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The renal protective effect of
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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Renin angiotensin aldosterone system
intervention is targeted towards blood
pressure and confers renoprotection in

blood pressure response to RAAS
intervention.

• RAAS intervention not only influences blood
pressure, but also other renal risk markers.

WHAT THIS STUDY ADDS
• This study shows that the response in
multiple risk markers to RAAS intervention
(ARB therapy) shows a large variability
between and within individual patients.

• Taking all ARB-induced responses beyond

more accurate prediction of who will benefit
from ARB therapy.
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AIMS
Angiotensin receptor blockers (ARBs) are renoprotective and targeted to
blood pressure. However, ARBs have multiple other (off-target) effects
which may affect renal outcome. It is unknown whether on-target and off-
target effects are congruent within individuals. If not, this variation in short
term effects may have important implications for the prediction of indi-
vidual long term renal outcomes. Our aim was to assess intra-individual
variability in multiple parameters in response to ARBs in type 2 diabetes.
patients with type 2 diabetes.

• There is a large individual variability in
 METHODS
Changes in systolic blood pressure (SBP), albuminuria, potassium,
haemoglobin, cholesterol and uric acid after 6 months of losartan
treatment were assessed in the RENAAL database. Improvement in
predictive performance of renal outcomes (ESRD or doubling serum
creatinine) for each individual using ARB-induced changes in all risk
markers was assessed by the relative integrative discrimination index (RIDI).
RESULTS
SBP response showed high variability (mean –5.7 mmHg, 5th to 95th

percentile –36.5 to +24.0 mmHg) between individuals. Changes in off-
target parameters also showed high variability between individuals. No
congruency was observed between responses to losartan in multiple
parameters within individuals. Using individual responses in all risk
markers significantly improved renal risk prediction (RIDI 30.4%, P <
0.01) compared with using only SBP changes. Results were successfully
replicated in two independent trials with irbesartan, IDNT and IRMA-2.
blood pressure into account provides a
CONCLUSIONS
In this post hoc analysis we showed that ARBs have multiple off-target
effects which vary between and within individuals. Combining all ARB-
induced responses beyond SBP provides a more accurate prediction of
who will benefit from ARB therapy. Prospective trials are required to
validate these findings.
015 The British Pharmacological Society



Variability in response to ARB treatment
Introduction and study outcome for these trials have been previously
published [12–14]. All trials investigated the efficacy of
Intervention in the renin-angiotensin-aldosterone sys-
tem (RAAS) is a mainstay of renoprotective therapy in di-
abetic (and non-diabetic) renal disease [1–3]. Although
intervention in the RAAS affords renoprotection on a
group level, large individual variability in renoprotective
effects exists which is mirrored by large individual vari-
ability in response in blood pressure, the primary target
of angiotensin receptor blockers (ARBs). The response
in blood pressure serves as a proxy or surrogate for the
long term effect on cardiovascular and renal outcomes.
However, blood pressure is not the only risk marker that
is influenced by intervention in the RAAS. Intervention in
the RAAS has a broad spectrum of effects on other renal
riskmarkers including decreasing albuminuria, haemoglobin,
uric acid, cholesterol and increasing potassium [4–8].
Changes in these renal risk markers have implications for
patients’ clinical prognosis. Accordingly, intervention in the
RAAS-induced changes in all these risk markers could influ-
ence the ultimate effect of RAAS blockade on renal out-
comes, either positively or negatively.

It has been assumed that the between-patient vari-
ability in blood pressure in response to RAAS blockade
is paralleled by a similar between-patient variability in
other risk markers. If true, measuring multiple risk
markers within an individual would not be meaningful
as the blood pressure response represents the variability
in response to other markers as well. However, several
studies show that in a proportion of patients a reduction
in blood pressure is not accompanied by a reduction in
albuminuria or vice versa [9–11]. It is unknown, however,
whether the response to ARBs in multiple risk markers
are paralleled or dissociated from the antihypertensive
response within a patient, and whether this explains
the inaccuracy of predicting long term renal protection
by just looking at the target parameter blood pressure.

We questioned whether a composite of multiple short
term risk marker changes, including on-target and off-
target changes, would lead to a more accurate prediction
of long term renal protection. We thus investigated the
variability in response to multiple risk markers within an
individual and assessed the congruency in response to
multiple risk markers within an individual. Secondly, we
examined whether inclusion of changes in multiple risk
markers of each individual improves prediction of renal
outcome. Data of already finished large ARB intervention
trials in type 2 diabetic patients with elevated albuminuria
(RENAAL, IDNT and IRMA-2) were used for this analysis.
Methods

Data sources and patient population
We used the individual patient data from the RENAAL,
IDNT and IRMA-2 trials. The detailed design, rationale
an ARB (losartan in RENAAL and irbesartan in IDNT and
IRMA-2) on renal outcomes in subjects with type 2 diabe-
tes and nephropathy. Inclusion criteria for the RENAAL
and IDNT trials were similar aside from a fewminor differ-
ences. Patients with type 2 diabetes, hypertension and
age between 30–70 years were eligible for these trials.
In RENAAL and IDNT, serum creatinine concentrations
ranged between 1.0 mg dl–1 and 3.0 mg dl–1 and all sub-
jects had proteinuria, defined as 24 h urinary protein ex-
cretion of >900 mg in the IDNT trial whereas for RENAAL
a urinary albumin: creatinine ratio (UACR) of>300 mg g–1

or a 24 h urinary protein excretion>500mg day–1 was re-
quired. In the IRMA-2 trial, eligible patients had type 2 di-
abetes andmicroalbuminuria, defined as urinary albumin
excretion between 20 and 200 μgmin–1 and serum creat-
inine no more than 1.5 mg dl–1 in males or 1.1 mg dl–1 in
females. Exclusion criteria for all three trials were type 1
diabetes or non-diabetic renal disease.

Patients randomized to active study treatment
received losartan 100 mg day–1 in RENAAL, irbesartan
300 mg day–1 in IDNT and irbesartan 150 mg day–1 or
300 mg day–1 in IRMA-2 to achieve a blood pressure tar-
get of at least 135/85 mmHg. If the blood pressure target
was not achieved the dose of other antihypertensive
drugs was increased or additional antihypertensive
agents (but not those that intervene in the RAAS) were
added to achieve the target blood pressure.

The primary endpoint in RENAAL and IDNT used for
this analysis was the time to a sustained doubling of
baseline serum creatinine or end stage renal disease. In
IDNT, a sustained serum creatinine ≥ 6.0 mg dl–1 was
used as an additional component in the primary end-
point. All outcomes were adjudicated by an independent
blinded endpoint committee using rigorous outcome
definitions. Clinical renal endpoints were not recorded
in the IRMA-2 trial. All patients signed informed consent
before enrolment, and the local Institutional Review
Board of each participating centre approved the RENAAL,
IDNT and IRMA-2 trials.

Responses in risk markers
This post hoc analysis focuses on the response to multiple
markers including systolic blood pressure (SBP), albumin-
uria, serum potassium, haemoglobin, total cholesterol
and uric acid. These markers were selected since prior
studies have shown that intervention in the RAAS can af-
fect these risk marker levels when compared with pla-
cebo [4–8]. Uric acid was not included in the analysis
for the IDNT and IRMA-2 trials, as it was previously shown
that irbesartan does not affect this risk marker [15]. All
blood pressure measurements in all trials were taken af-
ter a period of at least 5 min in sitting position. Three con-
secutive blood pressure measurements were recorded in
the same arm. The mean value of the three systolic and
Br J Clin Pharmacol / 80:4 / 679



Table 1
Baseline characteristics of the included patients. In mean (SD) unless
otherwise indicated. ACR is calculated as median + interquartile range.
Baseline measurements for uric acid were not available in the IRMA-2
trial

RENAAL
(n = 531)

IDNT
(n = 376)

IRMA-2
(n = 255)

Age (years) 60.0 (7.1) 59.1 (7.1) 57.9 (7.9)

Males, n (%) 328 (62) 250 (66) 171 (67)

Weight (kg) 82.4 (21.2) 88.8 (18.1) 85.2 (14.5)

Race, n (%)

White 241 (45) 284 (76) 253 (99)

Black 87 (16) 45 (12) 0 (0)

Hispanic 102 (19) 17 (4) 0 (0)

Asian 97 (18) 12 (3) 0 (0)

Other 4 (1) 18 (5) 2 (1)

SBP (mmHg) 151.5 (18.7) 159.0 (19.0) 153.6 (14.0)

ACR (mg g
–1
) 1155 (535–2500) 1420 (802–2773) 55 (34–96)

K (mEq l
–1
) 4.59 (0.48) 4.65 (0.53) 4.75 (0.52)

Hb (g dl
–1
) 12.6 (1.8) 13.0 (2.0) 14.4 (1.2)

Cholesterol (mg dl
–1
) 224.9 (54.4) 225.8 (51.4) 224.2 (50.0)

Uric acid (mg dl
–1
) 6.73 (1.76) 6.78 (1.81) NA

HbA1c (%/mmol/mol) 8.44 (1.56) 7.97 (1.67) 7.18 (1.73)

eGFR (ml min
–1

1.73 m
–2
) 40.0 (11.8) 47.4 (16.7) 72.3 (14.3)

SBP, systolic blood pressure; ACR, albumin: creatinine ratio (albuminuria); K,
serum potassium; Hb, hemoglobin
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diastolic blood pressure readings was calculated for each
study visit. In a subset of patients in the IRMA-2 trial, 24 h
ambulatory blood pressure monitoring was also per-
formed. Other risk markers (albuminuria, potassium,
haemoglobin, cholesterol, uric acid) were measured in a
central laboratory in each trial. Albuminuria was mea-
sured in first morning void urine collections in RENAAL
and IRMA-2 for measurement of the albumin to creati-
nine ratio. In IDNT, 24 h urine collections were performed
for measurement of the albumin: creatinine ratio.
Throughout this manuscript albumin: creatinine ratio is
designated as albuminuria.

Response to each parameter was defined as the
change between the month 6 and baseline value. Re-
sponders were defined as patients with a risk marker
change in the hypothesized direction. Hence, a 6 month
decrease was used to define responders for SBP, albu-
minuria, haemoglobin, total cholesterol and uric acid
and a 6 month increase was used to define serum potas-
sium responders. Albuminuria response at month 6 for
each patient was calculated as (1 – log ratio of month 6
to baseline albuminuria) multiplied by 100%. On the ba-
sis of previous analyses, the month 6 value was chosen
because most parameters were measured at month 6,
the treatment effects were considered fully present and
few events occurred during the first 6 months [12, 13].

Integration of responses in multiple risk markers
The effect on all risk markers was combined to calculate
an integrated risk marker effect of ARB treatment. To this
end, we used a previously described and validated algo-
rithm referred to as the multiple parameter risk efficacy
(PRE) score [15, 16]. In short, a multivariable Cox propor-
tional hazards model was used to estimate the coeffi-
cients and hazard ratios associated with each risk
marker for the first recorded renal event. The regression
coefficients for each risk marker were then taken and
used as weights for the risk algorithm. The risk algorithm
was applied to the risk markers observed in the RENAAL
and IDNT trial at baseline and month 6 in order to calcu-
late 3 year renal risk at both time points. The percentage
difference in risk between the two time points represents
the individual PRE score [15, 17].

Statistical analysis
Changes in risk marker levels between baseline and
month 6 were reported as mean with 5th to 95th percen-
tile. Variables that were non-normally distributed were
log-transformed and reported as geometric mean
change. Treatment response was calculated by
subtracting month 6 measurements from baseline
values. Patients with a reduction at month 6 from base-
line in either SBP, albuminuria, haemoglobin, cholesterol,
uric acid or increase in potassium were classified as re-
sponders for the respective risk marker. For each risk
marker we created a responder population. This resulted
680 / 80:4 / Br J Clin Pharmacol
in six responder populations. Radar plots were subse-
quently constructed to determine whether responses in
one of the six markers were congruent with responses
in other markers. The mean response in all risk markers
in the overall population was plotted in each radar plot
together with the responses in the responder popula-
tion. We created radar plots for each of the six responder
populations. The number of responders in each risk
marker were counted and compared by the Chi square
test with a post hoc Bonferroni correction for multiple
testing. Correlations between risk markers in individual
patients were calculated with Pearson correlations. Mean
response for risk marker changes in each responder
group were compared with the mean response in the to-
tal population by t-test or Wilcoxon signed rank test with
a post hoc Bonferroni correction for multiple testing,
where appropriate.

We subsequently assessed whether changes in single
risk markers or multiple risk markers improved renal risk
prediction. These analyses were conducted in the
RENAAL and IDNT trials since in the IRMA-2 trial no clini-
cal endpoints were recorded. We used responses in SBP,
albuminuria and individual PRE scores, that represent the
integration of 6 month responses in multiple risk
markers, in Cox regression analysis. Cox models were ad-
justed for baseline values of age, gender, eGFR, albumin-
uria and haemoglobin to take into account differences
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between patients in renal risk at baseline. We adjusted
for these risk markers as they were previously shown to
predict independently renal risk [18]. The improvement
in predictive performance was assessed by C statistic
and relative integrated discrimination improvement
(RIDI). The RIDI measures the percentage of increased
discrimination when comparing prediction models [19].
A P value of<0.05 was selected as statistically significant.
Statistical analysis was conducted with R version 3.0.1
(R Foundation for Statistical Computing, Vienna, Austria).
Results

Baseline characteristics
A total of 531 (71%) of patients assigned to ARB treat-
ment had complete risk marker measurements at base-
line and month 6. Baseline characteristics of these
patients are presented in Table 1. The included popula-
tion did not differ from the overall losartan assigned pop-
ulation (Supplementary Table S1).

Between-patient variability in response to
losartan
A large variability in responses between individuals in
systolic blood pressure (mean [5th to 95th percentile]: –
5.7 mmHg [–36.5 to +24.0]), albuminuria (–31% [–78 to
+121]), serum potassium (0.22 mEq l–1 [–0.55 to +1.00]),
haemoglobin, (–0.6g dl–1 [–2.5 to +1.35]), total choles-
terol (–10.1 mg dl–1 [–89.5 to +59.0]) and uric acid (0.02
mg dl–1 [–2.05 to +2.10]) was observed (Figure 1).
Figure 1
Discordance between ARB-induced responses in multiple parameters within ind
the total population (inter-individual variability). The thick short line in the boxp
kers represent interquartile range and 5th to 95th percentile, respectively. B) Rada
indicating mean values) for each risk marker in RENAAL. Dashed grey lines indic
different responses within individuals. For example, the red lines and number
black outer line represents the response in the overall population as explained
line) vs. the overall population (black line) indicates that responses within an i
responders in each figure. SBP, systolic blood pressure; ACR, albuminuria; K, po
Within-patient variability in multiple markers in
response to losartan
To determine whether responses in systolic blood pres-
sure were paralleled by responses in other risk markers
within an individual we assessed responses in all risk
markers in the overall population and subsequently in
subjects with a reduction in systolic blood pressure. The
radar plot in Figure 1 shows that the magnitude of re-
sponses in all risk markers was similar in the overall pop-
ulation and in the subgroup of patients with a reduction
in systolic blood pressure, suggesting that responses are
discordant. When responder populations were defined
by responses in off-target parameters, the magnitude of
responses in the remaining parameters were similar to
the overall population (Figure 1), except for the albumin-
uria response in uric acid responders.

The number and proportion of patients with a re-
sponse to losartan in each risk marker are shown in
Table 2. In the overall population a response in SBP
was observed in 61% of subjects, albuminuria in 72%,
potassium in 66%, haemoglobin in 72%, cholesterol in
61% and uric acid in 47%. These percentages were
not statistically different in sub-group populations
defined by a response in SBP or other off-target bio-
markers (Table 2).

The correlation between responses in individual risk
markers within an individual is shown in Table 3. There
was no correlation between responses in different pa-
rameters within an individual with the highest correla-
tion observed between haemoglobin and cholesterol
(r = 0.30).
ividual patients. A) Overview of the variation in risk marker response in
lots indicates the median and the dot the mean change. Box and whis-
r plot showing the overall response (bold black outer line with numbers
ate 95% confidence interval. C) Radar plots showing discordance of the
s indicate the risk marker responses in blood pressure responders. The
in B. The overlap between each of the responder populations (colored
ndividual are discordant. N underneath radar plots indicate number of
tassium; Hb, haemoglobin; chol, cholesterol; UA, uric acid
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Table 2
Proportion of patients with response in overall population and various ‘responder’ populations

Response in
Total population
(n = 531)

SBP responders
(n = 323)

ACR responders
(n = 382)

K responders
(n = 349)

Hb responders
(n = 383)

Cholesterol responders
(n = 325)

Uric acid responders
(n = 251)

SBP 323 (61) 323 (100) 256 (67) 208 (60) 237 (61.9) 202 (62) 134 (53)

ACR 382 (72) 256 (79) 382 (100) 262 (75) 280 (73.1) 241 (74) 157 (63)

K 349 (66) 208 (64) 262 (69) 349 (100) 255 (67) 217 (67) 159 (63)

Hb 383 (72) 237 (73) 280 (73) 255 (73) 383 (100) 259 (80) 176 (70)

Cholesterol 325 (61) 202 (63) 241 (63) 217 (62) 259 (68) 325 (100) 150 (60)

Uric acid 251 (47) 134 (42) 157 (41) 159 (46) 176 (46) 150 (46) 251 (100)

Number of patients (%) with a response to each risk marker. Results are displayed for the total population, and for subsets of responders per risk marker. Chi square tests with a
post hoc Bonferroni correction revealed no statistically significant differences.

Table 3
Pearson correlation coefficients between responses to individual risk
markers in individual patients

SBP ACR K Hb Cholesterol Uric acid

SBP 1 0.12 –0.02 0.07 0.02 –0.17

ACR 0.12 1 –0.04 –0.01 0.10 –0.18

K –0.02 –0.04 1 –0.07 0.03 –0.03

Hb 0.07 –0.01 –0.07 1 0.30 –0.13

Cholesterol 0.02 0.10 0.03 0.30 1 –0.05

Uric acid –0.17 –0.18 –0.03 –0.13 –0.05 1

Table 4
RIDI and C statistic for the predictive performance of using change in
albuminuria or PRE score in a risk prediction model (corrected for base-
line age, gender, eGFR, albuminuria and haemoglobin), compared with
using SBP. Results are shown for RENAAL and IDNT since clinical renal
outcomes were not collected in IRMA-2

RIDI C statistic

RENAAL

SBP change ref 0.796 (ref)

Albuminuria change 19.2% (P = 0.03) 0.825 (P = 0.01)

PRE score 30.4% (P < 0.01) 0.840 (P < 0.01)

IDNT

SBP change ref 0.800 (ref)

Albuminuria change 23.3% (P = 0.04) 0.815 (P = 0.19)

PRE score 30.5% (P = 0.02) 0.825 (P = 0.10)

B. Schievink et al.
Prediction of renal outcome
During a median follow-up of 2.6 years, 151 (28.4%) pa-
tients treated with losartan reached a composite event
of doubling of serum creatinine or ESRD. Changes in mul-
tiple biomarkers for each individual were integrated and
represented by the PRE score. PRE scores of individual
patients were associated with renal outcome indepen-
dent of baseline renal risk markers (HR 3.18 (95% confi-
dence interval (CI) 2.32, 4.37, P < 0.01) per unit
increment in PRE score.

Relative to using changes in SBP to monitor the effi-
cacy of losartan, using the PRE score significantly im-
proved renal risk prediction (RIDI 30.4%, P < 0.01;
Table 4). The C statistic of the PRE score for the renal out-
come was 0.840, significantly higher (P< 0.01) than using
changes in SBP alone (C statistic 0.796).
Validation
In order to validate the results, we assessed the variation
in response to multiple risk markers to ARBs in two other
datasets from completed clinical trials.

First, in the IDNT trial, in which patients were
treated with the ARB irbesartan, we observed similar
response patterns when compared with RENAAL
682 / 80:4 / Br J Clin Pharmacol
(Supplementary Figure S1, Table S2 and Table S3). As
in RENAAL, a response in systolic blood pressure with
irbesartan was not associated with other risk markers
within individual patients. Additionally, we observed
no correlations between responses within patients in
different parameters suggesting that responses in mul-
tiple parameters within a patient are discordant. Using
the PRE score improved renal risk prediction by 30.5%
(P = 0.02 compared with using only SBP, Table 4), with
a C statistic of 0.825.

Secondly, we validated our results in the IRMA-2
trial in which patients with microalbuminuria were
treated with irbesartan (Supplementary Figure S2, Table
S4 and Table S5). Results were again similar as in
RENAAL with a lack of congruency between changes
in multiple risk markers within individuals. In a subset
of patients in the IRMA-2 trial systolic blood pressure
was measured by 24 h ambulatory blood pressure
monitoring. Again, we observed no correlations in re-
sponse, similar to the overall population (Supplemen-
tary Figure S3, Table S6).
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Discussion

This study shows that the individual variability in
renoprotection of intervention in the RAAS is not only
determined by response variation of the target parame-
ter blood pressure, but also by the variation of multiple
off-target effects. Since variations in on-target and off-
target effects were discordant within individual patients,
a composite response score that takes changes in all risk
markers into account is needed to optimize the predic-
tive power of treatment-induced short term risk marker
changes for long term renal outcomes. These results
were replicated in two independent datasets.

The variation in response to RAASi has been an area of
research interest for several decades [20, 21]. A large var-
iability in the renal response to RAAS intervention has
been observed ranging from no effect to a complete ar-
rest of renal function decline [22, 23]. A meta analysis
concluded from trial level data that the degree of blood
pressure lowering is associated with the degree of renal
protection [24]. It is therefore logical that antihyperten-
sive drugs are titrated to target blood pressure,
expecting that this is an accurate indicator of kidney pro-
tection. However, ARBs have been shown to affect other
renal risk markers than blood pressure, and changes in
these risk markers also affect the ultimate renal outcome.
In addition to the variable effects of ARBs on multiple risk
markers between patients, we also showed that the re-
sponse in multiple risk markers within individual patients
is highly variable. Earlier studies with intervention in the
RAAS have already revealed a discordance between
blood pressure and albuminuria response to ARBs within
individual patients, with both risk markers being inde-
pendently associated with renal outcome [9–11]. Previ-
ous studies also showed that the dose–response for
blood pressure is different from the dose–response for
albuminuria, confirming that responses to ARBs in these
parameters are discordant [25–27]. Our study builds
upon these previous studies and shows for the first time
that blood pressure response is also not congruent with
responses to other risk markers. Importantly, none of
the other (off-target) risk markers revealed a correlation
in response with other risk markers. Therefore, monitor-
ing blood pressure in the case of ARB therapy is not suf-
ficient to predict the ultimate renal outcome.

What are the potential implications for clinical prac-
tice? Blood pressure control is beyond doubt critical to
achieve long term renoprotection. Clinical practice
guidelines therefore recommend to measure blood pres-
sure regularly after the start of antihypertensive medica-
tion to monitor the effectiveness of the instituted
therapy. However, only measuring blood pressure does
not capture the potential response to other markers. Be-
cause changes in other risk markers are also associated
with long term renal outcome, either contributing or off-
setting the effect predicted by blood pressure response
alone, our results suggest that it is necessary to monitor
the effect on all known risk markers and integrate these
effects to be able to predict accurately the ultimate treat-
ment effect of ARBs in individual patients. This could also
imply that further dose increase needs to be explored
even if the SBP for an individual patient is controlled.
The maximal effect on SBP does not necessarily equal
the maximal renoprotective effect.

We have developed an individual risk alghorithm
that incorporates drug responses in multiple parame-
ters. In previous studies we showed that this
alghorithm can be used to predict the effect of ARBs
on a population level. In this study we showed that it
also accurately predicts the ARB response on an indi-
vidual level. Our results imply that long term
renoprotection is still possible in the absence of a
blood pressure response as long as the composite of
the response to other risk markers is favourable for
renoprotection. Vice versa, long term renal damage
can occur even if blood pressure is decreased, but
changes in other risk markers sum up to a degree of
damage that exceeds the renoprotection induced by
blood pressure reduction.

The underlying biological mechanisms that govern
variation in response within individuals are not yet eluci-
dated but several possible explanations exist. Firstly,
there is the possibility of differences in systemic vs. renal
tissue-specific RAAS activity. In this respect it has been
shown that the blood pressure response depends to a
large extent on extra-renal RAAS inhibition whereas it
may be possible that the response in other risk markers,
such as albuminuria, haemoglobin, potassium, depends
on intra-renal RAAS inhibition [28]. Secondly, the suscep-
tibility of an individual in terms of sodium/potassium bal-
ance, albuminuria or blood pressure changes following
changes in RAAS activity may be different as a result of
differences in genetic make-up, dietary consumption or
their combination [29, 30]. For example, genetic differ-
ences in CYP2C9, the enzyme metabolizing the pro-drug
losartan to its active metabolite, may result in variation in
drug exposure between individuals [31]. Thirdly, as pa-
tients with diabetes and nephropathy use multiple drugs
and concomitant drug use was present in the analyzed
clinical trials, drug–drug interaction leading to different
responses cannot be excluded. Patients may also re-
spond differently to drugs due to differences in comor-
bidities, such as renal artery stenosis. Finally, it is
possible that the lack of correlation in responses is due
to measurement error. However, all risk markers were
measured in central laboratories using strict guidelines
and criteria and blood pressure was measured according
to standardized protocol guidelines. Additionally, the
finding that even 24 h blood pressure response did not
produce correlations with responses to other markers in
a subset of the IRMA-2 trial makes the possibility of mis-
classification less likely.
Br J Clin Pharmacol / 80:4 / 683
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We showed that adding ARB-induced changes to a re-
nal risk model markedly improved renal risk prediction.
Much research is focused on developing new
biomarker-based models for predicting diabetic disease
progression and renal outcomes with generally modest
additional value [32–34]. In this respect it is noteworthy
that prediction of renal endpoints markedly improved
by considering response to ARBs in readily available clin-
ical parameters. Thus, using the multiple PRE score is a
pragmatic, cheap and effective tool to improve renal risk
prediction.

Our study has limitations. First, the trials included in
this study were designed to assess the effects of ARBs
on renal disease progression and were not designed to
investigate the variability in response. The results of this
study are therefore only hypothesis generating. Prospec-
tive studies are required to confirm our findings and are
currently ongoing (IMPROVE study; Dutch trial register
NTR 4439). Although blood pressure was measured ac-
cording predefined protocol guidelines, 24 h blood pres-
sure monitoring results were only available in a small
subset of patients. In addition, changes in other risk
markers were based on changes between two pre-
determined time points without a confirmatory measure-
ment. We can therefore not exclude that part of the ’re-
sponse’ variability is due to random day-to-day
variability and/or measurement variability. Second, the
predictions of the PRE score are based on the assumption
that the drug effect at 6months persists over time. It may
be possible, however, that during prolonged follow-up
risk markers of some patients may regress to baseline
values. This may have led to an underestimation of the
predictive performance of the PRE score.

In conclusion, our study shows that ARBs have vari-
able effects on multiple risk markers (between-patient
variability) and these effects vary within patients. An indi-
vidual risk model that takes variability in treatment re-
sponse to all known risk markers into account provides
a more accurate prediction of who will benefit from
ARB therapy than using blood pressure or any other sin-
gle marker alone. This suggests that in clinical practice all
relevant risk markers should be monitored and inte-
grated to appreciate fully the ARB treatment effect on
renal outcomes. Further studies are required to prospec-
tively validate these findings.
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