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ABSTRACT

Aldosterone promotes glomerular and tubular sclerosis independent of angiotensin Il in animal models
of diabetic nephropathy. Most human studies testing the renoprotective benefit of adding an angio-
tensin receptor blocker or a mineralocorticoid receptor antagonist to a regimen based on inhibition of
angiotensin-converting enzyme (ACE) used relatively low doses of ACE inhibitors. Furthermore, these
studies did not determine whether antiproteinuric effects were independent of BP lowering. We
conducted a double-blind, placebo-controlled trial in 81 patients with diabetes, hypertension, and
albuminuria (urine albumin-to-creatinine ratio =300 mg/g) who all received lisinopril (80 mg once daily).
We randomly assigned the patients to placebo, losartan (100 mg daily), or spironolactone (25 mg daily)
for 48 wk. We obtained blood and urine albumin, urea, creatinine, electrolytes, Alc, and ambulatory BP
at baseline, 24, and 48 wk. Compared with placebo, the urine albumin-to-creatinine ratio decreased by
34.0% (95% CI, —51.0%, —11.2%, P = 0.007) in the group assigned to spironolactone and by 16.8% (95%
Cl, —37.3%, +10.5%, P = 0.20) in the group assigned to losartan. Clinic and ambulatory BP, creatinine
clearance, sodium and protein intake, and glycemic control did not differ between groups. Serum
potassium level was significantly higher with the addition of either spironolactone or losartan. In
conclusion, the addition of spironolactone, but not losartan, to a regimen including maximal ACE
inhibition affords greater renoprotection in diabetic nephropathy despite a similar effect on BP. These
results support the need to conduct a long-term, large-scale, renal failure outcomes trial.
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Diabetic nephropathy is the leading cause of ESRD
worldwide.! The presence of nephropathy in diabetes
is associated not only with excessive cardiovascular
risk but also with increased risk for progression to
ESRD.23 It is well established that suboptimal BP con-
trol, activation of the renin—angiotensin—aldosterone
system (RAAS), and proteinuria are important factors
in the progression of diabetic nephropathy. Intensive
BP lowering and administration of drugs that block
the RAAS, such as angiotensin-converting enzyme in-
hibitors (ACEis) and angiotensin receptor blockers
(ARBs), can slow progression of diabetic nephropa-
thy.#-'" Renoprotection afforded by these agents is
linked strongly and inextricably to reduction in pro-
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teinuria. Moreover, residual proteinuria is a strong
predictor of adverse renal outcomes in long-term
studies of patients treated with either an ACEi or an
ARB.71213 Unfortunately, renoprotection afforded by
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these agents is limited; thus most patients continue to progress
toward ESRD.14-16

Studies in animal models have demonstrated that aldosterone
can cause renal injury leading to glomerular and tubular sclerosis
independent of angiotensin II.!7-1® Adding either an angiotensin
receptor antagonist or a mineralocorticoid receptor antagonist
(MRA) to an ACEi-based regimen in patients with diabetic ne-
phropathy may further reduce proteinuria and thereby afford ad-
ditional renoprotection.'”-2* However, most studies included
small numbers of subjects who were treated for a short duration
and used relatively low doses of ACEi.'*-2! Importantly, these
studies were not designed to determine whether the antiprotein-
uric effect of a MRA was independent of BP lowering. We hypoth-
esized that, in patients with diabetic nephropathy, the addition of
either an ARB or a MRA to a maximally dosed ACEi-based regi-
men will afford greater renoprotection than an ACEi-based regi-
men alone. We further hypothesized that the added value of a
MRA is specific for aldosterone and is not explained solely on the
basis of reduced time-integral BP burden.

RESULTS

The baseline characteristics were similar among the ran-
domized groups (Table 1). The mean age of the study sub-

jects was approximately 50 yr. There was a slight female
predominance, and the majority of subjects were either Af-
rican-American or Hispanic. The median creatinine clear-
ance was 64.5 ml/min, and the mean 24-h urine albumin-
to-creatinine ratio (UACR) was approximately 1000 mg/g.
The mean number of days of lisinopril (80 mg daily) admin-
istered during run-in before randomization was 31.6 for
placebo, 32.7 for losartan, and 35.5 for spironolactone.
Most subjects were overweight or obese, and the mean du-
ration of diabetes was approximately 15 yr. There was a
trend toward lower creatinine clearance and higher UACR
in the spironolactone group, but the difference was not sta-
tistically significant. There were no differences in baseline
BP or UACR when comparing patients with type 1 and type
2 diabetes (data not shown). Ten percent of subjects had a
prior history of myocardial infarction or coronary revascu-
larization.

Urine Albumin-to-Creatinine Ratio

Overall there was a significant difference in the percent change
in UACR between the three treatment groups (P = 0.02). The
mean difference percentage change in the UACR in spirono-
lactone as compared with that in placebo was —34.0% (95%
CIL, —51.0%, —11.2%, P = 0.007) (Figure 1A). This difference
in UACR was persistent throughout the 48-wk double-blind

Table 1. Baseline characteristics®
Placebo n = 27 Losartan n = 26 Spironolactone n = 27

Female, no. 15 13 14
Race, no.

Black 10 8 7

Hispanic 12 12 17

Non-Hispanic white 4 6 2

Native American 1 0 1
Age, yr 49.3 (8.8) 52.3(9.1) 51.7 (9.3)
Body mass index, kg/m? 32.3(7.1) 30.3 (5.4) 33.7(7.1)
Duration of diabetes, yr 14.4 (9.6) 17.0(7.7) 17.0(9.1)
Diabetes type (typel/type 2), no. 4/23 4/22 4/23
24-h ambulatory BP, mmHg

Systolic 138 (15) 143 (15) 135(11)

Diastolic 75 (9) 75 (9) 71(9)
Clinical BP, mmHg

Systolic 132 (18) 136 (14) 132 (16)

Diastolic 74 (9) 72 (11) 73 (10)
Prior history of myocardial infarction/CABG/PTCA 3 2 2
UACR, mg/g 917 [633-1329] 897 [611-1316] 1094 [758-1579]
Serum creatinine, mg/d| 1.4(0.7) 1.7 (0.7) 1.8(0.9)
Normalized protein catabolic rate, g/kg/d 0.97 (0.21) 1.07 (0.26) 0.91 (0.21)
Blood urea nitrogen, mg/d| 30.5(16.3) 39.1(18.6) 43.4 (22.8)
Serum potassium, mEqg/L 4.5(0.7) 4.5 (0.4) 4.5 (0.7)
Hemoglobin Alc, % 8.1(1.3) 7.6(1.3) 7.4(1.6)
Plasma C-reactive protein, mg/L 3.6[1.9-6.5] 2.4[1.4-4.2] 3[1.6-5.5]
Triglycerides, mg/dl 183 [145-232] 175 [136-225] 191 [156-235]
Total cholesterol, mg/dl 189 (49) 198 (75) 176 (44)
LDL cholesterol, mg/dl 95 (38) 100 (45) 75 (29)
HDL cholesterol, mg/dl 43 (10) 46 (15) 45 (11)

CABG, coronary artery bypass graft; PCTA, percutaneous transluminal coronary angioplasty. *Results are presented as mean (SD) or geometric mean [95% Cl].
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Figure 1. The UACR and BP treatment responses for each study
group. Solid lines indicate active treatment weeks, and the dotted
lines indicate the washout phase. (A) The UACR percentage
change for spironolactone versus placebo (—34.0%, 95% ClI,
—51.0%, —11.2%, P = 0.007) and losartan versus placebo (95%
Cl, =37.3%, +10.5%, P = 0.2). Data are presented as the per-
centage change from the baseline geometric mean and 95% CI.
The P values are from mixed-model repeated-measures analysis.
See the text for within-group differences. (B) Twenty-four-hour
systolic BP percentage change was not statistically different be-
tween groups. Data are presented as the mean and 95% Cl. (C)
Clinical BP responses were not statistically different between
groups. Data are presented as the mean and 95% CI.

phase. The mean difference in percentage change in losartan as
compared with that in placebo was —16.8% (95% CI, —37.3%,
+10.5%, P = 0.20). In covariance models controlling for clin-
ical BP, ambulatory BP, creatinine clearance, and dietary so-
dium and protein intake, the mean difference in the percentage
change in the UACR between the spironolactone and the pla-
cebo groups persisted. For example, after adjustment for the
change from the baseline in 24-h systolic BP and creatinine
clearance, the between-group difference in the UACR percent-
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age change was —29.6% in spironolactone as compared with
that in placebo (95% CI, —45.1%, —9.7%, P = 0.006). After
adjustment for absolute change, percentage change, and lag
change in ambulatory BP modeled as a static or a time-varying
covariate, reduction in UACR in spironolactone as compared
with that of placebo remained robust with virtually identical
results.

During the 48 wk of treatment, the UACR decreased sig-
nificantly from the baseline in the losartan (P = 0.001) and
spironolactone (P < 0.0001) groups but not in the placebo
group (P = 0.08) (Figure 1A). At 48 wk, the percentage
change from the baseline was —24.6% (95% CI, —54.8%,
+25.9%) in those assigned to placebo, —38.2% (95% CI,
—59.3%, —5.9%) in those assigned to losartan, and —51.6%
(95% CI, —70.2%, —21.4%) in those assigned to spirono-
lactone. The response to intervention for each individual
who completed 48 wk of follow-up demonstrated that all
(with one exception) subjects randomized to spironolac-
tone experienced a decrease in the UACR. To assess the
potential impact of patient discontinuation on the primary
outcome, the baseline characteristics of those who discon-
tinued the blinded phase of the study before 48 wk of fol-
low-up were compared with those who completed 48 wk of
follow-up. In this analysis, those who discontinued the
study early showed similar trends in reductions in the
UACR when compared with those who completed the study
(data not shown).

BP Control

Overall, 24-h ambulatory systolic BP decreased significantly
from the baseline at 24 and 48 wk in all three groups, but these
decreases were not statistically different between groups (P =
0.26) (Figure 1B). Similarly, clinical systolic and diastolic BP
decreased in each group; however, the decrease was not signif-
icantly different between groups (Figure 1C). Table 2 illus-
trates the concomitant antihypertensive use at randomization
and during the active phase of the study. On average, three
add-on antihypertensive agents were used to achieve and
maintain the BP goal in all three groups. The antihypertensive
regimen included a diuretic agent in 90 to 95% of the study
subjects during this phase.

Renal Function, Dietary Intake, and Serum Potassium
and Bicarbonate Levels

Overall, creatinine clearance decreased slightly from the base-
line in all three groups, but there were no differences between
groups (P = 0.8) (Table 3). The mean percentage change in
creatinine clearance from the baseline over 48 wk was —16.0%
(95% CI, —23.3%, —7.9%) for placebo, —16.8% (95% CI,
—23.9%, —9.1%) for losartan, and —13.1% (95% CI, —21.3%,
—3.9%) for spironolactone. Twenty-four-hour urinary so-
dium excretion and protein catabolic rate did not change sig-
nificantly within or between groups (Table 3). Mean serum
potassium concentration was significantly higher in both ac-
tive treatment arms and was higher in spironolactone as com-

Treatment of Diabetic Nephropathy 2643



CLINICAL RESEARCH | www.jasn.org

Table 2. Concomitant antihypertensive medications®

Placebo n = 27 Losartan n = 26 Spironolactone n = 27
At randomization (week 0)
Diuretic 23 (85.2) 23 (88.5) 27 (96.3)
B-Blocker 19 (70.4, 17 (63.4) 21(77.8)
a-Blocker 8 (29.6) 8(30.8) 7 (25.9)
Central adrenergic agonist 2(7.4) 3(11.5) 3(11.1)
Vasodilator 1(3.7) 0 (0) 0(0)
During active treatment (weeks 1 to 48)
Diuretic 25 (92.6) 24 (92.3) 25 (92.6)
B-Blocker 21 (77.8) 22 (84.6) 22 (81.5)
a-Blocker 15 (55.6) 16 (61.5) 13 (48.2)
Central adrenergic agonist 9(33.3) 11 (42.3) 5(18.5)
Vasodilator 2(7.4) 2(7.7) 0(0)
No. of concomitant antihypertensive
medications during active
treatment (weeks 1 to 48)
0 2(7.4) 1(3.9) 2 (7.4)
1 4(14.8) 4 (15.4) 3(11.1)
2 5(18.5) 4 (15.4) 9 (33.3)
3 7 (25.9) 7 (26.9) 8 (29.6)
=4 9 (33.3) 10 (38.5) 5(18.5)
?Data are presented as n (%). Treatment group differences are nonsignificant.
Table 3. Creatinine clearance and dietary sodium, potassium, and protein intake®
Week
Variable Treatment 0 24 48 P value®
Sample size®
Placebo 27 22 21
Losartan 26 23 21
Spironolactone 27 20 17
Creatinine clearance, ml/min 0.80
Placebo 73.0 [59.6-89.4] 67.5 [54.4-83.8] 64.3 [49.6-83.4]
Losartan 64.8 [53-79.2] 60.5 [49.6-73.7] 54.1 [40.5-72.2]
Spironolactone 51.4 [40.1-65.8] 48.1 [36.2-64.0] 51.6 [39.6-67.4]
24-h urinary sodium, mEg/d 0.28
Placebo 193 [161-225] 223 [169-278] 196 [147-245]
Losartan 220 [189-251] 206 [169-243] 213 [164-262]
Spironolactone 219 [169-270] 220 [171-268] 221 [165-277]
24-h urinary potassium, mEqg/d 0.1
Placebo 56.8 [49.5-64] 59 [48.5-69.4] 53.4 [43.3-63.5]
Losartan 62.7 [56.6-68.9] 58.3 [51.4-65.1] 51.8 [44.5-59.1]
Spironolactone 57.6 [50.2-65] 53.8 [45.3-62.4] 54.5 [42.6-66.5]
Normalized protein catabolic rate, g/kg/d 0.18

Placebo
Losartan
Spironolactone

0.97 [0.89-1.06]
1.07 [0.96-1.18]
0.91[0.83-1]

1.03 [0.9-1.15]
1.02 [0.86-1.19]
0.93 [0.83-1.03]

0.98 [0.88-1.09]
1.02 [0.83-1.21]
0.98 [0.87-1.09]

“Data are presented as mean [95% Cl]. Geometric means are reported for creatinine clearance.
PP value represents the between-group treatment effect from a mixed-model repeated-measures analysis of weeks O to 48.

“Sample size indicates the number of subjects remaining at each evaluation.

pared with that in losartan (Figure 2). A serum potassium level
=6.0 mEq/L occurred at least once in 2, 10, and 14 subjects in
the placebo, losartan, and spironolactone groups, respectively
(spironolactone versus placebo, P < 0.001; losartan versus pla-
cebo, P = 0.009). Two subjects in the spironolactone and none
in placebo and losartan groups discontinued the study drug

2644 Journal of the American Society of Nephrology

because of recurrent hyperkalemia (serum potassium level
=6.0 mEq/L). During treatment, the mean serum bicarbonate
level, adjusted for the baseline, was 25.5 mEq/L in the placebo
group versus 23.7 mEq/L in the spironolactone group (differ-
ence for placebo minus spironolactone 1.8 mEq/L, 95% CI,
0.5, 3.1, P = 0.007).

J Am Soc Nephrol 20: 2641-2650, 2009
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Figure 2. Serum potassium treatment response by study group.
Serum potassium for losartan versus placebo, P = 0.03; spirono-
lactone versus placebo, P < 0.0001; losartan versus spironolac-
tone, P = 0.05. Solid lines indicate active treatment weeks, and
the dotted lines indicate the washout phase. Data are presented
as the mean and standard error.

Glycemic Control

There were no differences in hemoglobin Alc within or be-
tween groups at the baseline or during treatment. Fasting glu-
cose was significantly lower in the spironolactone group as
compared with those in the losartan and placebo groups at the
baseline. During treatment, fasting glucose fluctuated similarly
across groups, tending to increase at week 24 then decrease and
level off at week 48. The (geometric mean model estimate)
values for fasting glucose during treatment were as follows: 166
mg/dl for placebo, 139 mg/dl for losartan, and 158 mg/dl for
spironolactone.

Washout Period

There was a trend for ambulatory BP, albuminuria, and serum
potassium to return to baseline at 52 wk in the spironolactone
group (Figures 1 and 2). However, there was no significant
change in the UACR, ambulatory or clinical systolic BP, or
serum potassium at 52 as compared with 48 wk in any group.

Adverse Events

During the double-blind phase, the incidence of a transient
increase in serum creatinine of =50% from the baseline was
similar among study groups (10 in placebo and 13 each in
losartan and spironolactone). Hospitalization for a cardiovas-
cular event occurred in nine subjects comprising 3.7%, 7.7%,
and 22.2% in the placebo, losartan, and spironolactone groups,
respectively (P = 0.11). These events included one subject in
the placebo group (stroke), two subjects in the losartan group
(heart failure), and six subjects in the spironolactone group
(two strokes, two heart failures, one myocardial infarction, and
one coronary artery bypass graft). In addition to recurrent hy-
perkalemia (see above), two subjects in the spironolactone
group required discontinuation of the study drug, one each for
symptomatic hypotension and gynecomastia.

J Am Soc Nephrol 20: 2641-2650, 2009
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DISCUSSION

The principal new finding in this study is that spironolactone
affords greater renoprotection than a maximally dosed ACEi-
based regimen alone. Use of a supramaximal dose of the once
daily ACEi lisinopril was chosen to ensure that add-on therapy
would reflect effects beyond what is achievable with an ACEi
blockade alone. We also demonstrated that this renoprotec-
tion was not explained solely on the basis of reduced time-
integral BP burden as assessed by 24-h ambulatory BP moni-
toring. In addition, this is the first study to demonstrate the
added antiproteinuric effect of a MRA when carefully control-
ling for factors known to affect protein excretion in diabetes
including BP, sodium and protein intake, and glycemia. We
did not find a significant decrease in proteinuria in those as-
signed to losartan as compared with those assigned to placebo.
Possible explanations include the fact that our subjects were on
higher doses of an ACE:i at the time losartan was added and the
lack of effect of an ARB on the mineralocorticoid receptor.

Strict and similar control of systolic BP was achieved by
design and is a distinct feature of our study. This allowed us to
examine whether effects of add-on therapy were solely due to
the observed reduction in BP. Previous investigators have re-
ported significant reductions in proteinuria after adding a
mineralocorticoid antagonist onto either an ACEi- or an ARB-
based regimen.!®21:23-26 However, those studies were not de-
signed to maintain BP ata similar level among treatment arms.
The decrease in ambulatory systolic BP at 24 wk, but not at 48
wk, was numerically but not significantly greater in the spi-
ronolactone group as compared with those in the placebo and
losartan groups (Figure 1). Recognizing that small differences
in ambulatory BP could be biologically important, albeit not
statistically significant, we conducted additional analyses con-
trolling for the baseline and follow-up clinical as well as ambu-
latory BP. These analyses consistently found significant differ-
ences in the UACR of approximately 30% between placebo and
spironolactone groups, confirming that the clinically relevant
reduction in proteinuria observed during spironolactone ad-
ministration is not explained solely on the basis of BP (Supple-
mental Table S1).

Aldosterone can cause cardiac, renal, and vascular injury
and subsequent fibrosis by promoting tissue inflamma-
tion.?”-2° Aldosterone receptors are present in glomerular en-
dothelial and epithelial cells, and in experimental animal mod-
els aldosterone infusion can cause direct injury to glomerular
epithelial cells, leading to proteinuria and glomerulosclero-
sis.0 These effects are believed to be mediated, in part, by up-
regulation of plasminogen activator inhibitor-1, TGF-f3, se-
rum- and glucocorticoid regulated kinase 1, and NADPH
oxidase and downregulation of nitric oxide.> The exact mech-
anism by which spironolactone reduces proteinuria in humans
has not been elucidated. In animal studies, mineralocorticoid
antagonists such as spironolactone prevent fibrosis and reduce
glomerulosclerosis and proteinuria, presumably by antagoniz-
ing the mineralocorticoid receptor.?®3? In humans, MRAs
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have been reported to lower both BP and GFR in some patients
with diabetic nephropathy.1:21:232426 Qur findings suggest
that nonhemodynamic effects, possibly at the level of the glo-
merular filter, play an important role in reducing proteinuria.
Further studies on the mechanism of spironolactone’s antipro-
teinuric effect are needed to identify potential novel therapeu-
tics that might lower proteinuria while minimizing hyperkale-
mia.

Dietary sodium and protein intake and glycemia can influ-
ence protein excretion in patients with chronic kidney disease.
To the best of our knowledge, no prior study using a MRA or
an ARB added onto an ACEi attempted to control for all of
these important variables. In the present study, we controlled
for BP, renal function, ACEi dose, dietary sodium and protein
intake, and glycemia. After controlling for these variables, we
observed a persistent significant reduction in proteinuria dur-
ing spironolactone treatment.

The beneficial effect of spironolactone in this study was
tempered by the greater incidence of hyperkalemia. This is an
important finding for clinicians managing patients with dia-
betic kidney disease with combinations of drugs that block the
RAAS at multiple sites. Most instances of hyperkalemia were
asymptomatic, not accompanied by EKG changes, and were
manageable with dietary counseling and short-term adminis-
tration of a sodium—potassium exchange resin. Still, this could
be a rate-limiting side effect in clinical practice. One possible
explanation for the higher average serum potassium level and
higher incidence of hyperkalemia in the spironolactone group
is the slightly greater decline in serum bicarbonate concentra-
tion observed in the spironolactone group. However, we did
not measure blood pH or other acid—base parameters in this
study. Itis possible that lower doses, for example, 12.5 mg once
daily of spironolactone, could both reduce proteinuria and
mitigate hyperkalemia in this patient population. Given the
beneficial effect of MRA administration in patients with heart
disease, identifying strategies to reduce the risk for hyperkale-
mia in patients with kidney disease (e.g., combining it with
thiazide or loop diuretics) could allow the extension of the
cardiovascular benefit, and perhaps a renal benefit, to those
with diabetic nephropathy.3334 The slightly higher incidence of
nonhyperkalemia complications in the spironolactone group
did not follow a pattern, or cluster; thus, we were unable to
establish potential causality. Our study was not powered to
compare effects of study drug on cardiovascular events, under-
scoring the need for a larger, longer-term study.

Albuminuria is a strong predictor for the progression of
diabetic nephropathy, and greater reductions in albuminuria
are associated with a greater reduction in risk for ESRD.?>3¢
Given the strong association between changes in albuminuria
and reduction in risk for ESRD in patients with diabetic ne-
phropathy, our study suggests that the addition of spironolac-
tone also might reduce the risk for future ESRD. However,
changes in the UACR are not necessarily associated with ESRD
risk, and our study was not powered to detect differences in the
slope of creatinine clearance, doubling of serum creatinine, or

2646 Journal of the American Society of Nephrology

ESRD. Also, despite its inherent limitations with regard to re-
nal outcomes, post hoc analysis of the ONTARGET study re-
vealed dissociation between overall proteinuria reduction and
rates of acute kidney injury requiring at least temporary dialy-
sis.’” Therefore, establishing the long-term renoprotective ef-
fect of spironolactone will require a large-scale trial with hard
clinical end points such as ESRD and death.

Our study has some limitations. First, the overall dropout
rate was higher than expected. Still, the baseline characteristics
of patients who dropped out during the blinded phases of the
study were similar to those of the patients who finished the
study. Second, we did not study lower doses of spironolactone
(e.g., 12.5 mg/d) that may mitigate hyperkalemia but still be
effective for reducing proteinuria. However, only two patients
in this group reached a stop point for hyperkalemia. Third, we
excluded calcium channel blockers from our antihypertensive
regimens, because of their known variable effects on albumin-
uria. In addition, we note that the UACR did not return to the
baseline during the washout period of the study. We believe
that this was likely due to the fact that the washout duration
may not have been sufficient to observe a reversible effect. Our
study population was largely Hispanic and African-American,
which may limit the generalizability of our findings. Still, these
populations are among those at the highest risk for progression
of diabetic nephropathy to ESRD and could benefit from spi-
ronolactone therapy if our findings are confirmed in addi-
tional studies. Finally, we did not perform renal biopsy as a part
of the protocol; therefore, we cannot entirely exclude the pos-
sibility that some of our study subjects had hypertensive ne-
phrosclerosis or other renal diseases.

In summary, we found that the addition of spironolactone
(25 mg once daily) afforded greater renoprotection than a
maximally dosed ACEi-based regimen alone in patients with
diabetic nephropathy. Moreover, the benefit of spironolactone
was not explained solely on the basis of a reduction in time-
integral BP burden as assessed by 24-h BP monitoring. The
addition of spironolactone was associated with a higher serum
potassium concentration overall. Because hyperkalemia can
cause serious cardiotoxicity, clinicians should be cautious
whenever using RAAS drugs in the management of patients
with diabetes and kidney disease, especially when using com-
binations of drugs that block the RAAS at multiple sites. A
large-scale randomized trial is needed to determine whether
spironolactone or other MRAs added onto an ACEi-based reg-
imen is safe and effective for reducing the incidence of ESRD in
patients with diabetic nephropathy.

CONCISE METHODS

Study Population
The study population consisted of male and female subjects between

the ages of 20 and 65 yr with type 1 or type 2 diabetes mellitus who
satisfied the following criteria: (1) seated systolic BP >130 mmHg and
(2) proteinuria defined as a 24-h UACR =300 mg/g despite treatment
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with an ACEi or an ARB for at least 3 mo. None of the participants was
on both an ACEi and an ARB at screening. We enrolled subjects with
either type 1 or 2 diabetes based on published data indicating similar
BP and proteinuria lowering effects of adding either an ARB or an
MRA to an ACEi. In addition, an effort was made to recruit younger
patients with type 2 diabetes as recommended by the study sponsor
(Table 1). Major exclusion criteria included body mass index >45
kg/m®, serum creatinine >3.0 mg/dl in females and >4.0 mg/dl in
males, known nondiabetic kidney disease, serum potassium concen-
tration >5.5 mEq/L, hemoglobin Alc >11%, stroke or myocardial
infarction within the preceding 12 mo, heart failure, known adverse
reaction to losartan or spironolactone, or anticipated need for dialysis
within 12 mo.

Study Design

The study was a prospective, randomized, double-blind placebo-con-
trolled trial consisting of three phases (Figure 3). Between August
2003 and March of 2007, we screened a total of 235 subjects of whom
128 qualified for entry into the run-in phase and 81 were randomized
(Figure 4). After qualifying, study subjects entered a run-in period of
4 to 8 wk during which an initial dose of lisinopril (20 to 40 mg daily)
was substituted for the subject’s ACEi or ARB and gradually increased
to 80 mg daily. Additional antihypertensives (excluding other ACEis,
ARBs, MRAs, and calcium channel blockers) were added to reach a
clinical systolic BP <130 mmHg before randomization. A research
dietitian counseled each study subject on the recommended daily di-
etary restrictions, including 4 g of sodium, 0.8 g/kg protein, and 0.8
mEq/kg potassium. Two 24-h urine samples were obtained at the end
of the run-in period to confirm a persistent UACR =300 mg/g while
taking 80 mg daily of lisinopril and to estimate dietary sodium and
potassium intake. At run-in visits, BP, serum creatinine, and potas-
sium were measured, and medication adherence was assessed by pill
count. Subjects were then admitted to the inpatient our Clinical
Translational Research Center (CTRC) for baseline measurements
including 24-h ambulatory BP and 24-h urine for albumin, urea, cre-
atinine, sodium, and potassium level. After completion of baseline
measurements, study subjects were assigned randomly, in equal pro-
portion, to a blinded study medication. The study was approved by

Lisinopril 80 mg daily and SBP goal <130 mmHg
Double-Blind

Run-in

Placebodaily —

Two 24-hr UACR > 300 mg/g
at end of run-in

Losartan 100 mg daily ————

Spironolactone 25 mg daily —

Randomization Wash

|
-4 -2 0* 12 24* 36 48* 52*
Week

Figure 3. Study Design. Asterisks denote inpatient CTRC admis-
sion.
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the UT Southwestern Medical Center Institutional Review Board
(ClinicalTrials.gov Identifier: NCT00381134).

Dose and Administration of Blinded Study Medication
The initial dose of the blinded study medication was administered in

a single capsule containing placebo, losartan (50 mg), or spironolac-
tone (12.5 mg) once daily for the first week. Thereafter, the study drug
dose was doubled by administering two capsules of the study drug—
placebo once daily, losartan 100 mg once daily, or spironolactone 25
mg once daily—for the remainder of the study. The 100 mg once daily
dose of losartan was chosen based on its efficacy in clinical trials and
on clinical practice guidelines. The 25 mg once daily dose of spirono-
lactone was chosen based on the results of clinical trials in patients
with heart disease and chronic kidney disease. Blocked randomiza-
tion, stratified by diabetes type, was programmed to determine treat-
ment assignment. The Investigational Study Drug Unit of Parkland
Memorial Hospital performed allocation of the study drug.

Follow-Up

Follow-up visits were conducted routinely at 4-wk intervals at which
interval history, BP, physical examination, and serum creatinine and
potassium levels were obtained. Inpatient visits for repeated measures
of ambulatory BP and 24-h urine variables were performed at weeks
24 and 48 (Figure 3). In addition, 24-h urine collections and ambula-
tory BP were completed in the outpatient setting at weeks 12 and 36.
To assess the effects of study drug discontinuation, subjects were
invited to return for a final evaluation after a 4-wk washout period
(52 wk).

Study Procedures
Blood Pressure Control.
A unique design feature of our study was to maintain equal BP control

among study groups (Figure 3). To accomplish this, add-on antihy-
pertensive medications, including diuretics, 8 and « blockers, central
acting a agonists, and vasodilators, were used to achieve and maintain
a goal systolic BP <130 mmHg.?8 In addition, dietary sodium intake
was monitored as estimated by 24-h urine collections, and subjects
were reminded at each visit to adhere to the 4 g of sodium diet. Twen-
ty-four-hour ambulatory BP was measured with a SpaceLab model
90207 device. Staff trained and certified according to JNC VII guide-
lines using a mercury sphygmomanometer performed clinical BP
measurements.3*40

Laboratory Measurements.
Urine albumin was measured from an aliquot obtained from each

24-h urine collection and quantified by immunoprecipitation (Dia-
Sorin, Stillwater, MN). The within-assay coefficient of variation (CV)
range was 1.7 to 2.8%, and the between-assay CV range was 2.4 to
4.2%. Serum and urine chemistries were assayed in the CTRC labo-
ratory on a Beckman model CX-9 autoanalyzer. Hemoglobin Alc was
measured by affinity chromatography. Protein catabolic rate was es-
timated from 24-h urine urea and protein excretion and normalized
for body weight as described previously.*!
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65 Low UACR
6 High serum potassium
2 Low blood pressure

235 Participants screened

17 Did not meet inclusion criterion
4 Allergic or intolerant to ACEi
11 Serious medical condition
2 Withdrew consent

16 Low UACR

128 entered Run-in phase

v

81 Randomized

6 High serum potassium

3 Low blood pressure

4 Did not meet inclusion criterion

7 Serious medical condition

7 Withdrew consent

1 Lost to follow-up

2 Study closed prior to randomization

y

27 assigned to Placebo

27 assigned to Losartan
1 withdrew prior to first dose

6 of 27 ITT withdrew
1 Withdrew consent
3 Lost to follow-up
1 Stroke
1 Increased serum creatinine

8 of 26 ITT withdrew
3 Withdrew consent
3 Lost to follow-up
1 Stroke
1 Death

1 Non-compliance

| 27 assigned to Spironolactone

10 of 27 ITT withdrew
2 Withdrew consent
1 Lost to follow-up
2 Hyperkalemia
2 Stroke

1 Hypotension
1 Increased serum creatinine
1 Gynecomastia

21 completed 48 weeks
of treatment

21 completed 48 weeks
of treatment

17 completed 48 weeks
of treatment

1 Death
2 Lost to follow-up

21 completed 52 week
washout

18 completed 52 week
washout

17 completed 52 week
washout

Figure 4. Number of study subjects who were screened, enrolled, randomized, and completed the study.

Statistical Analysis
Sample Size and Power.
The sample size was calculated to detect a 30% difference in the

change in the UACR from the baseline between the placebo and the
active treatment (losartan or spironolactone) groups. This study was
not designed nor powered to detect differences between losartan and
spironolactone groups. On the basis of the estimate of the variability
of the change in the UACR of 33% (CV) and with an « of 0.05, the
study had 80 and 90% power to detect this effect size with 20 and 26
subjects per group, respectively. We enrolled and randomized a total
of 81 subjects (Figure 4).

Primary Analysis.
An intent-to-treat analysis was performed including 80 of the 81 ran-

domized subjects, excluding one subject who did not complete the
baseline evaluation and who never received the allocated losartan in-
tervention. The primary outcome variable was percentage change in
the 24-h UACR comparing losartan versus placebo and spironolac-
tone versus placebo. The UACR and other skewed variables were log-
transformed before analysis, but back-transformed values are pre-
sented to ease interpretation. Repeated-measures analyses utilizing all
of the UACR and BP measurements obtained during the 48 wk of
treatment were conducted using a mixed linear model analysis of
covariance approach.*? This model consisted of the treatment effect,
study week, and baseline value as a covariate, with the subject mod-
eled as a random effect. An unstructured covariance pattern was se-
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lected for the UACR analyses.** Creatinine clearance, systolic BP, and
serum potassium levels were modeled similarly. Treatment-by-time
interaction terms were evaluated for all models. Mixed -model repeat-
ed-measures analysis was performed to compare results at week 52
with those at week 48.

The UACR treatment response was further examined in adjusted
mixed models including BP, creatinine clearance, serum potassium
levels, urinary sodium levels, urinary potassium levels, and protein
catabolic rate as baseline and time-varying covariates. The purpose of
this latter analysis was to evaluate interactions between BP lowering,
as well as blood and urine biochemistry, and change in the UACR. To
rigorously test our hypothesis that changes in the UACR are not ex-
plained solely on the basis of reduced time-integral BP burden, am-
bulatory BP measurements were modeled as static and time-varying
covariates using absolute change, percentage change, and lag change
for 24-h measurements. Similar analyses were done using clinical BP.
The Fisher exact test was applied for comparisons of adverse event
frequencies. All tests were two-tailed with a P value <0.05 considered
significant. Statistical analyses were performed with SAS version 9.1.3
(SAS Institute, Cary, NC).
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