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Background: Previous studies have shown that aldosterone antagonists have a proteinuria-lowering effect in patients
with proteinuria and progressive proteinuric disease not adequately controlled by the use of angiotensin receptor
blockers (ARBs). Aldosterone antagonists, in combination with ARBs, might improve proteinuria in patients with
glomerulonephritis (GN).

Methods: In the present retrospective study, we evaluated the proteinuria-lowering effect and drug safety of low-dose
spironolactone (12.5 mg/day) in 42 patients with GN being treated with an ARB.

Results: Proteinuria decreased from a mean total-protein-to-creatinine (TP/Cr) ratio of 592.3 + 42.0 mg/g at
baseline to 335.6 + 43.3 mg/g after three months of treatment with spironolactone (P < 0.001). After the initial three
months, the mean TP/Cr ratio increased progressively at six, nine, and 12 months; however, it was still less than
the baseline value (P = 0.001, < 0.001, and < 0.001, respectively). Although serum Cr levels increased significantly
at three and nine months compared with baseline (P = 0.036 and 0.026, respectively), there was no time effect
of treatment (P = 0.071). Serum potassium levels tended to increase with time (P = 0.118), whereas systolic and
diastolic blood pressures decreased with time (P = 0.122 and 0.044, respectively).

Conclusion: Low-dose spironolactone in combination with an ARB reduced proteinuria in patients with GN, which
could represent a novel treatment option in individuals whose proteinuria is not optimally controlled by the use of
ARBs alone.
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Most patients with glomerulonephritis (GN) have some
risk of developing progressive renal failure. One of the
most important risk factors for such progression is the
degree of proteinuria. This risk might be present because
proteinuria signals patients with severe glomerular in-
jury, and proteinuria itself might be toxic to the kidney [1].
Reducing proteinuria is important because it reflects con-
trol of the primary disease and reduces glomerular hy-
pertension (HTN) and podocyte damage. Blockade of the
renin—angiotensin system (RAS) using angiotensin-con-
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verting enzyme (ACE) inhibitors or angiotensin receptor
blockers (ARBs) is recommended as first-line therapy to
reduce proteinuria [2]. However, in many cases, ACE in-
hibitors and ARBs retard but do not abrogate proteinuria.
Alternative or adjunctive therapies are needed in patients
who have not reached their proteinuria goals despite the
administration of an ACE inhibitor or ARB. Experimental
animal studies have indicated that aldosterone plays a
major role in the development of glomerular injury and
the aggravation of proteinuria through hemodynamic
and direct cellular actions. In those investigations, an
aldosterone antagonist attenuated proteinuria and re-
tarded the deterioration of renal function independently
of the effects on blood pressure (BP) [3—8]. Available evi-
dence supports the use of aldosterone antagonists in pa-
tients with proteinuria not adequately controlled by ACE
inhibitors or ARBs and in patients with chronic kidney
disease (CKD) [9]. Those results have also been observed
in experimental animal models with GN [10—12]. The
previous findings led us to hypothesize that aldosterone
plays a role in the development of glomerular injury and
the increased proteinuria seen in patients with GN. Thus,
we conducted the current study to examine whether spi-
ronolactone, an aldosterone antagonist, in combination
with an ARB ameliorates proteinuria in patients with GN
already treated unsuccessfully with an ARB.

Methods
Study population

This retrospective study was conducted in accordance
with the principles expressed in the Declaration of Hel-
sinki. Clinical patient data were obtained from electronic
medical records with the approval of the institutional re-
view board of Soonchunhyang University Bucheon Hos-
pital (IRB no. 2017-11-009). We retrospectively identified
all patients who underwent a kidney biopsy at Soonchun-
hyang University Bucheon Hospital in Bucheon, Repub-
lic of Korea, between February 2001 and January 2017.
Eligible patients fulfilled the following inclusion criteria:
1) biopsy-proven GN; 2) follow-up examinations at least
three months apart with blood and urine exams for one
year before and after the initiation of spironolactone; and
3) received an ARB and 12.5 mg/day of spironolactone for
at least 12 months. We excluded patients with advanced
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CKD and those with CKD stage 4 or higher; patients who
continued taking spironolactone and an ARB together
after the kidney biopsy; and those who concomitantly
received high-dose corticosteroids (> 15 mg/day) or an-
other immunosuppressant agent, including cyclosporine,
cyclophosphamide, or tacrolimus. Patients who were
concurrently taking an ARB and an ACE inhibitor were
also excluded.

Baseline characteristics at one year prior to
spironolactone initiation

We obtained data on demographic characteristics and
comorbidities, including history of diabetes mellitus
(DM), HTN, ischemic heart disease, and hyperlipidemia.
Participant body weight and height were measured and
body mass index was calculated. We also investigated
patient hemodynamic parameters such as systolic BP
(SBP) and diastolic BP (DBP). Additionally, we obtained
information about the use of anti-HTN drugs, including
calcium channel blockers, beta blockers, diuretics, ACE
inhibitors, and ARBs.

Pathological data

We reviewed the pathology reports from the kidney
biopsies. We checked the percentage of glomeruli that
showed global and segmental sclerosis to determine
pathological damage. The classification of pathological
severity expression differs according to the type of GN
and is not used consistently, even within specific cases
of GN, so all findings indicating pathological severity
were reviewed. We specifically checked the pathological
severity of patients with immunoglobulin A nephropathy
(IgAN) according to the Lee et al [13] and Oxford classifi-
cation [14].

Clinical outcomes of interest

The primary outcome in the present study was change
in proteinuria over time. Secondary outcomes were ad-
verse events, including a decrease in the estimated glo-
merular filtration rate (eGFR) or BP and the occurrence
of an electrolyte imbalance, particularly hyperkalemia.
Patients underwent regular check-ups at two- to three-
month intervals. We collected laboratory data at every
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visit throughout the follow-up period. We obtained se-
rum creatinine (sCr) values, eGFR values calculated from
sCr via the Chronic Kidney Disease Epidemiology Col-
laboration equation [15], the total-protein-to-creatinine
(TP/Cr) ratio, and serum sodium (Na) and potassium (K)
levels at three-month intervals during the year before
and after initiating spironolactone. We reviewed any ad-
ministered K-lowering agents during the year after spi-
ronolactone administration.

Statistical analysis

Descriptive statistics are reported as the mean * stan-
dard deviation for continuous variables and as the fre-
quency with percentage for categorical variables. The
mean differences from baseline at each time point were
evaluated using a linear mixed model. The time effect of
the variables was defined as the change of variables over
time. We analyzed the statistical significance of time ef-
fects to determine whether changes in the variables after
spironolactone administration were meaningful, and
we also analyzed within-group differences using a linear
mixed model. The following variables were adjusted: age,
sex, DM, HTN, eGFR, SBP, and DBP. We used SPSS ver-
sion 21 for Windows (IBM Co., Armonk, NY, USA) for the
analyses, and all statistical tests were two-sided. All P val-
ues of less than 0.05 were considered to indicate statisti-
cal significance.

Results
Baseline characteristics

Among the 1,097 patients who underwent a kidney bi-

Underwent kidney biopsy during the planned period (n = 1,097) |

)

Met the inclusion criteria (n = 65)

opsy during the study period, 80 were eligible for inclu-
sion in our analysis, but 38 of those were ultimately not
considered because they met the exclusion criteria. Thus,
42 patients (24 men and 18 women; mean age, 42.2 years
+ 10.0 years) were included in our analysis (Fig. 1). The
baseline clinical characteristics of the study participants
are presented in Table 1. HTN was the most common
concomitant disease (47.6%). The included patients were
taking four different types of ARBs, with most being treat-
ed with losartan (85.7%). IgAN was the most prevalent
pattern of GN (71.4%), and about half of the patients were
classified as above grade 4. The mean percentage of scle-
rosis (sum of global and segmental sclerosis) was 24.4% +
24.3%.

Clinical outcomes of all patients

Proteinuria decreased rapidly from a mean TP/Cr ratio
of 592.3 £ 42.0 mg/g immediately before spironolactone
administration to 335.6 + 42.3 mg/g after three months
of spironolactone treatment and a time effect of treat-
ment was also observed (P < 0.001). After the initial three
months, the mean TP/Cr ratio increased progressively
at six, nine, and 12 months; however, at all points it re-
mained less than the baseline value (P = 0.001, < 0.001,
and < 0.001, respectively) (Fig. 2). Although the sCr levels
increased significantly at three and nine months com-
pared with at baseline (P = 0.036 and 0.026, respectively),
there was no time effect of treatment on the sCr levels (P
= 0.071). Similarly, the eGFR decreased significantly at
three months as compared with at baseline (P = 0.028),
but no time effect of treatment was detected (P = 0.066)
(Supplementary Table 1 and Fig. 3). Serum Na levels de-
creased significantly over time (P = 0.033), although there

Excluded (n = 23)

A 4

- concomitantly received ISAs (n = 12)

- continued taking spironolactone and ARBs together
after the kidney biopsy (n = 7)

- chronic kidney disease stage 4 or higher (n = 2)

- received ARBs and ACE inhibitors together (n = 2)

Figure 1. Study population.

A

Eligible and included (n = 42)

ACE, angiotensin converting enzyme;
ARBs, angiotensin Il receptor blockers;
ISAs, immunosuppressive agents.

www.krcp-ksn.org 259



Kidney Res Clin Pract Vol. 37, No. 3, September 2018

Table 1. Baseline characteristics of all patients

Variable Data (n = 42)
Age (yr) 42.2 +£10.0
Sex, male 24 (57.1)
Height (m) 1.6+0.1
Weight (kg) 68.2+12.3
Body mass index (kg/m?) 254 +35
Underlying disease
Hypertension 20 (47.6)
Diabetes 5(11.9)
Medications
Calcium channel blocker 8(19.0)
f-blocker 3(71)
Furosemide 5(11.9)
Angiotensin Il receptor blockers
Losartan 36 (85.7)
Telmisartan 3(7.1)
Valsartan 2(4.8)
Candesartan 1(2.4)
Diagnosis proven by kidney biopsy
IgAN 30 (71.4)
Thin basement membrane disease 4(9.5)
Focal segmental glomerulosclerosis 3(7.1)
Glomerular minor lesion 2(4.8)
Obesity related glomerulonephritis 2(4.8)
Membranous glomerulonephritis 1(2.4)
Global sclerosis (%) 14.8+16.4
Global and segmental sclerosis (%) 244 +24.3
IgAN grade by the Oxford classification
No IgAN 12 (28.6)
M score 1* 11 (36.7)
E score 1* 4(13.3)
S score 1% 22 (73.3)
T score 1* 14 (46.7)
Cscore 1* 3(10.0)

Data are presented as mean + standard deviation for continuous variables or
number (%) for categorical variables.

IgAN, immunoglobulin A nephropathy.

*n = 30.

was no significant decrease in the values measured every
three months compared with baseline. Serum K levels
tended to increase with time (P = 0.118) (Supplementary
Table 2 and Fig. 3), but no patients were given a K-lowering
agent in the year after spironolactone administration. SBP
and DBP decreased with time (P = 0.122 and 0.044, respec-
tively) and showed a significant decrease at nine months
compared with baseline (120.0 + 2.4 t0 110.9 £ 2.4, P = 0.021
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Figure 2. Changes in the total-protein-to-creatinine (TP/Cr) ratio
in all patients from 12 months before to 12 months after the
onset of spironolactone treatment.

*P < 0.05 vs. baseline levels; 'time-effect was tested by linear mixed
model, and the following variables were adjusted: age, sex, diabe-
tes, hypertension, estimated glomerular filtration rate, and systolic
and diastolic pressure.

and 74.5 + 1.4t0 69.3 = 1.1, P = 0.044, respectively) (Supple-
mentary Table 2 and Fig. 4).

Clinical outcomes according to the pathological findings

A significant decrease was observed in the TP/Cr ratio
over time in the low- and high-grade IgAN groups (P =
0.030 and 0.001, respectively). However, no significant
difference between the two groups was observed in the
time effect of treatment (P = 0.220). The TP/Cr ratio de-
creased significantly at all time points compared with
baseline in the high-grade group; however, it decreased
only at 12 months in the low-grade group (Supplementary
Table 3 and Fig. 5). No significant difference between the
two groups was observed in the time effect of treatment
on sCr level, eGFR, serum Na and K levels, SBP, or DBP (P
=0.339, 0.658, 0.896, 0.517, 0.213, and 0.700, respectively)
(Supplementary Table 4, 5). A time effect of treatment
was observed in the TP/Cr ratio regardless of Oxford clas-
sification, and there was no significant difference in the
time—group effect according to the MEST-C score of the
Oxford classification (P = 0.707, 0.828, 0.559, 0.728, and
0.916 for M-, E-, S-, T-, and C-scores, respectively).

Futher details on Supplementary materials are pre-
sented online (available at https://doi.org/10.23876/
j.krcp.2018.37.3.257).
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Figure 3. Changes in serum creatinine (A), estimated glomerular filtration rate (eGFR) (B), sodium (C), and potassium (D) levels in
all patients from 12 months before to 12 months after the onset of spironolactone treatment.

*P < 0.05 vs. baseline levels; time-effect was tested by linear mixed model, and the following variables were adjusted: age, sex, and systolic
and diastolic pressure.
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Figure 4. Changes in systolic (A) and diastolic (B) blood pressure in all patients from 12 months before to 12 months after the on-
set of spironolactone treatment.

*P < 0.05 vs. baseline levels; 'time-effect was tested by linear mixed model, and the following variables were adjusted: age, sex, diabetes,
hypertension, and estimated glomerular filtration rate.
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Figure 5. Changes in the total-protein-to-creatinine (TP/Cr)
ratio according to the severity of pathologic findings from 12
months before to 12 months after the onset of spironolactone
treatment.

*P < 0.05 vs. baseline levels; 'comparing the time-effects of two
groups; and *the time-effect of each group was tested by linear
mixed model, and the following variables were adjusted: age, sex,
diabetes, hypertension, estimated glomerular filtration rate, and sys-
tolic and diastolic pressure.

IgAN, immunoglobulin A nephropathy.

Discussion

We designed the current study to evaluate the efficacy
and safety of using an aldosterone antagonist to reduce
proteinuria in patients with GN. To our knowledge, no
previous studies have confirmed the proteinuria-lower-
ing effect of aldosterone antagonists in patients with GN,
although there is strong a priori evidence [9,16,17] for it
through the extrapolation of results with DM nephropa-
thy and CKD patients. Those previous studies showed
that a spironolactone dose of 25 mg/day reduces protein-
uria. In our center, a patient with GN who shows a sud-
den increase in proteinuria is rechecked for the amount
of proteinuria one month later. Subsequently, we ad-
minister 12.5 mg/day of spironolactone to those patients
whose proteinuria continues to increase but remains too
low to require an immunosuppressant. We evaluated
whether proteinuria could be reduced by using only half
the dose of the previous study dose under the hypothesis
that the lower dose could reduce the incidence of de-
creased kidney function, hyperkalemia, and hypotension
while maintaining the effect of proteinuria reduction. In
the current study, the proteinuria-lowering effect was
observed three months after the start of spironolactone
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administration and was maintained for one year.

These results correspond with an earlier study that
reported that proteinuria was significantly reduced by
the use of aldosterone antagonists in patients with DM
nephropathy and CKD. Notably, the time effect of treat-
ment was not significant with respect to sCr levels or
eGFR, which we used to evaluate kidney function. How-
ever, those variables deteriorated significantly from the
baseline values at an early time point, suggesting that
attention should be paid to worsening kidney function
at the beginning of spironolactone administration in
patients with GN. A significant decrease in serum Na
levels was observed over time, but the values remained
clinically acceptable. In terms of drug safety, K levels
tended to increase, but none of the patients needed a
K-lowering agent. Unlike in previous studies [9,17], the
patients in our study experienced significantly decreased
BP over time, particularly nine months after the start of
spironolactone treatment. However, no sharp decrease
in mean BP was observed during the same period, and
BP increased again by 12 months. Because a BP-lowering
effect was seen after nine months, this effect might have
been missed by the previous studies, which included six
months or less of follow-up time. Therefore, close BP
monitoring is required in all patients receiving spirono-
lactone treatment, with particular attention paid to those
with a low BP before spironolactone administration. The
BP-lowering effect could actually be helpful for patients
with HTN that is not well-controlled. Because the cur-
rent study included only patients with GN, the effect of
spironolactone was analyzed according to pathological
findings. We analyzed whether the proteinuria-lowering
effect of spironolactone differed according to the Lee
and Oxford classifications of IgAN patients. A time effect
of treatment was observed on the TP/Cr ratio regard-
less of pathological severity; however, no difference was
observed in terms of the time-group effect according to
both the grade and MEST-C scores of the Lee and Oxford
classification, respectively. This finding suggests that spi-
ronolactone had a proteinuria-lowering effect regardless
of pathological severity in patients with IgAN. No signifi-
cant decrease in BP was observed when we analyzed our
results according to the pathological findings.

A RAS blockade ameliorates the deterioration in glo-
merular structure and function and interferes with the
cellular and glomerular hypertrophy that could lead to
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glomerular sclerosis [18—20]. In the past few decades, ex-
periments in rat models [21,22] and human studies [23—
26] have suggested that blocking the RAS with an ACE
inhibitor or ARB slows the progression of renal disease.
A RAS blockade has thus become a leading therapeutic
strategy for the treatment of progressive renal disease.
However, in some patients, renal disease continues to
progress despite treatment with an ACE inhibitor or ARB.
Several studies have shown that a RAS blockade does not
uniformly suppress the RAS. After several weeks of using
of an ACE inhibitor or ARB, plasma aldosterone return
to pretreatment levels in 30% to 40% of patients [27]. One
year after initiating ARB treatment, an increase in the se-
rum aldosterone level > 10% over baseline was observed
in 28% of patients [28]. Plasma aldosterone levels tend to
increase over time during treatment with an ACE inhibi-
tor or ARB (i.e., aldosterone breakthrough phenomenon)
[29—31]. Previous studies suggested that ACE inhibitors
or ARBs are insufficient to suppress aldosterone synthe-
sis and that an aldosterone blockade together with a RAS
blockade would be effective. Thus, clinical interest in the
renoprotective effects of an aldosterone blockade has in-
creased enormously over the years.

Glomerular injuries, including glomerulosclerosis
and interstitial fibrosis, tend to progress over time even
when the primary insult to the kidneys has been ended
or corrected. Experimental animal studies indicate that
aldosterone plays a major role in the development of glo-
merular injury, possibly through its nongenomic effects,
including inflammation, fibrosis, and oxidant injury [32].
An experimental rat model documented that aldosterone
antagonists retard the development of glomerulosclerosis
and induce the regression of existing glomerulosclerosis
[33]. Previous studies showed that an aldosterone block-
ade further decreased proteinuria in DM patients already
being treated with an ACE inhibitor or ARB [16,34]. This
effect was also seen in a study of patients with CKD [9,17].
Thus, an aldosterone blockade might have an additive
renoprotective effects in humans. Our current study is
meaningful because it shows that those effects are also
present in patients with GN.

However, the current study also has several limitations,
such as a small sample size and a retrospective design.
Although this work involved a longer study period than
previous investigations, its duration was still insuffi-
cient to assess the long-term effects of spironolactone

on proteinuria and kidney function. Second, several
variables were inaccurately measured, and important
variables could not be obtained. We were unable to
perform 24-hour ambulatory BP monitoring or daily
home BP measurements, making it difficult to measure
the exact average BP. In our center, we measure BP at
least twice at each clinical visit and record the average
of those measurements. We collected information about
BP measured in this way through the patient medical
records. However, that method is inadequate compared
with 24-hour ambulatory BP monitoring or daily home
BP measurements. Additionally, we evaluated the degree
of proteinuria through the TP/Cr ratio. Although a close
correlation between the TP/Cr ratio and 24-hour protein
excretion has been documented in patients with primary
glomerulopathies [35], 24-hour urine collection remains
the gold standard method for determining protein excre-
tion. Therefore, the amount of proteinuria measured by
the TP/Cr ratio is likely to be somewhat different from
the actual value. In terms of pathological findings, vari-
ability between patients in the number of glomeruli ob-
tained meant that the percentage of global and segmen-
tal sclerosis could not be exactly determined. The major
limitation of this study was that we could not obtain
information about baseline or changes in serum aldoste-
rone levels, and thus we could prove objectively whether
spironolactone actually suppressed aldosterone. There-
fore, we cannot explain the precise mechanism by which
spironolactone reduces proteinuria but can only make
assumptions about the mechanism involved based on
previous research. Third, we did not include a nontreat-
ment reference group that received an ARB alone, which
limited the extent of our analysis. At the time of study de-
sign, we decided to consider patients treated with only an
ARB as a control group (ARB-only group) for comparison
with patients receiving spironolactone (spironolactone
group). However, it was difficult to find suitable patients
treated with only ARB who showed a sudden increase
in proteinuria after showing stable maintenance for one
year without immunosuppressive treatment, as in the
spironolactone group. There was also concern that selec-
tion bias might occur when determining a specific pe-
riod (two years) for comparison with the spironolactone
group. Instead of comparing the data with a reference
group, therefore, we compared changes in laboratory
data taken one year before and after the onset of spirono-
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lactone administration. In that way, we determined that
there was no significant difference in sCr level or changes
in eGFR after spironolactone administration.

This study evaluated the use of low-dose spironolac-
tone, an aldosterone antagonist, in combination with an
ARB to improve proteinuria in patients with GN already
treated with an ARB. We suggest that low-dose spirono-
lactone in combination with an ARB could be a suitable
therapeutic option for patients with GN whose protein-
uria is not optimally controlled by an ARB. Despite the
low dose, spironolactone administration can cause side
effects such as worsening of kidney function and lower-
ing of BP. Therefore, even with a low dose, spironolac-
tone should be prescribed with caution. Randomized
controlled studies with long-term follow-up are needed
to fully assess the efficacy and safety of low-dose spirono-
lactone in patients with GN.
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