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ABSTRACT
There is large interindividual variability in the antiproteinuric response to blockade of the renin-angio-
tensin-aldosterone system (RAAS). A low-sodium diet or addition of diuretics enhances the effects of
RAAS blockade on proteinuria and BP, but the efficacy of the combination of these interventions is
unknown. Therefore, this randomized, double-blind, placebo-controlled trial to determine the separate
and combined effects of a low-sodium diet and hydrochlorothiazide (HCT) on proteinuria and BP was
performed. In 34 proteinuric patients without diabetes, mean baseline proteinuria was 3.8 g/d, and this
was reduced by 22% by a low-sodium diet alone. Losartan monotherapy reduced proteinuria by 30%,
and the addition of a low-sodium diet led to a total reduction by 55% and the addition of HCT to 56%.
The combined addition of HCT and a low-sodium diet reduced proteinuria by 70% from baseline (all P �

0.05). Reductions in mean arterial pressure showed a similar pattern (all P � 0.05). In addition, individuals
who did not demonstrate an antiproteinuric response to losartan monotherapy did respond when a
low-sodium diet or a diuretic was added. In conclusion, a low-sodium diet and HCT are equally efficacious
in reducing proteinuria and BP when added to a regimen containing losartan and especially seem to
benefit individuals who are resistant to RAAS blockade. Combining these interventions in sodium status
is an effective method to maximize the antiproteinuric efficacy of RAAS blockade.
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Proteinuria is, next to high BP, a major risk factor
for progression to ESRD in diabetic and nondia-
betic nephropathies. Blockade of the renin-angio-
tensin-aldosterone system (RAAS) with angioten-
sin-converting enzyme inhibitors (ACEi) or
angiotensin II type 1 receptor (AT1) antagonists
protects against progressive renal function loss by
reduction of BP and proteinuria.1–3 However, indi-
vidual differences in antiproteinuric response to
RAAS blockade are large, ranging from zero to
complete reduction in proteinuria.4 It is interesting
that residual proteinuria during RAAS blockade
predicts the long-term renal risk for that individual
patient.5,6 Therefore, enhancing the antiproteinuric
efficacy is advocated to improve renoprotection.7

Sodium restriction and diuretic treatment enhance
the responses of proteinuria and BP to RAAS block-
ade.8–10 Of note, intervention in sodium status might

increase the top of the dosage-response to RAAS
blockade.9,11 Therefore, a larger maximum response
can be obtained. In a previous study, we showed that
the antiproteinuric response to ACEi was almost com-
pletely annihilated by high sodium intake with a
blunted BP response as well.4,9 Antiproteinuric and
BP responses could be restored by addition of sodium
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restriction9 or a diuretic.4 Presumably, diuretics and sodium re-
striction enhance the efficacy of RAAS blockade by similar mech-
anisms—that is, by their effect on volume status. Whether their
combination has added effects on the antiproteinuric efficacy of
RAAS blockade is unknown. It is also unknown whether patients
who are resistant to RAAS blockade have specific benefits of so-
dium depletion. We therefore examined the effects of sodium re-
striction, hydrochlorothiazide (HCT), and their combination on
proteinuria and BP during losartan in proteinuric patients with-
out diabetes in a randomized, double-blind, placebo-controlled,
crossover study.

RESULTS

Patient Characteristics and Dietary Compliance
We included 34 patients (25 men, 9 women, all Caucasians)
with a mean age of 50 yr (range 23– 68 yr) and mean (SE) body
mass index of 27.5 (0.8) kg/m2. Baseline proteinuria was 3.8
(0.4) g/d. Diagnoses were membranous glomerulopathy (7),
FSGS (7), membranoproliferative glomerulonephritis (2),
minimal-change disease with secondary glomerulosclerosis
(2), hypertensive nephropathy (5), IgA nephropathy (5), Al-
port syndrome (1), and nonconclusive diagnosis (4). One pa-
tient could not fulfill the complete protocol (because of psy-

chological distress unrelated to the study medication) and was
excluded for further analysis.

During high sodium (HS), mean urinary sodium excretion
was 196 (9) mmol/d and during low sodium (LS) was 92 (8)
mmol/d (P � 0.001), indicating an adequate dietary compli-
ance with achieved urinary sodium values in the physiologic
range (Table 1). LS was accompanied by a lower body weight in
all three periods. During losartan, LS reduced body weight sig-
nificantly more than HCT (Table 1). Urinary urea excretion
was significantly lower during LS (Table 1).

Proteinuria and BP
Proteinuria showed a stepwise decrease. Baseline protein-
uria (3.8 [0.4] g/d on placebo-HS) was significantly reduced
by all interventions (P � 0.01 for trend; Figure 1A). Per-
centage change of proteinuria from baseline showed the
same pattern (i.e., placebo on LS induced a reduction of
22% [6%], losartan-HS 30% [4%], losartan-LS 55% [4%],
losartan�HCT-HS 56% [4%], and losartan�HCT-LS 70%
[4%]). The shift from HS to LS significantly reduced pro-
teinuria during all regimens. Proteinuria was similarly re-
duced by addition of HCT or LS to losartan, but the lowest
proteinuria was achieved with both measures combined
(Figure 1A). To account for the confounding effect of he-

Table 1. Compliance to diet and effects on body weight, fractional protein excretion, protein/creatinine ratio, BP, and
creatinine clearance during treatment with placebo, losartan, and losartan � HCT combined with HS and LS

Parameter (n � 33) Placebo Losartan Losartan � HCT

Urinary sodium excretion (mmol/d)
HS 200 (10) 197 (11) 193 (11)
LS 90 (10)a 92 (8)a 93 (8)a

Urinary urea excretion (mmol/d)
HS 391 (16) 428 (22)b 436 (24)b

LS 338 (23)a 372 (27)a,c 362 (20)a

Body weight (kg)
HS 91 (3) 90 (3) 89 (3)b,d

LS 89 (3)a 88 (3)a,b,c 88 (3)a,b

Protein excretion (ng)/ml filtrate
HS 591 (78)e 387 (53) 253 (43)d

LS 518 (85) 286 (47)a,b 189 (30)a,b,d

Protein-creatinine ratio (mg/mg)
HS 2.45 (0.27)e 1.69 (0.22)b 1.01 (0.15)b,d

LS 2.10 (0.36) 1.18 (0.19)a,b 0.73 (0.12)a,b,d

SBP (mmHg)
HS 143 (4)e 135 (3) 125 (3)b,d

LS 137 (3) 128 (3)a,b 121 (2)a,b,d

DBP (mmHg)
HS 86 (2)e 80 (2) 75 (1)b,d

LS 83 (1) 78 (1)b 74 (1)b,d

Creatinine clearance (ml/min)
HS 89 (5) 94 (6) 86 (6)d

LS 82 (6)a 83 (7)a 75 (5)a,b,d

aP � 0.05 versus same treatment on HS (effect of LS).
bP � 0.05 versus placebo on same diet.
cP � 0.05 versus losartan � HCT HS (comparison between addition of LS and HCT with losartan).
dP � 0.05 versus losartan treatment on same diet (effect of HCT).
eP � 0.05 versus all periods.
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modynamic changes in creatinine clearance associated with
BP reduction and/or RAAS blockade, we calculated protein
excretion per milliliter of filtrate. This showed similar re-
sults (Table 1). The number of patients who reached target
proteinuria �1 g/d was stepwise increased by intensifying -
antiproteinuric treatment. Target proteinuria was obtained
in 6% of patients (2 of 33) by LS, in 12% (4 of 33) by
losartan-HS, in 30% (10 of 33) by losartan-LS, in 33% (11 of
33) by losartan�HCT-HS, and in 49% (16 of 33) by
losartan�HCT-LS. Normalization for 24-h urinary creati-
nine excretion did not influence the results on proteinuria
(protein-creatinine ratios are shown in Table 1), indicating
that the results were not influenced by urine collection er-
rors. The differences in urinary urea excretion did not in-
fluence the results on proteinuria when urinary urea excre-

tion was entered as covariate in the linear mixed-effect
model. Therapy was equally effective in patients with pri-
mary glomerulopathies (n � 19) as in patients with second-
ary glomerulopathies (IgA or hypertensive nephropathies;
n � 10), excluding the patients with nonconclusive diag-
noses (n � 4; Figure 2).

BP also displayed a stepwise decrease, as shown for mean
arterial pressure (MAP) in Figure 1B (P � 0.01 for the trend).
Baseline BP (143 [4]/86 [2] mmHg on placebo-HS) was signif-
icantly reduced by all interventions (systolic [SBP] and dia-
stolic BP [DBP] are given in Table 1). BP was similarly reduced
by addition of HCT or LS during losartan, but the lowest BP
was obtained by their combination. The shift from HS to LS
significantly reduced MAP during all regimens.

To analyze for possible BP dependence of the antiprotein-
uric response, we entered BP (MAP, SBP, or DBP, respectively)
as covariate in our linear effect model; however, no measure of
BP contributed significantly to the model. Thus, the overall
effects of therapy on proteinuria cannot be explained by the
effects on BP. Moreover, baseline proteinuria but not baseline
degree of BP predicted outcome in terms of residual protein-
uria, with a higher residual proteinuria in patients with a
higher baseline proteinuria.

Comparison of Concordance of BP and Proteinuria
Responses to LS and HCT When Added to Losartan
To assess whether there are differences in mechanisms of anti-
proteinuric action between the two different measures of vol-
ume depletion, we analyzed the possible concordance of BP
and proteinuria responses also separately for the periods with
addition of LS or HCT to losartan. There was no concordance
between the change in proteinuria and the change in BP when

Figure 1. Intensified intervention in sodium status by combining
LS and HCT is an effective tool to maximize the antiproteinuric
efficacy of RAAS blockade. Proteinuria (A) and MAP (B) compared
with baseline (placebo-HS) after 6-wk treatment with losartan and
losartan�HCT combined with HS (f) and LS (u). Data are means
(SE). Drug effects in all periods were evaluated by a linear mixed-
effect model. Tukey tests were used to localize the differences.
*P � 0.05 versus all periods; #P � 0.05 versus same treatment on
HS (effect of LS); †P � 0.05 versus losartan treatment on same diet
(effect of HCT); ‡P � 0.05 versus placebo on same diet.

Figure 2. Conservative therapy is equally effective in patients
with primary glomerulopathies as in patients with secondary ne-
phropathies. Patients with primary glomerulopathies (membra-
nous glomerulopathy [n � 7], FSGS [n � 7], membranoprolifera-
tive glomerulonephritis [n � 2], minimal-change disease with
secondary glomerulosclerosis [n � 2], and Alport syndrome [n �
1]) were compared with patients with secondary renal damage
(hypertensive nephropathy [n � 5] and IgA nephropathy [n � 5]),
excluding the patients with nonconclusive diagnoses (n � 4). It is
shown that conservative therapy was equally effective in the
patients with primary glomerulopathies (n � 19) as in the patients
with IgA or hypertensive nephropathies (n � 10). los, losartan.
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patients were switched from HS to LS during losartan; how-
ever, the antiproteinuric response to HCT during losartan cor-
related significantly with BP effects (R � 0.382, P � 0.05; Fig-
ure 3). Furthermore, in all but one patient with a decrease in
proteinuria by the addition of HCT to losartan, BP also de-
creased. In contrast, when LS was added to losartan, in 9 of 29
patients in whom proteinuria decreased by the addition of LS,
there was no decrease in BP (Figure 3).

Renal Function
Serum creatinine was not affected by losartan during HS or by
LS only. Addition of HCT or of LS to losartan significantly
increased creatinine, with a further rise of borderline signifi-
cance when LS was combined with HCT (Table 2). Serum urea
levels were not affected by LS as such. Losartan increased urea,
with a further increase when HCT was added (Table 2). HCT
increased creatinine and urea levels significantly more than LS
during losartan (Table 2). Creatinine clearance was lower dur-
ing all sodium-restricted periods, compared with the corre-
sponding HS periods. Losartan did not affect creatinine clear-
ance during either diet. HCT significantly reduced creatinine
clearance during losartan (Table 1).

Serum Potassium, Lipids, Albumin, Total Protein, and
Uric Acid
No patients experienced hyperkalemia (�5.5 mmol/L), although
serum potassium significantly increased after losartan on LS, an
effect that disappeared when HCT was added. Also during HS, the
addition of HCT to losartan reduced serum potassium (Table 2).

The decrease in proteinuria by LS only was accompanied by
lower cholesterol levels. The antiproteinuric effect of losartan
during HS and LS was also accompanied by a significant de-

crease in cholesterol but did not decrease further when HCT
was added (Table 2). Triglycerides were unaffected by the var-
ious treatments (data not shown).

Serum total protein and albumin levels were not altered by
losartan during HS, or by LS as such, but significantly in-
creased when LS, HCT, or their combination were combined
with losartan (Table 2).

The addition of HCT to losartan significantly increased uric
acid during HS and LS when compared with placebo and lo-
sartan. Addition of both HCT and LS increased uric acid levels
more than the addition of HCT only (Table 2).

Aldosterone and Renin Levels
Aldosterone and renin significantly increased by the shift from
HS to LS during all regimens. Renin but not aldosterone was
increased by losartan. HCT significantly increased aldosterone
and renin during losartan. Aldosterone and renin were highest
during losartan�HCT on LS (Table 2).

The effects of LS and HCT during losartan on aldosterone
and renin levels were dissimilar. Addition of LS to losartan
significantly increased aldosterone levels more than addition
of HCT, whereas HCT increased renin levels more. Accord-
ingly, the aldosterone-renin ratio was not affected by LS during
losartan but significantly decreased when HCT was added,
suggesting different effects of sodium restriction and HCT on
RAAS activity and volume status. During losartan�HCT on
LS, the aldosterone-renin ratio was lowest compared with all
other treatment periods.

Individual Responses to Interventions
For examination of whether patients who are resistant to RAAS
blockade have any specific benefits of sodium depletion, pa-

Figure 3. The antiproteinuric response of LS during losartan is not dependent on BP, in contrast to the antiproteinuric response of HCT
during losartan, which correlates significantly with BP. There was no concordance between the change in proteinuria and the change
in MAP when patients were switched from HS to LS during losartan (A), whereas the antiproteinuric response of HCT during losartan
correlated significantly with the effects on BP (R � 0.382, P � 0.05; B).
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tients were divided into three groups: Resistant (�25% reduc-
tion in proteinuria, �10 � 4%; n � 16), intermediate (25 to
50% reduction, �41 � 3%; n � 10), and good responders
(�50% reduction, �62 � 3%; n � 7) according to their anti-
proteinuric response to losartan from baseline (on placebo-
HS). Baseline characteristics (age, gender, diagnoses, body
mass index, creatinine clearance), dietary compliance, and BP

response to losartan did not differ between the groups (Table
3). Baseline proteinuria was similar (Figure 4, top). Antipro-
teinuric response in resistant and intermediate responders was
significantly enhanced by LS or HCT, whereas in good re-
sponders, antiproteinuric response did not significantly im-
prove further by LS or HCT (Figure 4, bottom). In all groups,
lowest proteinuria was obtained by addition of both LS and

Table 3. Baseline characteristics according to the antiproteinuric response to losartan from baselinea

Parameter (n � 33) Resistant (n � 16) Intermediate (n � 10) Good (n � 7)

Male/female (n) 11/5 8/2 5/2
Age (yr) 54 (3) 47 (3) 47 (6)
BMI (kg/m2) 28 (1) 28 (2) 25 (1)
Creatinine clearance (baseline; ml/min) 88 (7) 93 (8) 85 (14)
Mean urinary sodium excretion on HS (mmol/d) 200 (11) 202 (20) 177 (10)
Mean urinary sodium excretion on LS (mmol/d) 88 (7) 93 (8) 85 (14)
BP response to losartan on HS (%) 6.2 (2.3) 4.9 (1.9) 8.1 (2.6)
Patients on additional antihypertensive drugs (n) 4/16 2/10 1/7
aFor examination of whether patients who are resistant to RAAS blockade have any specific benefits of sodium depletion, patients were divided into three
groups: resistant (�25% reduction in proteinuria; n � 16), intermediate (25 to 50% reduction; n � 10), and good responders (�50% reduction; n � 7)
according to their antiproteinuric response to losartan from baseline (on placebo-HS). BMI, body mass index.

Table 2. Effects of treatment with placebo, losartan, and losartan � HCT during HS and LS

Parameter (n � 33) Placebo Losartan Losartan � HCT

Serum creatinine (� mol/L)
HS 125 (8) 121 (7) 136 (9)a,b

LS 126 (7) 129 (7)c,d 143 (10)a,b

Serum urea (mmol/L)
HS 7.0 (0.4) 7.6 (0.5) 9.9 (0.9)a,b

LS 6.9 (0.5) 7.6 (0.6)b,d 10.8 (1.1)a,b

Serum potassium (mmol/L)
HS 4.3 (0.1) 4.4 (0.1) 4.1 (0.1)a,b

LS 4.3 (0.1) 4.5 (0.1)b,d 4.0 (0.1)a,b

Serum total cholesterol (mmol/L)
HS 6.1 (0.3)e 5.7 (0.2) 5.8 (0.2)
LS 5.9 (0.2) 5.5 (0.2)b,d 5.6 (0.3)b

Serum total protein (g/L)
HS 68.9 (1.4) 68.0 (1.3) 69.8 (1.2)a,b

LS 69.2 (1.4) 70.1 (1.1)c 72.3 (1.1)a,b,c

Serum albumin (g/L)
HS 38.7 (0.7) 38.8 (0.6) 39.7 (0.6)a

LS 39.0 (0.7) 40.1 (0.6)b,c 41.0 (0.5)a,b,c

Serum uric acid (mmol/L)
HS 0.42 (0.01) 0.39 (0.01) 0.46 (0.02)a,b

LS 0.43 (0.02) 0.42 (0.02)d 0.52 (0.02)a,b,c

Plasma aldosterone (pg/ml)
HS 93 (15) 78 (12) 113 (12)a

LS 140 (17)c 132 (13)c,d 189 (18)a,b,c

Plasma renin (ng AI/ml per h)
HS 4.2 (0.4)e 11.1 (2.1)b 20.1 (2.8)a,b

LS 5.2 (0.5) 16.6 (2.5)b,c,d 37.2 (4.4)a,b,c

Aldosterone-renin ratio (pg/ng AI � h)
HS 29 (5) 15 (5)b 10 (2)a,b

LS 36 (7) 16 (5)b,d 7 (1)a,b,c

aP � 0.05 versus losartan treatment on same diet (effect of HCT).
bP � 0.05 versus placebo on same diet.
cP � 0.05 versus same treatment on HS (effect of LS).
dP � 0.05 versus losartan � HCT HS (comparison between addition of LS and HCT with losartan).
eP � 0.05 versus all periods.
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HCT to losartan without differences between the groups (Fig-
ure 4, top). With this regimen, only one patient remained re-
sistant, five were intermediate, and the number of good re-
sponders increased to 26 (�2: P � 0.001).

DISCUSSION

The objective of this study was to characterize the independent
and combined effects of sodium restriction and a diuretic on
the responses of proteinuria and BP to AT1-antagonist therapy
in nondiabetic proteinuria. First, we found that sodium re-
striction and HCT were equally effective in reducing protein-
uria and BP during losartan and that the largest decrease in
proteinuria and BP was obtained by their combination. Sec-
ond, sodium depletion by a low-sodium diet or a diuretic is
specifically beneficial in patients in whom proteinuria is resis-
tant to RAAS blockade. Third, remarkably, sodium restriction
as such already exerted a modest but significant antiprotein-
uric effect. Our data indicate that for optimal reduction of

proteinuria and BP by AT1 antagonist, both diuretic and so-
dium restriction should be applied.

It would be of interest to know whether the added antipro-
teinuric efficacy of volume depletion was due to lower BP.
However, on analysis by the linear mixed-effect model, the
added effects on proteinuria could not be explained by the
effects on BP. Yet on univariate analysis for the different treat-
ment periods, during HCT the effects on BP correlated to the
proteinuria effects. This suggests that other antihypertensives
may have had a similar effect, but we have no data to support
this assumption.

The reduction of proteinuria by low sodium alone was not
observed previously in patients with overt proteinuria as a re-
sult of primary glomerular disorders. It is in line with previous
data on the effects of low sodium in hypertensive black pa-
tients, for whom it was attributed to the concomitant reduc-
tion in BP.12 Moreover, recent data from our own group in
healthy young adults demonstrated that sodium restriction
significantly reduced urinary albumin excretion within the
normal range, with only a borderline effect on BP, suggesting
that direct renal effects are not excluded.13 Obviously, the ef-
fect of sodium restriction alone in our overtly proteinuric pa-
tients was not sufficient to refrain from pharmacologic inter-
vention. We did not study the effects of HCT monotherapy,
but, in previous studies, HCT alone did not influence protein-
uria.14,15 However, reliable data on this topic are sparse and the
aforementioned studies were not corrected for urinary sodium
excretion or BP.14,15

We compared the added effects of low sodium and HCT
with losartan for several reasons. First, compliance with so-
dium restriction can be cumbersome, and it would be conve-
nient if there were an alternative with similar efficacy. Second,
there is some evidence that the effects of sodium restriction
and HCT might not be equivalent, despite that both act on
sodium status. A previous study of patients with severe renal
failure demonstrated that thiazides exert their antihyperten-
sive effect by specific vascular changes, rather than by volume
depletion.16 Moreover, in uninephrectomized SHR rats, a
model for hypertension and proteinuria, sodium restriction
but not diuretic therapy diminished renal hypertrophy,
whereas BP was similar.17 In our study, addition of sodium
restriction or HCT to losartan was equally effective in reducing
proteinuria. On univariate analysis, the added effect of HCT on
proteinuria was associated with BP, whereas this was not the
case for the added effect of low sodium, suggesting possible
different modes of action. Our data do not allow us to substan-
tiate such mechanisms, and this issue requires further study.

Sodium restriction and HCT induced similar decreases in
creatinine clearance during losartan, with the largest decrease
during their combination, accompanied by a rise in serum
urea. This decrease in GFR did not account for the decrease in
proteinuria, as shown by the decrease in protein excretion per
milliliter of filtrate, indicating a specific antiproteinuric effect
of losartan beyond its effects on renal function. It is well estab-
lished that during RAAS blockade, shifts in volume status exert

Figure 4. In proteinuric patients without diabetes, sodium de-
pletion by LS or a diuretic is specifically beneficial in those who
are resistant to RAAS blockade. We examined the effects of LS,
HCT, and their combination (LS�HCT) on proteinuria (top) and
antiproteinuric response (bottom) during losartan treatment (los).
According to their antiproteinuric response to losartan from base-
line (BL; on placebo-HS), patients were divided into three groups:
Resistant (�25% reduction in proteinuria; n � 16), intermediate
(25 to 50% reduction; n � 10), and good responders (�50%
reduction; n � 7). Data are means � SEM. ∧P � 0.05 versus
resistant patients on same treatment; ∨P � 0.05 versus losartan
on HS.
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distinct effects on renal function, facilitating prerenal failure if
volume depletion is severe. Here, the effect on renal function
was mild, which is in line with relatively mild interventions in
volume status. The clinical significance of the decrease in renal
function for long-term outcome cannot be derived from our
data, but a decrease in GFR at the onset of treatment generally
predicts a subsequent slower decline of renal function, pre-
sumably because it reflects a decrease in glomerular pres-
sure.5,18

Optimization of antiproteinuric treatment strategies can
conceivably be obtained by combining diuretic with sodium
restriction on top of RAAS blockade, although this approach
might be limited by adverse events.19 Addition of HCT to lo-
sartan significantly increased uric acid, renin, and aldosterone.
Recent data showed that uric acid is an independent risk factor
for the development of ESRD,20 and experimental studies pro-
vide evidence that uric acid may be a mediator of renal disease
progression.21 Moreover, through their profibrotic actions, al-
dosterone22–25 and (pro)renin26 –28 can also directly contribute
to renal damage. Furthermore, a large meta-analysis in pro-
teinuric patients without diabetes showed that the risk for
ESRD was adversely influenced when proteinuria reduction by
RAAS blockade was accompanied by pronounced BP reduc-
tion.29 This suggests a J curve for BP and long-term renal out-
come, with a worse outcome in patients with pronounced BP
reduction. However, no adjustment for orthostasis and heart
rate was made. Also, patients with lower BP might be those
with more severe proteinuria and hypoalbuminemia second-
ary to the nephrotic syndrome, which could explain their faster
progression. The assumption of a J curve for renoprotection is
supported by animal studies.30 However, for proteinuria, there
is no evidence of a J curve, and the target should be �1 g/d.31

Several measures can maximize the effects of RAAS block-
ade. These include dual blockade32 and intervention in volume
status, with sodium restriction, thiazides, loop diuretics, and
aldosterone blockade. Esnault et al.8 showed in patients with a
proteinuria comparable to ours but with a worse renal func-
tion that intensified furosemide therapy and avoiding exces-
sive sodium on top of dual RAAS blockade resulted in a further
decrease in proteinuria at the expense of a rise in serum creat-
inine. Our data are in line with theirs and, moreover, show the
separate effects of sodium restriction and a diuretic on top of
RAAS blockade by AT1 receptor blockade only. Our data sug-
gest that further reduction of proteinuria could have been ob-
tained by further sodium depletion, possibly at the expense of
a further rise in serum creatinine. The effects of more vigorous
interventions in volume status on top of dual RAAS blockade
deserve further investigation. This also applies to volume in-
tervention by aldosterone blockade that may exert specific di-
rect renoprotective effects.23,24,33,34 We consider it of particular
interest that the sodium-depleting measures were effective in
improving therapy response in patients with a poor response to
monotherapy losartan.

We acknowledge possible weaknesses in our study. Urinary
urea excretion was lower during sodium restriction. This could

question the specificity of the effect of low sodium, because
part of the antiproteinuric effect could be due to lower protein
intake. We were unable to detect statistically significant effects
of the differences in urinary urea excretion on proteinuria on
multivariate analysis, but this does not fully exclude an effect.
In a clinical outpatient setting, it is difficult to establish sodium
restriction without any effect on protein intake, and vice versa.
This was recently demonstrated in patients with stage 4/5 kid-
ney disease in whom BP reduction by a very-low-protein diet
was independently related to urinary sodium excretion but not
to protein intake.35 In an editorial commentary, it was consid-
ered likely that effects of the low-protein diet on BP were due to
modification of sodium intake.36 Here, we cannot exclude an
effect of altered protein intake on proteinuria, but an effect on
BP would not be likely. We studied short-term effects of so-
dium depletion on top of RAAS blockade on proteinuria; how-
ever, short-term reductions in proteinuria predict a slower de-
cline in GFR in nondiabetic nephropathy.31 Whether
combined sodium depletion is effective in slowing renal func-
tion decline has to be confirmed in long-term studies.

We conclude that sodium restriction and diuretic are
equally effective in reducing proteinuria and BP when added to
AT1 antagonist and are specifically beneficial in patients in
whom proteinuria is resistant to RAAS blockade. The largest
effect on proteinuria and BP is obtained during their combi-
nation. Intensified intervention in sodium status by combin-
ing sodium restriction and diuretic is an effective tool to max-
imize the antiproteinuric efficacy of RAAS blockade.

CONCISE METHODS

Patients and Protocol
The protocol, which was in accordance with the Declaration of Hel-

sinki, was approved by our local ethical committee and conducted

according to the guidelines of good clinical practice. Written in-

formed consent was obtained from each patient before inclusion. Pa-

tients were selected from our outpatient renal clinic and were enrolled

between March 2004 and June 2006. All patients fulfilled the inclusion

criterion of a stable proteinuria �2 g/d and �10 g/d. Only patients

with stable renal function (i.e., creatinine clearance �30 ml/min and

�6 ml/min per yr decline) and age between 18 and 70 yr were in-

cluded. Patients with uncontrolled hypertension (MAP �100

mmHg), serum potassium �5.5 mmol/L, cardiovascular disease

(myocardial infarction, unstable angina, percutaneous transluminal

coronary angioplasty, coronary artery bypass grafting, or stroke

within the last 6 mo), contraindication for AT1-antagonist or diuretic

use, and/or diabetes were excluded, as well as frequent users of non-

steroidal anti-inflammatory drugs (�2 doses/wk). Additional antihy-

pertensive drugs except for RAAS-blocking agents or diuretics were

allowed for BP control. These drugs were kept stable during the study.

Selected patients entered this single-center, prospective, random-

ized, placebo-controlled, crossover study and were consecutively

treated during 6 wk with placebo, losartan (100 mg once daily; Cozaar

[Merck & Co. Inc., Whitehouse Station, NJ]), and losartan plus HCT
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(100/25 mg once daily; Fortzaar [Merck & Co. Inc.]) in random order.

Patients were instructed to take the study medication once daily, in

the morning, except on study days; on those days, the study drug was

not taken before data collection at the hospital (between 8:00 and 9:30

a.m.), allowing BP measurement at trough. At the same time, patients

were randomly assigned to either a high-sodium diet (200 mmol

Na�/d [approximately 4.8 g]) or a low-sodium diet (50 mmol Na�/d

[approximately 1.2 g]) during 18 wk (three 6-wk periods). After 18

wk, patients changed diet and the three 6-wk periods were repeated.

During the whole study, patients were closely supported by a di-

etary consultant and were instructed to adhere to a stable protein diet

(1.1 g/kg per d) throughout the study. Differences in sodium intake

were achieved by replacing sodium-rich products with a low-sodium

product of the same product group to remain isocaloric with a similar

balance among protein, carbohydrate, and fat. For prevention of con-

current changes in dietary habits, the diets were based on the personal

food habits of each patient and fitted to the individual caloric need.

Every 2 wk after an overnight fast, patients collected 24-h urine, BP

was measured, and blood was sampled to control dietary compliance

and to monitor renal function and BP. Collected data at the end of

each 6-wk treatment period were used for analysis.

Study Measures
The primary end point was the 24-h proteinuria at the end of each

treatment period. Secondary end points were the MAP and serum

creatinine, urea, cholesterol, triglycerides, total protein, and albumin.

At the end of each period, on the day before every visit, patients col-

lected 24-h urine samples to determine proteinuria and urinary so-

dium, urea, potassium, and creatinine excretion. Urinary protein was

determined using the pyrogallol red-molybdate method. Serum and

urinary electrolytes and creatinine and cholesterol, triglycerides, total

protein, and albumin levels were determined using an automated

multi-analyzer (SMA-C; Technicon, Tarrytown, NY). Aldosterone

was measured with a commercially available RIA kit (Diagnostic

Products Corp., Los Angeles, CA). Plasma renin activity was mea-

sured as described previously with a RIA that detects the amount of

angiotensin I produced per hour in the presence of excess angio-

tensinogen (nanograms of angiotensin I produced per milliliter of

plasma per hour). This assay measures the enzymatic activity of active

plasma renin in the presence of an excess of its (exogenous) sub-

strate.37 BP was measured under constant conditions, at 1-min inter-

vals by an automatic device (Dinamap; GE Medical systems, Milwau-

kee, WI), with the patient in semisupine position. After 15 min of

measurements, the mean of the last four readings was used for further

analysis. MAP was calculated as the sum of one third of SBP and two

thirds of the DBP.

Sample Size
We hypothesized that patients would present a mean � SD protein-

uria of 3.5 � 2 g/d at baseline (placebo on HS). Assuming a reduction

of 1.0 � 0.7 g/d with losartan and an extra reduction of 0.6 � 0.7 g/d

by the addition of HCT or LS, it was estimated that 32 patients had to

complete the crossover design sequence to give the study a 90% power

to detect a statistically significant difference (� � 0.05). On the basis

of an expected dropout rate of 5%, we included 34 patients.

Data Analysis
Results are expressed as mean and SE. Baseline data were obtained

after 6-wk placebo treatment with HS. Drug effects in all periods were

evaluated using linear mixed-effect models. Tukey tests were used to

localize the differences. Statistical significance was assumed at the 5%

level of probability. We used SPSS 12.0.1 for Windows (SPSS Inc.,

Chicago, IL) for all analyses.

ACKNOWLEDGMENTS

Part of this work (an interim analysis in n � 17) was presented at the

annual meeting of the American Society of Nephrology, November 8

through 13, 2005, Philadelphia, PA (J Am Soc Nephrol 16: 2005; 37A).

We thank Corrie Nieuwenhout for skillful assistance at the outpa-

tient clinic.

DISCLOSURES
This study was supported by Merck Sharp & Dohme (grant MSGP NETH-

15-01).

REFERENCES

1. Randomised placebo-controlled trial of effect of ramipril on decline
in glomerular filtration rate and risk of terminal renal failure in
proteinuric, non-diabetic nephropathy: The GISEN Group (Gruppo
Italiano di Studi Epidemiologici in Nefrologia). Lancet 349: 1857–
1863, 1997

2. Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving
HH, Remuzzi G, Snapinn SM, Zhang Z, Shahinfar S: Effects of losartan
on renal and cardiovascular outcomes in patients with type 2 diabetes
and nephropathy. N Engl J Med 345: 861–869, 2001

3. Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, Ritz E,
Atkins RC, Rohde R, Raz I: Renoprotective effect of the angiotensin-
receptor antagonist irbesartan in patients with nephropathy due to
type 2 diabetes. N Engl J Med 345: 851–860, 2001

4. Buter H, Hemmelder MH, Navis G, de Jong PE, de Zeeuw D: The
blunting of the antiproteinuric efficacy of ACE inhibition by high
sodium intake can be restored by hydrochlorothiazide. Nephrol Dial
Transplant 13: 1682–1685, 1998

5. Apperloo AJ, de Zeeuw D, de Jong PE: Short-term antiproteinuric
response to antihypertensive treatment predicts long-term GFR de-
cline in patients with non-diabetic renal disease. Kidney Int Suppl 45:
S174–S178, 1994

6. de Zeeuw D, Ramjit D, Zhang Z, Ribeiro AB, Kurokawa K, Lash JP,
Chan J, Remuzzi G, Brenner BM, Shahinfar S: Renal risk and renopro-
tection among ethnic groups with type 2 diabetic nephropathy: A post
hoc analysis of RENAAL. Kidney Int 69: 1675–1682, 2006

7. Kopple JD: The National Kidney Foundation K/DOQI clinical practice
guidelines for dietary protein intake for chronic dialysis patients. Am J
Kidney Dis 38: S68–S73, 2001

8. Esnault VL, Ekhlas A, Delcroix C, Moutel MG, Nguyen JM: Diuretic and
enhanced sodium restriction results in improved antiproteinuric re-
sponse to RAS blocking agents. J Am Soc Nephrol 16: 474–481, 2005

9. Heeg JE, de Jong PE, van der Hem GK, de Zeeuw D: Efficacy and
variability of the antiproteinuric effect of ACE inhibition by lisinopril.
Kidney Int 36: 272–279, 1989

10. Houlihan CA, Allen TJ, Baxter AL, Panangiotopoulos S, Casley DJ,

CLINICAL RESEARCH www.jasn.org

1006 Journal of the American Society of Nephrology J Am Soc Nephrol 19: 999–1007, 2008



Cooper ME, Jerums G: A low-sodium diet potentiates the effects of
losartan in type 2 diabetes. Diabetes Care 25: 663–671, 2002

11. Wapstra FH, van Goor H, Navis G, de Jong PE, de Zeeuw D: Antipro-
teinuric effect predicts renal protection by angiotensin-converting
enzyme inhibition in rats with established adriamycin nephrosis. Clin
Sci (Lond) 90: 393–401, 1996

12. Swift PA, Markandu ND, Sagnella GA, He FJ, MacGregor GA: Modest
salt reduction reduces blood pressure and urine protein excretion in
black hypertensives: A randomized control trial. Hypertension 46:
308–312, 2005

13. Krikken JA, Lely AT, Bakker SJ, Navis G: The effect of a shift in sodium
intake on renal hemodynamics is determined by body mass index in
healthy young men. Kidney Int 71: 260–265, 2007

14. Donker AJ, Brentjens JR, van der Hem GK, Arisz L: Treatment of the
nephrotic syndrome with indomethacin. Nephron 22: 374–381, 1978

15. Vogt L, Navis G, Koster J, Manolis AJ, Reid JL, de Zeeuw D: The
angiotensin II receptor antagonist telmisartan reduces urinary albumin
excretion in patients with isolated systolic hypertension: Results of a
randomized, double-blind, placebo-controlled trial. J Hypertens 23:
2055–2061, 2005

16. Jones B, Nanra RS: Double-blind trial of antihypertensive effect of
chlorothiazide in severe renal failure. Lancet 2: 1258–1260, 1979

17. Benstein JA, Feiner HD, Parker M, Dworkin LD: Superiority of salt
restriction over diuretics in reducing renal hypertrophy and injury in
uninephrectomized SHR. Am J Physiol 258: F1675–F1681, 1990

18. Hansen HP, Rossing P, Tarnow L, Nielsen FS, Jensen BR, Parving HH:
Increased glomerular filtration rate after withdrawal of long-term an-
tihypertensive treatment in diabetic nephropathy. Kidney Int 47:
1726–1731, 1995

19. Vogt L, Navis G, de Zeeuw D: Individual titration for maximal blockade
of the renin-angiotensin system in proteinuric patients: A feasible
strategy? J Am Soc Nephrol 16[Suppl 1]: S53–S57, 2005

20. Iseki K, Ikemiya Y, Inoue T, Iseki C, Kinjo K, Takishita S: Significance of
hyperuricemia as a risk factor for developing ESRD in a screened
cohort. Am J Kidney Dis 44: 642–650, 2004

21. Kang DH, Nakagawa T, Feng L, Watanabe S, Han L, Mazzali M, Truong
L, Harris R, Johnson RJ: A role for uric acid in the progression of renal
disease. J Am Soc Nephrol 13: 2888–2897, 2002

22. Aldigier JC, Kanjanbuch T, Ma LJ, Brown NJ, Fogo AB: Regression of
existing glomerulosclerosis by inhibition of aldosterone. J Am Soc
Nephrol 16: 3306–3314, 2005

23. Bianchi S, Bigazzi R, Campese VM: Long-term effects of spironolac-
tone on proteinuria and kidney function in patients with chronic kidney
disease. Kidney Int 70: 2116–2123, 2006

24. Chrysostomou A, Becker G: Spironolactone in addition to ACE inhi-
bition to reduce proteinuria in patients with chronic renal disease.
N Engl J Med 345: 925–926, 2001

25. Miyata K, Rahman M, Shokoji T, Nagai Y, Zhang GX, Sun GP, Kimura
S, Yukimura T, Kiyomoto H, Kohno M, Abe Y, Nishiyama A: Aldoste-
rone stimulates reactive oxygen species production through activation
of NADPH oxidase in rat mesangial cells. J Am Soc Nephrol 16:
2906–2912, 2005

26. Huang Y, Wongamorntham S, Kasting J, McQuillan D, Owens RT, Yu
L, Noble NA, Border W: Renin increases mesangial cell transforming
growth factor-beta1 and matrix proteins through receptor-mediated,
angiotensin II-independent mechanisms. Kidney Int 69: 105–113,
2006

27. Huang Y, Noble NA, Zhang J, Xu C, Border WA: Renin-stimulated
TGF-beta1 expression is regulated by a mitogen-activated protein
kinase in mesangial cells. Kidney Int 72: 45–52, 2007

28. Nguyen G, Delarue F, Burckle C, Bouzhir L, Giller T, Sraer JD: Pivotal
role of the renin/prorenin receptor in angiotensin II production and
cellular responses to renin. J Clin Invest 109: 1417–1427, 2002

29. Jafar TH, Stark PC, Schmid CH, Landa M, Maschio G, de Jong PE, de
Zeeuw D, Shahinfar S, Toto R, Levey AS: Progression of chronic kidney
disease: The role of blood pressure control, proteinuria, and angio-
tensin-converting enzyme inhibition—A patient-level meta-analysis.
Ann Intern Med 139: 244–252, 2003

30. Hamming I, Navis G, Kocks MJ, van Goor H: ACE inhibition has
adverse renal effects during dietary sodium restriction in proteinuric
and healthy rats. J Pathol 209: 129–139, 2006

31. Ruggenenti P, Schieppati A, Remuzzi G: Progression, remission, re-
gression of chronic renal diseases. Lancet 357: 1601–1608, 2001

32. Nakao N, Yoshimura A, Morita H, Takada M, Kayano T, Ideura T:
Combination treatment of angiotensin-II receptor blocker and angio-
tensin-converting-enzyme inhibitor in non-diabetic renal disease (CO-
OPERATE): A randomised controlled trial. Lancet 361: 117–124, 2003

33. Kramer AB, van der Meulen EF, Hamming I, van Goor H, Navis G:
Effect of combining ACE inhibition with aldosterone blockade on
proteinuria and renal damage in experimental nephrosis. Kidney Int
71: 417–424, 2007

34. Sato A, Hayashi K, Naruse M, Saruta T: Effectiveness of aldosterone
blockade in patients with diabetic nephropathy. Hypertension 41:
64–68, 2003

35. Bellizzi V, Di Iorio BR, De Nicola L, Minutolo R, Zamboli P, Trucillo P,
Catapano F, Cristofano C, Scalfi L, Conte G: Very low protein diet
supplemented with ketoanalogs improves blood pressure control in
chronic kidney disease. Kidney Int 71: 245–251, 2007

36. Weir MR: Is it the low-protein diet or simply the salt restriction? Kidney
Int 71: 188–190, 2007

37. Derkx FH, Tan-Tjiong L, Wenting GJ, Boomsma F, Man in ’t Veld AJ,
Schalekamp MA: Asynchronous changes in prorenin and renin secre-
tion after captopril in patients with renal artery stenosis. Hypertension
5: 244–256, 1983

CLINICAL RESEARCHwww.jasn.org

J Am Soc Nephrol 19: 999–1007, 2008 Sodium Depletion on Top of AT1 Blockade 1007


