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Articles
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Background Renin-angiotensin-system inhibitors (RASi), that include angiotensin converting enzyme inhibitors
(ACEis) and angiotensin receptor blockers (ARBs) reduce proteinuria, delay chronic kidney disease (CKD) progres-
sion, protect against cardiovascular events and heart failure hospitalizations. We examined the associations of
discontinuation of ACEi/ARBs with risk of clinical outcomes in Chinese patients with type 2 diabetes (I2D) and
advanced-CKD (estimated-glomerular filtration rate [eGFR] <30 ml/min/1.73 m?).

Methods We conducted a prospective, population-based cohort study including 10,400 patients with T2D in Hong
Kong stratified by continuation of ACEi/ARBs within 6 months after reaching eGFR <30 ml/min/1.73 m” from
January 01, 2002 to December 31, 2018 and observed until December 31, 2019. The primary outcomes were
death, major-adverse cardiovascular events (MACE), heart failure, end-stage kidney disease (ESKD), and all-cause
mortality. Cox-model with time-dependent exposure and covariates was used to estimate the hazard ratio (HR) of
outcomes in a propensity-score overlap-weighted cohort. The risk of occurrence of hyperkalemia (plasma
potassium >5.5 mmol/L) in discontinued-ACEi/ARBs versus continued-ACEi/ARBs users was assessed in a
register-based cohort.

Findings In the population-based cohort of 10,400 ACEi/ARBs users with new-onset eGFR<30 ml/min/1.73 m?, 1766
(17.0%) discontinued ACEi/ARBs and 8634 (83.0%) persisted with treatment. During a median follow-up of 3.6
(interquartile range, IQR: 2.11-5.8) years (41,623 person-years), 13.5%, 12.9%, and 27.6% had incident MACE,
heart failure and ESKD respectively, and 35.8% died. Discontinued-ACEi/ARBs use was associated with higher
risk of MACE (HR = 1.27, 95% CI: 1.08-1.49), heart failure (HR = 1.85, 95% CI: 1.53-2.25) and ESKD
(HR = 1.30, 95% CI: 1.17-1.43), and neutral risk of all-cause mortality (HR = 0.93, 95% CI: 0.86-1.01) compared
to counterparts with continued use. In the register-based cohort (583 discontinued-ACEi/ARBs users and 3817
continued-ACEi/ARBs users), discontinued-ACEi/ARBs had neutral risk of hyperkalemia (HR = 0.95, 95% CL:
0.84-1.08).

Interpretation Discontinuation of ACEi/ARBs was associated with increased risk of cardiovascular-renal events
supporting their continued use in patients with T2D and advanced-CKD.

Funding CUHK Impact Research Fellowship Scheme.

*Corresponding author. Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Prince of Wales Hospital, Hong Kong
Special Administrative Region, China.
E-mail address: e.chow@cuhk.edu.hk (E. Chow).
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Research in context

Evidence before this study

We searched PubMed with the terms “diabetes”, “chronic
kidney disease (CKD)", “angiotensin converting enzyme
inhibitors (RASi)”, “angiotensin receptor blockers (ACEi)”,
“angiotensin receptor blockers (ARBs)”, “hyperkalemia”,
“death”, “mortality”, “cardiovascular disease”, “major adverse
cardiovascular events (MACE)”, "heart failure”, and “end stage
kidney disease (ESKD) or “end stage renal disease (ESRD)” for
original articles and reviews published up to June 30, 2022.
Most studies on the associations between RASi (ACEi/ARBs)
use and risk of clinical outcomes including CVD, MACE, heart
failure and ESKD were focused on people with hypertension.
These studies have reported a reduction in proteinuria, delay
CKD progression, protect against cardiovascular events and
heart failure hospitalizations. Two studies also suggest that
RASi therapy in people with declining kidney function is
associated with cardiovascular benefits without excessive
harm of ESKD. However, the associations between continued
use of ACEi/ARBs in patients with type 2 diabetes and
advanced-CKD remains controversial.

Introduction
Renin-angiotensin-system  inhibitors (RASi), that
include angiotensin-converting enzyme inhibitors

(ACEi) and angiotensin receptor blockers (ARBs),
reduce proteinuria, delay chronic kidney disease (CKD)
progression, protect against cardiovascular-events and
heart failure hospitalisations.’? While use of ACEi/
ARBs in early CKD is widely accepted, the risk-benefits
of RASi continuation in advanced-CKD has been a
subject of debate. In real-world practice, 15-30% of pa-
tients with CKD had ACEi/ARBs discontinued upon
reaching  estimated-glomerular  filtration  rate
(eGFR) < 30/min/1.73 m? often due to a combination
of dose-dependent hyperkalemia and acute eGFR
decline.*” The incidence of hyperkalemia in CKD stages
G4-G5 was estimated at 30%° which might be more
common in patients with diabetes who are prone to
hyporeninemic hypoaldosteronism.” Although post-hoc
analyses of randomized-controlled-trials (RCT) sug-
gested equal or greater protection of RASi against end-
stage kidney disease (ESKD) in the lower eGFR
range,® there was conflicting evidence from observa-
tional studies with some suggesting that discontinua-
tion of ACEi/ARBs might reduce risk of ESKD."**

Added value of this study

In this cohort study that included 10,400 patients with type 2
diabetes and advanced-CKD, discontinued-RASi use was
associated with higher risk of MACE, heart failure and ESKD,
and neutral risk of all-cause mortality, compared with
continued-RASi use.

Implications of all the available evidence

In this real-world study, permanent or transient
discontinuation of RASi in patients with T2D and advanced-
CKD was associated with increased risk of MACE, heart failure
and ESKD. In accordance with international
recommendations, anticipatory or corrective actions should
be taken to ensure continuation of RASi for organ protection
with more frequent monitoring of eGFR including the use of
newer potassium binding agents. Our data support
continuing use of RASi in patients with eGFR <30 ml/min/
1.73 m? for cardiovascular-renal protection.

In retrospective cohort studies in USA and Sweden,
discontinuation of RASi below eGFR <30 ml/min/
1.73 m? in patients with or without diabetes was asso-
ciated with higher risk of all-cause mortality and
cardiovascular-events, but neutral or lower risk of kidney
replacement therapy.*” Subgroup analyses showed no
suggestions of heterogeneity by diabetes status. The
Kidney Disease Improving Global Outcomes (KDIGO)
2020 diabetes in CKD guidelines recommended
continuation of ACFEi/ARBs unless serum creatinine
level increase above 30% within 4 weeks of initiation,
and discontinuation only if hyperkalemia is refractory to
medical treatment or dose reduction.'

Due to clinical equipoise, there is a RCT evaluating
the risk-benefit ratio of discontinuation of RASi in pa-
tients with eGFR <30 ml/min/1.73 m%" In this
territory-wide population-based cohort using target trial
emulation, we investigated the association of RASi
discontinuation at onset of eGFR <30 ml/min/1.73 m?
with the risk of all-cause mortality, major-adverse car-
diovascular-events (MACE), heart failure and ESKD
among Chinese patients with type 2 diabetes (I2D). In a
complementary register-based cohort, we compared the
risk of hyperkalemia between continued-RASi and
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discontinued-RASi users among patients with T2D and
eGFR<30 ml/min/1.73 m?

Methods

Data sources

We conducted a prospective cohort study among Chi-
nese patients with T2D with comprehensive baseline
data captured in the module of the Risk-Assessment-
and-Management-Programme-for-Diabetes-Mellitus
(RAMP-DM,) in the territory-wide Hong Kong-Diabetes-
Surveillance-Database (HKDSD).””™* The study was
reported according to the Strengthening-the-Reporting-
of-Observational-Studies-in-Epidemiology ~ (STROBE)
guidelines. This study was approved by the Joint-NTEC-
CUHK Clinical Research Ethics Committee.

Hong Kong has a population of 7.5 million people,
mainly of Chinese descent with universal health
coverage through care provision by the government-
funded Hospital Authority (HA). The HKDSD
(2000-2019) was captured from the territory-wide HA
electronic-medical-record (EMR) system for research
purposes.” Due to the highly subsidized nature of HA
services, over 90% of patients with diabetes were
captured in the HA EMR system. The HKDSD provided
comprehensive anonymised and de-identified data, and
informed consent was not required. The HKDSD in-
cludes all people who have ever had a measurement of
either fasting or random plasma glucose, fasting and 2-h
plasma glucose during 75 g oral glucose tolerance test
and/or glycated haemoglobin (HbAlc) in the EMR sys-
tem since 2000. The HKDSD consists of a cohort of
people with normal blood glucose levels, people with
prediabetes, women with gestational diabetes, people
with diabetes and a sub-group of people with diabetes
who underwent structured risk assessment with data
captured in the RAMP-DM module. Between 2000 and
2019, the HKDSD included 964,950 patients with dia-
betes diagnosed by physicians, medication use and/or
laboratory values.”” A cohort of 581,811 patients with
diabetes was curated in the RAMP-DM module. As part
of a quality improvement program, all patients with dia-
Dbetes can be referred by their doctors to undergo periodic
structured assessments including eye, feet, blood and
urine examination in hospital-based diabetes centre and
community-based clinics guided by a uniform template
in the RAMP-DM module. Details of the HKDSD and the
RAMP-DM profiles was described elsewhere."”

Study design and patients

In this real-world study, we emulated a pragmatic clin-
ical trial comparing the effects of stopping versus
continuing RASi for 6 months upon reaching eGFR
<30 mL/min/1.73 m* on clinical outcomes in T2D pa-
tients with advanced chronic kidney disease. Further
details are described in Supplementary Methods

www.thelancet.com Vol 55 January, 2023

including the protocol of the pragmatic clinical trial,
bias considerations and statistical analysis strategies.'
Fig. 1 shows the study design and time frame defini-
tions.” The index date was defined as the first mea-
surement of eGFR reaching <30 ml/min/1.73 m? after
excluding values measured during a hospitalization
episode due to acute-kidney-injury (AKI) defined by
International Classification of Diseases, 9th-Revision
(ICD-9) codes of 584." Considering the doctors seldom
write a prescription that provides medications for a
period of greater than 6 months in the HA EMR system,
we adopted the landmark design, with landmark time at
6 months after the index date to classify patients and
avoid the immortal time bias. We compared the strate-
gies of continuation of RASi use within first 6 months
after eGFR reaching <30 ml/min/1.73 m? (index date)
versus discontinued-RASi use, that was defined as the
absence of dispensation of RASi within first 6 months
after reaching eGFR <30 ml/min/1.73 m?

We used a 1-year period before the index date as the
baseline period for definition of baseline covariates. The
follow-up period started at 6 months after the index date
and ended at the earliest date of outcomes of interest or
censor date (December 31, 2019). We excluded patients
enrolled in 2000-2001 to avoid bias from incomplete
case records in the first two years of establishment of the
HA EMR system, and identified 132, 280 patients who
were initiated on RASi (ACEi/ARBs) in the RAMP-DM
module in 2002-2019.” We excluded patients with
eGFR >30 ml/min/1.73 m? (n = 116,099) throughout
the observation period and those who had already
stopped RASi prior to reaching eGFR <30 ml/min/
1.73 m* (n = 6396). We also excluded those who were
initiated on RASi in 2019, with RASi exposure <90 days
during the observation period and follow-up <6 months.
This yielded 10,400 patients with T2D in the main
analysis (Fig. 2). In further subgroups analyses, we
compared the effects of those who subsequently re-
initiated RASi after initial discontinuation in the first 6
months of the index date (stop-restart RASi) and those
who permanently discontinued-RASi (stopping within 6
months and never re-initiate).

Outcomes definition

We used the principal discharge diagnosis in ICD-9 and
death codes (ICD-10) to define the primary outcomes of
ESKD, MACE, heart failure, and all-cause and cause-
specific mortality. MACE outcome was defined as the
first occurrence of nonfatal myocardial infarction (ICD-9
code: 410), non-fatal stroke (ICD-9 code: 430, 431, 434
and 436), and cardiovascular (CV) death (Table S1)."
ESKD included dialysis or kidney-replacement therapy
or eGFR<15 mL/min/1.73 m* on at least two occasions
separated by > 90 days. We excluded eGFR values
measured within the same month of hospitalization
episodes due to AKI hospitalizations (ICD-9 code: 584)


www.thelancet.com/digital-health

Articles

Cohort Entry Date
(New-onset eGFR < 30 ml/min/1.73m?)

Exclusion Assessment Window
(Exposure to RASi, ACEi/ARBs Rx)

Days [-180, -1]

Day 0

Exclusion Assessment Window
(AKI hospitalization episodes)
Days [-30, 0]

Covariate Assessment Window

(Baseline conditions)

Exposure Assessment
Window
(ACEi/ARBs Rx)
Days [0, 180]

Days [-365, 0]

Covariate Assessment Window
(Age, eGFR)
Days [0, 0]

Complications conditions were based on

risk assessment or hospitalizations
within study period for each patient

Follow-up Window
Days [180, Censor]

—

Time

Fig. 1: Study design and time frame definitions. Rx = prescription. Censored at the earliest date of outcomes of interest or censor date (31
December 2019). Abbreviations: RAS, renin angiotensin system inhibitor; ACEi, angiotensin converting enzyme inhibitors; ARBs, angiotensin
receptor blockers; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury.

in the definition of ESKD. We calculated eGFR from
plasma creatinine values using the CKD-epidemiology
(CKD-EPI) Equation.”

In Hong Kong, all hospital admissions, outpatient
clinic records, and radiological images in the public
health system have been recorded in the HA Clinical
Data Analysis and Reporting System (CDARS) since
1996. We reviewed the original clinical records in the
CDARS system among a sample of patients (n = 50) to
determine the validity of the recorded diagnoses.
Through the clinical data analysis and reporting system,
a clinician (E.C.) reviewed the records, including clinical
notes, electrocardiograms, computed tomograms, and
echocardiography. Among 50 cases of heart failure, 38
cases were confirmed by echocardiography in the
CDARS system. The overall positive predictive value
(38/50) was 76.0% (95% confidence interval [CI]:
62.5%-86.4%). For specific CV events, the previously
reported positive predictive value in the same HA sys-
tem was 85.4% (95% CI: 78.8%-90.6%) for myocardial
infarction and 91.1% (95% CI: 83.2%-96.1%) for
stroke.*

RASi and other medications assessment
The HA-EMR system included individual-level longitu-
dinal dispensing data of medications including name,

dose, frequency, duration (days), start and end dates in
2000-2019. All medications were coded according to the
Anatomical-Therapeutic-Chemical (ATC) classification
system,'* including RASi, metformin, insulin and other
glucose-lowering-drugs (GLDs) (sulfonylureas, thiazoli-
dinediones, dipeptidyl-peptidase-4-inhibitors [DPP-4is],
alpha-glucosidase-inhibitors [AGIs], glucagon-like pep-
tide-1 receptor analogue [GLP-1RAs], and sodium-
glucose co-transporter-2 inhibitors [SGLT2is]), statins
and other medications (Table S2). Fixed-dose combina-
tion formulations were counted as two different medi-
cations based on the active ingredient. Time-varying
exposure to RASi and other medications were based on
start and end dates of dispensing records within each
follow-up year for each patient.”’ Prior treatment dura-
tion with each medication was defined based on start
and end dates of dispensing records to the index date.
We converted the daily dose of ACEi/ARBs into
lisinopril-dose equivalent for each patient (Table S3),*
and calculated the time-weighted mean daily RASi
dose based on the mean daily dose dispensed during the
follow-up period.*

Covariates
Baseline covariates included clinical and laboratory data
collected during structured diabetes assessments,

www.thelancet.com Vol 55 January, 2023
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The Risk Assessment and Management Programme for Diabetes Mellitus
Module (RAMP-DM module) in the Hong Kong Diabetes Surveillance
Diabetes (HKDSD) (2000-2019, n=581,811)

!

132,280 patients used RASi (ACEi/ARBS) in
2002-2019 in the RAMP-DM module

e

116,099 RASI users without eGFR declined to
<30 ml/min/1.73 m?

v

23,143 RAS:I users with eGFR declined to <30
ml/min/1.73 m?in 2002-2019

—

6,396 patients had already stopped RAS: prior to
reaching eGFR 30 ml/min/1.73 m?

Y

16,747 RASI users at eGFR declined to <30 ml/
min/1.73 m?in 2002-2018

5,424 patients

- Initiated RASI since 2019
RASI use <90 days during follow-up
Follow-up time <6 months
With ESKD or eGFR measured during
hospitalization with AKI

v

10,400 RASI users at eGFR declined to <30 ml/
min/1.73 m?in 2002-2018

Follow-up to

December 31, 2019

1,766 (17.0%)
Discontinued-RASi users
(stop within 6 months of eGFR
declined to <30 ml/min/1.73 m?)

8,634 (83.0%)
Continued-RASi users
(continuing within 6 months of eGFR
declined to <30 ml/min/1.73 m?)

y
1,116 (63.2%) 650 (36.8%) 6,637 (76.9%)
Permanent discontinuation Restarted after 6 months Permanent treated with RASI
(never re-initiate) (re-initiate) (always continue RASI)

Fig. 2: Flowchart of selection patient with type 2 diabetes. Abbreviations: RASi, renin angiotensin system inhibitor; MACE, major adverse
cardiovascular events; ESKD, end-stage kidney disease; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury.

including socio—demographic profile, history of comor-
bidities, clinical (blood pressure, body mass index [BMI],
waist circumference [WC]) and laboratory values. These
included HbAlc, lipids (triglyceride [TG], low-density
lipoprotein cholesterol [LDL-C], high-density lipopro-
tein cholesterol [HDL-C], total cholesterol [TC]), urine
albumin-creatinine-ratio (uACR) and eGFR. The
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laboratory values for plasma glucose, lipids, potassium
levels, eGFR, comorbidities (hospitalizations due to
renal, CVD, peripheral vascular disease [PVD], and
cancer events defined by self-reported history at
assessment or ICD-9 and ICD-10 codes) and dispensing
records during the baseline and observation periods in
the HKDSD were retrieved from the HA-EMR system.
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Details on covariate definitions are provided in
Supplementary Methods.

Statistical analysis

All descriptive statistics were reported as counts (per-
centages), mean (standard deviation, SD), or median
(interquartile range, IQR). Standardized mean differ-
ence (SMD) was used to check the balance of each co-
variate in the between-group comparisons.

In the population-based cohort, we performed risk
association analyses on clinical outcomes in
discontinued-RASi versus continued-RASi users after
propensity-score overlap-weighting (PS-OW) to homog-
enize baseline data and address confounding by indi-
cation.”* We calculated the PS using a multivariate
logistic model, and used the effect size of selected
covariates to assign weights to balance all confounders
at baseline for each patient using the PS-OW approach
(Supplementary Methods and Table 1).>* Compared
with the classic PS-based methods of matching and
inverse-probability of treatment-weighting, PS-OW
mimics attributes of RCTs and has better performance
with respect to target population, balance and
precision.”

In the PS-OW weighted cohort, we performed Cox-
model with time-varying RASi exposure to address
immortal bias due to restart and/or discontinuation of
RASi, adjustment for other time-varying covariates
including HbA1c, lipids, use of GLDs and statins.” For
all-cause and cause-specific mortality analyses, we used
fixed-time Cox-model to avoid overestimating the asso-
ciation due to discontinued-RASi at death. We tested
assumptions of missing data using R ‘MissMech’ pack-
age. The data was non missing completely at random
(MCAR). Missing values of covariates including baseline
covariates and time-varying covariates (HbAlc, eGFR
and lipids, proportion of missing <15%) were imputed
using the chained-equations with multiple imputations
by R ‘smcfcs’ package with inclusion of all covariates, the
outcome of interest, and the exposure in each Cox
regression model.” We used the default number of
imputed datasets to generate imputations in each Cox
model (m = 5). This imputation method performs well
for different types of missing patterns including non-
MCAR.”

Subgroup analyses

We conducted subgroup analyses in permanently
discontinued-RASi and stop-restart RASi versus
continued-RASi users in separate PS-OW cohorts. We
compared the risk associations of discontinued-RASi
versus continued ACEi-only or ARBs-only use with
outcomes of interest. Results were expressed as hazard
ratio (HR) with 95% CI. We checked for violation of the
assumption of proportional hazards using scaled-
Schoenfeld-residual plots.”

Supporting and sensitivity analyses

To further address confounding by indication and time-
varying confounders related to RASi discontinuation, we
used Cox marginal-structural-model (Cox-MSM) to
assess the discontinuation of RASi with risk of ESKD,
MACE and heart failure.”” The Cox-MSM models esti-
mate the “marginal” or “absolute” treatment effects in a
population through weighting and reweighting obser-
vations based on baseline and time-dependent cova-
riates. Potential confounding was controlled by the
inverse probability of treatment weights (IPTWs) which
utilized the patient’s covariates to estimate the proba-
bility of therapy with RASi and the probability of being
censored in the follow-up period. We applied the inverse
probability of censoring weights (IPCW) to account for
death to address bias introduced by informative
censoring in this study. The outcome model was fitted
by multiplying the IPTW and IPCW in the Cox-MSM
model. Because the Cox-MSM model estimates can be
unstable in the presence of disproportionately large
IPTW, we used stabilized inverse probability treatment
weights and truncated weights at 5th and 99th percentile
(Supplementary Methods).”* We also limited the anal-
ysis to those with uACR data at new-onset eGFR<30 ml/
min/1.73 m* (n = 5249) and assessed the risk associa-
tions between RASi discontinuation and outcomes
adjusted for uACR.

Incidence of hyperkalemia in the registry-based cohort

As plasma potassium data was not available in the
population-based cohort, we conducted a complemen-
tary analysis to determine the occurrence of hyper-
kalemia with RASi discontinuation versus continuation
in a register-based cohort - the Hong Kong Diabetes
Register (HKDR) with available data. The HKDR'" first
established in 1995, is an ongoing research-driven
quality improvement program with a structured-
protocol for periodic comprehensive assessment of
risk factors and complications that is linked to the HA-
EMR system. Personal data and clinical measurements
were documented during structured-assessments upon
enrolment to the HKDR. Laboratory assessments such
as plasma potassium, lipids, HbAlc and eGFR, and use
of medications were curated from the HA-EMR system.
In the HKDR, we curated data from 30,503 patients with
diabetes enrolled in 2001-2020 observed until 30 June
2021."® Using the same inclusion and exclusion criteria
as the main analysis, we identified 4400 RASi-users in
whom eGFR decreased to <30 ml/min/1.73 m? with
3817 (86.7%) continued-RASi and 583 (13.3%)
discontinued-RASi users within first 6 months after
reaching eGFR <30 ml/min/1.73 m? (Fig. S1).

We defined hyperkalemia events based on occur-
rence of plasma potassium >5.5 mmol/L after eGFR
reached to <30 ml/min/1.73 m’ excluding values
measured during hospitalization with AKI. Hyper-
kalemia events separated by more than one month were

www.thelancet.com Vol 55 January, 2023
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Variables Overall Before PS overlap-weighting After PS overlap-weighting
Continued Discontinued SMD Continued Discontinued SMD
No 10,400 8634 1766 8634 1766
Men, % 4835 (46.5) 3979 (46.1) 856 (48.5) 0.048 48.2 48.2 <0.001
Women,% 5565 (53.5) 4655 (53.9) 910 (51.5) 0.032 51.8 51.8
Age at index date, years 731 (11.4) 731 (11.4) 733 (11.0) 0.023 733 (11.5) 733 (11.0) <0.001
Duration of diabetes, years 14.0 (8.1) 14.1 (8.1) 13.2 (8.2) 0.117 13.4 (8.0) 13.4 (8.2) <0.001
Family history, % 4162 (40.0) 3556 (41.2) 606 (34.3) 0.142 35.7 35.7 <0.001
Use of tobacco, % 0.05 <0.001
Never 7080 (68.1) 5854 (67.8) 1226 (69.4) 69.0 69.0
Ever 2204 (21.2) 1832 (21.2) 372 (21.1) 212 212
Current 1116 (10.7) 948 (11.0) 168 (9.5) 9.8 9.8
Use of alcohol, % 0.065 <0.001
Never 7995 (76.9) 6615 (76.6) 1380 (78.1) 77.9 77.9
Current 1261 (12.1) 1077 (12.5) 184 (10.4) 10.7 10.7
Ever 1144 (11.0) 942 (10.9) 202 (11.4) 114 114
Body mass index (BMI), kg/m? 257 (4.2) 25.8 (4.2) 253 (4.3) 0.135 25.4 (4.0) 25.4 (4.3) <0.001
BMI missing, % 4.4 33 9.8
Waist circumference (WC), cm 90.8 (10.4) 90.9 (10.3) 90.1 (10.7) 0.078 90.2 (10.1) 90.2 (10.7) <0.001
WC missing, % 6.5 53 12.7
SBP, mmHg 1412 (14.0) 1412 (14.0) 140.9 (13.9) 0.021 141.0 (14.4) 141.0 (13.9) <0.001
SBP missing, % 21 12 6.8
DBP, mmHg 73.0 (9.2) 73.0 (9.3) 73.0 (9.0) 0.004 73.0 (9.7) 73.0 (8.9) <0.001
DBP missing, % 21 12 6.8
HDL-C, mmol/L 12 (0.4) 12 (0.4) 12 (0.4) 0.008 12 (0.4) 12 (0.4) <0.001
HDL-C missing, % 31 27 5
LDL-C, mmol/L 2.4 (1.0) 2.4 (1.0) 2.5 (1.0) 0.027 2.5 (1.0) 2.5 (1.0) <0.001
LDL-C missing, % 33 29 5.5
Total cholesterol (TC), mmol/L 4.4 (12) 4.4 (1.2) 4.4 (1.2) 0.021 4.4 (1.2) 4.4 (1.2) <0.001
TC missing, % 2.4 21 3.9
Triglyceride (TG), mmol/L 1.8 (1.2) 1.8 (1.2) 17 (1.1) 0.101 17 (1.1) 17 (1.1) <0.001
TG missing, % 25 2.1 4.1
Blood haemoglobin (HB), g/dL 11.4 (1.9) 11.4 (1.9) 11.4 (1.9) 0.047 11.4 (1.9) 11.4 (1.9) <0.001
HB missing, % 34 34 33
HbA1c, % 7.5 (1.6) 7.5 (1.6) 7.5 (1.7) 0.003 7.5 (1.6) 7.5 (17) <0.001
HbA1c missing, % 0.7 05 1.6
eGFR, mL/min/1.73m? 29.2 (11.5) 29.0 (11.0) 29.9 (13.4) 0.093 29.9 (12.3) 29.9 (13.0) <0.001
Medications, %
Diuretics 3326 (32.0) 2825 (32.7) 501 (28.4) 0.095 28.9 28.9 <0.001
Beta-blockers 4854 (46.7) 4051 (46.9) 803 (45.5) 0.029 456 45.6 <0.001
Calcium-channel blockers 7841 (75.4) 6566 (76.0) 1275 (72.2) 0.088 72.8 72.8 <0.001
Statins 6135 (59.0) 5221 (60.5) 914 (51.8) 0.176 53.6 53.6 <0.001
Non-statins lipid-modifying 588 (5.7) 484 (5.6) 104 (5.9) 0.012 5.8 5.8 <0.001
Glucose-lowering drugs (GLDs)
Insulin 2746 (26.4) 2330 (27.0) 416 (23.6) 0.079 243 243 <0.001
Metformin 8094 (77.8) 6726 (77.9) 1368 (77.5) 0.011 777 77.7 <0.001
Sulfonylureas 6798 (65.4) 5633 (65.2) 1165 (66.0) 0.015 65.9 65.9 <0.001
AGls 147 (1.4) 119 (1.4) 28 (1.6) 0.017 15 15 <0.001
TZD 265 (2.5) 229 (2.7) 36 (2.0) 0.041 21 21 <0.001
DPP-4is 1229 (11.8) 1057 (122) 172 (9.7) 0.08 10.2 102 <0.001
GLP-1RA 130 (1.2) 8 (1.0) 42 (2.4) 0.105 19 19 <0.001
SGLT2i 32 (03) 8 (03) 4(0.2) 0.019 0.2 0.2 <0.001
Number of GLDs 0.077 <0.001
0 599 (5.8) 471 (5.5) 128 (7.2) 6.8 6.8
1 2751 (26.5) 2290 (26.5) 461 (26.1) 263 263
2 4897 (47.1) 4067 (47.1) 830 (47.0) 47.2 47.2
>3 2153 (20.7) 1806 (20.9) 347 (19.6) 19.7 19.7

(Table 1 continues on next page)

www.thelancet.com Vol 55 January, 2023


www.thelancet.com/digital-health

Articles

Variables Overall Before PS overlap-weighting After PS overlap-weighting
Continued Discontinued SMD Continued Discontinued SMD
(Continued from previous page)

Medication treatment time, years
RASi 45 (3.1) 47 3.1) 3.9 3.1) 0.259 4.0 (2.9) 4.0 (3.2) <0.001
Calcium-channel blockers 5.6 (4.7) 5.8 (4.8) 4.8 (4.5) 0.23 4.9 (4.5) 4.9 (4.5) <0.001
Beta-blockers 3.6 (4.6) 3.7 (4.7) 3.2 (4.4) 0.119 3.3 (4.4) 3.3 (4.5) <0.001
Diuretics 1.4 (2.6) 15 (2.7) 11(22) 0.173 12 (2.3) 12 (2.3) <0.001
Statins 25 (3.1) 27 (31) 2.0 (2.8) 0.209 21 (2.8) 21(2.9) <0.001
Metformin 6.7 (4.5) 6.8 (4.5) 6.0 (4.4) 0181 6.2 (4.4) 6.2 (4.4) <0.001
Sulfonylureas 5.9 (4.7) 6.0 (4.7) 5.4 (4.5) 0.125 5.5 (4.6) 5.5 (4.5) <0.001
Insulin 13 (3.0) 13 (3.1) 11 (2.9) 0.081 11 (2.8) 11 (3.0) <0.001

Complications history
D 1743 (16.8) 1443 (16.7) 300 (17.0) 0.007 16.9 16.9 <0.001
IHD 1048 (10.1) 891 (10.3) 157 (8.9) 0.049 9.2 9.2 <0.001
AMI 472 (4.5) 404 (47) 68 (3.9) 0.041 4 4 <0.001
Stroke 672 (6.5) 536 (6.2) 136 (7.7) 0.059 73 73 <0.001
Heart failure 978 (9.4) 868 (10.1) 110 (6.2) 0.14 6.8 6.8 <0.001
Cancer 523 (5.0) 418 (4.8) 105 (5.9) 0.049 5.8 5.8 <0.001
PVD 397 (3.8) 328 (3.8) 69 (3.9) 0.006 3.9 3.9 <0.001

Period of index year 0.23 <0.001
2002-2006 409 (3.9) 288 (3.3) 121 (6.9) 5.9 5.9
2007-2010 1299 (12.5) 1011 (11.7) 288 (16.3) 15.4 15.4
2011-2014 3356 (32.3) 2789 (32.3) 567 (32.1) 324 324
2015-2018 5336 (51.3) 4546 (52.7) 790 (44.7) 46.4 46.4

SMD, standardized mean difference; RASi, renin angiotensin system inhibitors; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated
glomerular filtration rate; AGls: alpha-glucosidase inhibitors; TZDs: thiazolidinediones; DPP-4i: dipeptidyl peptidase 4 inhibitors; GLP1-RA: glucagon-like peptide-1 receptor analogues; SGLT2i: sodium-
glucose co-transporter 2 inhibitors; GLDs: glucose-lowering drugs; CVD, cardiovascular disease; IHD, Ischemic heart disease; AMI, acute myocardial infarction; PVD, peripheral vascular disease.

Table 1: Clinical profiles of patients categorized by RASi discontinuation when eGFR declined to <30 mL/min/1.73 m? before and after propensity score (PS) overlap-weighting.

regarded as separate events. We calculated cumulative
incidence of hyperkalemia among discontinued-RASi
users and continued-RASi users in the follow-up. We
compared the risk associations between discontinued-
RASi and continued-RASi users with first occurrence
of hyperkalemia adjusted for potential confounders
including plasma potassium at new-onset eGFR<30 ml/
min/1.73 m? in the PS-OW weighted cohort. We esti-
mated the relationships of time-weighted mean daily
dose of lisinopril-dose equivalent with risk of first event
of hyperkalemia by using penalized spline curve in the
PS-OW weighted cohort. Likelihood-ratio test was used
to select the spline models with 3-knots. We further
explored the dose-response relationships of time-
weighted mean daily dose of lisinopril-dose equivalent
with risk of hyperkalemia, and the interaction between
baseline uACR (<3, 3-30, >30 mg/mmol) and RASi
discontinuation (discontinued- and continued RASi use)
by including cross-product terms in the model.”!

All analyses were implemented using R software
(Version 4.0.0). We used PSweight and survey packages
to fit the PS-OW weighted models and Cox-models. A
two-sided P value of <0.05 was considered statistically
significant.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. A.L. had full access to HKDSD data. E.C. is
the guarantor of this work with final responsibility for
the decision to submit for publication.

Results

We curated a cohort of 10,400 patients with new-onset
eGFR<30 ml/min/1.73 m” from the RAMP-DM mod-
ule including 1766 (17.0%) discontinued-RASi and 8634
(83.0%) continued-RASi users during a median 3.6
(IQR: 2.1-5.8) years of follow-up to death (41,623
person-years). Amongst 19,400 patients, 89.3% patients
had a subsequent eGFR <30 ml/min/1.73 m? within
first 2 years of follow-up. The median of follow-up to
death was 4.1 (IQR: 2.3-6.5) years for discontinued-
RASi users and 3.6 (IQR: 2.1-5.7) years for continued-
RASi users. Amongst 1766 discontinued-RASi users,
63.2% (n = 1116) had permanently discontinued-RASi
and 36.8% (n = 650) stopped then restarted RASi
treatment. The mean age at baseline was 73.1 years,
with a mean diabetes duration of 14.0 years. At baseline,
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continued-RASi users were more likely to have heart
failure and treated with statins and DPP-4is than
discontinued-RASi users. In the PS-OW weighted
cohort, all characteristics were well-balanced between
the two groups (Table 1).

Discontinued-RASi use, incidence of clinical
outcomes and mortality

The respective crude-incidence (95% CI) in
discontinued-RAS and continued-RASi users were 29.1
(25.5-33.1) and 34.9 (33.0-37.0) events for MACE, 22.1
(18.9-25.6) and 34.8 (32.8-36.8) events for heart failure,
61.7 (56.1-67.7) and 82.2 (78.9-85.5) events for ESKD,
and 84.4 (78.3-90.8) and 83.4 (80.5-86.5) events for all-
cause mortality per 1000-person-years. Compared to
continued-RASi, discontinued-RASi was associated with
higher risk of MACE (weighted and adjusted HR = 1.27,
95% CI: 1.08-1.49), heart failure (HR = 1.85, 95% CI:
1.53-2.25) and ESKD (HR = 1.30, 95% CI: 1.17-1.43)
(Fig. 3), but neutral risk of all-cause mortality
(HR = 093, 95% CI: 0.86-1.01) as well as CV
(HR = 0.89, 95% CI: 0.73-1.08), cancer (HR = 0.0.97,
95% CI: 0.76-1.22), and other (HR = 0.94, 95% CI:
0.85-1.04) cause-specific mortalities (Table S4).

Subgroup analyses

We performed the two subgroups of the discontinued-
RASi (permanently and stop-restart) versus continued-
RASi use (Table S5). Compared with continued-RASi
use, both permanently and stop-restart discontinued-
RASi use were similarly associated with higher risk of
MACE, heart failure, and ESKD (Fig. 4). The respective
higher and neutral risk of all-cause mortality was
observed in permanently discontinued-RASi (HR =1.17,
95% CI: 1.05-1.30) (Fig. 4A) and stop-restart RASi
(HR =0.93, 95% CI: 0.85-1.02) (Fig. 4B). Discontinued-
RASi was associated with higher risk of MACE
(HR = 132, 95% CI: 1.12-1.56), heart failure
(HR = 1.78, 95% CI: 1.46-2.17) and ESKD (HR = 1.24,
95% CI: 1.12-1.37) versus continued ACEFi-only use
(Fig. S2). The higher risk of heart failure and ESKD, and
neutral risk of MACE and all-cause mortality were
observed in the continued ARBs-only versus
discontinued-RASi users (Fig. S2).

Sensitivity analyses

In the Cox-MSM model, the higher risk of MACE
(HR = 137, 95% CI: 1.20-1.56), heart failure
(HR = 2.00, 95% CI: 1.72-2.34), and ESKD (HR = 1.12,
95% CI: 1.03-1.22) in discontinued-RASi users
remained consistent. In the sub-cohort of 5249 patients
with baseline uACR data, the respective proportion of
patients with uACR<3, 3-30 and > 30 mg/mmol in
continued-RASi and discontinued-RASi users was
22.4%-versus-28.8%, 38.6%-versus-40.7%, and 38.9%-
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versus-30.5% (Table S6). We observed higher risk of
MACE (HR = 1.36, 95% CI: 1.03-1.81), heart failure
(HR = 1.84 95% CI: 1.34-2.51) and ESKD (HR = 1.17,
95% CI: 1.01-1.37), and neutral risk of all-cause mor-
tality (HR = 1.11, 95% CI: 0.97-1.28) in discontinued-
RASi (n = 820) versus continued-RASi users
(n = 4429) in the PS-OW weighted cohort (Fig. S3).

RASi discontinuation and risk of hyperkalemia

In the register-based cohort, we included 4400 patients
with new-onset eGFR<30 ml/min/1.73 m?® (583
discontinued-RASi and 3817 continued-RASi users).
The cumulative incidence of hyperkalemia (>5.5 mmol/
L) was 58.2% (n = 2565 of 4400 patients) during a me-
dian follow-up of 5.0 (IQR: 2.8-7.8) years to death
(25,702 person-years) (51.1%, n = 298 of 583 for
discontinued-RASi users, and 59.4%, n = 2267 of 3817
for continued-RASi users).

Overall, the crude-incidence of first hyperkalemia
event was 99.8 (95% CI: 96.0-103.7) per-1000-patient-
years. The respective rates were 101.2 (95% CI:
90.1-113.4) events per-1000-patient-years for
discontinued-RASi users, and 99.6 (95% CI: 95.6-103.8)
events per-1000-patient-years for continued-RASi users.
After balancing characteristics of the two groups in the
PS-OW cohort (Table S7), we observed neutral risk of
first event of hyperkalemia in discontinued-RASi versus
continued-RASi users (HR = 0.95, 95% CI: 0.84-1.08)
(Table S8). In the spline analysis, there was a non-linear
relationship for time-weighted mean daily dose of RASi
with the risk of first hyperkalaemia event which
increased above a lisinopril-equivalent dose of 20 mg
daily (Fig. S4). We observed interactions between base-
line uACR, RASi discontinuation with risk of hyper-
kalemia (Table S9). Those with abnormal uACR
(>30 mg/mmol) had highest risk of hyperkalemia
overall. In patients with abnormal baseline uACR (>30
mg/mmol), the risk of hyperkalemia was higher in
continued-RASi users versus discontinued users. How-
ever, the risk of hyperkalemia was higher in
discontinued-RASi users with normal baseline uACR (P
interaction = 0.011).

Discussion

In this cohort analysis of over 10,000 patients with T2D
and advanced-CKD, discontinued-RASi use was consis-
tently associated with 1.2-1.8-fold higher risk of MACE,
heart failure and ESKD but neutral risk of death versus
continued-RASi use. Similarly, increased risks were
observed in those who permanently discontinued-RASi
and those who discontinued within 6 months of new-
onset eGFR <30 ml/min/1.73 m® but later restarted
RASi versus continued-RASi users. Our findings were
robust to sensitivity analyses using marginal-structured-
modelling to account for time-dependent confounders
and adjusting for albuminuria. Discontinued-RASi was
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A
. Weighted and adjusted
Outcomes Events/No at Risk Person-Years Hazard Ratio (95% Cl) P
MACE
Continued-RASI 1177/8634 33,683 1.00 (Reference)
Discontinued-RASi 231/1766 7,940 1.27 (1.08, 1.49) 0.003
Heart failure
Continued-RASI 1164/8634 33,496 1.00 (Reference)
Discontinued-RASi 178/1766 8,064 1.85 (1.53, 2.25) <0.001
ESKD
Continued-RASI 2430/8634 29,568 1.00 (Reference)
Discontinued-RASi 443/1766 7,179 1.30 (1.17, 1.43) <0.001
All-cause mortality
Continued-RASI 3010/8634 36,078 1.00 (Reference)
Discontinued-RASi 713/1766 8,451 0.93 (0.86, 1.01) 0.097
B C
100 MACE 100 Heart Failure
75 =75
= — Discontinued-RASi prs — Discontinued-RASi
§ Continued-RASi § Continued-RASI
§ &5 HR=1.27 (95% CI: 1.08, 1.49) § s | HR=1.85(95% Cl: 1.53, 2.25)
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Fig. 3: Number of clinical events (A) and weighted and adjusted Kaplan-Meier curves of discontinued-RASi versus continued-RASi use for
MACE (B), heart failure (C), ESKD (D), and all-cause mortality (E) in patients with type 2 diabetes and advanced chronic kidney disease (eGFR
reached 30 mL/min/1.73 m?). Weighted and adjusted hazard ratio (HRs) and 95% ClIs of MACE, heart failure, and ESKD were yielded using Cox model
with time-varying RASi use, adjusting for time-varying HbA1c, lipids, age, medications, and comorbidities in the overlap-weighted cohort. Results of
all-cause mortality was yielded using time-fixed Cox model in the overlap-weighed cohort. Abbreviations: RASi, renin angiotensin system inhibitor;
MACE, major adverse cardiovascular events; ESKD, end-stage kidney disease; eGFR, estimated glomerular filtration rate.
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A Weighted and adjusted
Outcomes Events/No at Risk Person-Years HR (95% ClI)
MACE 0
Continued-RASI 1177/8634 33683 1.00 (Reference) ¢
Permanently discontinued—-RASi 119/1116 4262 1.23 (1.02, 1.50) @
Heart failure E
Continued—-RASi 1164/8634 33496 1.00 (Reference) ¢
Permanently discontinued—RASi 88/1116 4337 1.83 (1.21,2.77) L ——
ESKD
Continued-RASI 2430/8634 29568 1.00 (Reference) ‘
Permanently discontinued—RASi 236/1116 3879 1.20 (1.06, 1.32) HO
All-cause mortality
Continued-RASi 3010/8634 36078 1.00 (Reference) [ )
Permanently discontinued—RASi 483/1116 4505 1.17 (1.05, 1.30) El.i
OﬁO Oi5 1.‘0 1ﬁ5 2ﬁ0 3i0 4ﬁ0

< Continued-RAS:i Better

B Weighted and adjusted
Outcomes Events/No at Risk Person-Years HR (95% Cl)
MACE 0
Continued—-RASi 1177/8634 33683 1.00 (Reference) ¢
Stop-restart group 112/650 3679 1.31 (1.02, 1.68) -@—
Heart failure E
Continued-RASI 1164/8634 33496 1.00 (Reference) Q
Stop-restart group 90/650 3727 1.83 (1.21, 2.77) . —e—
ESKD
Continued-RASi 2430/8634 29568 1.00 (Reference) .
Stop-restart group 207/650 3299 1.58 (1.23, 2.02) e
All-cause mortality E
Continued—RASi 3010/8634 36078 1.00 (Reference) @
Stop-restart group 230/650 3946 0.93 (0.85, 1.02) q
OﬁO Ofs 1.‘0 1i5 2ﬁ0 3f0 4ﬁ0

<" Continued—RASi Better

Fig. 4: Subgroup analyses of discontinued-RASi users comparing permanently discontinued (A) and stop-restart (B) groups versus
continued-RASi use with risk of clinical events in patients with type 2 diabetes and advanced chronic kidney disease (eGFR reached
30 mL/min/1.73 m?). Weighted and adjusted hazard ratio (HRs) and 95% Cls of MACE, heart failure, and ESKD were yielded using Cox model
with time-varying RASi use, adjusting for time-varying HbA1c, lipids, age, medications, and comorbidities in the overlap-weighted cohort.
Results of all-cause mortality were yielded using the time-fixed Cox model in the overlap-weighed cohort. Abbreviations: RAS, renin-angiotensin
system inhibitor; MACE, major adverse cardiovascular events; ESKD, end-stage kidney disease; eGFR, estimated glomerular filtration rate.

associated with neutral risk of hyperkalemia in the
register-based cohort.

Our findings are consistent with the Swedish-
Renal-Registry, which examined risks of MACE in
10,254 prevalent-RASi users (50% with diabetes),
comparing those who discontinued versus continued
RASi within 6 months of new-onset eGFR <30 ml/
min/1.73 m”’ Stopping RASi was associated with
higher 5-year risk of MACE (47.6% versus 59.5%,
absolute-risk-difference: 11.9 per-100-patients). In
another retrospective PS-matched analysis of 3909
patients with CKD in a US health system, those who
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discontinued-RASi within 6 months of eGFR<30 ml/
min/1.73 m* were at 1.4-fold higher risk of MACE.’
Both of these studies*” did not report heart failure
as a separate outcome. In our analysis, discontinued-
RASi users had higher risk of heart failure. This
real-world data are in agreement with RCT evidence
where ARBs such as losartan was confirmed to reduce
the risk of hospitalizations due to heart failure by
32% versus placebo in 1533 patients with T2D with
CKD.' Given the frequent coexistence of CKD and
heart failure, our findings support continuation of
RASi in patients with advanced-CKD to reduce risk of

11
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heart failure, albeit with monitoring of serum potas-
sium and dose adjustment as necessary.

In our study, discontinued-RASi use was associated
with a 1.3-fold higher risk of ESKD versus continued-
RASi use. In the Swedish-Renal-Registry, there was a
8% decrease in absolute risk of initiating kidney-
replacement therapy in discontinued-RASi users.’ In a
US retrospective cohort with 3909 patients, the risk of
ESKD was similar between discontinued-RASi and
continued-RASi users (HR = 1.19, 95% CI: 0.86-1.65)."
In the RENAAL study,” protective benefits of losartan
were observed across the eGFR range, and the greatest
absolute reduction in kidney failure was observed in the
lowest eGFR tertile. We also observed a neutral risk of
discontinued-RASi use on death which differed from
other observational cohorts which reported higher inci-
dence of death in discontinued-RASi users.** This may
reflect differences in patient populations and overall
pattern of deaths, with non-vascular deaths exceeding
cardiovascular deaths among patients with diabetes in
Hong Kong.**

We found that both permanently and stop-restart
discontinued-RASi use were associated with worse out-
comes than continued-RASi use. The stop-restart
regimen might reflect the efforts of care providers to
adjust treatment to improve tolerability although the
observational nature of these data did not allow to us to
explore this hypothesis systematically. Other observa-
tional studies also indicated that discontinued-RASi or
down-titration of RASi were associated with higher risk
of cardiovascular-events in the general population.’**
Taken together, patients who could not tolerate RASi
with permanent or transient treatment discontinuation
might have vulnerable renal or cardiac status which
could compromise eGFR with hyperkalemia, putting
them at high risk of adverse events.

In the register-based cohort, over 50% of
patients with T2D experienced at least one episode
of hyperkalemia with a higher cumulative incidence of
hyperkalemia in continued-RASi users versus discontinued-
RASI users (59.4% versus 51.1%). These high figures indi-
cated that hyperkalemia is not an uncommon event in
people with diabetes who are at risk of developing CKD.
After balancing all characteristics, the discontinued-RASi
had similar risk of first event of hyperkalemia as the
continued-RASi (HR = 095, 95% CI: 0.84-1.08) which
contrasts with some previous studies. In the current
study, we showed a nonlinear association between
weighted mean daily RASi dose with increased risk of
first event of hyperkalemia, but only at a lisinopril
equivalent dose of greater than 20 mg. In further ana-
lyses, those with macroalbuminuria had the highest risk
of hyperkalemia which was increased in continued-RASi
users. However, within the subset of normoalbuminuric
CKD patients with greater renovascular component to
their disease, there was a paradoxically higher risk of
hyperkalemia amongst discontinued-RASi users. These

may partially explain the inconsistencies in hyperkalemia
risk compared with previous studies. Pending further
evidence, our findings suggest interruptions to RASi
therapy might cause harm and that anticipatory actions
such as correction of metabolic acidosis, avoidance of
nephrotoxic drugs and foods with high potassium con-
tent, dose adjustment with frequent monitoring of renal
function should be considered in order to persist the use
of these organ protective drugs.**

The strengths of this study included a large pro-
spective cohort of patients with T2D and advanced-
CKD with a median 3.6 year of follow-up. To date,
there are few dedicated studies in Asians known to
have high prevalence of diabetes and CKD.” We
conducted detailed analyses and used PS-OW
weighted cohort to control for confounding by indi-
cation and time-related bias with adjustment for time-
varying RASi exposure and other key covariates. There
are several limitations. Unfortunately, the exact rea-
sons for RASi discontinuation were not captured in
the HKDSD. However, within the registry-based
cohort, the prevalence of hyperkalemia >5.5 mmol/L
was nearly threefold higher in discontinued versus
continued users at baseline. Withdrawal due to
angioedema/or cough is less likely since most of pa-
tients have been treated with these agents several
years prior. Discontinuation due to hypotension is less
likely, as most patients are treated with additional
non-RASi antihypertensives at baseline in this cohort.
In clinical practice, reasons for RASi discontinuation
are frequently multifactorial but hyperkalemia and
eGFR decline are likely to be the main causes. Due to
suboptimal adherence to the assessment protocol in
the RAMP-DM module, uACR data could only be
included in a sensitivity analysis. We were unable to
assess drug adherence as medication exposure was
based on dispensing data. We also lacked detailed
records on use of potassium-sparing, thiazide or loop
diuretics, potassium supplements and binders, as well
as data on metabolic acidosis, which might confound
associations. There were too few patients on SGLT2i
to evaluate their potential synergistic effects with RASi
on glomerular filtration.”” Although we performed
multiple time-related methods to minimize the time-
related bias and confounding by indication with the
availability of detailed information during follow-up,
residual confounding and time-related bias remained
possible.

In conclusion, in this real-world study, permanent
or transient discontinuation of RASi in patients with
T2D and advanced-CKD was associated with increased
risk of MACE, heart failure and ESKD. In accordance
to international recommendations, anticipatory or
corrective actions should be taken to ensure continu-
ation of RASi for organ protection with more frequent
monitoring of eGFR including the use of newer po-
tassium binding agents.” The STOP-ACEi Trial, now
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published since acceptance of this article, also re-
ported a non-statistically significant association of
RASi discontinuation with increased risk of ESKD
(HR = 1.28, 95% CI: 0.99-1.65) among 411 patients
with advanced-CKD over a 3-year follow-up period.”
Our real-world data support continuing use of RASi
in patients with eGFR <30 ml/min/1.73 m’ for
cardiovascular-renal protection.”
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