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Albuminuria, a Therapeutic Target for Cardiovascular
Protection in Type 2 Diabetic Patients With Nephropathy
Dick de Zeeuw, MD, PhD; Giuseppe Remuzzi, MD; Hans-Henrik Parving, MD;

William F. Keane, MD; Zhongxin Zhang, PhD; Shahnaz Shahinfar, MD; Steve Snapinn, PhD;
Mark E. Cooper, MD, PhD; William E. Mitch, MD; Barry M. Brenner, MD

Background—Albuminuriais an established risk marker for both cardiovascular and renal outcomes. Albuminuria can be
reduced with drugs that block the renin-angiotensin system (RAS). We questioned whether the short-term drug-induced
change in albuminuria would predict the long-term cardioprotective efficacy of RAS intervention.

Methods and Results—We analyzed data from Reduction in Endpoints in Non—insulin dependent diabetes mellitus with
the Angiotensin Il Antagonist Losartan (RENAAL), a double-blind, randomized trial in 1513 type 2 diabetic patients
with nephropathy, focusing on the relationship between the prespecified cardiovascular end point (composite) or
hospitalization for heart failure and baseline or reduction in albuminuria. Patients with high baseline albuminuria (=3
g/g creatinine) had a 1.92-fold (95% Cl, 1.54 to 2.38) higher risk for the cardiovascular end point and a 2.70-fold (95%
Cl, 1.94 to 3.75) higher risk for heart failure compared with patients with low albuminuria (<1.5 g/g). Among all
available baseline risk markers, albuminuria was the strongest predictor of cardiovascular outcome. The association
between albuminuria and cardiovascular outcome was driven by those patients who also had a renal event. Modeling
of the initial 6-month change in risk parameters showed that albuminuria reduction was the only predictor for
cardiovascular outcome: 18% reduction in cardiovascular risk for every 50% reduction in abuminuria and a 27%
reduction in heart failure risk for every 50% reduction in albuminuria.

Conclusions—Albuminuria is an important factor predicting cardiovascular risk in patients with type 2 diabetic
nephropathy. Reducing albuminuria in the first 6 months appears to afford cardiovascular protection in these patients.

(Circulation. 2004;110:921-927.)
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t is estimated that type 2 diabetes affects more than 150

million people worldwide, and the prevalence is projected to
double in the next 25 years! Nephropathy, characterized by
albuminuria, hypertension, and a progressive decline in glomer-
ular filtration rate, developsin 10% to 40% of diabetic patients.2
An associated progressive loss of cardiovascular function leads
to a predominantly cardiovascular mortality in this population.?
Treatment of type 2 diabetes has focused on attenuating hyper-
glycemia, hypertension, and dydlipidemia4- Indeed, both blood
pressure and hyperglycemia have not only proved to be impor-
tant risk markers, but their control also serves as an indicator of
the effectiveness of cardiovascular-protective therapy.

Albuminuriaiin type 2 diabetic patients has been identified
as another risk marker for both cardiovascular’® and renal
outcome.’* Severa antiproteinuric strategies are available,
including interruption of the renin-angiotensin system (RAYS)

viaeither ACE inhibitor (ACEI) or angiotensin |1 antagonists
(AlIA). Reduction in abuminuria using such drug strategies
appears to be related to renal protection independent of blood
pressure effects.’213 This phenomenon was recently aso
documented in type 2 diabetes.* Whether lowering albumin-
uria would reduce the subsequent risk for cardiovascular
events has not been documented.

We therefore sought to confirm that albuminuria is an indepen-
dent cardiac risk marker in type 2 diabetes with nephropathy. We
investigated whether abuminuria reduction is associated with a
reduction in cardiovascular events and whether the degree of the
short-term thergpy—induced abuminuria reduction would be an
indicator of the subsequent long-term cardiovascular protection.
Finaly, we questioned whether abuminuria-driven cardiovascular
risk is associated with the rend risk in the same patient. If these
issues are answered positively, it is predicted that abuminuria may
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TABLE 1. Baseline Characteristics

Losartan (n=751)

Placebo (n=762) Total (n=1513)

n Mean SD n Mean SD n Mean SD
Sex, female/male 289/462 268/494 557/956
Smoking,* yes/no 145/604 128/632 273/1236
CV disease history 328/751 3271762 655/1513
HF disease history 41/751 41/762 82/1513
Age, y 751 60.0 7.4 762 60.3 7.5 1513 60.2 74
Weight, kg 751 82.6 20.6 762 81.7 20.9 1513 82.2 20.7
SiSBP, mm Hg 751 151.8 18.7 762 153.2 19.9 1513 152.5 19.3
SiDBP, mm Hg 751 82.4 10.3 762 82.4 10.6 1513 82.4 10.4
MAP, mm Hg 751 105.5 10.9 762 106.0 11.6 1513 105.8 11.3
Pulse pressure, mm Hg 751 69.4 17.4 762 70.8 18.1 1513 70.1 17.8
Cholesterol, mg/dL 743 227.4 55.6 755 228.7 55.4 1498 228.1 55.5
GFR, mL-min~"-1.73 m2 751 39.7 12.0 762 40.0 12.7 1513 39.8 12.3
HbA;c, % 742 8.5 1.7 754 8.4 1.6 1496 8.5 1.6
Hemoglobin, g/dL 732 125 1.8 736 125 1.8 1468 12.5 1.8
S creatinine, mg/dL 751 1.9 0.5 762 1.9 0.5 1513 1.9 0.5
Albuminuria, g/g 751 1.87 1.83 762 1.74 1.54 1513 1.81 1.69
Geometric mean 1.17 1.15 1.16 cee
Proteinuria, g/dt 350 3.48 3.49 360 349 359 710 3.49 3.54
Geometric mean 2.23 2.22 2.22

Data are given as mean (SD) for continuous variables. CV indicates cardiovascular; HF, heart failure; SiSBP, sitting systolic blood
pressure; SiDBP, sitting diastolic blood pressure; MAP, mean arterial pressure; GFR, estimated glomerular filtration rate; and S, serum.

*Status 1 year before randomization.

tSubgroup of patients in whom 24-hour urine was collected (see Methods).

become the target of a cardiovascular-protection trestment strategy
beyond or in addition to blood pressure reduction. To this end, we
performed a post hoc andyss of the Reduction in Endpaints in
Non-insulin dependent diabetes mdllitus with the Angiotensin |1
Antagonist Losartan (RENAAL) database. The overdl RENAAL
results have shown a beneficid effect of losartan on the “firgt
hospitdlization for heart falure’ component of the secondary,
cardiovascular end point, wheress the outcome of the cardiovascu-
lar composite end point was Smilar in the 2 trestment ams.1s

M ethods

Patients and Study Design

RENAAL isamultinational, double-blind, randomized trial compar-
ing losartan with placebo, each in addition to conventional antihy-
pertensive therapy, excluding ACEls and other AllAs. The study was
performed in 250 centersin 28 countries and involved 1513 patients.
The study design, the inclusion/exclusion criteria, and the treatment
protocol have been reported previously.16 In short, participants had
to have had type 2 diabetes and nephropathy, evidenced by a urinary
albumin:crestinine ratio >0.3 g/g in a first morning void or a
24-hour urine protein >0.5 g, and serum creatinine >1.5 mg/dL (1.3
mg/dL in women or in men <60 kg) to 3.0 mg/dL. We excluded
patients who had sustained amyocardial infarction or had undergone
coronary artery bypass graft surgery within the previous month, had
a cerebrovascular accident or had undergone percutaneous translu-
minal coronary angioplasty within the previous 6 months, had a
transient ischemic attack within the previous year, or had any history
of heart failure before enrollment. All patients signed informed
consent before enrollment, and the local Institutional Review Board
of each participating center approved the study. Patients were
followed up for an average of 3.4 years.

Data Analysis

Albuminuria was assessed using the albumin (g/L)-to—creatinine
(g/L) ratio. For the initial albuminuria response, the month-6 change
was chosen, expressed as 100%X (1—ratio of albuminuria month-6
over baseline).

The cardiovascular end point was defined as the composite of
myocardial infarction, stroke, first hospitalization for heart failure or
unstable angina, coronary or peripheral revascularization, or cardio-
vascular death. We analyzed the post hoc, non—heart failure cardio-
vascular end point, which consisted of all components of the
cardiovascular end point, with the exception of hospitalization for
heart failure. The rena end point is defined as the composite of the
time to first doubling of serum creatinine, end-stage rena disease
(ESRD), or death. For patients who had multiple end points of
different types, the patients were counted once for the first event in
each relevant analysis.

Statistical Analysis

All 1513 participants in the RENAAL study were included in the
analysis from randomization through study termination. | ndependent
baseline and month-6 predictors of the respective cardiovascular and
heart failure end points were identified by the multivariate Cox
model. For the baseline analysis, the Cox model included cardiovas-
cular disease history (yesno) and heart failure disease history
(yes/no), age (y/10), sex, race, weight, smoking, sitting systolic
blood pressure (SiSBP), sitting diastolic BP (SiDBP), mean arteria
pressure, pulse pressure, total cholesterol, estimated glomerular
filtration rate, hemoglobin, HBA,;, abuminuria, and treatment
(losartan/placebo). For the baseline and month-6 change multivariate
analysis, the multivariate Cox model included the basdline risk factors
described above and month-6 changes and log-changes from baseline
for the following risk factors: abuminuria, SIDBP, SiISBP, estimated
glomerular filtration rate, weight, and HbA,.. For al multivariate
analyses, a backward selection method was used with the significance
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TABLE 2. Multivariate Analysis: Effect of Baseline (Top Panel) and Month-6 Change in Risk
Markers (Bottom Panel) on Cardiovascular Risk (Ordered by Decreasing Significance Based on

x* Statistics)

End Point Multivariate Risk Factors HR 95% Cl X P
Baseline
Cardiovascular end point Albuminuria 117 1.12,1.23 47.2 <0.001

CV medical history

1.55 1.30,1.85 24.2 <0.001

Age 1.34 1.18,1.52  20.1 <0.001

Race: Hispanic 0.71 0.55, 0.91 7.5 0.006

Heart failure Albuminuria 1.26 1.18,1.34 485 <0.001
Age 1.46 1.20,1.78 14.2 <0.001

Medical history: HF 210 137,323 116 0.001

Treatment (losartan vs placebo) 0.66 0.51,0.87 8.7 0.003

Baseline and month-6 change
Cardiovascular end point

CV medical history

Age

Log-change* in albuminuria 1.32
Race: Hispanic

Albuminuria

1.19 113,124 531 <0.001
1.54 129,183 229 <0.001
1.35 119,154 218 <0.001
114,152 142 <0.001
0.70 054,090 7.9 0.005

Heart failure Albuminuria 1.27 1.19,1.36 53.8 <0.001
Age 1.50 1.23,1.83 16.0 <0.001
Log-change* in albuminuria 1.58 1.25,1.98 15.0 <0.001

Medical history: HF

2.08 136,319 113 0.001

CV indicates cardiovascular; HF, heart failure.
*V=Log(V at month 6/V at baseline).

level at P<<0.01 for removing a covariate from the model. The strength
of arisk factor as an independent predictor for each end point was
determined by its magnitude of significance using ? statitics in the
multivariate analysis.

The association between albuminuria and the cardiovascular and
heart failure end points was estimated using the Kaplan-Meier
procedure, with baseline albuminuria stratified into 3 subgroups:
<1.5g/g, =1.5<3.0 g/g, and =3.0 g/g. To estimate a risk increase
between subgroups, a multivariate Cox regression model was per-
formed with indicators of baseline albuminuria subgroups as afactor.
For the adjusted analyses, the model includes other baseline covari-
ates described above, with the exception of albuminuria and treat-
ment group.

To estimate the effect of albuminuria change on the cardiovascular
and heart failure end points, 3 groups of month-6 abuminuria
reduction were generated: <0%, =0<30%, and =30%. For the
adjusted analyses, the Cox model includes indicators of 3 subgroups
for reduction of albuminuria, baseline covariates previously men-
tioned with exception of treatment group, and the month-6 and
log-changes from baseline previously mentioned (excluding
albuminuria).

Toinclude al randomized patients into the analyses, imputed data
were used in the anaysis, using linear regression models with
complete baseline covariates. All statistical analyses were performed
using SAS version 8.

Results

Baseline Albuminuria as Predictor of
Cardiovascular Outcome

Table 1 shows basdine characteritics for dl patients. Mean urine
abumin was 1.8 g/g credtinine. The multivariate analysis (Table 2,
top), shows that dbuminuria is the srongest independent predictor
of both the cardiovascular end point and heart failure.

Figure 1 (top) shows the Kaplan-Meier curves for the
cardiovascular and heart failure end points for abuminuria
subgroups. Both the high (=3.0 g/g) and middle (=1.5<3.0
g/g) groups show significantly more cardiovascular events.
Table 3 (top) summarizes the unadjusted and adjusted hazard
ratios for the cardiovascular and heart failure end points. The
risk for the cardiovascular end point was 1.92-fold (95% ClI,
1.54 to 2.38) higher, and heart failure was 2.70-fold (95% ClI,
1.94 to 3.75) higher in the high-albuminuria group compared
with the low-abuminuria (<1.5 g/g) group. To confirm that
the relationship between risk for the cardiovascular end point
and level of albuminuria was not driven by heart failure, we
excluded the heart failure component from the cardiovascular
end point. Table 3 (top) shows that the risk for the non—heart
failure cardiovascular end point was similar to that of the
cardiovascular end point at different levels of albuminuria.

Because of the potential for bias from arbitrary abumin-
uria categories, we also calculated hazard ratios for finer
categories of albuminuria. Controlling for baseline risk mark-
ers, we found an almost linear positive relationship between
degree of baseline albuminuriaand risk for the cardiovascular
end point or heart failure (Figure 1, bottom). An increase of
1 g/g dbuminuria was associated with an increased risk of
17% (95% ClI, 12% to 23%) for the cardiovascular end point
and 26% (95% ClI, 18% to 34%) for heart failure.

Albuminuria Reduction as Predictor of
Cardiovascular Outcome

In the multivariate model (Table 2, bottom), when adding
month-6 and log-changes from baseline for the different risk
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parameters, again, baseline albuminuriais the strongest inde-
pendent predictor of the cardiovascular end point or heart
failure. In addition, the albuminuria reduction (log-change) is
shown to be a strong predictor of cardiovascular outcome.

In the whole study population, albuminuriawas lowered by
14% (95% ClI, 11% to 17%) in the first 6 months compared
with baseline. In the placebo group, it did not change
significantly (+4% [95% Cl, +8 to —1%], but it decreased
by 28% (95% ClI, 25% to 36%) in the losartan group. Because
6-month abuminuria reduction was highly variable, we
subdivided the total population into 3 subgroups according to
their month-6 antiproteinuric response (<0%, =0<30%,
=30%). The cardiovascular and heart failure end points
occurred more frequently in the groups that had little
(=0<30%) to no (<0%) suppression of albuminuria (Figure
2, top). In contrast, the group that had the greatest reduction
in abuminuria (=30%) showed a significant reduction in risk
for cardiac events. The unadjusted and adjusted hazard ratios
for the cardiovascular and heart failure end points are
summarized in Table 3 (bottom). The risk associated with the
non—heart failure cardiovascular end point was similar to that
of the cardiovascular and heart failure end points.

Hazard ratios were calculated for finer categories of
albuminuria reduction. Controlling for risk markers at base-
line and month 6, we found an amost linear positive
relationship between the degree of albuminuria reduction and
risk for the cardiovascular end point or heart failure (Figure 2,
bottom). Every 50% reduction in albuminuria reduces the risk
for the cardiovascular end point by 18% (95% CI, 9% to
25%) and the heart failure end point by 27% (95% CI, 14%
to 38%).

Baseline Albuminuria and the Relation Between
Cardiovascular and Renal Risk
Figure 3 (left) shows that 28% of patients with albuminuria
<15 g/g had a rena event, whereas more than 85% of
patients with high albuminuria (=3.0 g/g) had a renal event.
The level of albuminuria was associated with an increase in
cardiovascular events (29% versus 44%, respectively).
Cardiovascular and renal events could have occurred in the
same patient. To identify whether the relation between
abuminuria and cardiovascular events is driven by rend
events, we analyzed event rates in those patients who encoun-
tered only a cardiovascular event or only a rena event,
stratified by baseline abuminuria. Albuminuria is clearly
associated with rena events in those subjects who did not
have a cardiovascular event, whereas albuminuria shows no
association with cardiovascular events in those patients who
did not have a renal event (Figure 3). To exclude the
phenomenon that increased cardiovascular risk is driven by
ESRD, the analysis was repeated with those patients who had
renal events and cardiovascular events before ESRD. Figure
3 (far right) illustrates that a pre-ESRD cardiovascular event
and arenal event in the same patient are driven by albumin-
uria. Overal, these results indicate that an increased level of
baseline albuminuria is associated with increased risk for a
cardiovascular event only in those patients who aso had a
renal event, regardless of whether the cardiovascular event
occurred before or after ESRD.

Discussion
Our results show that albuminuriais the strongest risk marker
for cardiovascular events in type 2 diabetic subjects with
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TABLE 3. Risk for Cardiovascular End Points Stratified by Baseline Albuminuria and Month-6 Change

in Albuminuria

Unadjusted Adjusted
n HR (95% Cl) P HR (95% Cl) P
Baseline albuminuria, g/g
Cardiovascular end point
=1.5<3.0vs <15 365 1.40 (1.14,1.72) 0.002 1.46 (1.19, 1.80) <0.001
=3.0 vs =1.5<3.0 289 1.26 (0.99, 1.61) 0.059 1.31(1.03, 1.67) 0.029
=3.0vs <15 289 1.77 (1.43, 2.19) <0.001 1.92 (1.54, 2.38) <0.001
Heart failure end point
=1.5<3.0vs <1.5 365 1.74 (1.26, 2.41) 0.001 1.82(1.31, 2.51) <0.001
=3.0 vs =1.5<3.0 289 1.45 (1.02, 2.06) 0.037 1.48 (1.04,2.11) 0.028
=3.0vs <15 289 2.53(1.83, 3.49) <0.001 2.70 (1.94, 3.75) <0.001
Non-heart failure cardiovascular end point
=1.5<3.0vs <15 365 1.33 (1.05, 1.68) 0.016 1.38 (1.10, 1.75) 0.006
=3.0 vs =1.5<3.0 289 1.10 (0.83, 1.45) 0.520 1.13(0.85, 1.49) 0.404
=3.0vs <15 289 1.46 (1.14, 1.86) 0.003 1.56 (1.22, 2.00) 0.000
Albuminuria month-6 change
Cardiovascular end point
=0<30% vs <0% 419 1.18 (0.96, 1.44) 0.111 1.03 (0.84, 1.26) 0.800
=30% vs <0% 458 0.71(0.57, 0.88) 0.002 0.66 (0.53, 0.83) 0.000
=0<30% vs =30% 458 0.60 (0.48, 0.76) <0.001 0.65 (0.51, 0.82) 0.000
Heart failure end point
=0<30% vs <0% 406 1.20 (0.88, 1.62) 0.243 0.96 (0.71,1.32) 0.819
=30% vs <0% 475 0.58 (0.41, 0.83) 0.003 0.51(0.36, 0.73) 0.000
=0<30% vs =30% 475 0.48(0.33,0.70) <0.001 0.53(0.36, 0.77) 0.001
Non-heart failure cardiovascular end point
=0<30% vs <0% 419 1.14 (0.91, 1.44) 0.254 1.00 (0.79, 1.27) 0.974
=30% vs <0% 458 0.80 (0.63, 1.02) 0.069 0.77 (0.60, 0.98) 0.031
=0<30% vs =30% 458 0.70 (0.54, 0.91) 0.007 0.76 (0.59, 0.99) 0.042

HR indicates hazard ratio. Adjusted HRs are corrected for all measured risk markers.

nephropathy. We found that the relationship between albu-
minuria and the cardiovascular end point was not influenced
by the effect of losartan on heart failure and was present
predominantly in patients with renal events. Interestingly,
suppression of albuminuria was the strongest predictor of
long-term protection from cardiovascular events.

Thereisan increasing body of evidence that albuminuriais
astrong risk marker for cardiovascular disease. Results from
the Framingham study demonstrated that proteinuriais asso-
ciated with cardiovascular risk in the general population.t”
The Steno hypothesis suggests that albuminuria is an inde-
pendent risk marker of diabetic microangiopathy and mac-
roangiopathy.18 Interestingly, Samuelsson et al*°® showed that
proteinuria remains a strong predictor for cardiovascular
morbidity despite effective blood pressure lowering by non—
RAS-blocking conventional therapies. Large clinical trias
have shown that subgroups with albuminuria have a greater
cardiovascular risk than those without albuminuria.22t Qur
results show that albuminuria as a risk factor for cardiovas-
cular outcomes parallels that of renal outcomes in patients
with type 2 diabetes and that this risk factor is present
irrespective of conventional cardiovascular risk markers.

Since the discovery that blood pressure and serum choles-
terol are independent modifiable risk markers for cardiovas-
cular events, therapeutic strategies have been tested to lower
blood pressure and serum cholesterol to reduce cardiovascu-
lar risks.2223 Different therapeutic strategies can reduce albu-
minurig, including a low-protein diet,2* indomethacin,> and
antihypertensive agents such as ACEIs? and AllAs.?7 It is of
interest to determine whether these or other interventions for
the reduction of abuminuria also afford cardiac protection.
The presented data are the first, to the best of our knowledge,
to show that lowering abuminuria is in fact related to
decreased risk for cardiovascular events.

The mechanism for the relationship between albuminuria
and cardiovascular risk or between the albuminuria reduction
and cardiovascular protection remains unclear. Nevertheless,
our results are potentially clinically important, because albu-
minuria is relatively easy to measure and quantify and is
relatively inexpensive compared with the other strategies for
measuring risks of cardiac disease and monitoring success of
cardioprotective therapy effectiveness. At present, there is no
parameter for monitoring the short-term therapeutic efficacy
and adjusting the dose of cardioprotective therapy with RAS
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intervention, but if prospectively validated, albuminuria
could potentially serve these purposes.

Assessing the effect of treatment on reduction of albumin-
uria was a secondary end point in this tria; however,
evaluating the relationship between albuminuria and the
cardiovascular or heart failure end points was not prespeci-
fied. The arbitrary choice of cut points for baseline and
reduction in albuminuria could have influenced the results;
however, the outcome of the analyses was similar for the
cardiovascular end points using tertile and quintile cut points
(data not shown). Although these analyses indicate a strong
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Figure 3. Relation between cardiovascular and renal events in
different albuminuria subgroups. All patients stratified by base-
line albuminuria: <1.5 g/g (n=859), 1.5 to 3.0 g/g (n=365), and
=3.0 g/g (n=289). Left, patients with renal events or cardiovas-
cular (CV) events. Right, Patients with renal events alone, car-
diovascular events alone, renal and cardiovascular events in
same patient, and renal and pre-ESRD CV events in same
patient.
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association between abuminuria and cardiovascular out-
come, this association does not imply causality. Because the
effect of treatment on reduction of albuminuria per se was not
the primary aim of the RENAAL study, the findings present-
ed in this article cannot be considered definitive evidence that
treatment with the goal of reducing abuminuria will reduce
the risk for cardiovascular events.

These results extend the concept that suppressing albumin-
uria should be evaluated further as a goal of therapy to
achieve optimal cardiovascular protection in the individual
patient with type 2 diabetes. Because the dose-response
curves for blood pressure and abuminuria appear to be
different,2829 it is possible that therapy aimed at reducing
albuminuria could result in additional benefit beyond that
achieved with blood pressure lowering aone. These results
emphasize the need for new studies in which the primary
target of therapy is reduction of albuminuriain other diseases
affecting the kidney.
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