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Abstract

Rationale & Objective. It is unknown whether initiating a renin-angiotensin system
inhibitor (RASI) in patients with advanced chronic kidney disease (CKD) is superior
to alternative antihypertensive agents such as calcium channel blockers (CCB).
We compared the risks of kidney replacement therapy (KRT), mortality and major
adverse cardiovascular events (MACE) in patients with advanced CKD in routine
nephrology practice who were initiating either RASi or CCB therapy.

Study Design. Observational study in the Swedish Renal Registry, 2007 to 2017.

Settings & Participants. 2458 new users of RASi and 2345 CCB users with estimated
glomerular filtration rates (eGFR) <30 ml/min/1.73m? (CKD G4-5 without KRT) who
were being followed up by a nephrologist. As a positive control cohort, new users
of the same drugs in patients with CKD G3 (eGFR 30-60 ml/min/173m? were
evaluated.

Exposures. RASi vs. CCB therapy initiation.

Outcome. Initiation of KRT (maintenance dialysis or transplantation), all-cause
mortality and MACE (composite of cardiovascular death, myocardial infarction or
stroke).

Analytical approach. Hazard ratios (HRs) with 95% Cls were estimated using
propensity score-weighted Cox proportional hazards regression adjusting for
demographic, clinical and laboratory covariates.

Results. Median age was 74 years, 38% were women and median follow-up was 4.1
years. After propensity score weighting, there was significantly lower risk of KRT after
new use of RASIi compared with new use of CCBs (adjusted HR 0.79; 95% CI 0.69-
0.89), but similar risks of mortality (adjusted HR 0.97; 95% Cl 0.88-1.07) and MACE
(adjusted HR 1.00; 95% Cl 0.88-1.15). Results were consistent across subgroups and
in as-treated analyses. The positive control cohort of patients with CKD G3 showed
similar KRT risk reduction (0.67; 0.56-0.80) with RASI therapy compared with CCBs.

Limitations. Potential confounding by indication.
Conclusions. Our findings provide evidence from routine care that initiation of RAS

therapy compared with CCBs may confer kidney benefits among patients with
advanced CKD, with similar cardiovascular protection.
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Introduction

Randomized trials of angiotensin-converting enzyme inhibitors (ACEi) or angiotensin
receptor blockers (ARB), collectively renin-angiotensin system inhibitors (RASI),
have shown that these drugs are more effective in delaying the progression of CKD
than placebo or alternative agents, such as diuretics, beta-blockers or calcium
channel blockers (CCB) (1-6). Clinical guidelines recommend RASI as the first-line
pharmacologic antihypertensive treatment strategy in patients with CKD G1-3 and
proteinuria, with or without diabetes (7-9). There is, however, less evidence on the
benefits of RASI in patients with CKD G4-5, a population that was under-represented
in pivotal trials (3, 10-15). A small randomized trial (16) and various observational
studies (17-20) suggest that RASI confer reno-protection compared with placebo or
no use, but no data exist to inform the choice of RASi over alternative antihypertensive
agents. This, together with concerns about the persistent hemodynamic effects of
RASI (21, 22), may lead to underutilization of these medications in advanced CKD (23,
24). Indeed, recent studies indicate that a significant proportion of individuals with CKD
G3-5 do not receive RASI therapy (23-25). A recent NKF-KDOQI controversies report
(14) identified the lack of comparative effectiveness data as a critical knowledge gap,
and emphasized the need of further studies to inform practice.

CCBs are also frequently prescribed to treat hypertension, especially to patients with
CKD (26-28). Although CCBs were used as an active comparator to RASI in trials such
as AASK or IDNT (4, 11), these trials included very few patients with advanced CKD to
allow for stratification. In the absence of trial evidence, observational studies in patients
cared for in routine clinical practice can provide insights into the relative efficacy of
medications. To fill this knowledge gap we studied kidney and cardiovascular outcomes
in patients with advanced CKD who initiated RASI or CCB therapy.

Methods

Data sources

We conducted an observational cohort study using data from the Swedish Renal
Registry (SRR), a nationwide registry including patients with CKD G3-5 under
nephrologist care (29, 30). The SRR includes information on outpatient visits,
including laboratory tests and results from clinical examination. According to the
guidelines of the registry, patients with an estimated glomerular filtration rate (eGFR)
<30 mL/min/1.73m? should be enrolled. Registrations of subsequent outpatient
visits to nephrology care are thereafter performed until death, emigration from the
country or start of kidney replacement therapy (KRT). Nearly all nephrology clinics
in Sweden (96%) report to the SRR-CKD and the estimated national coverage is 75-
90% of nephrologist-referred patients with recognized CKD G4-5 (31).
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Using each citizen's unique personal identification number, the SRR-CKD was
linked to other national registries. The Swedish Prescribed Drug Register provided
complete information on all prescribed drugs dispensed at Swedish pharmacies
(32); the Swedish Patient Register added information on all outpatient specialist
consultations and hospitalizations occurring in Swedish healthcare, and was used
to obtain information on comorbidities and outcomes (33); the Swedish Cause
of Death Register added information on date and causes of death (34). All these
registers are run by the Swedish National Board of Welfare and are considered to
have no or minimal loss to follow up. We used de-identified data, the study was
approved by the regional ethical review boards and the Swedish National Board of
Welfare, and was judged not to require informed consent.

Patient selection and study design

We created a cohort of all adult patients in the SRR-CKD (= 18 years) newly initiating
a RASI or CCB between 1 January 2007 and 1 June 2017. New users were defined as
individuals receiving a RASI or CCB without dispensation of either drug in the previous
six months. Prevalent users of these drugs were excluded to prevent prevalent user
bias (35). We further excluded all individuals with a history of kidney transplantation,
an eGFR > 30 ml/min/1.73m2, or those initiating both drugs simultaneously.

The date of initiation was defined as the index date of the study and start of follow-
up. Patients were followed from index date to the first occurrence of a study
outcome or end of follow-up (1 June 2017). eGFR was calculated with the CKD-EPI
equation from routine plasma creatinine measurements performed by enzymatic
or corrected Jaffe methods traceable to isotope dilution mass spectroscopy
standards. Information on race is not available in Sweden by law; we assumed that
all patients were Caucasian.

Study exposure and covariates

The exposure of interest was RASI initiation compared with initiation of a CCB.
Baseline covariates included age, sex, eGFR, comorbidities (diabetes mellitus,
myocardial infarction, heart failure, arrhythmia, peripheral vascular disease,
cerebrovascular disease, ischemic heart disease), medications (g-blocker, thiazide
diuretic, loop diuretic, potassium-sparing diuretic, potassium binder, non-steroidal
anti-inflammatory drug, statin), systolic blood pressure, diastolic blood pressure,
urinary albumin-to-creatinine ratio (ACR), potassium. In addition, we considered
other covariates in an attempt to evaluate reasons that led to the use of either
medication: the rate of kidney function decline prior to therapy initiation, the
occurrence of a cardiovascular-related hospitalization in the preceding six months,
the number of overall hospitalizations in the year prior and a history of hyperkalemia
or AKI. Covariate definitions are detailed in Supplemental Table S1.



CHAPTER 6 - RASI vs. CCB and outcomes in CKD G4-5

Study outcomes

The primary study outcome was initiation of KRT, defined as the date of start of
maintenance dialysis or kidney transplantation, as registered in the SRR. Secondary
outcomes were all-cause mortality and major adverse cardiovascular events
(MACE), defined as a composite of cardiovascular death (ICD-10 code of the |
family as main cause of death), hospitalization due to stroke (163) or myocardial
infarction (121-123). For the analysis of mortality and MACE, KRT was not considered
a censoring event. In addition, we reported information about hospitalizations for
hyperkalemia and acute kidney injury (AKI) after medication initiation.

Statistical analysis

We used doubly robust methods, i.e., combining outcome regression with inverse
probability of treatment weighting (IPTW), to control for confounding (36). A
multivariable logistic regression model was used to calculate the probability of
receiving RASI (versus CCB) as a function of baseline covariates. Weighting was
considered appropriate if the standardized mean difference (SMD) between
treatment groups was <0.1. Weights were stabilized to increase precision by adding
the marginal probability of treatment to the numerator of the weights. Robust
variance estimation was used to calculate confidence intervals after weighting. \We
assessed the association between RASi use compared with CCB use on outcomes
using multivariable cause-specific Cox proportionalhazards regressionin theinverse
probability weighted sample, additionally adjusting for all baseline covariates. In
addition, we estimated adjusted cumulative incidence curves standardized to the
distribution of the baseline variables in the study population. To do so, we fitted a
weighted pooled logistic model including an indicator for treatment, month and
its quadratic term, all baseline confounders, and interactions between treatment
and time (37). Interaction terms were included to allow for nonproportional hazards
(38). The predicted probabilities from this logistic model were used to estimate the
adjusted absolute risks of KRT, mortality and MACE which were then standardized
to the baseline distribution of confounders. For the calculation of the cumulative
incidence of KRT and MACE, we took into account the competing risk of (non-
cardiovascular) death (39-41). Pointwise 95% confidence intervals for the cumulative
incidence curves were calculated using nonparametric bootstrap based on 500 full
samples. In primary analyses, we adopted an intention-to-treat (ITT) approach and
analyzed patients according to their initially assigned treatment group irrespective
of discontinuation or treatment switch. Next, we examined whether there was an
interaction between treatment effect and the following variables, according to a
priori defined strata: age (270 vs <70 years), sex, diabetes, myocardial infarction,
heart failure, systolic blood pressure (2140 vs <140 mmHg), eGFR (=15 vs <15 mL/
min/1.73m32) and ACR (270 vs <70 mg/mmol). To calculate the subgroup hazard
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ratios, we separately estimated the propensity score model and Cox model in each
subgroup (42). Multiplicative interaction was tested by including interaction terms
between treatment and the variable of interest to the Cox model.

Multiple imputation by chained equations was used to impute missing data on
systolic and diastolic blood pressure (missing for 2.3% of patients). Treatment,
confounding variables, outcomes and interaction terms between treatment and
confounders were used in the imputation model to derive 50 imputed datasets (43).
eGFR was non-normally distributed and was log-transformed before imputation.
Multiple imputation was combined with IPTW using the within method (44). In
the within method, effect estimates are obtained separately in each imputation
using the propensity score, which are then combined to an overall estimate. The
within method has been shown to produce unbiased estimates with appropriate
confidence intervals compared with the across approach (44).

We performed several sensitivity analyses to test the robustness of our results.
First, we additionally adjusted our analyses for plasma potassium and ACR. These
variables were missing for a large proportion of patients (32% and 41%, respectively)
because it was not mandatory to report these measures. Those with missing
ACR measurements had similar characteristics as those without missing ACR
measurements and we assumed data to be missing at random (Supplemental Table
S2). We used multiple imputation with chained equations, a technique well suited to
impute data that are missing at random. Second, we redefined new users as those
not using RASI and CCB for at least 12 months. Third, we replicated our analyses in a
positive control cohort of patients with CKD G3, for which we expected a reduction
in kidney replacement therapy consistent with previously conducted randomized
trials (3, 45-47). Fourth, we performed an as-treated analysis in which patients were
censored at the time of therapy discontinuation (no dispensation for the index drug
within 60 days after the estimated last day of pill supply from the previous drug
dispensation), treatment switch (on the day RASI was added to CCB or vice versa)
or at the end of the study period. To account for potential informative censoring due
to discontinuation or treatment switch, inverse probability of censoring weighting
(IPCW) was applied (see Supplemental methods for details). Fifth, we used incident
cancer diagnosis as a negative control outcome to study the influence of potential
unmeasured confounders (such as smoking and alcohol use) on our effect estimates.
While unmeasured confounders may predict the risk of cancer, we did not expect
initiation of RASi or CCB to cause or prevent cancer (48). For this analysis, we excluded
patients with a recent cancer diagnosis (within two years from index date). Lastly, we
repeated our analysis adding heart failure related hospitalization (150) as an outcome
in the composite of MACE. All analyses were performed using R version 3.6.2.
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Results

Cohort characteristics

We identified 21,065 patients under nephrologist care with eGFR <30 ml/min/1.73m?
and no history of KRT. Of these, 13 896 (66%) were prevalent users of RASi or CCB and
were excluded. We further excluded 1913 patients who received neither of these
drugs during observation and 453 patients who were prescribed both medications
simultaneously. The final study cohort consisted of 4803 patients: 2458 (51%) who
initiated RASI and 2345 (49%) who initiated CCB (Supplemental Figure S1). Of
patients initiating RASI, the majority initiated enalapril (37.2%), candesartan (23.4%),
losartan (21.4%) or ramipril (9.6%). In total, 249 of 2458 (10.1%) individuals initiating
RASI had a cardiovascular hospitalization in the 6 months prior to initiation, of which
129 (5.2%) due to heart failure and 37 (1.5%) due to myocardial infarction. Five people
initiated dual RAS blockade with an ACEi and ARB. The majority of patients initiating
a CCB used a dihydropyridine CCB (97.7%), mainly amlodipine (55.4% of total CCB
initiators) or felodipine (36.9%). In total, 231 of 2345 (9.9%) individuals initiating CCB
had a cardiovascular hospitalization in the 6 months prior to initiation, of which 49
(2.1%) due to heart failure and 32 (1.4%) due to myocardial infarction.

Overall, study participants had a median (IQR) age of 74 (64-81) years and 38% were
women. Median eGFR was 20 (15-21) ml/min/1.73m?, median ACR 28 (7-108) mg/
mmol, median systolic blood pressure 140 (125-153) mmHg and median diastolic
blood pressure 80 (70-85) mmHg. The most common comorbidities were diabetes
(34%), ischemic heart disease (26%) and heart failure (19%). Concurrent use of
B-blockers (63%), loop diuretics (63%) and statins (50%) was prevalent. At baseline,
patients who initiated RASI, compared with those initiating CCB, had a higher eGFR,
a lower systolic blood pressure and ACR, and a higher prevalence of comorbidities
such as diabetes, heart failure and arrhythmia. After weighting, all baseline
covariates appeared well balanced between treatment groups (standardized
differences <0.1) (Table 1).
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Table 1. Baseline characteristics of patients with advanced CKD by RASi or CCB treatment, before and after
inverse probability weighting.

Unweighted Weighted’
RASI CCB Std RASI CCB Std Difft
(N=2458) (N=2345) Difff (N=2473) (N=2330)
Median age (IQRY, years 73162, 80l 74 166, 81] 0.22 74 (64,801 73164, 80l 0.00
Age category, n (%)
<50 303 (12.3) 159 (6.8) 0.19 238 (9.6) 210 (9.0) 0.02
50-59 226 (9.2) 189 (8.1) 0.04 1905 (7.9) 217 (9.3) 0.05
60-69 461 (18.8) 443 (18.9) 0.00 477 (19.3) 454 (19.5) 0.01
70-79 826 (33.6) 805 (34.3) 0.01 871(35.2) 800 (34.4) 0.02
>=80 642 (26.1) 749 (31.9) 013 692 (28.0) 649 (27.8) 0.00
Women 009 (37.0) Q06 (38.6) 0.03 050(38.4) 898 (38.5) 0.00
Median eGFR (IQR), 22 [17, 26] 18 [13, 24] 0.41 20 [15, 25] 20 [15, 25] 0.00
ml/min/1.73m?
eGFR category, n (%)
<15 ml/min/1.73m?, n (%) 399 (16.2) 727 (31.0) 0.35 657 (25.4) 678 (27.0) 0.04
15(—/3)0 ml/min/1.73mz, 2050 (83.8) 1614 (68.8) 0.36 1816 (74.6) 1652 (73.0) 0.04
n(%
Median SBP (IQR)}, mmHg 133 [120, 144 130, 0.51 140 [125, 140 (125, 0.00
146] 160] 155] 154)
SBP category, n (%)
<120 486 (19.8) 161 (6.9) 0.39 333 (13.5) 304 (13.0) 0.02
120-139 934 (38.0) 689 (29.4) 018 842 (34.1) 801(34.4) 0.01
140-159 661(26.9) 804 (34.3) 0.16 774 (31.3) 740 (31.8) 0.01
>160 323 (131) 633 (27.0) 035 524 (21.2)  485(20.8) 0.01
Missing 54 (2.2) 58 (2.5) 0.02 - - -
Median DBP (IQR}, mmHg 78 (70,841 80 [70, 89] 0.28 80[70,85] 80 (70, 85] 0.00
DBP category, n (%)
<80 1264 (51.4) 942 (40.2) 0.23 1156 (46.7) 1077 (46.2) 0.01
80-89 776 (31.6) 783(33.4) 0.04 847 (34.3) 772 (33.1) 0.03
90-99 260 (10.6) 380 (16.2) 0.16 323 (13.1) 330 (14.2) 0.03
>100 104 (4.2) 182 (7.8) 0.15 147 (6.0) 151 (6.5) 0.02
Missing 54 (2.2) 58 (2.5) 0.02 - - -
Median ACR (IQR)}, 24 (5, 95] 33 [9, 116] 0.12 29 [7,111] 29 [7,113] 0.00
mg/mmol
ACR category, n (%)
A1(<3) 276 (11.2) 150 (6.4) 017 373 (15.) 342 (14.7) 0.01
A2 (3-29) 542 (22.1) 483 (20.6) 0.04 880 (35.6) 829 (35.6) 0.00
A3 (30-69) 240 (9.8) 204 (87) 0.04 400 (16.2)  383(16.4) 0.01
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Unweighted Weighted’
RASI CCB Std RASI CCB Std Difft
(N=2458) (N=2345) Difff (N=2473) (N=2330)
A3 (=70) 461 (18.8) 472 (20.1) 0.03 820 (33.2) 776 (33.3) 0.00
Missing 039(38.2) 1036 (44.2) 012 - - -

Median potassium (IQR)Y, 4.4 (4.1, 48] 4314.0,47] 0.15 4.414.0,47] 4.414.0, 47] 0.00
mmol/L*

Comorbidities, n (%)

Diabetes mellitus 916 (37.3) 734 (31.3) 013 851(34.4)  833(358) 0.03
Myocardial infarction 423 (17.2) 353 (15.1) 0.06 308 (16.1) 361 (15.5) 0.02
Heart failure 580(236)  320(136) 0.26 457 (18.5) 420 (18.0) 0.01
Arrhythmia 469 (19.1) 316 (13.5) 015 416 (16.8) 395 (17.0) 0.00
Peripheral vascular 313 (127) 312 (13.3) 0.02 330 (13.3) 313 (13.5) 0.00
disease

Cerebrovascular disease 294 (12.0) 327 (13.9) 0.06 321(13.0) 311 (13.3) 0.01
Ischemic heart disease 691 (28.1) 574 (24.5) 0.08 657 (26.6) 617 (26.5) 0.00

Medication, n (%)

B-blockers 1443 (58.7) 1586 (67.6) 0.19 1563 (63.2) 1486 (63.8) 0.01
Thiazides 79 (3.2 66 (2.8) 0.02 71(2.9) 70 (3.0) 0.01
Loop diuretics 1613 (65.6) 1395 (59.5) 013 1551 (62.7) 1463 (62.8) 0.00
Potassium-sparing 167 (6.8) 114 (4.9) 0.08 136 (5.5) 121 (5.2) 0.01
diuretics

Potassium binders 242 (9.8) 240 (10.2) 0.01 254 (10.2) 216 (9.3) 0.03
NSAIDs 103 (4.2) 90 (3.8) 0.02 101 (4.1) 92 (4.0) 0.01
Statins 1270 (51.7) 1121 (47.8) 0.08 1232 (49.8) 1167 (50.1) 0.01

Hospitalizations, n (%)

Any hospitalization in 1084 (44.1) 1254 (53.5) 0.19 1210 (48.9) 1138 (48.8) 0.00
previous year

Cardiovascular 249 (10.1) 231(9.9) 0.01 251 (10.1) 229 (0.8) 0.01
hospitalization in previous

6 months

Hyperkalemia 35(1.4) 3917 0.02 38 (15) 37 (1.6) 0.00
hospitalization

AKI hospitalization 125 (5.1) 213 (9.1) 0.16 187 (7.6) 169 (7.2) 0.01
Previous eGFR decline, -2.03(0.08) -1.98(0.08) 0.02 - - -
ml/min/1.73m? (SE) ®

"Inverse probability weighting was performed after imputation. Baseline characteristics are shown after
imputation and weighting (marked with ).

t A standardized difference >0.1 indicates meaningful imbalance between groups.

tStandardized difference for the mean was calculated for age, eGFR, blood pressure, ACR and potassium.
5 Calculated in the overall population on all previous eGFR measurements with a linear mixed model
containing fixed effects for time, treatment and time/treatment interaction and random intercept and slope.
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Comparative effectiveness of RASi vs. CCB initiation

Median follow-up was 4.1 (95% Cl 3.9-4.2) years, maximum follow-up was 10.4 years,
and the total follow-up time of the cohort was 14 682 person years. During follow-
up 1416 individuals initiated KRT. The absolute 5-year risk of KRT was 39.0% among
CCB users and 34.8% among RASI users, with a 5-year absolute risk difference of
-4.3% (-8.0 to -0.6). The KRT risk was consistently lower in RASI users compared
with CCB users during the entire follow-up period. For instance, risk differences
were -3.3% (-4.9 to -1.6) at 1 year and -4.4% (-7.4 to -1.6) at 3 years (Figure 1 and
Supplemental Table S3). For patients initiating RASI, compared with those initiating
CCB, we observed a weighted hazard ratio of 0.79 (0.69-0.89), in favor of RASI
initiation (Table 2).

Table 2. Number of events, incidence rates as well as crude and adjusted hazard ratios for the association
between RASI vs. CCB initiation and all-cause mortality, MACE and kidney replacement therapy.

Number of Person IR per 100PY  Crude HR Adjusted HR
events’ years’ (95% CI)’ (95% Cl) (95% CI)t
KRT
Overall 1416 11044 12.8 (12.2-13.5)
CCB 753 4872 15.5 (14.4-16.6) 1 (reference) 1
RASI 663 6172 107 (9.9-11.6) 0.70 (0.63- 0.78) 0.79 (0.69-0.89)
All-cause
mortality
Overall 1974 14682 13.4 (12.9-14.1)
CcCB 991 6769 14.6 (13.7-15.6) 1 1
RASI 083 7912 12.4 (11.7-13.2) 0.85 (0.78- 0.93) 0.97 (0.88-1.07)
MACE
Overall 1043 13814 7.6 (7.1-8.0)
CCB 510 6311 8.1(7.4-8.8) 1 1
RASI 533 7503 71(6.5-77) 0.90 (0.80- 1.02) 1.00 (0.88-1.15)

IR = incidence rate; PY = person years; HR = hazard ratio; Cl = confidence interval; MACE = major adverse
cardiovascular events; RASI = renin-angiotensin system inhibitor; CCB = calcium channel blocker; KRT =
kidney replacement therapy.

“ Number of events, person years and incidence rates were calculated in the unweighted population.

t Analyses were adjusted for age, sex, eGFR, heart failure, arrhythmia, peripheral vascular disease,
cerebrovascular disease, ischemic heart disease, diabetes mellitus, systolic blood pressure, diastolic
blood pressure, use of B-blocker, thiazide diuretic, potassium-sparing diuretic and statin, total number
of hospitalizations in previous year, hospitalization in previous year (yes/no), history of hyperkalemia
hospitalization and history of AKI hospitalization using inverse probability of treatment weighting.
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Figure 1. Weighted standardized survival curves for KRT (panel A), mortality (panel B) and major adverse
cardiovascular events (MACE, panel C) stratified by RASi or CCB use.
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In total, 1974 individuals died, with an absolute 5-year mortality risk of 49.5% among
CCB users and 48.3% among RASi users. The absolute risk difference at 5 years was
-1.2% (-4.1 to 1.7), with a weighted mortality hazard ratio of 0.97 (95% Cl 0.88-1.07).
During follow-up, 1043 individuals experienced a MACE, with a weighted hazard
ratio of 1.00 (0.88-1.15). The absolute 5-year risk of MACE was 25.1% among CCB
users and 25.0% among RASI users, with a 5-year risk difference of -0.1% (-3.4 to
3.0). Among individuals initiating RASI, 18 (0.7%) experienced a hospitalization for
hyperkalemia and 83 (3.4%) a hospitalization for AKI. Among those initiating CCB,
18 (0.8%) experienced a hospitalization for hyperkalemia and 72 (3.1%) individuals
experienced a hospitalization for AKI.

Subgroup and sensitivity analyses

Results were robust in most subgroup analyses (Figure 2, Supplemental Figures S2-
S3, Supplemental Table S4). A lower risk of KRT for RASI users compared with CCB
was observed across strata of sex, diabetes, ACR, eGFR, heart failure and systolic
blood pressure, but a significant interaction was observed for age, with benefit for
initiating RASI in younger but not older patients (p < 0.01). An increased risk of mortality
and MACE (interaction p <0.01) was observed for patients with baseline heart failure
and CKD G4-5 initiating RASI, compared with CCB, as well as a significant interaction
for MACE according to sex (p < 0.01). Other than this, risks of mortality and MACE did
not differ by prespecified subgroups (all interaction p > 0.12).
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The positive control cohort included 2608 nephrologist-referred patients with CKD
G3 of whom 1663 started RASI and 945 started CCB (baseline characteristics in
Supplemental Table S5). After IPTW, the adjusted hazard ratio for RASi compared
with CCB was 0.68 (0.48-0.98) for KRT, 0.97 (0.81-1.17) for mortality and 1.09 (0.85-
1.40) for MACE (Supplemental Table S6).

In the as-treated analysis, a hazard ratio of 0.67 (0.56-0.80) was observed for KRT for
RASI initiation compared with CCB initiation. The adjusted hazard ratios for mortality
and MACE were 1.05 (0.87-1.26) and 1.03 (0.83-1.26), respectively (Supplemental
Table S7). Additional adjustment for ACR and potassium or redefining new users
as no recorded dispensation of either RASi or CCB for at least 12 months, produced
hazard ratios consistent with the results of our main analysis (Supplemental
Table S7). Individuals who initiated RASI had similar risks of cancer compared with
CCB initiators, with a weighted HR of 1.03 (0.87-1.22). Adding heart failure-related
hospitalization to the MACE outcome did not alter our results (adjusted HR 1.00;
95% Cl 0.89-1.13) (Supplemental Table S8).

Discussion

Current clinical guidelines recommend the use of ACEi or ARBs as first-line therapy
in patients with CKD and proteinuria, with or without diabetes (7-9, 49), but provide
no guidance regarding eGFR thresholds for which these recommendations are
valid (14, 15). In our study of a large, nationwide cohort of nephrologist-referred
patients with advanced CKD, initiation of RASi compared with CCB was associated
with a reduced risk of KRT, but similar risk of mortality and MACE. These findings
were robust across subgroups of patients and following an as-treated design.

Our study does not evaluate the health benefits of RASI versus no use in patients
with CKD G4 and 5. This has been investigated previously (17, 18, 24), including the
randomizedtrialbyHouetal (16) orthe post-hoc analysis of the REIN (Ramipril Efficacy
in Nephropathy) trial (10). Our goal was to inform on the choice of antihypertensive
agents in the advanced CKD population by comparing outcomes associated with
initiating RASI or CCB as the two most commonly used antihypertensive agents in
clinical practice (28). A considerable proportion of patients reach CKD stage 4-5
without these medications. In our register this equaled to 34% of the population, a
figure which agrees with other contemporary reports: in the CRIC cohort, ~30% of
patients CKD G4 and about 73% of patients CKD G5 did not receive RASI, and similar
proportions of non-use were reported for CCB in CKD G4 (50% not using CCB) and
G5 (40% not using CCB) (24). Recent data from CKDOPPS indicates that this pattern
is followed globally: for instance, only 52% of DOPPS patients in the United States
and 66% in Brazil were receiving RASI (25).
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We observed that RASIi may be superior to CCB in delaying KRT in advanced CKD.
This is consistent with a recent network meta-analysis of patients with CKD G3
showed that ACEi reduced the odds of KRT by 35% (OR 0.65; 95% credibility interval
0.51-0.80), and ARBs reduced the odds of kidney failure by 25% (0.75; 0.54-0.97),
compared with other antihypertensive drugs, which included CCBs, diuretics and
beta-blockers (13). Our positive control cohort of individuals with CKD G3 showed a
reduction in KRT risk (HR 0.68; 95% Cl 0.48-0.98) of magnitude similar to that meta-
analysis, which lends reassurance to our observations. We note that 98% of our
patients used dihydropyridine CCB, and the comparative effectiveness and safety
of non-dihydropyridine CCB cannot be informed by our study.

We observed no differences in the risk of MACE between both therapies in persons
with advanced CKD, a finding we believe is novel (7, 14) and in a magnitude similar
to our control population of patients with CKD G3. Again this agrees and expands
two large meta-analyses of randomized trials comparing antihypertensive agents
in patients with CKD G3 (13, 50). Compared with placebo, blood-pressure-lowering
regimens significantly reduced the risk of MACE in individuals with CKD G3 (HR
0.83; 95% Cl 0.76-0.90), but results were similar whether the regimen was based
on ACEi, CCB, diuretics or beta-blockers (50). Another Bayesian network meta-
analysis found odds ratios of 0.94 (95% credibility interval 0.75-1.12) for ACEi and
0.86 (95% credibility interval 0.70-1.03) for ARB versus active controls (either CCB,
diuretics or beta-blockers) on cardiovascular events (13). Collectively these findings
may suggest that there is little evidence to support a particular drug class for the
prevention of cardiovascular outcomes in the general population with CKD.

Finally, few studies have compared the mortality risk of RASI versus alternative
antihypertensive agents in advanced CKD. In the meta-analysis by the Blood
Pressure Lowering Treatment Trialists' Collaboration, both ACEi vs. placebo and
CCB vs. placebo were associated with similar reductions in all-cause mortality for
CKD patients (predominantly CKD G3a), with HR (95% CI) of 0.86 (0.76-0.97) and 0.83
(0.56-1.24), respectively (50). Head-to-head comparisons of RASi vs. CCB in patients
with CKD yielded a hazard ratio of 1.00 (0.89-1.13) (50), which is again similar to what
we observed in patients with CKD G4-5ND (0.97; 0.88-1.07) and our control cohort
of patients with CKD G3 (0.97; 0.81-1.17).

We studied a unique nationwide inception cohort design of patients referred to a
nephrologist in a country with universal healthcare access, with long-term follow-
up data of over 10 years, assessment of multiple relevant endpoints, virtually no
loss to follow-up and low likelihood of misclassification for the outcomes KRT and
mortality. Furthermore, results were robust in multiple subgroup and sensitivity
analyses. Our positive control analysis of persons with CKD G3 aligned with findings
from two meta-analyses of trials and the patients included are representative of
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routine clinical practice. In addition, the negative control analysis with cancer did
not indicate that the observed associations were due to different health status.
However, we recognize limitations. Despite adjustment for a wide range of potential
confounders, selection of patients referred to nephrologists, and the use of an
active comparator (CCB initiation), residual confounding-by-indication bias cannot
be excluded in observational designs, and the reasons for the initiation of these
drugs in the patients of our study remain unknown. Because only around 10% of
individuals starting RASi or CCB in our study had a cardiovascular hospitalization
in the 6 months prior to therapy start, we speculate that medications may have
been initiated for renoprotection or as antihypertensive agents. Data were missing
for ACR and potassium, but our results were similar whether these variables were
included using multiple imputation or not, and those with missing measurements
had similar characteristics to those without missing measurements. We recognize
that it may be unusual to start RASI or CCB this late in the course of disease, and
that there may be special indications for it. While we acknowledge that we do
not have the precise reasons that prompted the use of these therapies, we went
through a great deal of efforts to identify and control for these potential indications.
Our results are likely generalizable to Swedish clinical practice during the period
2007-2017. However, extrapolations to other ethnicities, countries or periods should
be done with caution. Finally, our conclusions remain observational in nature and
do not substitute for randomized trials. However, until these trials are conducted
they may assist in informing clinical decisions.

In conclusion, in patients with CKD G4-5ND, RASI initiation, compared with CCB
initiation, was associated with a lower risk of KRT, but similar risks of MACE or
mortality. These results suggest that use of RASI may confer additional renal
benefits compared with CCB in patients with CKD G4-5ND. This evidence may
potentially inform clinical decisions on the choice of antihypertensive therapy for
this patient group, minimally included in pivotal trials.
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Supplemental Methods

For the as-treated analysis, we censored individuals when they either discontinued
therapy (no dispensation for the index drug within 60 days after the estimated
last day of supply), or switched treatment (on the day of a prescription of the drug
different from the index drug). To adjust for the time-varying selection bias that is
introduced when censoring individuals if they deviate from the initiated medication
at cohort entry, we used inverse probability of censoring weighting (IPCW). We
constructed our dataset into monthly intervals and updated all comorbidities and
medication use at each month. For each subject we estimated a weight that was,
informally defined, proportional to the inverse of the probability of observing one's
censoring history. The stabilized censoring weight at month t was calculated as

PI‘(Ck+1 =0 | C_‘k = G,Ak, V)
swC, =
» Mk

k=0 PI‘(Ck+1 =0 | C_‘k = ﬁ,lq_k, Z )

where C, indicates censoring status, A, treatment history, V' is a vector of time-
fixed covariates at baseline and L, represents the time-varying covariates. The
denominator of swC, adjusts for the informative censoring and is the probability
of being uncensored in month k, conditional on past censoring history, treatment
history, time-fixed covariates (measured at baseline), and time-varying covariates.
The numerator of swC, is not required for censoring adjustment but is used to
stabilize the weights and improve statistical efficiency. The numerator represents
the probability of remaining uncensored in month k, conditional on censoring
history, treatment history, and time-fixed covariates. To estimate the weights, two
separate pooled logistic models were fitted for the numerator and denominator
respectively:

logit[Pr(C,=0 Y,=C,_=0,A X V) =, tnt+n,frnA+nVen X
logit[Pr(C,=0 Y,=C,_=0,A X V) =n0+n1t+n2t2+n3A +n4V+n4X+n5Lt

As time-fixed covariates we used age and sex, and as time-varying covariates we
used all comorbidities, medications and hospitalizations listed in Supplemental
Table S1 as well as eGFR, systolic and diastolic blood pressure. The stabilized
censoring weights had a mean of 1.00 and ranged from 0.30 to 5.65, indicating
no violation of the positivity assumption. A weighted Cox model was then used
to calculate adjusted hazard ratios for mortality, MACE and kidney replacement
therapy for the as-treated analysis, using the estimated stabilized censoring
weights, and additionally adjusting for all baseline covariates. Robust variance
estimation was used to derive conservative 95% confidence intervals. A similar
procedure was used for the competing risk analysis.
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