar year of initial ACE-I/ARB prescription.
Additionally, we defined both baseline and time-dependent variables for serum potassium,
bicarbonate level, and systolic blood pressure using the latest outpatient measurement during
the one-year period prior to initial ACE-1/ARB prescription and updated outpatient measures
during the follow-up period, respectively. We also captured baseline and time-updated use of
loop and thiazide diuretics using prescription records (Supplemental Table 1). Baseline
comorbidities such as diabetes, congestive heart failure, and coronary artery disease were
determined based on the presence of diagnostic codes prior to the initial prescription
(Supplemental Table 2). A binary variable was created to indicate “albuminuria testing”,
defined by whether a patient had an outpatient measure of albuminuria on or before the
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baseline date. We also defined a time-dependent “recent hospitalization” variable indicating
hospitalization within the previous 30 days. For each hospitalization, we further classified it
as AKl-related versus non-AKI-related based on diagnostic codes.

Statistical analysis

We described the baseline characteristics of the overall study cohort as well as stratified by
baseline CKD stage. Cumulative incidence curves were used to depict time to
discontinuation since initial ACE-1/ARB prescription by baseline CKD stage, accounting for
the competing risk of death. Fine-Gray competing risk regression models were constructed
to quantify the associations of ACE-I/ARB discontinuation with CKD stage as well as other
factors that may affect discontinuation, with death as a competing event.20 We first ran a
model (Model 1) that included the following baseline variables: CKD stage, drug class/
classes of the initial prescription (ACE-I, ARB, the combination of ACE-I and ARB,),
calendar year of initial prescription (2004-2007, 2008-2011, 2012-2015), age (18-44, 45-64,
65+), female sex, black race, diabetes, congestive heart failure, coronary artery disease,
albuminuria testing, potassium level (<3.5, 3.5-5, 5-5.3, >5.3 mEq/L), systolic blood
pressure (<90, 90-140, =140 mmHg), low bicarbonate level (<22 mmol/L), use of loop
diuretics, and thiazide diuretics. Model 2 included the same variables except that CKD stage,
potassium level, systolic blood pressure, low bicarbonate level, and use of loop and thiazide
diuretics were captured as time-dependent variables to incorporate changes during the
observation period. Model 2 also adjusted for the time-dependent variable of recent
hospitalization status (no hospitalization, AKI-related hospitalization, non-AKI-related
hospitalization within the previous 30 days).

Among discontinued users, we described the prevalence of the following risk factors
preceding discontinuation: CKD progression (decline in eGFR =30% compared to the
antecedent measure), hyperkalemia (serum potassium >5 mEg/L), recent hospitalizations
with and without AKI, bicarbonate level <22 mmol/L, and systolic blood pressure <90
mmHg, stratified by CKD stage prior to discontinuation. We performed logistic regression to
assess the associations of demographic and clinical characteristics with restarting therapy
within six months of discontinuation.

Sensitivity analysis

We performed several sensitivity analyses. First, we defined discontinuation as a gap greater
than 90 days without receiving ACE-I/ARB, and repeated the primary analyses. Second, we
excluded individuals who were prescribed ACE-1/ARB at their first outpatient encounter in
the Geisinger system. Finally, we evaluated the pattern of discontinuation across CKD stages
of a comparison medication class, beta-blockers, to discern whether the observed
associations were class-specific and not simply a marker of poor health.

Results

Study population

A total of 53,912 individuals from the Geisinger Health System met the inclusion criteria
(Supplemental Figure 1). The study population was 50.6% female and had a mean (SD) age
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of 59.9 (14.9) years. The majority (88.0%) of the initial prescriptions were for ACE-I, with
11.3% for ARB, and 0.7% for both (Table 1). At baseline, 23,069 (42.8%), 23,158 (43.0%),
5,123 (9.5%), 2,029 (3.8%), and 533 (1.0%) patients were classified as G1, G2, G3a, G3b,
and G4 CKD stage, respectively. The proportion of patients initially prescribed ARBs was
higher among those with more advanced baseline CKD stages.

between discontinuation and the severity of CKD

In total, 28,670 patients discontinued ACE-I/ARB therapy during follow-up. More advanced
CKD stage at baseline was associated with greater risk of discontinuation (Figure 1; £<.001
for all comparisons between G2, G3a, G3b, G4, and G1). Based on the cumulative incidence
of ACE-I/ARB discontinuation accounting for the competing risk of death, we estimated
that 20.7% [95% confidence interval (Cl): 20.2-21.3%], 22.9% [95% CI: 22.3-23.4%],
26.7% [95% CI: 25.4-27.9%], 30.1% [95% CI: 28.1-32.3%], and 45.3% [95% CI:
41.0-49.8%] had discontinued ACE-1/ARB use by one year of therapy initiation among
patients with G1, G2, G3a, G3b, and G4 CKD stage at baseline, respectively. These
proportions rose to 46.8% [95% CI: 46.1-47.5%], 49.7% [95% CI: 49.0-50.4%], 58.8%
[95% CI: 57.2-60.3%], 68.4% [95% CI: 65.9-70.8%], and 83.7% [95% CI: 79.5-87.4%)] by
five years after treatment initiation.

In adjusted analysis, more advanced CKD stage at baseline continued to be significantly
associated with higher risk of discontinuation (hazard ratio (HR): 1.06 [95% CI: 1.03-1.09],
1.22 [95% Cl: 1.17-1.28], 1.40 [95% ClI: 1.32-1.49], and 2.09 [95% CI: 1.87-2.34]
respectively for G2, G3a, G3b, and G4, compared with G1) (Model 1, Table 2). When CKD
stage was treated as time-dependent, a similar pattern persisted but the effects were more
pronounced, i.e. G2, G3a, G3b, and G4 yielded HRs of 1.08 [95% CI: 1.04, 1.11], 1.25
[95% CI: 1.19, 1.30], 1.45 [95% CI: 1.36, 1.55], and 2.43 [95% CI: 2.17, 2.72], respectively,
compared with G1 (Model 2). Although we excluded patients with G5 CKD stage at
baseline, some patients progressed to G5 during follow up, which was associated with a
substantially elevated risk of discontinuation (HR: 4.62 [95% CI: 3.27, 6.52], compared with
G1l).

Other factors associated with discontinuation

AKI-related hospitalization was among the strongest risk factors of ACE-I/ARB
discontinuation (HR: 7.10 [95% CI: 6.11-8.25]); non-AKI-related hospitalization also
elevated the risk of discontinuation (HR: 4.54 [95% ClI: 4.22-4.89]). High potassium levels
(5-5.3, and >5.3 mEq/L) were associated with higher risk of discontinuation compared with
potassium levels in the normal range (3.5-5 mEg/L). Similarly, low systolic blood pressure
(<90 mmHg) and low bicarbonate level (<22 mmol/L) were risk factors for discontinuation.
Concurrent use of thiazide diuretics was associated with decreased risk of ACE-I/ARB
discontinuation whereas loop diuretics were associated with increased risk of
discontinuation. There was no difference in risk of discontinuation between patients with an
initial prescription of ACE-I and those initially prescribed ARB.
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Events preceding discontinuation and restarting therapy within six months of
discontinuation

Among the 28,670 patients who discontinued ACE-I/ARB use, the proportion with
antecedent CKD progression, hyperkalemia, recent hospitalizations with and without AKI,
bicarbonate level <22 mmol/L, and systolic blood pressure <90 mmHg increased from G1 to
G5 (Figure 2). Most patients who discontinued ACE-I/ARB at G1 or G2 stage did not
manifest any of these risk factors before discontinuation; whereas the majority who
discontinued at G4 or G5 stage experienced at least one of these risk factors prior to
discontinuation.

There were 6,135 (21.4%) patients who restarted ACE-I/ARB within six months of
discontinuation, and 632 (2.2%) patients who died within six months of discontinuation
without restarting therapy. Patients who discontinued at G3a were more likely to restart
ACE-I/ARB within 6 months of discontinuation (odds ratio (OR): 1.18 [95% CI: 1.07,
1.31]) whereas those who discontinued at G4 or G5 were less likely to restart (OR: 0.83
[95% CI: 0.69, 0.99]), compared with G1 (Supplemental Table 3). No significant differences
were detected between G1 and other G-stages. Patients who discontinued after a recent non-
AKI-related hospitalization were more likely to restart therapy. Additionally, women were
less likely to restart than men.

Sensitivity analysis
The sensitivity analyses using a 90-day gap as the threshold to define discontinuation and
excluding individuals prescribed ACE-I/ARB at the first outpatient encounter yielded
substantively similar findings.

Among 44,634 incident users of beta-blockers, there was a completely different pattern of
time to discontinuation across CKD stages in comparison to ACE-I/ARB, with G1 stage
showing the highest rate of discontinuation and other CKD stages showing fairly similar
rates of discontinuation (Supplemental Figure 2).

This study was approved by the Johns Hopkins University Institutional Review Board and
the Geisinger Medical Center Institutional Review Board.

Discussion

Main findings
In this study of 53,912 incident users of ACE-I/ARB observed over a decade in a
community-based health system, we estimated that the majority had a discontinuation in
treatment by 5 years. There was no difference in risk of discontinuation between people
initially prescribed an ACE-1 compared to those prescribed an ARB, but there were strong
associations of advanced CKD stages with therapy discontinuation, with patients with G4
disease (eGFR: 15-29 ml/min/1.73 m2) more than twice as likely to discontinue therapy
compared to people with eGFR =90 mL/min/1.73m2. This pattern was specific to ACE-I and
ARB therapy and not observed in incident beta-blocker users. We also observed that recent
hospitalization, particularly hospitalization with AKI, was a strong risk factor for
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discontinuation. Our findings highlight how commonly ACE-Is and ARBs are discontinued
among individuals with CKD, and suggest that post-hospitalization periods are critical
junctures to re-evaluate appropriate ACE-I and ARB use. Given the associations with
acidosis and thiazide diuretics, we propose that correcting acidosis and treating with thiazide
diuretics may provide an opportunity to extend the duration of ACE-I/ARB therapy,
although this requires formal testing.

Discontinuation of treatment has been relatively understudied compared to the initiation and
escalation of a given therapy. Among patients with CKD, the risk of treatment
discontinuation or treatment withholding may be particularly high. For example, the
utilization of coronary angiography is lower in patients with CKD compared to those
without, which may be due to perceived uncertainties of the procedure’s risks and benefits in
the CKD population.?122 A previous study showed that patients who initiated ACE-1/ARB
therapy for renal indications were more likely to discontinue therapy than those who
initiated ACE-1/ARB therapy for other indications.23 Although our study cannot tease out
the reason for ACE-I/ARB prescription, it does suggest that patients with lower GFR take
therapy for shorter amounts of time, which may diminish the beneficial effects of ACE-
I/ARB use in CKD. Indeed, the KDIGO guideline does not recommend routine
discontinuation of ACE-1 and ARB in patients with GFR < 30 mL/min/1.73 m2.16 It is also
worth noting that our study only revealed the pattern among individuals who initiated ACE-
I/ARB; there are many patients with CKD who would benefit from ACE-I/ARB use but
never initiated the therapy.

Our results expand upon existing data on ACE-I and ARB discontinuation rates, which
largely originated from clinical trials.2* A meta-analysis of 22,542 patients without heart
failure across eight randomized controlled trials showed a pooled discontinuation rate of
6.5% and 4.9% for ACE-I and ARB users, respectively, over an average of 3.4 years of
follow-up.1” In comparison, our study reflected real-world ACE-I/ARB use, had a greater
representation of patients with advanced CKD, and observed a much higher rate of
discontinuation, with over 50% ACE-I/ARB users discontinuing therapy by 5 years. Our
discontinuation rate was consistent with a population-based study in the UK, which showed
that 56.8% discontinued ACE-I use at 5 years post-initiation.23

An interesting finding in our study was that thiazide diuretics were associated with lower
risk of ACE-I/ARB discontinuation. In contrast, loop diuretics were associated with higher
risk of discontinuation. This may be due to the fact that thiazide diuretics have greater effect
on lowering serum potassium than loop diuretics, thus preventing hyperkalemia;2>-30
whereas loop diuretics may result in greater water diuresis, predisposing to AKI. We also
found that lower bicarbonate level was a risk factor for ACE-I/ARB discontinuation. These
results provide important insights for clinical practice, suggesting that thiazide diuretics
and/or correction of metabolic acidosis may prolong the safe use of ACE-I/ARB. On the
other hand, the associations may simply reflect the sicker patient population that develops
metabolic acidosis and requires loop diuretics.

There are several limitations to our study. First, our study population was primarily white,
limiting generalizability to other races/ethnicities. Second, ACE-I/ARB use was ascertained
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using prescription data and we did not validate whether these medications were actually
dispensed or taken. Thus, our study demonstrates prescription patterns in clinical practice
rather than patient adherence to medication. Finally, we do not know the reason a medication
was discontinued, and patterns cannot be interpreted as causal.

Strengths of our study included the large community-based cohort with over a decade of
follow-up, which provided sufficient power and a high level of precision in study results.
Clinical measures were ascertained not only at baseline, but also throughout the follow-up
period. We demonstrated robustness of our findings through multiple sensitivity analyses
including using a more conservative threshold of medication discontinuation, and comparing
patterns to a negative control class of medications.

Conclusion

In conclusion, among 53,912 incident users of ACE-I/ARB in a large community-based
cohort, over half discontinued therapy within 5 years, with higher risks of discontinuation
among those with more advanced CKD. Risk of discontinuation was particularly high
subsequent to AKI-related hospitalization. Use of thiazide diuretics was associated with a
lower risk of ACE-I/ARB discontinuation whereas loop diuretics were associated with a
higher risk of discontinuation. Our findings suggest a need for more precise assessment of
risk-benefit balance of ACE-I/ARB discontinuation in patients with advanced CKD, as both
overuse and underuse can be harmful to health outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Discontinuation of ACE-I/ARB among incident users, by CKD stage at baseline
Abbreviations: ACE-1/ARB, angiotensin converting enzyme inhibitors, angiotensin receptor

blockers, or their combination; CKD, chronic kidney disease

Mayo Clin Proc. Author manuscript; available in PMC 2020 November 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Qiao et al. Page 13

| .

0.75- Risk Factors
. CKD progression
. Hyperkalemia
. AKl-related hospitalization

0.50 - . Non-AKl-related hospitalization
. Hypotension
. Low bicarbonate
. Multiple risk factors
.N f th

0.25 - one of the above

0.00 -

1 1 1 1

G1 G2 G3a G3b G4 G5
CKD Stage

1.00 -

Proportion

Figure 2. Events preceding discontinuation of ACE-I/ARB, by CKD stage
Abbreviations: ACE-1/ARB, angiotensin converting enzyme inhibitors, angiotensin receptor

blockers, or their combination; CKD, chronic kidney disease; AKI, acute kidney injury
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Association of demographic and clinical factors with discontinuation of ACE-I/ARB, subhazard ratio and 95%

. . ab
confidence interval

Table 2.

Demographic and Clinical Factors

Model 1

Model 2

CKD stage (referent: G1)

G2
G3a
G3b
G4
e
Drug class (referent: ACE-I alone)
ACE-I and ARB
ARB alone
Calendar year (referent: 2004-2007)
2008-2011
2012-2015
Age group (referent: 18-44)
45-64
65+
Female
Black race
Diabetes

Congestive heart failure
Coronary artery disease
Measured albuminuria
Potassium level (referent: 3.5-5 mEq/L)
3.5 mEg/L or lower
5-5.3 mEg/L
Above 5.3 mEg/L
Systolic blood pressure (referent: 90-140 mmHg)
90 mmHg or lower
140 mmHg or above
Bicarbonate lower than 22mmol/L
Loop diuretic use
Thiazide diuretic use
Hospitalization status (referent: no hospitalization)
Non-AKI-related
AKI related

1.06 (1.03, 1.09)
1.22 (1.17, 1.28)
1.40 (1.32, 1.49)
2.09 (1.87, 2.34)

0.95 (0.84, 1.08)
0.99 (0.95, 1.02)

1.14 (1.10, 1.17)
1.24 (1.20, 1.28)

0.82 (0.79, 0.85)
0.94 (0.90, 0.98)
1.15 (1.13, 1.18)
1.07 (0.99, 1.16)
0.99 (0.96, 1.03)
1.00 (0.95, 1.05)
115 (1.11, 1.18)
0.93 (0.89, 0.96)

1.04 (0.98, 1.11)
1.09 (1.02, 1.16)
1.24 (1.11, 1.38)

1.23 (1.01, 1.49)
0.93 (0.90, 0.95)
1.14 (1.05, 1.24)
1.14 (1.09, 1.18)
0.90 (0.88, 0.93)

1.08 (1.04, 1.11)
1.25 (1.19, 1.30)
1.45 (1.36, 1.55)
2.43(2.17,2.72)
4,62 (3.27, 6.52)

0.93 (0.80, 1.07)
0.99 (0.95, 1.03)

1.13 (1.09, 1.16)
1.20 (1.16, 1.24)

0.80 (0.77, 0.83)
0.82 (0.78, 0.85)
1.15 (1.12, 1.18)
1.07 (0.99, 1.16)
0.94 (0.91, 0.98)
0.79 (0.74, 0.84)
1.07 (1.03, 1.10)
0.96 (0.92, 0.99)

112 (1.03, 1.21)
1.06 (0.99, 1.14)
1.94 (1.74, 2.17)

1.84 (1.57, 2.15)
1.07 (1.04, 1.10)
1.11(1.01, 1.22)
1.34 (1.29, 1.39)
0.85 (0.82, 0.87)

454 (4.22, 4.89)
7.10 (6.1, 8.25)

a . . . A . . . S . .
ACE-I = angiotensin converting enzyme inhibitors; ACE-I/ARB = angiotensin converting enzyme inhibitors, angiotensin receptor blockers, or
their combination; AKI = acute kidney injury; ARB = angiotensin receptor blockers; CKD = chronic kidney disease; eGFR = estimated glomerular

filtration rate.

bShaded fields indicate time-dependent form of the corresponding variables.
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Patients with CKD G5 stage at baseline were excluded but some patients progressed to G5 after therapy initiation.
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