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Article

Discontinuation of RAAS Inhibition in Children with
Advanced CKD

Sophie M. van den Belt,1 Hiddo J.L. Heerspink,1 Marietta Kirchner,2 Valentina Gracchi,3 Daniela Thurn-Valsassina,4

Aysun K. Bayazit,5 Anna Niemirska,6 Nur Canpolat ,7 Ipek Kaplan Bulut,8 Karolis Azukaitis,9 Ali Duzova,10

Justine Bacchetta,11 Rukshana Shroff,12 Dusan Paripovic ,13 Zeynep Birsin Özçakar,14 Kibriya Fidan,15

Hakan Erdogan,16 Jutta Gellermann,17 Elke Wühl,18 Dick de Zeeuw,1 Anette Melk,4 Uwe Querfeld ,17 and
Franz Schaefer18

Abstract
Background andobjectivesAlthough renin-angiotensin-aldosterone system inhibition (RAASi) is a cornerstone in
the treatment of children with CKD, it is sometimes discontinued when kidney function declines.We studied the
reasonsofRAASidiscontinuationandassociationsbetweenRAASidiscontinuationand important riskmarkersof
CKD progression and on eGFR decline in the Cardiovascular Comorbidity in Children with CKD study.

Design, setting, participants, &measurements In this study, 69 childrenwithCKD (67%male,meanage 13.7 years,
mean eGFR27ml/minper 1.73m2)whodiscontinuedRAASi duringprospective follow-upwere included. Initial
change in BP, albuminuria, and potassium after discontinuation were assessed (median time 6 months). Rate of
eGFRdecline (eGFR slope) during amedian of 1.9 years before and 1.2 years after discontinuationwere estimated
using linear mixed effects modeling.

Results Physician-reported reasons for RAASi discontinuation were increase in serum creatinine, hyperkalemia,
and symptomatic hypotension. After discontinuation of RAASi, BP and albuminuria increased, whereas
potassium decreased. eGFR declined more rapidly after discontinuation of RAASi (23.9 ml/min per 1.73 m2 per
year; 95% confidence interval,25.1 to22.6) comparedwith the slope during RAASi treatment (21.5ml/min per
1.73 m2 per year; 95% confidence interval, 22.4 to 20.6; P50.005). In contrast, no change in eGFR slope was
observed in a matched control cohort of patients in whom RAASi was continued.

ConclusionsDiscontinuation of RAASi in childrenwithCKD is associatedwith an acceleration of kidney function
decline, even in advanced CKD.

CJASN 15: 625–632, 2020. doi: https://doi.org/10.2215/CJN.09750819

Introduction
Renin angiotensin aldosterone system inhibition
(RAASi) with angiotensin-converting enzyme (ACE)
inhibition or angiotensin receptor blockade (ARB) is a
mainstay therapy for kidney and cardiovascular pro-
tection in adults and children with CKD (1). It has
been shown that RAASi is renoprotective in early as
well as advanced stages of CKD in patients with both
diabetic and nondiabetic nephropathies (2–6).

Despite overwhelming randomized, controlled clin-
ical trial evidence demonstrating that RAASi delays
the progression of kidney function decline, clinicians
frequently decide to discontinue RAASi in the course
of kidney disease progression. Reasons for stopping
include symptomatic side effects such as hypotension
or cough (in the case of ACE inhibitor use), hyper-
kalemia, or to regain kidney function and delay
dialysis (7–9).

Although the intention of the clinician is to prevent
harm to the patient by discontinuing RAASi, it is
unknown whether discontinuation of RAASi will

affect risk markers for CKD and possibly accelerate
kidney function decline. Here, we studied the fre-
quency of, and reasons for, RAASi discontinuation in
a large cohort of pediatric patients with advanced
CKD, and explored the effect on kidney disease
progression.

Materials and Methods
Study Design
For this study, data from the Cardiovascular Co-

morbidity in Children with CKD (4C) study were
analyzed. The 4C study is an ongoing, multicenter,
prospective, observational study designed to explore
the prevalence, degree, and progression of cardiovas-
cular comorbidity as well as its association with CKD
progression during longitudinal follow-up. The detailed
study design has been described elsewhere (10). Chil-
dren aged 6–17 years with an eGFR of 10–60 ml/min
per 1.73 m2 were included. Exclusion criteria were the
presence of active systemic vasculitis, kidney vascular
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anomalies, and coexisting primary cardiovascular anomalies
and anomalies of the limbs preventing diagnostic procedures.
Study visits with measurements of eGFR, albuminuria,
potassium, and BP were performed every 6 months. All
prescribed medications and the dates of any prescription
changes since the previous visit were recorded at every study
visit. In the absence of any changes in prescription, the use of
ACE inhibitors and ARBs was assumed to be consistent
between the visits. Switching between ACE inhibitors and
ARB was defined as continuation of RAASi. Discontinuation
of RAASi was defined as the removal of an ACE inhibitor or
ARB from the recorded medications since the previous visit
and the presence of a recorded discontinuation date in
the database.

Patient Selection
Children who discontinued RAASi during follow-up in

the 4C study, and who had at least one recorded eGFR
measurement before and after discontinuation of therapy
were included in the study population for this analysis.
Children who discontinued RAASi after reaching the
composite kidney end point, which was defined as a
sustained 50% reduction in eGFR or progression to ESKD
(eGFR,10 ml/min per 1.73 m2 or start of KRT), were
excluded from the analyses. Data of all available visits
before and after discontinuation were included in the
analyses, except for patients in the study population who
had previously started RAASi during follow-up of the 4C
study. In this case, data of the visits before starting RAASi
were excluded from the analyses.

Measurements
Spot urine samples were collected at every visit. Albu-

min and creatinine concentration in the urine samples were
measured centrally (Synlab Heidelberg) by turbidimetry
and photometry, respectively. eGFRwas assessed using the
2009 cystatin C/creatinine-based formula (11). Serum
creatinine was measured enzymatically and serum cystatin
C using the turbidimetric assay from Roche. Serum potas-
sium was analyzed locally, to prevent falsely increased
potassium levels owing to hemolysis. There were no
specific recommendations in the 4C study protocol on
how to measure BP. However, in general, official recom-
mendations of the fourth report on the Diagnosis, Evalu-
ation, and Treatment of High BP in Children and
Adolescents were followed and oscillometric devices
were used in most centers (12).

Outcomes
We tested several efficacy measures in the study. First, we

evaluated initial change in systolic BP, albuminuria, potas-
sium, and eGFR after discontinuation of RAASi. Second,
eGFR slopes before and after discontinuation of RAASi were
assessed. Finally, we measured time from discontinuation of
RAASi to the first event of a composite kidney end point (a
sustained 50% reduction in eGFR or progression to ESKD
[eGFR,10 ml/min 1.73 m2 or start of KRT]).

Statistical Analyses
The initial change in systolic BP, potassium, and eGFR

was determined as the absolute difference between the first

measurement after and last measurement before discon-
tinuation of the RAASi. Albuminuria was log-transformed
because of its skewed distribution. t tests were used to test
the difference in kidney parameters before and after
discontinuation of RAASi.
eGFR slopes before and after discontinuation were

assessed using a linear mixed effects model with a random
slope and random intercept. A spline at time of discontin-
uation was modeled to assess the difference in slope before
and after discontinuation. eGFR slopes were represented as
mean with 95% confidence interval (95% CI) and assessed
for different subgroups. Differences in eGFR slopes before
and after discontinuation were compared within the model
using linear combinations of estimators. To define whether
changes in eGFR slopes before and after RAASi discontin-
uation were not dependent on spontaneous kidney disease
progression, eGFR slopes were also assessed in a control
group of patients who continued RAASi therapy. Discon-
tinued patients and continued controls were matched with
one-to-one nearest-neighbor propensity score matching by
eGFR, eGFR change compared with the previous visit, and
follow-up time. The visit on which controls were matched
to patients who discontinued a RAASi was defined as time
point 0. eGFR slopes in the control group were assessed
before and after time point 0 with a spline at time point 0.
eGFR slopes in the control group were compared with
RAASi-discontinuing patients that could be matched
(n550). To test whether eGFR slopes after time point
0 were different between RAASi discontinuers and patients
who continued RAASi, we included all patients from the
matched control analysis in one mixed linear model with
random slope and intercept. We included a random effect
for a matched pair cluster in the model. An interaction term
for time and RAAS status was included, yielding two
different slopes for the time after discontinuation (and
nondiscontinuation in the synchronized controls).
Initial changes in BP and albuminuria have been found to

predict efficacy of RAASi in earlier studies (13–16). We
tested whether these changes during discontinuation of
RAASi are associated with the composite kidney end point,
using a Cox proportional hazards model, adjusted for
covariates at the last measurement before discontinuation
(sex, age, eGFR, albuminuria, systolic BP).
Data are expressed as either mean and SD or median and

interquartile range (IQR) for continuous variables, and
percentages and counts (percent) for categorical variables.
All analyses were performed using STATA version
14.2 (StataCorp).

Results
Of the 704 children that were included in the 4C cohort,

298 (42%) used any form of RAASi at entry into the study.
An additional 82 (12%) started RAASi during follow-up of
the study. Of these 380 children, 73 children (19%)
discontinued RAASi without reaching the composite kid-
ney end point or before reaching the composite kidney end
point. Of these, 69 were eligible for this analysis, whereas
four were excluded because of missing eGFR measurements
before or after RAASi discontinuation (Supplemental
Figure 1). During the last visit before discontinuation,
mean age was 13.7 (SD 3.2) years and mean eGFR was
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Table 1. Characteristics of participants in the Cardiovascular Comorbidity in Children with CKD (4C) study before discontinuation of RAASi

Characteristic

RAASi Use at Baseline or
Start during Follow-

Up (n5380)
Population Selected for Current Analysis (n569a) Case-Control Study Cohorts

Characteristics at Enrollment
in 4C Study

Characteristics at Enrollment
in 4C Study

Characteristics at Last Visit
before RAASi

Discontinuation

Patients Who Discontinued
RAASi (n550)

Matched Controls on
Continued RAASi (n550)

Age, yr 12.5 (3.3) 11.5 (3.2) 13.7 (3.2) 14.3 (3.1) 14.4 (3.8)
Female, n (%) 132 (35) 23 (33) 23 (33) 15 (30) 17 (34)
Diagnosis, n (%)
CAKUT 244 (64) 51 (74) 51 (74) 36 (72) 33 (66)
Other 136 (36) 18 (26) 18 (26) 14 (28) 17 (34)

Systolic BP, mm Hg 112 (15) 110 (14) 112 (16) 114 (16) 114 (13)
eGFR, ml/min per 1.73 m2 30 (11) 30 (9) 27 (12) 28 (12) 28 (13)
eGFR slope, ml/min per

1.73 m2 per yrb
N/A N/A 21.5 (3.7) 21.5 (3.3) 21.8 (2.5)

Albuminuria, mg/g 327 (84–1128) 395 (111–1184) 405 (151–1464) 360 (165–1544) 311 (63–962)
Serum potassium, meq/L 4.6 (0.6) 4.6 (0.5) 4.6 (0.6) 4.6 (0.6) 4.6 (0.5)
RAASi use, n (%)
ACE inhibitor 268 (71) 63 (91) 63 (91) 45 (90) 49 (98)
ARB 55 (14) 6 (9) 6 (9) 5 (10) 1 (2)

Values for continuousvariables aredescribedasmean6SDormedian (interquartile range); values for categorical variables asnumber (percentage). RAASi, renin-angiotensin-aldosterone system
inhibition;CAKUT, congenital anomalies ofkidneyandurinary tract;N/A,not applicable, noeGFRdatawere available before enrolment into the4Cstudy;ACE, angiotensin-convertingenzyme;
ARB, angiotensin receptor blocker.
aAt enrolment in 4C study: eGFR n565, albuminuria n564. At last visit before RAASi discontinuation: eGFR n565, potassium n566. No missing values in other variables.
beGFR slope is either the change in eGFR before RAASi discontinuation (in the patients who discontinued RAASi), or eGFR change before the matched visit (for patients in the matched
control group).
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27 (SD 12) ml/min per 1.73 m2. Most children (74%) had a
congenital anomaly of the kidney or urinary tract as primary
kidney diagnosis. The majority of the children discontinued
an ACE inhibitor: 40 children discontinued enalapril, 22
children discontinued ramipril, and one child discontinued
captopril. The other six children discontinued an ARB: four
discontinued losartan and two discontinued candesartan.
Fourteen (20%) children started other antihypertensive ther-
apy directly after discontinuation of RAASi: a calcium
channel blocker was started in eight children, a b-blocker
in three children, a peripheral a-blocker in two children, and
one child started a diuretic. Additional characteristics of the
study population at the last visit before discontinuation and
at enrolment in the 4C study of RAASi are presented in
Table 1. Median follow-up time was 1.9 years (IQR, 1.0–3.5
years) before discontinuation and 1.2 years (IQR, 0.6–2.3
years) after discontinuation of RAASi. During follow-up,
there were a total of 22 hospitalizations before discontinu-
ation and 117 hospitalizations after discontinuation of
RAASi. In the study population, one event of AKI (eGFR
loss of $50%) occurred. The characteristics of the control
group patients on continued RAASi and the matched
patients in whom RAASi was discontinued are also presen-
ted in Table 1.

Determinants for Discontinuation of RAASi
To establish why clinicians discontinued RAASi, the

primary reasons for RAASi discontinuation were assessed
by use of a questionnaire. The most important reasons
stated were increase in serum creatinine, hyperkalemia,
and symptomatic hypotension (Table 2). “Unknown” was

listed when the reason for discontinuation could neither be
reconstructed by the clinician in charge nor from the patient
file. RAASi was discontinued during hospitalization in
seven of the patients and outpatient in 62 of the patients.
At the time of RAASi discontinuation, mean eGFR was

lower in those children who were discontinued because of
an increase in serum creatinine (23 [SD 6] ml/min per
1.73 m2) or hyperkalemia (25 [SD 10] ml/min per 1.73 m2)
compared with discontinuation because of symptomatic
hypotension (39 [SD 16] ml/min per 1.73 m2; P,0.001). The
acceleration of eGFR decline after RAASi discontinuation
occurred irrespectively of the reason for RAASi discontin-
uation (Table 3).

Associations between Discontinuation of RAASi and Kidney
Parameters and Disease Progression
The median time between the last visit before and the

first visit after discontinuation of RAASi was 6.4 (IQR,
5.7–7.0) months. The initial changes in CKD risk markers
after RAASi discontinuation are described in Figure 1.
Albuminuria increased by 115% (P,0.001) and systolic BP
by 2.8 mm Hg (P50.08), whereas eGFR decreased by 1 ml/
min per 1.73 m2 (P50.08) and potassium by 0.17 meq/L
(P50.03). For all parameters, large between-patient vari-
ability was observed (Figure 1, right panel).
We modeled the associations between discontinuation of

RAASi and eGFR slopes as shown in Figure 2. Discontin-
uation of RAASi was associated with a faster declining
slope of 23.9 (95% CI, 25.1 to 22.6) ml/min per 1.73/m2

per year after discontinuation, compared with 21.5 (95%
CI, 22.4 to 20.6) ml/min per 1.73 m2 per year before
discontinuation (P50.005). In the control group, eGFR
slopeswere similar before (21.8 [95%CI,22.6 to21.1]ml/min
per 1.73 m2 per year) and after (21.2 [95% CI, 22.0 to 2
0.4] ml/min per 1.73 m2 per year) time point 0 (P50.30),
whereas eGFR decline in the matched patients who
discontinued RAASi was significantly faster after discontin-
uation (eGFR slope 23.8 [95% CI, 25.4 to 22.3] ml/min per
1.73 m2 per year) than before discontinuation (eGFR slope 2
1.5 [95% CI, 22.4 to 20.6] ml/min per 1.73 m2 per year)
(P50.02; Figure 3). The comparison of slopes after time point
0 in the combined model showed a mean annual eGFR
change of23.6 (95% CI,22.4 to24.8) ml/min per 1.73 m2 in
the RAASi discontinuation group versus 21.4 (95% CI, 20.8
to 22.1) in the controls on continued RAASi (difference in
slopes: P,0.001). Population characteristics between the

Table 2. Physician-reported reasons for discontinuation of
renin-angiotensin-aldosterone system inhibition in the study
population

Reason N (%)

Increase of serum creatinine 23 (33)
Hyperkalemia 16 (23)
Symptomatic side effects
Hypotension 12 (17)
Cough 0 (0)
Other 2 (3)

Nonadherence 1 (1)
Patients wish 1 (1)
Other 6 (9)
Unknown 8 (12)

Table 3. eGFR slopes before and after discontinuation or renin-angiotensin-aldosterone system inhibitors

Population N eGFR Slope before
Discontinuation

eGFR Slope after
Discontinuation

P
Value

Total study population 69 21.5 (22.4 to 20.6) 23.9 (25.1 to 22.6) 0.005
Study population with known reason of

discontinuation
61 21.6 (22.5 to 20.7) 24.0 (25.2 to 22.7) 0.006

Reasons of discontinuation
Increase in serum creatinine 23 22.3 (23.0 to 21.5) 23.6 (25.2 to 22.0) 0.18
Hyperkalemia 16 21.3 (22.5 to 20.0) 23.8 (26.4 to 21.2) 0.12
Symptomatic hypotension 12 21.5 (24.9 to 1.8) 26.8 (211.9 to 21.8) 0.11

Data are mean (95% confidence interval) eGFR slope (ml/min per 1.73 m2 per yr).
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control group and matched patients who discontinued
RAASi were similar as shown in Table 1.

Association between Initial Change in Albuminuria/BP and
Kidney Disease Progression
After discontinuation, 33 patients started KRT or had a

50% decline in eGFR, with an incidence of 16.1 events per

100 patients per year. To determine whether changes in
systolic BP and albuminuria after discontinuation of RAASi
were associated with kidney outcomes, we tested the
association between these parameters and the composite
kidney end point with an adjusted Cox proportional
hazards model (Supplemental Table 1). A larger increase
in albuminuria after RAASi discontinuation was associated
with a higher risk of attaining the composite kidney end
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Figure 1. | Changes in BP, albuminuria, serum potassium, and eGFR associated with discontinuation of RAAS inhibitors. Initial changes
observed in parameters of interest expressed as mean and 95% confidence intervals (left panel) and distribution of intraindividual change
(right panel).
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point (hazard ratio, 2.15; 95% CI, 1.10 to 4.22). No
association was observed between the magnitude of BP
change after RAASi discontinuation and the composite
kidney end point (Supplemental Table 1).

Discussion
This prospective study aimed to assess the effect of

RAASi discontinuation on kidney disease progression in
children with CKD. To our knowledge, no published
studies have explored the causes and consequences of
RAASi discontinuation in children in a clinical practice
setting. In addition to describing the short-term associa-
tions between RAASi withdrawal and kidney parameters,
our study provides evidence for an adverse effect of RAASi
discontinuation on the preservation of kidney function in
children with CKD.
BP and albuminuria, the well established kidney (and

cardiovascular) risk markers affected by RAASi, increased
after stopping RAASi. The rise in albuminuria by 115%was
highly significant and was associated with progression to
the composite kidney end point. Our results contrast an
adult study that reported no association between RAASi
discontinuation and proteinuria (7). The substantial in-
crease in albuminuria observed after RAASi discontinu-
ation suggests strong and persistent albuminuria
lowering upon RAASi initiation in this pediatric ad-
vanced CKD population. This notion is supported by data
from the Effect of Strict Blood Pressure Control and ACE
Inhibition on the Progression of CRF in Pediatric Patients
(ESCAPE) trial demonstrating a 50% reduction in pro-
teinuria after start of an ACE inhibitor in a pediatric CKD
population, with an even more profound albuminuria
reduction observed in children with more advanced CKD
stages (17). Thus, the stronger proteinuria lowering of
RAASi in higher CKD stages might explain the large
increase in albuminuria after discontinuation of the drug
in this study.
The BP rise of approximately 3 mm Hg was modest,

although even small changes in BP are considered to affect
progression of kidney disease (18). However, it must be

taken into account that RAASi was immediately replaced
by other antihypertensive medications in a subset of the
children. In comparison, in adult patients with CKD, a
significant increase in mean arterial pressure of 4 mmHg at
12 months after discontinuation of RAASi has been re-
ported (7). Notably, the observed BP increase was of similar
magnitude as achieved by intensified versus conventional
antihypertensive management in the ESCAPE trial, where
patients in the higher BP arm showed significantly faster
long-term CKD progression (17). However, according to
multivariable Cox regression analysis the risk of CKD
progression of the patients in our study was predominantly
associated with rebound albuminuria rather with the
increase in BP after RAASi discontinuation.
Earlier studies have described that discontinuation of

RAASi is associated with an increase in eGFR (7,8). This is a
reason for clinicians to stop RAASi with the intent to delay
the start of dialysis (7). Although an early increase in eGFR
was not observed in our study, the time interval between
eGFR measurements may have been too long, and any
transient rise may have been masked by the progressive
loss of kidney function. Importantly, this acceleration in
kidney function decline was not observed in a carefully
matched control group of patients with the same current
eGFR and eGFR slope and similar distribution of age,
underlying disease spectrum, BP, and proteinuria, in
whom RAASi administration was continued. The acceler-
ation of long-term kidney disease progression is at variance
to findings of a previous study in adult patients, where
discontinuation of RAASi was followed by improvement of
kidney function decline (7). The differences between our
results and the earlier findings in adults may be related to
differences in eGFR, proteinuria, and BP at time of RAASi
discontinuation and/or in the underlying dis-
ease spectrum.
A total of 42% of the children participating in the 4C

study used RAASi at inclusion in the study, a slightly lower
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RAASi (reddots)andmatchedpatientswhodiscontinuedRAASi (blue
dots). Light gray area represents 95% confidence interval (95%CI) per
group. Dotted line at time point 0 represents either time of discon-
tinuation (patientswho discontinued RAASi) or time point of matched
visit (control group on continuous RAASi).
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prevalence compared with the North American CKD in
Children cohort, where 55% of 851 children used RAASi at
time of enrolment (19,20). Treatment with RAASi is rec-
ommended in all children with CKD and either a consis-
tently elevated BP (.90th percentile for age, sex, and
height) or macroalbuminuria (1). These criteria were met in
67% of the children, indicating significant underprescrip-
tion of RAASi in European children with CKD.
The major limitation of our study was its observational

design, with potential bias by indication that would not
have been present in a randomized, controlled trial.
However, random discontinuation of nephroprotective
RAASi in a controlled trial would not have been ethically
justified. Instead, we chose to use not only the patients as
their own controls by analyzing extended, longitudinal,
intraindividual eGFR data before and after RAASi discon-
tinuation, but also included a well matched control group
of 4C study patients on continued RAASi use that, in
contrast to the patients who discontinued RAASi, showed
no acceleration of kidney function decline. Another advan-
tage of the observational study design of the 4C study was
the possibility to assess the frequency and reasons of
discontinuation. Limitations to this approach were given
by the sample size and the variable follow-up time periods
available to calculate the eGFR slopes.
In conclusion, in this study we assessed the frequency of,

reasons for, and effect of discontinuation of RAASi on
eGFR decline in an observational cohort of children with
CKD. Discontinuation of RAASi in children with CKD is
associated with an acceleration of kidney function decline.
These results are consistent with the notion that RAASi is
important for kidney protection in advanced pediatric
CKD, and that clinicians should consider the possible adverse
effect on long-term kidney function when discontinuing
RAASi. The observational setting, with potential confounding
by indication, is the major bias of this study.
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Study Group: The cardiovascular comorbidity in children with
chronic kidney disease (4C) study: Objectives, design, and
methodology. Clin J Am Soc Nephrol 5: 1642–1648, 2010

CJASN 15: 625–632, May, 2020 Discontinuation of RAASi in Children with CKD, van den Belt et al. 631

https://doi.org/10.13039/501100000272
https://doi.org/10.13039/501100000272
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.09750819/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.09750819/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.09750819/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.09750819/-/DCSupplemental


11. SchwartzGJ,Mu~noz A, SchneiderMF,Mak RH, Kaskel F,Warady
BA, Furth SL: New equations to estimate GFR in children with
CKD. J Am Soc Nephrol 20: 629–637, 2009

12. NationalHighBloodPressure EducationProgramWorkingGroupon
HighBloodPressureinChildrenandAdolescents:Thefourthreporton
the diagnosis, evaluation, and treatment of high blood pressure in
children and adolescents. Pediatrics 114[2 Suppl]: 555–576, 2004

13. Casas JP, Chua W, Loukogeorgakis S, Vallance P, Smeeth L,
Hingorani AD, MacAllister RJ: Effect of inhibitors of the renin-
angiotensin system and other antihypertensive drugs on renal
outcomes: Systematic review and meta-analysis. Lancet 366:
2026–2033, 2005

14. deZeeuwD,RemuzziG, ParvingHH,KeaneWF,ZhangZ, Shahinfar
S,SnapinnS,CooperME,MitchWE,BrennerBM:Proteinuria,a target
for renoprotection in patients with type 2 diabetic nephropathy:
Lessons from RENAAL. Kidney Int 65: 2309–2320, 2004

15. Lea J, Greene T, Hebert L, Lipkowitz M, Massry S, Middleton J,
Rostand SG, Miller E, Smith W, Bakris GL: The relationship be-
tween magnitude of proteinuria reduction and risk of end-stage
renal disease: Results of the African American study of kidney
disease and hypertension. Arch Intern Med 165: 947–953, 2005

16. Eijkelkamp WB, Zhang Z, Remuzzi G, Parving HH, Cooper ME,
Keane WF, Shahinfar S, Gleim GW, Weir MR, Brenner BM, de
Zeeuw D: Albuminuria is a target for renoprotective therapy in-
dependent from blood pressure in patients with type 2 diabetic
nephropathy:Posthocanalysis fromtheReductionofEndpoints in
NIDDM with the Angiotensin II Antagonist Losartan (RENAAL)
trial. J Am Soc Nephrol 18: 1540–1546, 2007
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Duzova A, Niemirska A, Sözeri B, Thurn D, Anarat A, Ranchin
B, Litwin M, Caliskan S, Candan C, Baskin E, Yilmaz E, Mir S,
Kirchner M, Sander A, Haffner D, Melk A, Wühl E, Shroff R,
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Supplemental Table 1. Cox proportional hazards model in discontinuation population.  

Variable Hazard ratio^ 95% confidence interval P value 

Systolic blood pressure change, 
mmHg 0.99 0.95 – 1.04 0.76 

Log-transformed albuminuria 
change, %  2.15 1.10 – 4.22 0.02 

Female, n 1.00 0.41 – 2.40 0.99 

Age, years 0.92 0.76 – 1.08 0.27 

eGFR, ml/min/1.73m2† 0.92 0.86 – 0.98 0.009 

Albuminuria, 100 mg/g† 1.11 1.04 – 1.18 0.001 

Systolic blood pressure, mmHg† 1.00 0.97 – 1.05 0.63 

^composite endpoint: a sustained 50% reduction in eGFR or progression to end-stage kidney 
disease (eGFR < 10 ml/min/1.73m2 or start of kidney replacement therapy) 

 †measurement at last visit before discontinuation 
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Supplemental Figure 1. Flow chart of inclusion of patients in study 

 


