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Abstract
Background Persistent proteinuria seems to be a risk factor for progression of renal disease. Its reduction by angiotensin-
converting inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) is renoprotective. Our previous pilot study showed
that 2-year lisinopril therapy is effective and safe for children with mild IgA nephropathy. When combined with ACEI and ARB,
reported results are of greater decrease in proteinuria than monotherapy in chronic glomerulonephritis, including IgA nephrop-
athy. To date, however, there have been no randomized controlled trials in children.
Methods This is an open-label, multicenter, prospective, and randomized phase II controlled trial of 63 children with biopsy-
proven proteinuric mild IgA nephropathy. We compared efficacy and safety between patients undergoing lisinopril monotherapy
and patients undergoing combination therapy of lisinopril and losartan to determine better treatment for childhood proteinuric
mild IgA nephropathy.
Results There was no difference in proteinuria disappearance rate (primary endpoint) between the two groups (cumulative
disappearance rate of proteinuria at 24 months: 89.3% vs 89% [combination vs monotherapy]). Moreover, there were no
significant differences in side effects between the two groups.
Conclusions We propose lisinopril monotherapy as treatment for childhood proteinuric mild IgA nephropathy as there are no
advantages of combination therapy.
Clinical trial registration Clinical trial registry, UMIN ID C000000006, https://www.umin.ac.jp.
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Introduction

IgA nephropathy (IgAN) is the most common primary glo-
merulonephritis. Although thought to be a benign disease with
a favorable prognosis, data from long-term follow-up studies
have revealed that the disease progresses to renal failure in
20–50% of adult patients [1, 2]. Although prognosis of
IgAN is thought to be more benign in children, the results of
recent studies do not support this [3]. IgAN usually has a
progressive disease course, including some cases with mini-
mal proteinuria at onset [4]. Even in children with mild IgAN
showing minimal or focal mesangial proliferation (FMP; de-
fined as less than 80% of glomeruli showing moderate or
severe mesangial cell proliferation, i.e., more than three cells
per peripheral mesangial area, according to World Health
Organization criteria), persistent proteinuria is a risk factor
for progression of the disease [3], indicating the need for an
effective and safe treatment.

Angiotensin-converting-enzyme inhibitors (ACEIs) and
angiotensin II receptor blockers (ARBs) can reduce protein-
uria and show renoprotective effect [5–7]. Combination ther-
apies with an ACEI and an ARB may result in a greater de-
crease in proteinuria than monotherapy [8, 9]. Our pilot study
showed that 2-year lisinopril (ACEI) therapy is effective and
safe for children with mild IgAN [10].

The present study is designed to test the safety and efficacy
of combination therapy of lisinopril and losartan (ARB) com-
pared with lisinopril monotherapy for children with mild
IgAN showing minimal or FMP and persistent proteinuria.

Materials and methods

Patients

The study was approved by the institutional review board at
each center and complied with the Declaration of Helsinki.
Written assent was obtained from patients who were old
enough to understand and written informed consent was ob-
tained from all of their parents.

Patients were registered at 19 centers in Japan. They were
randomized to lisinopril monotherapy group (group A) or
combination therapy group of lisinopril and losartan (group
B) between April 26, 2005 and January 27, 2010. Criteria to
enter the study were as follows: (1) biopsy-proven IgA ne-
phropathy with FMP within 12 months before enrollment,
(2) early morning urinary protein to creatinine ratio (uP/Cr)
> 0.2 g/g, (3) aged 2–18 years. Exclusion criteria were (1)
Henoch-Schönlein nephritis, (2) systemic lupus erythemato-
sus, (3) medical history of allergy or hypersensitive reactions
to lisinopril or losartan, (4) ≥ stage III chronic kidney disease
(defined as estimated glomerular filtration rate [eGFR] less
than 60 ml/min/1.73m2), (5) active infections, (6) severe liver

dysfunction, (7) any treatment with steroids, immunosuppres-
sants, ACEI, ARB, dipyridamole, or Saireito, a kind of
Japanese herbal medicine, which is used for the reduction of
proteinuria, and (8) pregnancy.

A pathologist in our group (NY) evaluated each renal
biopsy specimen by light microscopy and was unaware of
the patients’ clinical data at entry into the study.
Diagnosis of IgAN was based on the presence of IgA as
the sole or predominant immunoglobulin in the glomeru-
lar mesangium without systemic disease [11]. FMP was
defined as less than 80% of glomeruli showing moderate
or severe mesangial cell proliferation, i.e., more than three
cells per peripheral mesangial area on the basis of the
World Health Organization criteria. The extent of tubular
atrophy was semiquantitatively graded on a scale from 0
to 3+ (none, 0; narrow, 1+; moderate, 2+; and wide, 3+).
Immunofluorescence microscopy slides were examined by
the pathologist at each center. The intensity of deposits on
immunofluorescence microscopy was graded semiquanti-
tatively on a scale from 0 to 3+: (none, 0; slight, 1+;
moderate, 2+; and intense, 3+).

Trial design

JSKDC01 study was an open-label, multicenter, prospective,
randomized phase II controlled trial. We adopted the selection
design proposed by Simon [12] and generalized by Sargent
et al. [13], which is often used to choose which therapy war-
rants phase III trial, typically in a limited number of patients.
Although it does not bring a confirmatory result based on a p
value, it has the advantage of being able to evaluate treatments
under comparable situations.

This trial aims to select a Bbetter^ treatment for mild
IgAN in children by comparing two regimens: lisinopril
monotherapy or combination therapy of lisinopril and
losartan. A statistically significant difference in primary end-
point between the two groups was not needed in this trial.
The selection rule was as follows: if the disappearance rate
of proteinuria at 24 months in group B was superior to that
in group A by more than 10%, the combination regimen was
selected as the better treatment. Otherwise, the group A reg-
imen was selected. The selection threshold of 10% was set
before the start of the study, based on a consensus reached
by pediatric nephrologists in the JSKDC consideration of a
potential risk of overtreatment.

Eligible patients were randomly assigned in a 1:1 ratio to
group A and group B at the data center, using the covariate
adaptive randomization adjusting age (1–10 years or 11–
18 years), sex, and institutions.

The planned sample size was 110. This sample size assures
more than 80% chance of selecting the group B regimen when
the true the disappearance rate of proteinuria at 24 months is
75% in group A and 90% in group B.
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This trial is registered with the University Hospital Medical
Information Network clinical trial registry, number
C000000006.

Experimental intervention

Within 30 days after randomization, the experimental inter-
vention was commenced. All patients received once-daily
treatment with lisinopril 0.1 mg/kg body weight (maximum
5 mg/day). In group A patients, within 6 months, this was
increased to 0.4 mg/kg (maximum 20 mg/day) for the remain-
ing 18 months.

In group B patients, after the same course as patients in
group A, once-daily treatment with losartan 0.7 mg/kg body
weight (maximum 50 mg/day) was added and within
6 months, doses of lisinopril and losartan were increased to
0.4 mg/kg (maximum 20 mg/day) and 1.0 mg/kg body weight
per day (maximum 100 mg/day), respectively, for the remain-
ing 18 months.

The use of immunosuppressive agents, prednisolone, other
kinds of ACEI and ARB, dipyridamole, and Saireito was
prohibited during the trial. The experimental intervention
was stopped if (1) patients developed early morning uP/Cr
> 1.0 g/g lasting for 6 months during the trial, (2) patients
developed < 3.0 g/dl serum albumin during the trial, (3) pa-
tients had < 60 mL/m/1.73m2 eGFR for more than 2 months
during the trial, (4) patients and/or their parents requested the
intervention to be stopped, (5) patients developed severe ad-
verse events that required intervention be stopped, (6) the
primary investigator or the institutional review board at each
center decided to stop the trial, or (7) patients were lost to
follow-up.

Patients were examined at the start of treatment, at 1, 3, and
6 months, and then every 3 months up to 24 months. Casual
office blood pressure and treatment compliance were moni-
tored. Blood was collected for creatinine, urea nitrogen, uric
acid, sodium, potassium, albumin, and IgA. Early morning
urine was collected for uP/Cr at each visit. After 23–27months
of treatment, all patients were scheduled to undergo second
renal biopsies.

Endpoints

The primary endpoint was the disappearance rate of protein-
uria, as defined by early morning uP/Cr < 0.2 g/g [14].
Secondary endpoints were changes in early morning uP/Cr,
eGFR, and pathologic features. Adverse events that occurred
during the trial were also evaluated.

Statistical analysis

Statistical analyses were performed based on an intention-to-
treat principle. Analysis sets of efficacy evaluation and safety

evaluation were decided as the per-protocol patients and all
eligible patients, respectively, determined before the start of
analysis. The Kaplan-Meier method and Cox proportional
hazard model were applied to time to first disappearance of
proteinuria for estimation of the disappearance rate at
24 months. t test was used to compare the median of eGFR,
uP/Cr, and pathologic features of the two groups. Fisher’s
exact test was used to compare adverse events. All statistical
analyses were conducted using SAS 9.2 software (SAS
Institute, Cary, NC) and JMP 13.0 software package (SAS
Institute Japan, Tokyo, Japan).

The result was evaluated by an independent data safety
monitoring committee, which included a statistician and a
pediatric nephrologist who did not see the patients enrolled
in the present study.

Results

Patients

Study enrollment was terminated in January 2010 because of
the paucity of eligible patients. A total of 63 children with
biopsy-proven IgAN with FMP were enrolled at 19 centers
in Japan (Fig. 1). Patients were randomly assigned to one of
two treatment groups (group A, n = 31; group B, n = 32).
However, one patient in group B did not receive experimental
intervention because of withdrawn consent. Five patients
(group A, n = 3; group B, n = 2) were not included in the
efficacy evaluation because of failure tomeet inclusion criteria
and by protocol violation.

Median follow-up was 749 days in group A and 743 days
in group B. One patient in group A discontinued intervention
treatment by withdrawal of consent at month 23. Another
patient in group B discontinued because of nephrotic-range
proteinuria in month 5. These two patients were included in
the analysis for their time in the study.

Patient clinical and laboratory characteristics are shown in
Table 1. There were no important clinical and pathological
differences in the characteristics between the two treatment
groups.

Efficacy

The primary end point, the disappearance rate of proteinuria,
is shown in Fig. 2. The primary endpoint was reached by 25 of
28 patients in group A, and 25 of 29 patients in group B by the
end of 24 months after randomization. In group A, the cumu-
lative disappearance rate of proteinuria at 24 months was
89.3% (95% confidence interval [CI], 74.9 to 97.3%). In
group B, it was 89% (95% CI, 74.4 to 97.2%), the difference
of − 0.3% was smaller than threshold. Median duration of
group B was a little shorter; 1.28 (0.73 to 2.23) times to that
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of group A. In a sub-analysis of the patients who showed uP/
Cr > 0.5 at the start of treatment (12 patients in group A and 10
patients in group B), the primary end point was also shown in
Fig. 3. There was also no significant difference in the primary
endpoint in the sub-analysis (log-rank test, p = 0.088). During
the 2-year protocol treatments, 10 (group A) and 14 (group B)
patients showed normal urine findings (uP/Cr < 0.2 g/g and
hematuria negative). There was no significant difference in the
ratio of patients showing normal urine findings between both
groups (log-rank test, p = 0.277).

The clinical data at the start and end in both groups and the
differences in clinical change between the two groups are
shown in Table 2. In both groups, hematuria was improved.
The mean eGFR at the start and end of treatment were normal
in both groups. No patients developed chronic renal insuffi-
ciency during the study period. In both groups, the mean uP/
Cr in morning urine showed reduction at end of treatment.
There was no significant difference in all clinical change be-
tween the two groups.

Renal biopsies were undergone by 26 patients in group A
and 28 patients in group B during months 23–27. The patho-
logical data at the start and end in both groups and the differ-
ences in pathological change between the two groups are
shown in Table 2. The ratio of glomeruli showing mesangial
proliferation and crescents was decreased in both groups. The
ratio of glomeruli showing segmental sclerosis and global
sclerosis was increased in both groups. There was no signifi-
cant difference in all pathological change between the two
groups.

Immunofluorescence was not available for the repeat biop-
sy at 23–27 months for three patients in group A and three

patients in group B. The initial renal biopsy revealed mild or
moderate mesangial deposits of IgA in all but eight patients
(group A, n = 4; group B, n = 4). The mesangial IgA deposits
in both groups became less intense at the end of treatment.
However, they did not disappear completely in all but six
patients (group A, n = 4; group B, n = 2).

As sub-analyses, factors related to proteinuria disap-
pearance are shown in Table 3. Although E1 was a sig-
nificant factor related to proteinuria disappearance in both
univariate and multivariate analyses, since the number of
patients showing E1 was only one each in both groups,
the clinical significance of this finding was thought to be
insufficient.

Safety

A summary of adverse events reported during the trial
is shown in Table 4. Mild dizziness was reported by
eight patients in group A and 16 patients in group B.
There was no patient who showed angioedema and
hyperkalemia. No patients had severe adverse events
requiring hospitalization.

Combination therapy was discontinued during infection to
prevent side effects in two patients in group B for 3 and 6 days,
respectively. Owing to fever and elevated serum Cr, a further
two patients in group B discontinued combination therapy;
one patient for 7 days, the other patient discontinued only
lisinopril for 5 days. Owing to dizziness, one patient in group
B discontinued only losartan for 50 days. These patients all
subsequently recovered and restarted protocol treatment as
recommended by a physician.

63 participants

63 underwent randomization

Group A
31 were allocated to Lisinopril group

Group B
32 were allocated to Combination group

1 was excluded before intervention
Consent withdrawal

31 received intervention 31 received intervention

28 were included in efficacy analysis
1 discontinued interventions due to 
consent withdrawal 

Median intervention periods (interquartile 
range [25 – 75%])
759 days (734 – 771)       

29 were included in efficacy analysis
1 discontinued interventions due to  
nephrotic range proteinuria

Median intervention periods (interquartile 
range [25 – 75%])
743 days (735 – 772)

3 were excluded
2 failure to meet the inclusion
1 protocol violation

2 was excluded 
1 failure to meet the inclusion
1 protocol violation

Fig. 1 Flow diagram
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Table 1 Baseline characteristics of the two groups

Characteristics Group A
(n = 31)

Group B
(n = 31)

Demographic

Onset age (years) 11.9 ± 3.3 12.0 ± 3.2

Sex

Male (%) 16 (51.6) 18 (58.1)

Female (%) 15 (48.4) 13 (41.9)

Body weight (kg) 38.7 ± 13.8 41.4 ± 13.9

Duration from onset to biopsy (months) 11.9 ± 14.7 13.2 ± 14.0

Duration from biopsy to treatment (months) 0.9 ± 0.5 1.0 ± 0.6

Initial presentation

School urinalysis (%) 25 (80.6) 27 (87.1)

Others (%) 6 (19.4) 4 (12.9)

Blood pressure (mmHg)

Systolic 109.1 ± 12.5 109 ± 12.1

Diastolic 62.5 ± 10.6 63.5 ± 8.9

Renal function

Urinary protein excretion to creatinine ratio (uP/Cr g/gCr) 0.7 ± 0.8 0.5 ± 0.3

Number pf patients who showed Up/Cr > 0.5 (%) 12 (42.9%) 10 (34.5%)
aHematuria in morning urine (%)

– 1 (3.2) 0

+ 1 (3.2) 4 (12.9)

2+ 2 (6.5) 10 (32.3)

3+ 27 (87.1) 17 (54.8)

Blood urea nitrogen (mg/dl) 14.0 ± 3.1 13.0 ± 3.0

Serum creatinine (mg/dl) 0.5 ± 0.1 0.5 ± 0.1
bEstimated glomerular filtration rate (ml/min per 1.73 m2) 121 ± 14.6 120.4 ± 15.8

Serum IgA (mg/dL) 258.3 ± 83.4 234.7 ± 89.2

Renal biopsy

Number of glomeruli 21.5 (13.8–28) 27 (17.5–42.5)

Glomeruli showing mesangial proliferation (%) 26.2 (14.4–47.3) 25 (14.9–35.7)

Glomeruli showing segmental sclerosis (%) 0 (0–0) 0 (0–0)

Glomeruli showing global sclerosis (%) 0 (0–0) 0 (0–0)

Glomeruli showing sclerosis (%) 0 (0–0) 0 (0–0)

Glomeruli showing crescents (%) 0.85 (0–9.0) 4.3 (0–11.8)

Glomeruli showing capsular adhesion (%) 0 (0–4.1) 2.1 (0–7.0)
cTubular atrophy (%)

0 19 (67.9%) 17 (58.6%)

1+ 9 (32.1%) 12 (41.4%)

2+ 0 0

3+ 0 0
dMesangial IgA deposit (%)

0 0 0

1+ 2 (7.2%) 5 (17.2%)

2+ 22 (78.6%) 20 (69.0%)

3+ 4 (14.3%) 4 (13.8%)

Oxford classification of IgAN

M 0/1 26/5 31/0

E 0/1 30/1 30/1

S 0/1 21/10 15/16
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Discussion

Several randomized controlled trials (RCTs) have shown that
ACEI and ARB can reduce proteinuria and improve kidney
function in patients with adult IgAN [5–7, 15]. Moreover, our
previous pilot study showed that 2-year lisinopril monothera-
py was effective and safe for children with mild IgAN show-
ing minimal or FMP with persistent proteinuria [10].
However, no data suggests preference of ACEI over ARB or
vice versa. Although combined ACEI/ARB therapy is
regarded as having some theoretical benefits [16], there are
few studies examining the efficacy and side effects of combi-
nation therapy using both ACEI and ARB for IgAN [8, 17]. A
meta-analysis reviewing six RCTs involving 109 IgAN pa-
tients suggested that combination treatment with ACEI and
ARB might provide more benefits for reducing daily protein-
uria [18]. In the KDIGO clinical practice guideline for glomer-
ulonephritis in 2012, it was said that more studies were needed
to determine definite benefits of combination therapy with
ACEI and ARB.

Information on efficacy and safety of 2-year treatment in 57
patients with childhood mild IgAN was limited due to the
paucity of eligible patients in this study compared to the orig-
inally planned number of cases. This was the first RCT, how-
ever, to compare efficacy and safety between patients with
lisinopril monotherapy and those with combination therapy
of lisinopril and losartan to determine the better treatment
for childhood IgANwith mild proteinuria. Our analyses could
not ascertain significant differences in disappearance rate of
proteinuria (primary endpoint), or changes in early morning
uP/Cr, or eGFR (secondary endpoints) between the two
groups. As a weakness of the study, the sample size was not
reached despite the prolonged period of recruitment, which
reduces its statistical power. We have to consider this fact in
an evaluation of the results of this study.

In addition to the comparison of clinical findings, patho-
logical findings before and after the 2-year treatments were
compared in both groups. There was a significantly decreased
percentage of glomeruli with mesangial proliferation and cres-
cents (acute lesions) and lower intensity of glomerular

Patients
at risk

Month 0 6 12 18 24
Follow-up (months)

Group A    12 5 2 0 0
Group B    10 5 4 4 3
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Group A                
Group B

Log-rank P=0.088

Fig. 3 Disappearance rate of proteinuria in patients who showed uP/Cr >
0.5 at the start of treatment (Kaplan-Meier curves)

Log-rank P=0.389

Group A                  
Group B

Follow-up (months)

Patients
at risk

Month 0 6 12              18               24

Group A    28 14 8 5 2
Group B    29 9 4                4 3
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Fig. 2 Disappearance rate of proteinuria in all patients (Kaplan-Meier
curves)

Table 1 (continued)

Characteristics Group A
(n = 31)

Group B
(n = 31)

T 0/1/2 21/10/0 18/13/0

C 0/1/2 14/16/1 11/19/1

Clinical data are shown as mean ± SD

Pathological data are shown as a median (interquartile range) except for tubular atrophy and mesangial IgA deposit
a Hematuria was quantified using dipsticks
b Estimated glomerular filtration rate (eGFR) was determined with the Schwartz formula using the constants 0.55 and 0.7 for adolescent boys. To avoid
sudden artificial changes in eGFR and simplify the estimation of renal function, we only used one equation (the Schwartz formula) to determine eGFR in
a given patient
c The extent of tubular atrophy was graded semiquantitatively on a scale from 0 to 3+ (none 0; narrow 1+; moderate 2+; and wide 3+)
d The intensity of deposits on immunofluorescence microscopy was graded semiquantitatively on a scale from 0 to 3+ (none 0; slight 1+; moderate 2+;
and intense 3+)
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Table 2 Effect of 2-year treatment in the two groups

Group A
(n = 28)

Group B
(n = 29)

p value for difference
of changes between
the groups

Start End Start End

Clinical data

Blood pressure (mmHg)

Systolic (all) 107.5 ± 11.9 104.2 ± 9.0 108.4 ± 12.0 104.7 ± 12.3 0.892

Systolic (toddler) 116.0 ± 0.0 106.0 ± 4.2 108.0 ± 15.6 90.5 ± 0.7 0.603

Systolic (school age) 105.3 ± 10.6 99.6 ± 7.2 104.8 ± 7.7 106.1 ± 9.1 0.111

Systolic (adolescent) 108.6 ± 13.8 110.3 ± 8.7 112.5 ± 14.9 105.5 ± 14.7 0.120

Diastolic (all) 62.5 ± 11.0 62.4 ± 9.1 63.6 ± 8.9 55.8 ± 12.1 0.093

Diastolic (toddler) 77.5 ± 0.7 61.5 ± 3.5 69.0 ± 7.1 45.0 ± 5.7 0.534

Diastolic (school age) 63.1 ± 10.8 60.1 ± 8.8 61.6 ± 7.8 56.2 ± 11.9 0.381

Diastolic (adolescent) 59.2 ± 10.3 65.8 ± 9.8 65.0 ± 10.2 57.2 ± 12.7 0.036

uP/Cr in morning urine (g/gCr) 0.7 ± 0.8 0.3 ± 0.3 0.5 ± 0.3 0.2 ± 0.2 0.621
aHematuria in morning urine (%)

− 1 (3.6%) 8 (29.6%) 0 (0%) 10 (35.7%) 0.615

± 0 (0%) 4 (14.8%) 0 (0%) 6 (21.4%)

+ 1 (3.6%) 2 (7.4%) 4 (13.8%) 2 (7.1%)

2+ 2 (7.1%) 3 (11.1%) 9 (31.0%) 4 (14.3%)

3+ 24 (85.7%) 10 (37.0%) 16 (55.2%) 6 (21.4%)

Estimated glomerular filtration rate (eGFR, ml/min per 1.73 m2) (all) 120.1 ± 13.8 124.3 ± 14.0 121.3 ± 15.3 124.9 ± 19.4 0.900

eGFR (toddler) 123.9 ± 3.2 123.5 ± 3.4 116.3 ± 7.4 119.9 ± 1.6 0.648

eGFR (school age) 115.5 ± 10.0 126.2 ± 11.6 117.6 ± 13.5 131.7 ± 24.9 0.567

eGFR (adolescent) 124.9 ± 17.1 124.6 ± 18.3 126.1 ± 17.4 118.6 ± 12.4 0.113

Serum IgA (mg/dL) 256.3 ± 84.8 249.3 ± 91.2 234.0 ± 89.1 217.7 ± 79.2 0.399

Pathological data

Time from registration (day) −26.9 ± 18.6 754.4 ± 57.7 −25.7 ± 16.7 747.7 ± 40.8

Number of glomeruli 23.8 ± 12.5 20.4 ± 7.2 30.3 ± 16.2 19.4 ± 12.0 0.097

Glomeruli showing mesangial proliferation (%) 23.7 ± 20.8 14.6 ± 17.7 16.1 ± 13.6 8.2 ± 12.0 0.954

Glomeruli showing segmental sclerosis (%) 0.1 ± 0.4 0.6 ± 2.9 0.0 ± 0.0 0.5 ± 2.1 0.976

Glomeruli showing global sclerosis (%) 1.2 ± 3.1 3.4 ± 5.6 0.5 ± 1.4 3.3 ± 5.9 0.730

Glomeruli showing sclerosis (%) 1.3 ± 3.1 4.0 ± 7.3 0.5 ± 1.4 3.8 ± 6.7 0.770

Glomeruli showing crescents (%) 4.9 ± 6.9 2.5 ± 4.6 6.7 ± 7.6 1.7 ± 5.4 0.317

Glomeruli showing capsular adhesion (%) 2.1 ± 3.6 5.8 ± 6.9 4.4 ± 6.9 6.1 ± 11.5 0.301
bTubular atrophy (%)

0 19 (67.9%) 12 (46.2%) 17 (58.6%) 11 (39.3%) 0.585

1+ 9 (32.1%) 14 (53.8%) 12 (41.4%) 16 (57.1%)

2+ 0 0 0 1 (3.6%)

3+ 0 0 0 0
cMesangial IgA deposit (%)

0 0 4 (16.7%) 0 2 (8%) 0.731

1+ 2 (7.2%) 10 (41.7%) 5 (17.2%) 13 (52%)

2+ 22 (78.6%) 6 (25%) 20 (69%) 9 (36%)

3+ 4 (14.3%) 4 (16.7%) 4 (13.8%) 1 (4%)
dOxford classification of IgAN

M 0/1 23/5 25/1 29/0 28/0 0.157

E 0/1 27/1 26/0 28/1 28/0 0.957

S 0/1 20/8 12/14 14/15 15/13 0.064

T 0/1/2 20/8/0 13/13/0 17/12/0 11/17/0 0.927
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mesangial IgA deposits in immunofluorescence in childhood
IgAN patients in both groups. This may indicate the possibil-
ity of anti-inflammatory properties of ACEI and ARB related
to RAAS blockade. On the other hand, we found a significant
increase in the percentage of glomeruli with global sclerosis
and extent of tubular atrophy (chronic lesions) in the patients
of both groups. Although ACEI and ARB are thought to have
anti-sclerotic and anti-interstitial lesion properties [19–23],
such effects were not detected in the present study. We have
to consider the possibility that since all of the included patients
had normal renal function and the mean proteinuria of both
groups was scarce, such a circumstance may detract from the
validity of the study with the primary objective of disappear-
ance of proteinuria, and that this circumstance may justify the
absence of better results in the combination group.

In consideration of side effects, although there was no sig-
nificant difference in blood pressure before and after treat-
ments in the two groups, the number of cases with dizziness
was higher in the combination treatment with ACEI and ARB
than in ACEI monotherapy, despite no statistical significance.

Additionally, there is a known association of ACEI and
ARB use with development of AKI during acute illnesses,
such as fever and diarrhea. ACEI/ARB causes preferential
vasodilation of the glomerular efferent arterioles thereby

reducing glomerular filtration pressure for a given systemic
blood pressure. During hypovolemia or a hypotensive state
such as fever, frequent vomiting, or diarrhea, this reduction
of efferent vascular tone leads to decreased glomerular fil-
tration and potentially to AKI [24]. Recent studies [25–27]
show that treatment with ACEI/ARB is associated with only
a small increase in AKI risk. Meanwhile, continued use of
ACEI/ARB during acute illness is more likely to be associ-
ated with AKI. We should therefore pay attention to the two
patients who showed fever and elevated serum Cr in group
B. In studies to examine the effect of RAS-blocking agents
on diabetic nephropathy, there was significant proteinuria
reduction benefit in the combination therapy arm, but one
trial was terminated early due to AKI or severe decreased
renal function events, and more patients who showed dou-
bling of serum creatinine were found in combination therapy
[28, 29].

We may have to discuss the difference between our defini-
tion of mesangial proliferative severe changes and M1 of the
Oxford classification. However, since the present study started
before the publication of the Oxford classification in 2009,
although we did not utilize it for enrolment criteria and data
analysis plan in the present study protocol, we used it in sub-
analyses of pathological findings.

Table 2 (continued)

Group A
(n = 28)

Group B
(n = 29)

p value for difference
of changes between
the groups

Start End Start End

C 0/1/2 14/13/1 17/9/0 10/18/1 24/3/1 0.151

Clinical data are shown as mean ± SD

Pathological data are also shown as mean ± SD except for tubular atrophy and mesangial IgA deposit
a Hematuria was quantified using dipsticks
b The extent of tubular atrophy was graded semiquantitatively on a scale from 0 to 3+ (none 0; narrow 1+; moderate 2+; and wide 3+)
c The intensity of deposits on immunofluorescence microscopy was graded semi quantitatively on a scale from 0 to 3+ (none 0; slight 1+; moderate 2+;
and intense 3+)
d The differences of change between the both groups were tested using the Cochran-Armitage trend test

Table 3 Factors related to
proteinuria disappearance Univariatea Multivariatea

Hazard ratio 95%CI p Hazard ratio 95%CI p

Combination/monotherapy 1.34 0.76–2.35 0.31 1.17 0.64–2.14 0.62

M1/M0 1.03 0.40–2.25 0.94 0.72 0.21–1.97 0.54

E1/E0 5.12 1.19–15.3 0.03 6.60 1.17–30.6 0.03

S1/S0 1.41 0.79–2.51 0.25 1.40 0.77–2.55 0.27

T1/T0 0.66 0.35–1.17 0.16 0.66 0.35–1.20 0.18

C2/C0 + C1 0.27 0.02–1.24 0.11 0.30 0.02–1.42 0.15

a For univariate and multivariate analyses, the Cox proportional hazards model was used
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Some of the patients in both groups showed normal urinary
findings. It is thought that perhaps prognoses of these patients
are good. However, even in such patients, a careful follow-up
is important considering recurrence of the disease.

In conclusion, within the limits of the final sample size,
taking into consideration there being no superiority of combi-
nation therapy according to clinical and pathological findings,
and considering the side effects, we propose lisinopril mono-
therapy as the favored treatment for childhood IgAN with
mild proteinuria.
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