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ABSTRACT
Heavy proteinuria is a major determinant of progression to ESRD for patients with chronic nephropathies
and reducing proteinuria should be a key target for renoprotective therapy. In the Remission Clinic, we
applied a multimodal intervention to target urinary proteins in 56 consecutive patients who had �3 g
proteinuria/d despite angiotensin-converting enzyme inhibitor therapy. We compared the rate of GFR
decline and incidence of ESRD in this cohort with 56 matched historical reference subjects who had
received conventional therapy titrated to a target BP. During a median follow-up of 4 yr, the monthly rate
of GFR decline was significantly lower in the Remission Clinic cohort (median �0.17 versus �0.56 ml/min
per 1.73 m2; P � 0.0001), and ESRD events were significantly reduced (3.6 versus 30.4% reached ESRD).
Follow-up BP, cholesterol, and proteinuria were lower in Remission Clinic patients than in reference
subjects, such that disease remission or regression was achieved in up to 50% of patients who would
have been otherwise expected to progress rapidly to ESRD on conventional therapy. Proteinuria
reduction independently predicted a slower rate of GFR decline and ESRD incidence, but response to
treatment differed depending on the underlying disease. Regarding safety, no patient was withdrawn
because of hyperkalemia. In summary, multidrug treatment titrated to urinary protein level can be safely
and effectively applied to normalize proteinuria and to slow the loss of renal function significantly,
especially among patients without type 2 diabetes and with otherwise rapidly progressing chronic
nephropathies.
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After pioneering studies in the early 1980s showing
that antihypertensive therapy slows GFR decline in
patients with type 1 diabetic nephropathy,1 arterial
hypertension has been identified as a major determi-
nant of renal disease progression, and lowering the BP
has become the main strategy for nephroprotection
for all patients with chronic kidney disease (CKD). In
addition to arterial hypertension, however, increased
urinary protein excretion soon emerged as another
important factor associated with the tendency of renal
function to decline over time2,3 with heavy (i.e., �3
g/24 h) proteinuria invariably predicting progression
to ESRD within months.2–5 In the 1990s, the Ramipril
Efficacy In Nephropathy (REIN) studies found that in
patients with nondiabetic chronic nephropathies,

short-term reduction in proteinuria predicted a
slower GFR decline and a reduced risk for progression
to ESRD in the long term.6–9 Finding that this effect
was independent of achieved BP control provided ev-
idence for a specific renoprotective effect of protein-
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uria reduction.6,7 Consistently, studies in both diabetic and non-
diabetic chronic renal disease showed that renoprotective
treatments effectively limit the progressive decline in GFR to the
extent they lower proteinuria.6,10,11 Moreover, the rate of renal
function loss largely depended on the level of proteinuria achieved
bytherapy,andtheslowestprogressionwasobservedinpatientswith
the lowest residual proteinuria.12 These findings confirm that pro-
teinuriashouldbeconsideredasanovel targetofrenoprotectivether-
apy and suggest that urinary proteins should be reduced as far as
possible to halt or prevent renal disease progression.

Drugs that interrupt the renin-angiotensin system (RAS), such
as angiotensin-converting enzyme inhibitors (ACEI) and angio-
tensin II receptor blockers (ARB), are particularly effective in re-
ducing proteinuria13; however, reduction of proteinuria to nor-
mal range is seldom achieved when these drugs are used alone and

at the dosages recommended for BP con-
trol. Higher dosages may have a superior
antiproteinuric effect that is further en-
hanced by a low-sodium diet and the addi-
tion of a diuretic.14–16 Moreover, ACEI and
ARB have an (at least) additive effect on uri-
nary proteins, and the two drugs in combi-
nation reduce urinary protein excretion
more effectively than single RAS blockade
by each agent alone, even without further
BP reduction.17 Nondihydropyridine cal-
cium channel blockers (CCB) and hydroxy-
methyl-glutaryl CoA inhibitors (statins)
may also reduce proteinuria regardless of
their effect on BP18 or serum lipids,19 re-
spectively.

There are several options for reducing
proteinuria, taken as the key target of reno-

protective therapy. The integrated use of different treatments
against the same target, such as uncontrolled cell or viral replica-
tion, has dramatically improved the outcome of severe diseases
such as cancer and AIDS. By analogy, a multimodal intervention
strategy using all available tools to target urinary proteins seems a
rational approach to maximizing renoprotection in patients with
chronic renal disease.20 Experimental data in rat models support
this notion.21 Finding that such multimodal intervention normal-
ized proteinuria and stabilized the GFR in a young girl with heavy
proteinuria and rapidly worsening renal function while on stan-
dard therapy with antihypertensive dosages of an ACEI offered
also clinical support to this assumption.22 Thus, we formalized
this approach in an intervention protocol, the “Remission Clinic”
program (Figure 1),20 implemented through an informatic sup-

Figure 1. Algorithm describing the key steps of the Remission Clinic intervention
protocol.

Table 1. Baseline characteristics of patients included in the Remission Clinic program according to residual proteinuria
achieved on follow-up or as a whole (overall) and in matched reference patients

Characteristic

Proteinuria (g/24 h)
Overall
(n � 56)

Reference
Patients
(n � 56)

>1.0
(n � 30)

>0.3 and <1.0
(n � 14)

<0.3
(n � 12)

Male gender 27 (90.0) 11 (78.6) 10 (83.3) 48 (85.7) 48 (85.7)
Age (yr) 56.3 � 14.7 49.9 � 16.7 51.2 � 14.4 53.6 � 15.2 47.7 � 15.6
Diabetes 14 (46.7)a 3 (21.4) 1 (8.3) 18 (32.1) 2 (3.6)b

SBP (mmHg) 144.3 � 21.9 145.1 � 23.1 141.3 � 21.9 143.9 � 21.8 144.3 � 17.8
DBP (mmHg) 85.0 � 13.5 86.5 � 10.7 85.1 � 9.1 85.4 � 11.8 89.0 � 10.4c

Mean BP (mmHg) 104.8 � 13.7 106.0 � 13.6 103.8 � 10.5 104.9 � 12.8 107.4 � 11.5
Body weight (kg) 79.9 � 12.4 83.9 � 18.2 79.5 � 12.8 80.9 � 14.0 79.2 � 12.0
Cholesterol (mg/dl) 257.4 � 68.3 267.5 � 56.8 252.8 � 88.0 258.5 � 70.0 259.3 � 75.8
Potassium (mEq/L) 4.5 � 0.4 4.4 � 0.6 4.0 � 0.5 4.4 � 0.5 4.5 � 05
Hemoglobin (g/dl) 14.0 � 2.2 13.7 � 1.5 13.7 � 1.7 13.9 � 1.9 13.8 � 1.9
eGFR (ml/min per 1.73 m2) 73.2 � 32.5 80.7 � 33.7 60.1 � 29.1 72.7 � 32.3 58.6 � 26.3c

Proteinuria (g/24 h)
median (IQR) 5.3 (3.3 to 8.5) 4.1 (3.4 to 7.4) 3.8 (3.5 to 4.8) 4.4 (3.4 to 7.2) 4.3 (3.6 to 6.3)
mean � SD 6.0 � 3.0 6.4 � 5.3 4.4 � 1.6 5.8 � 3.5 5.1 � 2.0

Data are N (%), or mean � SD, or mean � SD and median (IQR).
aP � 0.01 versus patients with 24-h proteinuria �0.3 or �0.3 and �1.0 g.
bP � 0.001 versus overall.
cP � 0.05 versus overall.
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port (http://clinicalweb.marionegri.it/remission/) and applied to
all consecutive patients who were referred to our Outpatient
Clinic because of chronic renal disease and heavy proteinuria de-
spite therapy. Then, in the setting of a matched-cohort study,23 we
compared their outcome with that of historical reference patients
on conventional therapy titrated to BP. We had three aims: (1) To
test the feasibility of this approach in everyday hospital practice;
(2) to assess the possibility to normalize heavy proteinuria resis-
tant to standard therapy; and (3) to test formally the hypothesis
that normalizing urinary proteins may halt progression, even in
most severe forms of chronic renal disease. Secondarily, we eval-
uated whether the underlying renal disease affected response to
treatment and which factors could explain different outcomes in
considered disease subgroups.

RESULTS

Baseline Characteristics, GFR Decline, and Progression
to ESRD in Patients and Reference Patients
Baseline characteristics of patients and reference patients were
similar, with the exception of a significant excess of those with
diabetes among patients (Table 1). Over a median (interquar-
tile range [IQR]) follow-up of 60 (36 to 72) and 39 mo (20 to
55), respectively, median (IQR) change in estimated GFR
(�eGFR) was significantly (P � 0.0001) slower in patients
(�0.17 ml/min per 1.73 m2/mo [�0.32 to �0.01]) than in
reference patients (�0.56 ml/min per 1.73 m2 [�1.07 to
�0.23]). Two (3.6%) patients and 17 (30.4%) reference pa-
tients progressed to ESRD (hazard ratio [HR] 0.092; 95% con-
fidence interval [CI] 0.021 to 0.401; P � 0.0015; Figure 2). The
excess risk in reference patients was significant (HR 0.027; 95%
CI 0.004 to 0.173; P � 0.0001) even after adjustment for gen-

der, age, and baseline serum creatinine and proteinuria. Sen-
sitivity analyses performed after curtailing the follow up at 39
mo (i.e., the median follow-up of the reference patients)
showed that over a median (IQR) follow-up of 39 mo (36 to 39
mo) in patients and 38 mo (20 to 39 mo) in reference patients,
the unadjusted HR (0.091; 95% CI 0.012 to 0.721; P � 0.0232)
and adjusted HR (0.038; 95% CI 0.003 to 0.514; P � 0.0139)
for ESRD were similar to those observed throughout the whole
study period. Compared with baseline, follow-up systolic
(SBP) and diastolic BP (DBP), serum cholesterol, and protein-
uria decreased more consistently in patients than in reference
patients (Figure 3).

Figure 2. Cumulative incidence of ESRD in 56 patients of the
Remission Clinic receiving a multidrug treatment titrated to uri-
nary proteins and 56 matched reference patients receiving a
conventional treatment titrated to BP.

Figure 3. SBP and DBP, serum cholesterol concentration, and
24-h urinary protein excretion rate throughout the whole study
period in patients of the Remission Clinic receiving a multidrug
treatment titrated to urinary proteins and matched reference
patients receiving a conventional treatment titrated to BP. *P �
0.05, **P � 0.01, ***P � 0.001, ****P � 0.0001 (patients versus
reference patients).
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Comparative Analyses According to Achieved Ranges
of Proteinuria
Residual 24-h proteinuria was persistently �1 g, decreased
to �0.3 and �1 g, or decreased to �0.3 g in 30 (53.6%), 14
(25.0%), and 12 patients (21.4%) and in 50 (89.3%), three
(5.4%), and three (5.4%) reference patients, respectively
(P � 0.0001 for trend; Figure 4). In nine (16.1%) patients
compared with 16 (28.6%) reference patients, residual 24-h
proteinuria was �3 g. Median (IQR) �GFR was signifi-
cantly different in patients with 24-h proteinuria �1 g
(�0.28 ml/min per 1.73 m2/mo [�0.42 to �0.17]) com-
pared with those with 24-h proteinuria �0.3 and �1 g
(�0.08 ml/min per 1.73 m2/mo [�0.27 to 0.09]; P � 0.011)
and with those with 24-h proteinuria �0.3 g (�0.04 ml/min
per 1.73 m2/mo [�0.11 to 0.02]; P � 0.001; Figure 5). Base-
line characteristics (Table 1) and BP control (Figure 4) in
these subgroups were similar, with the exception of a signif-
icantly higher prevalence of patients with type 2 diabetes in
those with residual 24-h proteinuria �1 g (Table 1). When
baseline variables and follow-up SBP and DBP, serum cho-
lesterol, and proteinuria were considered in the regression

models, proteinuria reduction versus baseline was the only
covariate retaining a significant association with both �GFR
(P � 0.005) and ESRD (P � 0.002). ESRD was also predicted
by baseline serum creatinine (P � 0.005). In the study group
as a whole, the median (IQR) �eGFR decline ranged from
�0.082 ml/min per 1.73 m2/mo (�0.197 to 0.011) in the
lowest tertile of proteinuria to �0.279 (�0.423 to �0.118)
and �0.571 ml/min per 1.73 m2/mo (�0.910 to �0.279) in
the middle and highest tertiles, respectively (P � 0.001 for
trend), and, within the highest tertile of proteinuria, also for
increasing tertiles of mean BP (Figure 6). There were zero,
three, and 12 ESRD events in the lowest, middle, and highest
tertiles of proteinuria, respectively. Nine of the events were
in the highest tertiles of both proteinuria and mean BP. The
seven patients with fatal (n � 3) or nonfatal (n � 2) cardio-
vascular events or ESRD (n � 2), as well as the 19 reference
patients with fatal cardiovascular events (n � 2) or ESRD
(n � 17) all were confined in the groups with residual 24-h
proteinuria �1 g.

Comparative Analyses between Patients with and
without Diabetes
At baseline, patients with compared to those without diabe-
tes were significantly older (66.4 � 9.6 versus 47.5 � 13.5 yr;
P � 0.0001) and heavier (83.5 � 13.4 versus 79.6 � 14.4 kg;
P � 0.35) and had higher SBP (Table 2). Gender distribu-
tion (16 [88.9%] men among patients with diabetes versus
32 [84.2%] among patients without diabetes), DBP, pro-
teinuria, and eGFR were similar in the two groups, whereas
total cholesterol tended to be higher in patients without
diabetes (Table 2).

At 6- and 12-mo follow-up versus baseline, proteinuria de-
creased by 34.5 and 41.6%, respectively, in patients with dia-

Figure 4. SBP and DBP (top) and 24-h urinary protein excretion
(bottom) at different time points after inclusion in the Remission
Clinic in the three groups of patients with residual 24-h protein-
uria �1, �0.3 and �1, or �0.3 g.

Figure 5. Decline of eGFR after inclusion in the Remission Clinic
in three groups of patients with residual 24-h proteinuria �1,
�0.3 and �1, or �0.3 g. Data are means � SEM.
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betes and by 31.7 and 50.7% in those without. From month 12
to the end of the observation period, proteinuria was relatively
stable in those with diabetes but continued to decrease pro-

gressively in those without (Figure 6). Only one (5.5%) of the
18 patients with diabetes compared with 11 (28.9%) of the 38
without achieved the proteinuria target of �0.3 g/24 h (P �
0.08). In three (16.7%) additional patients with diabetes and 11
(28.9%) without, 24 h proteinuria decreased to �1 g but �0.3.
Thus, in four (22.2%) patients with diabetes compared with
22 (57.9%) without, residual proteinuria was �1 g/24 h
(P � 0.021). Six (33.3%) patients with diabetes and six
(15.8%) without had a residual proteinuria �3.0 g/24 h.
After inclusion into the Remission Clinic, the BP decreased
in both groups, but, on follow-up, SBP was significantly
higher in those with diabetes (Figure 7), whereas DBP was
comparable between groups. �eGFR was significantly faster
in patients with than without diabetes (�0.29 [�0.49 to
�0.10] versus �0.11 ml/min per 1.73 m2/mo [�0.27 to
�0.01]; P � 0.049). Serum cholesterol decreased more in
patients without than with diabetes (Table 2).

Within the subgroup with residual proteinuria �1 g/24 h,
proteinuria reduction at 6- and 12-mo follow-up versus base-
line (�30.1 and �32.7%, respectively, versus 0.7 and �24.4%;
P � 0.15 for both comparisons) and �eGFR (�0.31 [�0.66 to
�0.19] versus �0.23 ml/min per 1.73 m2/mo [�0.42 to �0.10]
P � 0.22) were not significantly different in those with or with-
out diabetes.

Figure 6. Decline of eGFR in the whole study group according to
tertiles of achieved BP control and residual 24-h proteinuria.

Table 2. Main clinical characteristics of the study group according to the presence of diabetes at baseline (month 0) and
at various time points after inclusion in the Remission Clinic programa

Characteristic
Months

0 12 24 36 48 60 72

SBP (mmHg)
diabetic 157.5 � 25.1 156.1 � 18.9d 151.8 � 17.6d 149.5 � 14.7d 143.9 � 23.8a 152.3 � 28.5b 155.0 � 21.6a

nondiabetic 137.4 � 16.9 127.8 � 16.2f 126.3 � 13.8f 124.4 � 13.6f 124.6 � 12.7f 121.0 � 12.0g 118.5 � 13.6f

DBP (mmHg)
diabetic 87.6 � 13.8 79.7 � 13.0 77.9 � 10.0 69.7 � 11.4f 69.5 � 13.4f 71.0 � 10.7 78.0 � 7.0a

nondiabetic 84.4 � 10.8 78.4 � 10.2f 75.5 � 9.4f 74.9 � 11.2f 73.2 � 10.9h 70.7 � 10.0h 67.8 � 7.4h

Mean BP (mmHg)
diabetic 110.9 � 14.1 105.2 � 11.5a 102.5 � 9.5b 96.3 � 9.8f 94.3 � 13.9f 98.1 � 12.2 103.7 � 10.7a

nondiabetic 102.0 � 11.3 94.9 � 10.9g 92.5 � 9.4h 91.2 � 10.7h 90.3 � 10.2h 87.5 � 9.9h 84.7 � 8.4h

Body weight (Kg)
diabetic 83.5 � 13.4 83.8 � 14.8 84.2 � 14.2 84.0 � 14.7 84.1 � 13.1 83.6 � 12.9 83.3 � 13.0
nondiabetic 79.6 � 14.4 79.0 � 14.9 77.9 � 14.6e 79.0 � 13.9 79.3 � 14.1 78.6 � 14.7 79.4 � 14.7

Cholesterol (mg/dl)
diabetic 244.8 � 52.3 224.1 � 51.5f 213.4 � 67.1f 215.8 � 76.5f 207.2 � 30.4e 199.0 � 47.8e 197.0 � 93.3
nondiabetic 265.4 � 77.1 220.5 � 39.5g 200.9 � 36.6h 201.8 � 33.6h 196.4 � 36.8f 202.5 � 40.1f 212.3 � 30.7

Potassium (mEq/L)
diabetic 4.5 � 0.5 4.7 � 0.4 4.7 � 0.6 4.8 � 0.8e 4.8 � 0.6 4.8 � 0.6 4.7 � 0.7
nondiabetic 4.3 � 0.5 4.6 � 0.4g 4.6 � 0.61 4.6 � 0.6f 4.6 � 0.52 4.6 � 0.6e 4.8 � 0.7e

Hemoglobin (g/dl)
diabetic 13.5 � 1.9 13.4 � 2.0 13.2 � 1.9e 13.0 � 1.9e 14.0 � 1.9 12.9 � 1.6 13.5 � 1.4
nondiabetic 14.0 � 1.9 13.7 � 1.9f 13.4 � 1.9f 13.4 � 1.8e 13.7 � 2.1 13.7 � 1.7 13.7 � 1.8

Mean proteinuria
(g/24 h)

diabetic 5.4 � 2.7 2.9 � 2.2g 2.8 � 2.0a,f 2.6 � 1.7b,f 2.2 � 1.5a,f 1.6 � 1.1f 1.6 � 0.5
nondiabetic 5.9 � 3.9 3.1 � 3.3h 1.7 � 1.6h 1.5 � 1.8h 1.4 � 1.4h 1.3 � 1.2h 0.9 � 1.1h

aData are mean � SD.
aP � 0.05, bP � 0.01, cP � 0.001, and dP � 0.0001, diabetes versus nondiabetes adjusted for baseline values by analysis of covariance.
eP � 0.05, fP � 0.01, gP � 0.001, and hP � 0.0001, time visit versus baseline.
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