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Abstract

Background/aim No accepted therapy has been estab-

lished for progressive IgA nephropathy (IgAN). The

purpose of the present study was to assess low-dose steroid

therapy in the treatment of patients with IgAN.

Methods A prospective trial of low-dose steroid therapy

was performed in patients with IgAN with mild histologi-

cal activities. Twenty-four patients in the steroid group and

24 patients in the control group were included in this study.

The initial dose of prednisolone was 0.4 mg/kgBW/day

(20–30 mg/day), gradually tapered to 5–10 mg/day over

24 months. The patients with mild active inflammatory

lesions were treated with prednisolone. The patients

assigned to the control group were treated with dipyrid-

amole or zilazep hydrochloride in a dose of 150 or 300 mg/

day.

Results In all of the patients studied, serum creatinine

levels did not significantly change over 24 months. How-

ever, daily proteinuria significantly reduced after

24 months of steroid therapy (0.97 ± 0.75 vs. 0.31 ±

0.51 g/day, P = 0.0012), even if did not change after

24 months of anti-platelet drugs (0.89 ± 0.49 vs.

0.68 ± 0.69 g/day, P = 0.2289), respectively. In addition,

the grade of hematuria significantly reduced after

24 months of steroid therapy (35.6 ± 36.3 RBC/HPF vs.

13.7 ± 28.4 RBC/HPF, P = 0.0249) and 24 months of

anti-platelet drugs (30.1 ± 37.1 RBC/HPF vs. 12.4 ± 20.3

RBC/HPF, P = 0.0465), respectively. Systolic and dia-

stolic blood pressures did not significantly change during

treatment with steroid or anti-platelet drugs. Vascular

changes (0.63 ± 0.73) in the steroid group were lower than

those (1.08 ± 0.88) in the control group (P = 0.008).

Conclusion Our data suggested that low-dose steroid

therapy for IgAN patients with mild inflammatory lesions

could reduce the amount of urinary protein excretion and

prevent deterioration of renal function, provided the his-

tological findings in the renal biopsies showed mild

vascular lesions.
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Introduction

Since IgA nephropathy (IgAN) was first described by

Berger and Hinglasis in 1968 [1], it has now been recog-

nized as one of the most common types of primary

glomerulonephritis worldwide [2]. Although the prognosis

of IgAN was considered as relatively good previously,

long-term observation revealed that 20–40% of IgAN

patients could progress to end-stage renal disease [3]. It is

of interest to confirm adequate therapeutic strategies for

IgAN.

Kobayashi et al. [4] recently reported that steroid therapy

has a long-term beneficial effect for stabilization of renal

function in progressive IgAN with massive proteinuria of

1.0 g/day or more when patients have a preserved renal

function with a creatinine clearance (Ccr) of 70 ml/min or
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more, although the effectiveness of steroid therapy in IgAN

is controversial.

In contrast, in patients with heavy proteinuria and pre-

served renal function, steroid therapy was recommended

[5]. In a prospective randomized multicenter study, Pozzi

et al. [6] reported that steroid therapy reduced proteinuria

and protected against deterioration in renal function in

patients with IgAN. In addition, significant amelioration of

histopathological changes was reported in IgAN patients

who were receiving steroid therapy [7]. However, the ideal

steroid therapy dosage for IgAN has not been determined,

and it is essential to establish a gold standard steroid

therapy protocol that has definite effects in preventing the

progression of IgAN and has minimal toxicity.

We therefore designed a prospective, controlled trial of

low-dose prednisolone therapy (0.4 mg/kgBW/day) for

IgAN patients with mild inflammatory activities of renal

histological characteristics and ascertained the clinical

parameters that influence the effectiveness of steroid

therapy.

Subjects and methods

Subjects

The diagnosis of IgAN was based on the light microscopic

findings showing mesangioproliferative changes, mesangial

IgA and C3 deposition in an immunofluorescence study and

the presence of electron-dense deposits in the mesangial

area with electron microscopy. Patients with systemic dis-

eases, such as diabetes mellitus, collagen disease, abnormal

hyper gamma globulinemia and chronic liver disease, were

excluded from this study. Forty-eight patients satisfying the

criteria were enrolled in the study. The present study was an

open-labeled, randomized, two-group study with a parallel-

group design. The institutional review board approved

anonymous use of data for study. Written informed consent

was obtained from all subjects. The study was conducted in

compliance with the Declaration of Helsinki and Commit-

tees on Human Research. After informed consent was

obtained, two doctors who did not know the histological

scores randomly assigned the patients to either the steroid or

control group. The doctors used two envelopes consisting of

A (steroid group) or B (control group) and containing study

instructions. The doctors were not involved in the care of

the study patients. Twenty-four patients were assigned to

the steroid group and 24 patients to the control group.

Clinical data were evaluated with age at the time of renal

biopsy and blood pressure, and laboratory data, including

serum creatinine (S-Cr mg/dl), urinary protein excretion

(U-P g/day) and urinary red blood cell counts (U-RBC/

HPF) at the time of renal biopsy were also evaluated.

Patients were examined at baseline and then every

3 months. At each visit, patients were asked about clinical

symptoms, possible treatment complications and drug

consumption. Blood pressure was measured, and urinalysis

and serum biochemistry were performed. The amount of

urinary protein excretion per day was estimated at each

visit. Blood pressure was usually maintained at under

140 mmHg in the systole and 90 mmHg in the diastole

with a calcium channel blocker, an angiotensin-converting

enzyme inhibitor (ACE-I).

Histological examination of renal biopsy specimens

All specimens were obtained with the percutaneous needle

biopsy method. The specimens were fixed with 10%

phosphate-buffered formalin (pH 7.2), embedded in

paraffin and cut into 2-lm sections. Hematoxylin and

eosin, periodic acid Schiff (PAS), silver methenamine and

Masson trichrome stainings were performed for light

microscopy.

Each specimen was evaluated for glomerular, interstitial

and vascular changes as previously described [8]. The

changes were scored semiquantitatively by two indepen-

dent observers without any knowledge of the clinical data.

The percentages of glomeruli exhibiting glomerular obso-

lescence, crescent formation and glomerular tuft adhesion

to Bowman’s capsule were estimated. Mesangial cell pro-

liferation in each patient was semiquantitatively graded

into four degrees of severity: grade 0, no abnormality;

grade 1, mild; grade 2, moderate; and grade 3, severe. The

extent of interstitial fibrosis was semiquantitatively graded

into four categories according to the proportion of fibrotic

lesions to the total cortical area: grade 0, less than 5% of

total cortical area; grade 1, 5–20%; grade 2, 20–40%; grade

3, more than 40%. Arterio-arteriolosclerotic changes were

also evaluated using a similar grading scale: grade 0, no

abnormality; grade 1, mild; grade 2, moderate; grade 3,

severe.

Protocol of the treatment

This study was not an open-labeled, but randomized,

two-group study with a parallel-group design. The study

was prospective, controlled and performed in a single

center. After informed consent was obtained, patients were

assigned to either the steroid or control group. Treatment

with prednisolone or anti-platelet drugs (dipyridamole or

zilazep hydrochloride) was indicated in the patients who

met the following histological criteria in both groups: mild

inflammatory activities, presence of cellular and/or

fibrocellular crescents, mesangial interposition with
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mononuclear cell infiltration and interstitial inflammatory

cell infiltration. The patients assigned to the steroid group

were initially treated with 0.4 mg/kgBW/day of predniso-

lone (20–30 mg/day) for the first 4 weeks, and the dose

was gradually reduced to 10–20 mg on alternate days for

the next 12 months, and then 5–10 mg on alternate days for

a subsequent year. When the treatment was effective,

alternate-day prednisolone 5–10 mg administration was

continued during the next follow-up period. When the

treatment was not effective, the dose was further reduced to

discontinuation. The patients assigned to the control group

were treated with dipyridamole or zilazep in a dose of 150

or 300 mg/day. An anti-platelet agent (dipyridamole or

zilazep hydrochloride) was administrated in combination

with prednisolone in all the patients in the steroid group.

An angiotensin-converting enzyme inhibitor (ACE-I) was

administered for the hypertensive patients (four patients in

the steroid group, 20%).

Statistical analysis

Data are expressed as means ± SD. The significance of

differences between groups was examined with the Stu-

dent’s t test for nonpaired samples and by the v2-test. For

comparison of stratified data, v2 test was used. Changes in

serum Cr, U-P and U-RBC from baseline to last follow-up

were compared between the steroid and control groups by

means of t test. The evolution of clinical parameters was

analyzed in both groups by repeated-measurement analysis

of variance (ANOVA). When differences could be dem-

onstrated, values were compared with the baseline using

the paired-sample t test. A P value of less than 0.05 was

considered statistically significant.

Results

Baseline characteristics of the 48 patients in the steroid and

control groups are summarized in Table 1. The subjects in

the steroid group consisted of 7 males and 17 females with

a mean age of 37.9 ± 10.1 years. Prednisolone was started

at an initial dose of 30 mg/day in 5 cases and 20 mg/day in

19 cases. The duration of the steroid therapy was

24 months in all patients. Daily proteinuria was more than

1.0 g/day in nine cases, of which no patients had nephrotic-

range proteinuria. The remaining 15 cases showed mild

proteinuria of less than 1.0 g/day. The mean of proteinuria

was 0.97 ± 0.75 g/day. Four cases showed mild elevation

of serum creatinine ranging from 1.21 to 1.58 mg/dl

(0.92 ± 0.26 mg/dl).

The subjects in the control group consisted of 5 males

and 19 females with a mean age of 38.3 ± 12.7 years. The

duration of the anti-platelet therapy was 24 months in all

patients. Daily proteinuria was more than 1.0 g/day in nine

cases, of which no patients had nephrotic-range protein-

uria. The remaining 15 cases showed mild proteinuria of

less than 1.0 g/day. The mean of proteinuria was 0.90 ±

0.50 g/day. Eight cases showed mild elevation of serum

creatinine ranging from 1.21 to 1.58 mg/dl (1.15 ±

0.35 mg/dl). At the time of renal biopsy, the steroid and

control groups were similar in distribution of age, sex,

initial clinical presentation such as U-P, U-RBC, blood

pressure and treatment with ACE-I. Serum Cr levels

(1.15 ± 0.35 mg/dl) in the control group were significantly

higher than those (0.92 ± 0.26 mg/dl) in the steroid group

(P = 0.015).

The comparison of the pathological findings of the

patients in each group at the time of renal biopsy is sum-

marized in Table 2. The percentage of glomerular

obsolescence, adhesion and crescent formation was similar

in both groups. No significant difference was observed in

the grade of mesangial proliferation and interstitial fibrosis

in both groups. Vascular changes (0.63 ± 0.73) in the

Table 1 Clinical characteristics of the steroid and anti-platelet

groups

Steroid (n = 24) Control (n = 24) P

Male/female 6/18 5/19

Age (year) 37.9 ± 10.1 38.3 ± 12.7 NS

U-P (g/day) 0.97 ± 0.75 0.89 ± 0.49 NS

U-RBC (/HPF) 35.6 ± 36.3 30.1 ± 37.1 NS

S-Cr (mg/dl) 0.92 ± 0.26 1.15 ± 0.35 0.015

SBP (mmHg) 121.4 ± 15.8 123.3 ± 20.13 NS

DBP (mmHg) 75.2 ± 9.5 76.4 ± 13.9 NS

ACE-I (n) 5 6 NS

Values show as mean ± SD or number

U-P urinary protein excretion, U-RBC urinary red blood cell counts,

S-Cr serum creatinine, SBP systolic blood pressure, DBP diastolic

blood pressure

Table 2 Comparison of histological findings in the steroid and

Control groups

Steroid

(n = 24)

Control

(n = 24)

P

Glomerular obsolescence

(%)

21.53 ± 21.58 23.07 ± 21.23 NS

Adhesion (%) 23.34 ± 16.62 15.58 ± 14.43 NS

Crescent formation (%) 7.08 ± 9.45 7.96 ± 11.56 NS

Mesangial proliferation 1.38 ± 0.58 1.21 ± 0.59 NS

Interstitial fibrosis 1.25 ± 0.80 1.29 ± 0.95 NS

Vascular changes 0.63 ± 0.73 1.08 ± 0.88 0.008

Values show as mean ± SD or number
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steroid group was lower than those (1.08 ± 0.88) in the

control group (P = 0.008).

Changes in renal function, daily proteinuria, grade of

hematuria and blood pressure in the 48 cases were

observed for 24 months. As shown in Fig. 1, serum cre-

atinine levels did not significantly change during treatment

with steroid or anti-platelet drugs. However, daily pro-

teinuria significantly reduced after 24 months of steroid

therapy (0.97 ± 0.75 vs. 0.31 ± 0.51 g/day, P = 0.0012),

even if did not change after 24 months of anti-platelet

drugs (0.89 ± 0.49 vs. 0.68 ± 0.69 g/day, P = 0.2289),

respectively (Fig. 2). In addition, the grade of hematuria

significantly reduced after 24 months of steroid therapy

(35.6 ± 36.3 RBC/HPF vs. 13.7 ± 28.4 RBC/HPF,

P = 0.0249) and 24 months of anti-platelet drugs

(30.1 ± 37.1 RBC/HPF vs. 12.4 ± 20.3 RBC/HPF,

P = 0.0465), respectively (Fig. 3). As shown in Fig. 4,

systolic and diastolic blood pressures did not significantly

change during treatment with steroid or anti-platelet drugs.

In an attempt to investigate if the vascular lesions are

associated with the effectiveness of steroid therapy in

IgAN patients, we divided the patients who had been

treated with steroids into two groups according to the time

course of serum creatinine levels at the end of observation

period. The definition of improvement was assessed as less

than serum creatinine levels at the start of steroid therapy.

The grade of arteriosclerosis was lower (0.52 ± 0.48) in

the improved group (n = 16) than those (0.71 ± 0.56) in

the unimproved group (n = 8) (P \ 0.01).

Discussion

The main purpose of this study was to evaluate the effec-

tiveness of low-dose steroid therapy for IgAN patients with

mild inflammatory activities. The present study demon-

strated that low-dose steroid therapy significantly reduced

proteinuria and hematuria in association with no changes in
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serum creatinine levels in the IgAN patients studied.

Moreover, the patients in whom renal function improved or

showed no significant changes were the cases who had

minor vascular lesions, such as arteriosclerosis. In the

present study, the primary outcome was a change in urinary

protein excretion from the base-line because it has been

proven that the degree of proteinuria is one of the most

important prognostic indicators in IgAN [9–11].

Pozzi et al. [6] reported that the steroid therapy for IgAN

was effective when the patient met the following clinical

criteria: the serum creatinine level was under 1.5 mg/dl,

and the amount of urinary protein excretion was 1.0–3.5

g/day. The patients treated with steroid therapy (40–50

mg/day as an initial dose) showed a significant reduction in

the amount of urinary protein excretion (2.0 ± 0.6–

0.67 ± 0.5 g/day) and a higher percentage of renal sur-

vival after steroid therapy. They suggested that the effect of

steroid treatment was associated with a decrease in urinary

protein excretion. Our regimen using low-dose predniso-

lone (20–30 mg/day as an initial dose) had an

antiproteinuric effect, but its effect was not sufficient to

improve renal function. An insufficient dose of predniso-

lone in our protocol may be the reason for the discrepancy

between the effects on proteinuria and the serum creatinine

levels.

Ballardie and Roberts reported a controlled trial of

prednisolone. They included only patients with impaired

renal function (serum creatinine [1.5 mg/dl) in the study

[12]. The study showed a significant effect on improving

renal outcome by treating patients with prednisolone

(40 mg/day as an initial dosage) and cyclophosphamide for

an initial 3 months, and then azathioprine, continued for a

minimum of 2 years. One patient in the treatment group

developed pulmonary tuberculosis and was successfully

treated. There was no evidence of other adverse effects. It

was concluded that their therapy was beneficial in

improving the clinical course of progressive IgAN with an

acceptably low risk of side effects.

Nolin and Courteau [5] showed in their review that

steroid therapy is only beneficial in selected IgAN patients

with nephrotic syndrome and minor grade histological

characteristics. However, patients with minor histological

characteristics and IgA deposition and who clinically

demonstrate nephrotic syndrome and an excellent response

to steroids are supposed to have an overlapping syndrome

of IgAN and lipoid nephrosis [13]. When considering the

effects of steroid therapy in IgAN, we should distinguish

between such patients and those with massive proteinuria

caused by IgAN.

Recently, clinical studies in Japan reported that steroid

therapy (40–50 mg/day as an initial dose) was beneficial

for IgAN even if the disease was in the advanced stage.

Tamura et al. [14] observed eight patients with impaired

renal function and showed that the urinary protein excre-

tion significantly decreased (2.57 ± 1.12–1.12 ± 0.84

g/day, P \ 0.005), and the serum creatinine levels did not

change (2.76 ± 1.32–2.56 ± 1.10 mg/dl) after treatment.

They suggested that steroid therapy could delay the pro-

gression to end-stage renal failure. Tomiyoshi et al. [15]

suggested that steroid therapy (40–50 mg/day as an initial

dose) was effective for IgAN patients who showed a high

percentage of cellular and fibrocellular crescents and/or

segmental glomerular sclerosis, although their Ccr was

under 70 ml/min. We also reported the effectiveness of

steroid therapy for advanced IgAN patients with reduced

renal function [16]. However, the effectiveness of low-dose

steroid therapy for IgAN remains unclear.

Previously, we have reported the histological indices

that predict the effectiveness and ineffectiveness of steroid

therapy (40–50 mg/day as an initial dose) in IgAN [17].

According to that study, the severity of acute glomerular

extracapillary lesions (cellular and/or fibrocellular cres-

cents) predicted the possibility of proteinuria reduction,

while the severity of interstitial inflammation suggested a

high risk of renal dysfunction even after steroid therapy.

However, the efficacy of the indication of steroid therapy

for IgAN patients with mild inflammatory activities, such

as crescent formation and interstitial change, has not been

elucidated. To reduce the side effects of steroid therapy, we

used low-dose prednisolone for IgAN patients with mild

inflammatory lesions. In the present study, no significant

differences were observed in the percentage of glomerular

obsolescence, percent of glomerular crescents, grades of

mesangial cell proliferation and the extent of interstitial

fibrosis in two groups divided by the serum creatinine

levels. However, the grade of arteriosclerosis was lower in

the improved group than in the unimproved group, sug-

gesting that the extent of vascular lesions, such as

hyalinosis and arteriosclerosis in the renal vasculature, may

be a marker for the effectiveness of low-dose steroid

therapy in patients with mild inflammatory activities.

Recently, Katafuchi et al. [18] have reported a pro-

spective, randomized, controlled trial of low-dose

prednisolone therapy for IgAN patients compared with

those using anti-platelet drugs. Considering changes in

proteinuria from baseline, the degree of reduction in pro-

teinuria at last follow-up was significantly lower in the

steroid group than in anti-platelet group. However, kidney

survival was similar in both groups. They have suggested

that an insufficient dose of prednisolone may be the reason

for the discrepancy between the effect on proteinuria and

kidney survival. Compared with our patients studied, his-

tological characteristics seemed to be moderate in their

patients.

In conclusion, we suggest that low-dose steroid therapy

for IgAN patients with mild inflammatory activities could
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reduce the amount of urinary protein excretion and may

restore the residual renal function, if the histological find-

ings in renal biopsies showed mild vascular lesions.

Careful histological interpretation of renal biopsy speci-

mens is necessary to determine the indication for low-dose

steroid therapy in combination with the clinical evaluation

of the disease activity in IgAN patients. We consider that

low-dose steroid therapy is one of the beneficial strategies

for IgAN patients with mild inflammatory activities during

every clinical stage of IgAN. However, a randomized

controlled trial is absolutely necessary to evaluate the

efficacy and safety of low-dose steroid therapy for patients

with IgAN with mild histological activities.
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