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Albuminuria reduction could be renoprotective in hypertensive patients with diabetic nephropathy. However, the current use
of renin-angiotensin-system intervention is targeted to BP only. Therefore, this study investigated the adequacy of this
approach in 1428 patients with hypertension and diabetic nephropathy from the placebo-controlled Reduction of Endpoints
in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) study. Investigated were the extent of discordance in
treatment effects on systolic BP (SBP) and albuminuria and its association with renal outcome in a multivariate Cox model.
Among patients with a reduced SBP during treatment, a lack of albuminuria reduction was observed in 37, 26, and 51% (total,
losartan, and placebo, respectively) at month 6. SBP or albuminuria reduction was associated with a lower risk for ESRD,
whereas combined SBP and albuminuria reduction was associated with the lowest risk for events. Across all categories of SBP
change, a progressively lower ESRD hazard ratio was observed with a larger albuminuria reduction. A lower residual level of
albuminuria was also associated with lower ESRD risk. In conclusion, changes in albuminuria are not concordant in a
substantial proportion of patients when titrated for BP. Meanwhile, the ESRD risk showed a clear dependence on albuminuria
reduction. The ESRD risk also showed dependence on the residual level of albuminuria, even in patients who reached the
current SBP target. Antihypertensive treatment that is aimed at improving renal outcomes in patients with diabetic nephrop-
athy may therefore require a dual strategy, targeting both SBP and albuminuria reduction.
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B locking the renin-angiotensin system (RAS) would be
expected to lower not only BP but also the leakage of
proteins into the urinary space. Previous analyses of

the Ramipril Efficacy in Nephropathy (REIN) study, Reduction
of Endpoints in NIDDM with the Angiotensin II Antagonist
Losartan (RENAAL) study, and Irbesartan Diabetic Nephrop-
athy Trial (IDNT) indicated that albuminuria is a major renal
risk factor in patients with nephropathy and that the degree of
short-term albuminuria reduction under treatment is important

in terms of long-term clinical outcome (1–6). However, these
publications neither elaborated on the potential disparity be-
tween the BP and anti-albuminuric responses in individual
patients nor reported on the effect that such a differential
intraindividual response would have on renal outcome. It
could be argued that an exclusively BP-driven titration may not
be the most efficacious treatment strategy because the level of
albuminuria, as an independent risk factor for renal disease, is
not always concordant with the change in BP (7). It is possible
that pharmacologic intervention that is concurrently aimed at
reducing BP as well as albuminuria could result in additional
clinical benefit beyond that achieved with BP lowering alone.
The association between the albuminuric response and clinical
outcome across various levels of BP response has not been
investigated, although a clinically relevant issue would relate to
whether hypertensive patients with diabetic nephropathy
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would benefit from albuminuria reduction even when the cur-
rently recommended systolic BP (SBP) target is achieved (SBP
�130 mmHg). In an attempt to explore further the relationship
between changes in BP and albuminuria on the one hand and
renal morbidity on the other hand, we performed a detailed
post hoc analysis in hypertensive patients with diabetic ne-
phropathy from the RENAAL study. First, we investigated the
extent of discordance in treatment effects on SBP and albumin-
uria to describe the potential clinical importance of this issue.
Second, we examined the association between differential BP
and anti-albuminuric responses and renal outcome. Ultimately,
this should lead to answering the question as to whether albu-
minuria reduction should be a treatment target in addition to
the commonly pursued target of BP reduction in hypertensive
patients with diabetic nephropathy.

Materials and Methods
RENAAL Study Design

The RENAAL study was a double-blind, randomized, placebo-con-
trolled study that was designed to evaluate the renoprotective effects of
a losartan-based antihypertensive regimen compared with a traditional
BP-lowering regimen in patients with hypertension, type 2 diabetes,
and nephropathy (8). During the 6-wk screening phase, patients with
hypertension continued to receive their standard antihypertensive ther-
apy. If they had been taking angiotensin I–converting enzyme (ACE)
inhibitors or angiotensin II receptor blockers (ARB), however, then
these medications were discontinued and replaced by alternative open-
label medications, such as diuretics, calcium channel antagonists, or �

blockers. Patients were stratified according to their baseline level of
albuminuria (a urinary albumin-to-creatinine ratio �2000 or �2000)
and randomly assigned to receive either losartan 50 mg or placebo once
daily, along with conventional antihypertensive therapy. After 4 wk,
the dosage of losartan or placebo was increased to 100 mg once daily or
placebo-equivalent dosage if the trough BP was above the target of
140/90 mmHg. After an additional 8 wk, antihypertensive agents of the
types described (but not ACE inhibitors or ARB) were added or the
dosage of these agents increased to achieve the target BP. On average,
patients used four antihypertensive medications during the study.
Fewer than 10% of patients discontinued the study drug during the first
6 mo. ESRD was a prespecified end point in the RENAAL study, which
was defined as the need for long-term dialysis or renal transplantation.
Information on the clinical end points was collected during a mean
follow-up duration of 3.4 yr with the range of 2.3 to 4.6 yr. More
detailed information on the study protocol and the main study outcome
has been described elsewhere (8,9). This study was conducted with
adherence to the Declaration of Helsinki. All patients provided signed
informed consent. The protocol was approved by all relevant ethics
committees.

Measures
This analysis focuses on SBP and albuminuria. Measurements of BP

were obtained at baseline and after 1 wk, 1 mo, and every 3 mo after
randomization for the duration of the study. Albuminuria was assessed
using the ratio of albumin (g/L) to creatinine (g/L) concentrations from
a first-morning-void urine sample. Urine samples for the determination
of albuminuria were collected at baseline and every 3 mo after ran-
domization for the duration of the study. Postrandomization BP and
albuminuria were determined by a prespecified time window around
each scheduled visit. Both the measurement of BP and the collection of
the urine sample for albuminuria were required to be performed within

1 d to obtain matched values for BP and albuminuria. In line with
previous work, the 6-mo time window for treatment-induced changes
in the specified variables was chosen for several reasons (1). First, this
was the earliest time point at which most variables of interest were
available. Second, the treatment effect was considered already present
at this time. Third, few events occurred before month 6. The reduction
in SBP was calculated as the value obtained at baseline minus month 6,
and the proportional albuminuria reduction was calculated as 100% �

(1 � ratio of albuminuria at month 6/baseline). The residual levels of
SBP or albuminuria were the corresponding values at month 6. All
eligible patients as originally randomly assigned to treatments with
SBP and albuminuria data at both baseline and month 6 were included
in the analysis. For patients who had a missing value of either SBP or
albuminuria at month 6, the last observed postrandomization value
was used.

Statistical Analyses
We explored the association of the reductions in SBP and albumin-

uria from baseline to month 6 with the risk for ESRD. The reduction in
SBP was stratified by four categories: ��15, �15 to 0, 0 to 15, and �15
mmHg. The albuminuria reduction was stratified by four categories:
��30, �30 to 0, 0 to 30, and �30%. In an additional analysis, the
association of the residual level of SBP and albuminuria at month 6
with the risk for ESRD was explored. The residual in SBP was stratified
by four categories: �130, 130 to 140, 140 to 160, and �160 mmHg. The
residual in albuminuria was stratified by four categories: �1, 1 to 2, 2
to 3.5, and �3.5 g/g. The categories were chosen post hoc, with the aim
of providing easily understandable thresholds and approximately
equal sample sizes and number of events for each subgroup. Similar
stratification for proportional albuminuria reduction was used in pre-
vious publications (1,2). For exploration of the hazard risk profile,
category factors for SBP and/or albuminuria (either for reduction or
residual) were used in a multivariate Cox model with the last category
of the corresponding factor as a common reference to compute the
hazard ratio and 95% confidence interval for the remainder of the
categories. For testing of combined effects of reductions in SBP and
albuminuria, interaction terms were added to the model. Treatment
groups were treated as strata in the model to remove potential con-
founding as a result of study treatment allocation. The analysis was also
adjusted for baseline covariates, including age, gender, race, body mass
index, smoking, previous antihypertensive therapies (including �

blocker, � blocker, dihydropyridine calcium channel blocker, nondihy-
dropyridine calcium channel blocker, ACE inhibitor, or ARB), duration
of hypertension (� or �10 yr), cardiovascular disease history, serum
creatinine, serum albumin, hemoglobin, total cholesterol, triglycerides
on the natural scale, glucose, SBP, diastolic BP, and urine albumin/
creatinine ratio on the natural scale. The backward selection method
was used for selection of covariates for the final adjusted analyses (� �

0.01). On the basis of results of univariate analysis and previous work
(9,10), the baseline covariates serum creatinine, serum albumin, hemo-
globin, and urine albumin/creatinine ratio on the natural scale were
forced into the multivariate model. The number of patients, number of
events, and number of events per 1000 patient-years of follow-up were
provided by category. Patient counts and percentages were also given
by combined SBP and albuminuria reduction categories for each treat-
ment group (losartan or placebo). Patient characteristics, BP, and lab-
oratory parameters at baseline were summarized for combinations of
SBP and albuminuria reduction categories. Means and SD were pro-
vided for continuous variables, whereas numbers of patients and per-
centages were provided for class variables. The statistical package SAS
version 8 was used for this analysis (SAS Institute, Cary, NC).
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Results
SBP and Anti-Albuminuric Response

A total of 1428 of the 1513 patients in the RENAAL study
had baseline and up to month 6 SBP and albuminuria data
available for this analysis, a substantial number of whom
reached the predefined BP target within these 6 mo (414
[29%] of 1428). A total of 452 patients showed a reduction in
SBP in the losartan group, 117 (26%) of whom had no reduction
in albuminuria (Table 1). Similarly, a total of 386 patients showed
a reduction in SBP in the placebo group, 195 (51%) of whom had
no reduction in albuminuria. Altogether, 335 (47%) of 715 losar-
tan-treated patients experienced a reduction in both SBP and
albuminuria, whereas 105 (15%) of 715 losartan-treated patients
did not exhibit a reduction of either parameter. Thus, 275 (38%) of
715 losartan-treated patients had a response to one parameter but
not the other. Scatter plots of SBP and albuminuria response in
individual patients are presented in Figure 1, showing a substan-
tial proportion of patients with discordant effects in either treat-
ment group. Baseline characteristics according to albuminuria and
SBP response are presented in Table 2. The mean baseline level of
SBP and/or albuminuria was higher in those who experienced a
reduction in SBP and/or albuminuria, respectively. Other param-
eters were comparable across the four categories.

Renal Outcome
The relationship of ESRD and SBP reduction at month 6 is

presented in Table 3. Patients with a lesser reduction in SBP
compared with the reference group with a reduction in SBP
�15 mmHg showed an increased risk for ESRD as reflected in
progressively higher hazard ratios. A similar pattern was ob-
served for the reduction in albuminuria, with a lesser reduction
in albuminuria associated with a higher risk for ESRD (Table 3).
The reduction in albuminuria was an independent predictor
for ESRD, regardless of either baseline or change values in
SBP (Table 4). There was no interaction of the reduction in

Figure 1. (A) Scatter plot of systolic BP (SBP) versus albuminuria
response in individual losartan-treated patients. (B) Scatter plot
of SBP versus albuminuria response in individual placebo-
treated patients.

Table 1. Patient distribution according to SBP and albuminuria reduction at month 6 from baselinea

Albuminuria Reduction

SBP Reduction
Total

(n �%�)��15 mmHg
(n �%�)

�15 to 0 mmHg
(n �%�)

0 to 15 mmHg
(n �%�)

�15 mmHg
(n �%�)

Losartan-treated patients
��30% 33 (4.6) 31 (4.3) 41 (5.7) 23 (3.2) 128 (17.9)
�30 to 0% 14 (2.0) 27 (3.8) 29 (4.1) 24 (3.4) 94 (13.1)
0 to 30% 23 (3.2) 36 (5.0) 64 (9.0) 38 (5.3) 161 (22.5)
�30% 40 (5.6) 59 (8.5) 114 (15.9) 119 (16.6) 332 (46.4)
total 110 (15.4) 153 (21.4) 248 (34.7) 204 (28.5) 715 (100)

Placebo-treated patients
��30% 63 (8.8) 69 (9.7) 77 (10.8) 47 (6.6) 256 (35.9)
�30 to 0% 26 (3.6) 43 (6.0) 45 (6.3) 26 (3.6) 140 (19.6)
0 to 30% 25 (3.5) 50 (7.0) 48 (6.7) 42 (5.9) 165 (23.1)
�30% 21 (2.9) 30 (4.2) 45 (6.3) 56 (7.9) 152 (21.3)
total 135 (18.9) 192 (26.9) 215 (30.2) 171 (24.0) 713 (100)

aCategories with discordant effects on systolic BP (SBP) and albuminuria are in boldface type.
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albuminuria over reduction in SBP, which was not even
significant after adjustment for other risk factors. The risk for
ESRD according to combined SBP and anti-albuminuric re-
sponses after adjustment for baseline risk factors is pre-
sented in Figure 2A. The combination of a robust reduction
in albuminuria and SBP resulted in the most favorable clin-
ical outcome. The ESRD risk showed dependence on albu-
minuria reduction across all categories of SBP reduction,
whereas the ESRD hazard ratio was comparable across SBP
reduction categories within each stratum of albuminuria re-
duction. The presence of an SBP reduction in those who had
a good anti-albuminuric response did not have much addi-

tional effect on renoprotection. An additional analysis that
focused on the residual level of SBP and albuminuria after
adjustment for baseline risk factors yielded results in line
with the main analysis, showing a progressively lower risk
for ESRD with a lower level of residual albuminuria across
all categories of SBP achieved (Figure 2B). Results were
consistent when separately analyzed in strata according to
baseline albuminuria, baseline SBP, or treatment adminis-
tered (data not shown). The baseline covariates serum albu-
min, albuminuria, serum creatinine, hemoglobin, total cho-
lesterol, age, gender, race, SBP, previous dihydropyridine
calcium channel blockers use, and duration of hypertension

Table 2. Baseline characteristics by albuminuria and SBP reduction at month 6a

Characteristic
rALB �0%/rSBP

�0 mmHg
(n � 322)

rALB �0%/rSBP
�0 mmHg
(n � 297)

rALB �0%/rSBP
�0 mmHg
(n � 309)

rALB �0%/rSBP
�0 mmHg
(n � 500)

Male gender (%) 207 (64.3) 195 (65.7) 183 (59.2) 319 (63.8)
Race (%)

Asian 51 (15.8) 42 (14.1) 61 (19.7) 87 (17.4)
black 54 (16.8) 41 (13.8) 53 (17.2) 67 (13.4)
Hispanic 70 (21.7) 56 (18.9) 54 (17.5) 85 (17.0)
white 141 (43.8) 157 (52.9) 135 (43.7) 257 (51.4)

Smoking (yes; %)b 64 (19.9) 48 (16.2) 47 (15.3) 99 (19.8)
Duration of hypertension (�10 yr)b 99 (36.9) 84 (33.9) 105 (39.0) 175 (40.0)
� blockerc 76 (23.6) 66 (22.2) 74 (23.9) 128 (25.6)
� blockerc 64 (19.9) 49 (16.5) 55 (17.8) 94 (18.8)
CCB dihydropyridinec 56 (17.4) 71 (23.9) 65 (21.0) 108 (21.6)
CCB nondihydropyridinec 178 (55.3) 160 (53.9) 162 (52.4) 278 (55.6)
ACEi or ARBc 166 (51.6) 158 (53.2) 144 (46.6) 270 (54.0)
Heart failure (yes; %) 13 (4.0) 14 (4.7) 16 (5.2) 32 (6.4)
PVD (yes; %) 26 (8.1) 36 (12.1) 41 (13.3) 68 (13.6)
Angina (yes; %) 30 (9.3) 35 (11.8) 21 (6.8) 54 (10.8)
Myocardial infarction (yes; %) 33 (10.2) 38 (12.8) 30 (9.7) 51 (10.2)
IHD (yes; %) 93 (28.9) 102 (34.3) 84 (27.2) 177 (35.4)
Age (yr) 59.7 	 7.3 60.3 	 7.8 60.8 	 7.3 60.0 	 7.2
BMI (kg/m2) 29.6 	 6.1 29.5 	 6.0 29.6 	 6.5 29.9 	 6.4
SiSBP (mmHg) 143.3 	 18.0 160.5 	 18.8 144.7 	 17.0 160.1 	 19.3
SiDBP (mmHg) 80.2 	 10.6 84.9 	 10.7 80.4 	 11.1 84.4 	 10.8
Pulse rate (beats/min) 75.5 	 9.9 74.9 	 9.4 74.5 	 10.3 75.4 	 10.3
Urine alb/creat ratio (mg/g) 1573.3 	 1417.2 1477.4 	 1360.2 1895.8 	 1803.2 2114.2 	 1934.3

geometric mean 971.3 982.7 1180.1 1363.2
Serum creatinine (mg/dl) 1.8 	 0.5 1.9 	 0.5 1.9 	 0.5 1.9 	 0.5
Serum albumin (mg/dl) 3.8 	 0.4 3.8 	 0.4 3.8 	 0.5 3.8 	 0.4
Hemoglobin (mg/dl) 12.5 	 1.8 12.5 	 1.9 12.4 	 1.8 12.6 	 1.8
Total cholesterol (mg/dl) 232.6 	 60.8 224.1 	 53.0 226.7 	 51.4 227.1 	 56.2
LDL (mg/dl) 143.9 	 49.9 139.9 	 43.0 142.7 	 45.5 141.3 	 45.4
HDL (mg/dl) 44.6 	 14.2 44.4 	 14.4 46.2 	 15.4 45.1 	 15.5
Serum triglycerides (mg/dl) 231.8 	 202.0 222.8 	 228.9 206.1 	 148.2 215.8 	 184.4

geometric mean 190.0 177.9 173.3 177.3
aData are n (%) or means 	 SD. ACEi, angiotensin-converting enzyme inhibitor; alb/creat, albumin/creatinine; ARB,

angiotensin II receptor blocker; BMI, body mass index; CCB, calcium channel blocker; IHD, ischemic heart disease; PVD,
peripheral vascular disease; rALB, reduction in albuminuria; rSBP, reduction in SBP; SiDBP, sitting diastolic BP; SiSBP, sitting
SBP.

bPercentage was calculated on the basis of number of patients without missing values.
cAntihypertensive therapies before study initiation.
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were significantly associated with the ESRD end point in the
univariate analysis.

Discussion
Our analysis indicates that a reduction in either albuminuria

or SBP is of importance in terms of renal outcome and that the

combination of a reduction in both albuminuria and SBP results
in the most favorable clinical outcome in hypertensive patients
with diabetic nephropathy. However, a substantial number of
patients had no reduction in albuminuria in conjunction with
reduced SBP or vice versa. This dissociation of antihypertensive
and anti-albuminuric responses was apparent regardless of

Table 3. ESRD risk at month 6 from baselinea

Parameter N K (Rate) HR (95% CI) �2 P

Reduction in SBP
��15 mmHg 245 65 (92.1) 1.22 (0.89 to 1.68) 1.5 0.221
�15 to 0 mmHg 345 77 (78.1) 1.12 (0.83 to 1.52) 0.5 0.469
0 to 15 mmHg 463 87 (64.6) 1.02 (0.76 to 1.37) 0.0 0.896
�15 mmHg 375 94 (88.0) 1.00 (reference)

Albuminuria reduction
��30% 384 95 (85.9) 3.42 (2.45 to 4.77) 52.2 0.000
�30 to 0% 234 62 (96.5) 2.07 (1.47 to 2.93) 17.0 0.000
0 to 30% 326 88 (96.7) 1.60 (1.18 to 2.17) 8.9 0.003
�30% 484 78 (53.8) 1.00 (reference)

aHazard ratio (HR) was obtained using multivariate Cox model with age, gender, race, BMI, smoking, previous
antihypertensive therapies, duration of hypertension, cardiovascular disease history, serum creatinine, serum albumin,
hemoglobin, total cholesterol, triglycerides, glucose, SBP, DBP, and albuminuria at baseline as covariates (backward selection).
Indicators for reductions in SBP or albuminuria as well as baseline serum creatinine, serum albumin, hemoglobin, and
albuminuria were forced into the model. Analysis adjusted for treatment group as strata. CI, confidence interval; K (Rate), no.
of patients with ESRD (no. of ESRD per 1000 patient-years of follow-up); N, no. of patients with both SBP and albuminuria at
baseline and month 6 prior to ESRD.

Table 4. ESRD risks by albuminuria and SBP reduction at month 6 from baselinea

Variables N Event
(Rate) Adjusted HR (95% CI) P

Reduction in ALB
��30% 384 95 (85.9) 3.50 (2.49 to 4.94) �0.000
�30 to 0% 234 62 (96.5) 2.11 (1.49 to 3.01) �0.000
0 to 30% 326 88 (96.7) 1.64 (1.20 to 2.24) 0.002
�30% 484 78 (53.8) 1.00

Reduction in SBP
��15 mmHg 245 65 (92.1) 0.97 (0.70 to 1.35) 0.850
�15 to 0 mmHg 345 77 (78.1) 0.92 (0.68 to 1.26) 0.623
0 to 15 mmHg 463 87 (64.6) 0.85 (0.63 to 1.15) 0.304
�15 mmHg 375 94 (88.0) 1.00

Adjusted factors
serum albumin (mg/dl) 0.37 (0.27 to 0.51) �0.0001
hemoglobin (mg/dl) 0.89 (0.83 to 0.95) 0.0004
serum creatinine (mg/dl) 3.93 (3.14 to 4.91) �0.0001
log (urine alb/creat ratio) (mg/g) 2.60 (2.15 to 3.14) �0.0001
rALB*rSBP 0.707

aInteraction between rALB and rSBP (rALB*rSBP) obtained using a multivariate Cox model in two steps: (1) Variable
selection among covariates, including age, gender, race, BMI, smoking, previous antihypertensive therapies, duration of
hypertension, cardiovascular disease history, serum creatinine, serum albumin, hemoglobin, total cholesterol, triglycerides,
glucose, SBP, DBP, and albuminuria at baseline (backward selection) with indicators for interaction between reductions in SBP
and albuminuria forced into the model; and (2) final analysis with significant baseline covariates (including baseline serum
creatinine, serum albumin, hemoglobin, and albuminuria) and category factors for reductions in SBP and albuminuria (as
shown in Table 4). P values for interaction between reductions in SBP and albuminuria were obtained using Wald �2 statistic
when interaction terms were added back into the model. Analysis adjusted for treatment group as strata.
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whether losartan or placebo was administered in addition to con-
ventional antihypertensive medication. Importantly, even with
albuminuria-lowering medication such as losartan, nearly 40% of
the patients had a dissociation of antihypertensive and anti-albu-
minuric responses. These findings raise the issue as to whether
physicians should routinely monitor not only the BP response but
also the anti-albuminuric response in hypertensive patients with
diabetic nephropathy and adjust the medications accordingly to
provide both SBP and albuminuria reduction.

This analysis demonstrates that the risk for ESRD has a clear
dependence on the anti-albuminuric response. A larger albumin-
uria reduction was associated with a more favorable renal out-
come, regardless of the SBP change during treatment (Figure 2A).
It is intriguing that one offers improved renal protection to pa-
tients with diabetic nephropathy when one lowers albuminuria,
even when the BP of the individual remains unchanged or rises. In

fact, the hazard ratio for ESRD seemed to be largely independent
of treatment-induced SBP changes within the various strata of
albuminuria reduction. An additional analysis regarding the re-
sidual level of SBP and albuminuria yielded results in agreement
with these findings, showing a progressively lower ESRD risk
with a lower level of residual albuminuria independent from the
level of SBP achieved (Figure 2B). Importantly, this was also
observed in patients who reached the current SBP target for pa-
tients with diabetes (SBP �130 mmHg). These data indicate that
an exclusively BP-driven titration of treatment to improve renal
outcomes may not be the most efficacious strategy in hypertensive
patients with diabetic nephropathy. The data challenge the con-
clusions from a recently published meta-analysis by Casas et al.
(11) stating that the improved renal outcomes with ACE inhibitors
or ARB in placebo-controlled trials probably result from a BP-
lowering effect only. Thus, the anti-albuminuric response could be
an important driver of therapeutic success within a given antihy-
pertensive regimen and achievement of a certain SBP goal,
whereas a reduced level of albuminuria should not be assessed to
occur universally in hypertensive patients who respond with a
lowered BP to RAS-inhibiting treatment.

This relatively new concept obviously needs further confirma-
tion in a prospective trial with an albuminuria-based titration of
pharmacologic treatment, aimed at establishing a causal relation-
ship between albuminuria reduction and improved renal out-
come. The possibility exists that a good anti-albuminuric response
may represent an improved 24-h BP control. Our post hoc analysis
relates to a study that was not primarily aimed to investigate the
dependence of renal outcome on various levels of BP-lowering
and anti-albuminuric responses. Nevertheless, there is accumulat-
ing evidence to support the view that albuminuria reduction is an
important therapeutic goal. Previously, relevant findings were
derived from a pooled analysis of the second Ramipril Efficacy in
Nephropathy (REIN-2) study, the African American Study of
Kidney Disease and Hypertension (AASK), the Modification of
Diet in Renal Disease (MDRD) study, and a study by Lewis et al.
(12–15) in patients with diabetic and nondiabetic albuminuric
nephropathies. These trials of intensified BP control showed that
more effective RAS inhibition, rather than more effective BP re-
duction, was the key component of the intensified treatment strat-
egies that was responsible for conferring maximal renoprotection.
Our data support these previous findings because albuminuria
reduction generally requires interruption of the RAS coupled to
BP reduction, as opposed to BP reduction alone that can also be
achieved via non-RAS pharmacologic approaches, including cal-
cium antagonists and diuretics. When treatment with RAS-inhib-
iting therapy is initiated in a clinical setting, measurements of BP
and albuminuria are easily available to the physician to titrate the
pharmacologic intervention. It would be reasonable to assume
that reduction of BP as well as albuminuria to the “normotensive”
and “normo-albuminuric” range would suggest an effective inhi-
bition of the RAS system in the vast majority of patients who
receive ACE inhibitor and/or ARB treatment. The findings of this
analysis further suggest that a RAS inhibition–based anti-albu-
minuric response could be considered as a therapeutic goal be-
sides the commonly pursued strategy of BP reduction. Appar-
ently, it does not suffice to initiate RAS intervention with titration

Figure 2. (A) ESRD risk by SBP and albuminuria reduction. (B)
ESRD risk by residual SBP and albuminuria level.
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solely directed to reducing BP, because many patients have an
insufficient concomitant anti-albuminuric response, even at the
highest recommended dosage of losartan that leads to a good BP
response. Alternative approaches to reduce albuminuria may
therefore be considered, for example, by combining different RAS-
inhibiting treatments through co-administration of an ACE inhib-
itor and an ARB (16,17).

Conclusion
Our data show that treatment-induced changes in SBP and

albuminuria do not run in parallel in a substantial proportion of
patients. The risk for ESRD showed a clear dependence on albu-
minuria reduction, regardless of change in SBP. In agreement with
this, the risk for ESRD also showed dependence on the residual
level of albuminuria, even in patients who reached the current
SBP target for patients with diabetes. An exclusively BP-driven
titration of treatment to improve clinical outcomes may therefore
not be the most efficacious strategy in hypertensive patients with
diabetic nephropathy. These data support the concept that anti-
hypertensive treatment aimed at improving renal outcomes in
these patients may require a dual treatment strategy, routinely
targeting a reduction in albuminuria in addition to reducing BP.
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