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Impact of Body Mass Index on Progression of IgA Nephropathy
Among Japanese Patients
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Background: The impact of being over-
weight remains unclear in Asian popula-
tions that tend to be lean. The objective of
this study is to clarify the impact of body
mass index (BMI) and metabolic factors on
the prognosis of Japanese patients with IgA
nephropathy (IgAN). Methods: A total of 193
patients with IgAN were divided into three
groups equally according to BMI: Group L
(lean group, BMI: 15.6–20.1 kg/m2), Group
M (middle group, BMI: 20.2–23.0 kg/m2),
and Group O (obesity group, BMI: 23.1–
31.9 kg/m2). Clinical data at the time of
renal biopsy and the progression of the
patients after renal biopsy were analyzed.
Results: At the time of renal biopsy, hyper-
tension, dyslipidemia, hyperuricemia, and
hypercomplementemia in Group O were
more significant compared with those in

Group L and/or Group M. Uric acid,
triglyceride, C3, C4, high-density lipopro-
tein cholesterol, serum creatinine, systolic
blood pressure (BP), and diastolic BP were
significantly correlated with BMI. In Group
O, the remission of urinary protein over 5
years was significantly delayed using a log-
rank test. At the final observation, the BMI of
each group was as similar as that at renal
biopsy. The patients with aggressive ther-
apy, such as steroid therapy and/or tonsil-
lectomy in Group O did not have major side
effects, except for a slight elevation of to-
tal cholesterol and low-density lipoprotein
cholesterol. Conclusion: Even slightly high
BMI seems to be a risk factor for progress
in Japanese patients with IgAN. J. Clin.
Lab. Anal. 29:353–360, 2015. C© 2014 Wi-
ley Periodicals, Inc.
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INTRODUCTION

IgA nephropathy (IgAN) is the most frequent chronic
glomerulonephritis and its prognosis is poor: about 15
to 40% of patients will eventually have end-stage kidney
disease (ESKD) (1). Since IgAN is a chronic glomerular
disease and progresses gradually over the long term, addi-
tional factors may have a lot of influence on the prognosis.
Therefore, a more diversified treatment is needed.

Along with the development of metabolic syndrome
analysis, more attention has been paid to the influence of
obesity on chronic kidney disease (CKD). Bolignano et
al. indicated that obesity is one of the independent risk
factors for the development and progression of CKD (2).
Similarly, excessive body mass index (BMI) is reported
as a risk factor for disease progression in IgAN patients
in several studies (3). On the other hand, there are eth-
nic differences in body size. In general, Asians are leaner

than those of European origin. BMI cut-off points for
obesity are different in Asian countries from those that
the World Health Organization (WHO) has defined. In
comparison with the guideline issued by the WHO, where
obesity has been defined as BMI �30 kg/m2 (4), it is de-
fined as �25 kg/m2 in Korea and Japan, �27 kg/m2 in
Taiwan, and �28 kg/m2 in China (5). Moreover, Asians,
including Japanese, are susceptible to the accumulation
of visceral fat and are easy to develop type 2 diabetes
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and cardiovascular diseases, even with a BMI lower than
25 kg/m2 (6,7). Despite this ethnic difference of body size,
in most of studies about obesity using BMI, the BMI cut-
off point was defined as 25 kg/m2. Since BMI of Asian
patients with CKD is often below 25 kg/m2, the impor-
tance of appropriate body size tends to be underestimated.

The impact of overweight on the progression of IgAN
among lean Asian individuals is not sufficiently eluci-
dated. In this study, the authors analyzed the anthropo-
metric data of 193 Japanese IgAN patients with a follow-
up period of more than 5 years to investigate the impact
of high BMI on the progression of IgAN.

MATERIALS AND METHODS

Patients

All IgAN patients were diagnosed in the Juntendo Uni-
versity Hospital between January 1999 and May 2009.
The study protocol was approved by the ethics commit-
tee of Juntendo University Hospital. Patients with dia-
betes mellitus or the autoimmune disease, purpura nephri-
tis, were excluded from this study. There were 95 male
(49.2%) and 98 female (50.8%) patients, with a median
age of 32.8 ± 11.0 years (range: 12–65 years). In ascend-
ing order of BMI, the patients were divided equally into
three groups: Group L (lean group; n = 65, BMI: 15.6–
20.1 kg/m2), Group M (middle group; n = 64, BMI: 20.2–
23.0 kg/m2), and Group O (obesity group; n = 64, BMI:
23.1–31.9 kg/m2). Clinical and pathological data at the
time of renal biopsy were analyzed. Only two patients
took lipid-lowering agents at the time of biopsy.

Treatment Protocol

For steroid pulse therapy, patients received intravenous
methylprednisolone pulse therapy of 0.5 g/day for three
consecutive days, followed by oral prednisolone at an ini-
tial dosage of 0.5 mg/kg every other day for 6 months.
The oral prednisolone was gradually tapered off ev-
ery 2 months, as follows: 0.25 mg/kg, 0.125 mg/kg,
0.0625 mg/kg, and off. The definition of “aggressive ther-
apy” is steroid therapy, including oral steroid and/or
steroid pulse, and/or tonsillectomy (8).

Biochemical Assessment (Clinical Data)

All samples collected were from fasting subjects and
were analyzed at the time of biopsy and the final obser-
vation at a single center (Juntendo University Hospital).
BMI was calculated as weight in kilograms divided by
the square of height in meters. Biochemical analysis, in-
cluding the measurement of hemoglobin (Hb), hematocrit
(Hct), total protein (TP), albumin (Alb), serum urea ni-

trogen (SUN), serum creatinine (s-Cr), uric acid (UA), to-
tal cholesterol (TC), low-density lipoprotein cholesterol
(LDL-c), high-density lipoprotein cholesterol (HDL-c),
triglyceride (TG), IgG, IgA, IgM, C3, C4, CH50, C-
reactive protein (CRP) levels, and urinary protein (UP)
was performed using standard enzymatic methods. The
estimated glomerular filtration rate (eGFR) was calcu-
lated using the formula established by the Japanese Soci-
ety of Nephrology as follows: eGFR (ml/min/1.73m2) =
194 × Cr−1.094 × age −0.287 (if female, × 0.739) (9). Fasting
plasma glucose (FPG) and HbA1c were also measured at
the final observation.

The degree of red blood cells (uRBCs) in the urinary
sediments was scored into five degrees as follows: 1–5
RBCs/high-power field (HPF), 1; 6−10 RBCs/HPF, 2;
11–15 RBCs/HPF, 3; 16–20 RBCs/HPF, 4; and more
than 21 RBCs/HPF, 5 (10). UP and urinary creatinine
were measured using a spot urine analysis to gain the UP
to creatinine ratio. The median follow-up time after renal
biopsy was 5 years. The levels of s-Cr, UP, and uRBCs
after the renal biopsy were yearly compared after 5 years.
We defined UP <0.3 g/gCr as UP remission, uRBCs <5 /
HPF as uRBCs remission, and both UP <0.3 g/gCr and
uRBCs <5/HPF as complete remission (8).

Morphometric Analysis

Paraffin-embedded sections were routinely stained with
hematoxylin and eosin, periodic acid–Schiff, Masson’s
trichrome, and periodic acid–silver methenamine. The ac-
tivity and severity were graded using the Japanese classifi-
cation of IgAN (11). Staining for IgG, IgA, IgM, C3c, and
C1q on freshly frozen renal tissue was performed using
a corresponding fluorescence isothiocyanate-conjugated
anti-sera (Dako, Copenhagen, Denmark). Renal tissues
were immediately fixed in a 2% osmium and phosphate
buffer saline for 2 hr, dehydrogenated by increasing the
concentration of alcohol, and then embedded in Epok
812 (Oken-syoji, Tokyo, Japan).

Statistical Analysis

Data are expressed as mean ± standard deviation (SD)
of the mean or as percentages. Normality of each contin-
uous variable was initially examined using the Bartlett’s
test. The clinical parameters of the three groups were
compared using an analysis of variance (ANOVA) with
Bonferroni’s multiple comparison test for normally dis-
tributed continuous variables or Kruskal–Wallis test with
post hoc for nonnormally distributed variables. Categor-
ical variables were also compared using a Chi-square test
or Fisher’s exact test. A Spearman’s correlation coeffi-
cient by rank was performed to examine the relationship
between BMI and clinical data. The cumulative prob-
ability of remission of UP and uRBCs was compared
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Fig. 1. Distribution of BMI of patients with IgAN.

using the log-rank test. The multivariate Cox regression
analysis was used to assess the determinants of remission
of proteinuria. Statistical significance was considered as
P < 0.05. All statistical analyses were performed by using
GraphPad Prism 6, version 6.0c (GraphPad, San Diego,
CA) or the JMP 9.0.1 (SAS Institute Inc., Cary, NC) soft-
ware program.

RESULTS

Distribution of BMI and Age

The distribution peak of BMI shifted to the left. The
number of patients whose BMI was greater than 25 was
only 15% of the total subjects (Fig. 1). The bars of the
figure are divided by age categories. Those who have a
small BMI tended to be young.

Comparison of Clinical Parameters at the Time of
Renal Biopsy

Table 1 shows the baseline characteristics of the three
groups. The mean of baseline BMI (n = 193) was 21.9 ±
3.1 kg/m2. When we divided the patients into three groups
according to BMI, the cut-off points were 20.1 kg/m2 be-
tween Group L and Group M and 23.0 kg/m2 between
Group M and Group O, respectively. The ratio of females
to males was significantly higher in Group L, even in
Group M, and lower in Group O. Systolic blood pressure
(sBP) and diastolic BP (dBP) in Group O were signifi-
cantly more elevated than those in Group L and Group
M. eGFR in Group L was higher than that in Group
O. Levels of TG, LDL-C, UA, Hb, CRP, C3, and C4 in
Group O were greater than those in Groups L and M.
SUN, TP, Alb, IgG, IgM, IgA, UP, and uRBCs did not
differ among the three groups. As for the differences be-
tween Group L and Group M, there were also significant
difference between the groups in age, blood pressure, and
TG.

Correlation Between BMI and Clinical Variables in
All Patients

BMI was significantly correlated with UA, TG, C4, Hct,
Hb, C3, HDL-c, s-Cr, sBP, dBP, CRP, eGFR, LDL-c, age,
CH50, TC, and SUN (Table 2).

Pathological Findings

In the light microscopic findings, there were no signifi-
cant differences among the three groups (Table 3), though
Group M and Group O tended to have arteriosclerotic
findings. In the immunofluorescence findings, there were
fewer patients with depositions of IgA, IgG, and IgM in
Group O.

Treatment

Several treatment strategies were chosen during the
follow-up period, and there was a significant difference
(Table 4). In Group O, tonsillectomy and steroid pulse
was performed less frequently. Renin–angiotensin system
inhibitors and calcium channel blockers were prescribed
more frequently.

Comparison of the Incidence Rate of Remission of
UP and uRBCs

The remission of UP and uRBCs was compared among
the three groups. Because the change of eGFR was scarce
during the observation period (data not shown), the re-
mission rate of uRBCs and UP was compared. Remission
of UP was significantly delayed in Group O over 5 years
(Fig. 2). Especially in the first 10 months, the UP of ap-
proximately half of the patients in Group M and Group L
disappeared. On the other hand, only 20% of the patients
in Group O showed a UP remission. In order to ascertain
whether the low remission rate of the patients in Group O
was because fewer patients were given aggressive therapy,
the three groups were divided into six groups by the pres-
ence or absence of aggressive therapy (Fig. 3). In patients
with aggressive therapy, UP remission was similar among
the three groups. With aggressive therapy, UP in about
half of the patients in each group disappeared within only
10 months. In patients without aggressive therapy, UP
remission in Group O was significantly delayed.

Comparison of the Clinical Findings at the Final
Observation

In order to evaluate not only urinary findings and renal
function, but also the change of body size and clinical
data, we collected the clinical data and BMI of patients
at their last follow-up period. Consequently, 80 of the
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TABLE 1. Clinical Background of All Patients With IgAN

Group L (n = 65) Group M (n = 64) Group O (n = 64) P

Anthropometric variables
Gender (m:f) 18:47 31:33 46:18 <0.01a

Age (years) 28.5 ± 8.1 33.7 ± 11.8 36.3 ± 11.5 <0.01 L vs. M, L vs. O
BMI (kg/m2) 18.8 ± 1.1 21.5 ± 0.9 25.5 ± 2.0 <0.01 L vs. M, L vs. O, M vs. O
sBP (mmHg) 110.1 ± 13.0 115.8 ± 12.0 120.8 ± 14.0 <0.01 L vs. M, L vs. O
dBP (mmHg) 64.3 ± 9.7 65.6 ± 8.7 71.6 ± 12.3 <0.01 L vs. M, M vs. O

Biochemical variables
s-Cr (mg/dl) 0.7 ± 0.2 0.8 ± 0.3 0.9 ± 0.3 <0.01 L vs. M, L vs. O
eGFR (ml/min/1.73 m2) 93.0 ± 23.1 84.2 ± 26.8 77.9 ± 22.3 <0.01 L vs. O
uPro (g/g creatinine) 1.0 ± 1.3 1.2 ± 1.8 0.9 ± 1.0 NS
uRBC (grade) 4.4 ± 1.2 4.1 ± 1.4 3.9 ± 1.5 NS
SUN (mg/dl) 14.0 ± 4.6 14.9 ± 4.5 15.1 ± 3.8 NS
UA (mg/dl) 5.5 ± 1.6 5.0 ± 1.3 6.6 ± 1.5 <0.01 L vs. O, M vs. O
TP (g/dl) 6.7 ± 0.6 6.8 ± 0.6 6.9 ± 0.6 NS
Alb (g/dl) 4.1 ± 0.5 4.0 ± 0.4 4.1 ± 0.4 NS
TC (mg/dl) 189.0 ± 35.3 197.1 ± 36.9 211.1 ± 41.4 <0.01 L vs. O
TG (mg/dl) 81.1 ± 35.6 115.1 ± 58.1 150.0 ± 87.1 <0.01 L vs. M, L vs. O, M vs. O
HDL-c (mg/dl) 67.0 ± 13.8 68.4 ± 24.9 56.1 ± 20.1 <0.01 L vs. O, M vs. O
LDL-c (mg/dl) 107.9 ± 28.9 111.6 ± 29.6 126.2 ± 34.7 <0.01 L vs. O, M vs. O
Hb (g/dl) 12.9 ± 1.4 13.2 ± 1.4 14.2 ± 1.4 <0.01 L vs. O, M vs. O

Immunological variables
CRP (mg/dl) 0.1 ± 0.1 0.1 ± 0.1 0.2 ± 0.4 <0.01 L vs. O
IgG (mg/dl) 1214.9 ± 317.6 1124.1 ± 274.5 1125.5 ± 247.1 NS
IgA (mg/dl) 312.1 ± 89.7 317.4 ± 105.8 316.9 ± 99.9 NS
IgM (mg/dl) 137.3 ± 60.0 128.6 ± 69.6 112.7 ± 58.8 NS
C3 (mg/dl) 92.2 ± 13.6 96.4 ± 14.0 107.8 ± 18.8 <0.01 L vs. O, M vs. O
C4 (mg/dl) 20.9 ± 4.9 24.2 ± 7.5 27.6 ± 6.5 <0.01 L vs. M, L vs. O, M vs. O
CH50 (unit/ml) 39.2 ± 6.3 41.3 ± 7.0 43.9 ± 7.4 <0.01 L vs. O

aData compared using Fisher’s exact test.
Values are expressed as percent or mean ± SD.
NS, not significant.

193 patients were able to have their BMI checked at the
final observation. The data of all patients treated at our
faculty with a renal biopsy were not collected because
there were patients who dropped out from the outpatient
clinic because of urinary remission or because of a move.
There were two patients who needed renal replacement
therapy (RRT) among the patients in Group M and one
patient in Group L during the observation period. All

of them had not been given aggressive therapy (data not
shown).

In the patients without aggressive therapy in Group O,
BMI, TG, UA, and systolic BP were higher, and HDL-c
was lower (Table 5). On the other hand, in the patients with
aggressive therapy in Group O, TC and LDL-c were a little
higher than the other groups. There were no patients who
developed diabetes, cataract, bone abnormalities during

TABLE 2. Relationship of BMI and Clinical Data by Linear Regression Models

R P R P

UA (mg/dl) 0.44270 <0.0001 CRP (mg/dl) 0.26390 <0.0001
TG (mg/dl) 0.42310 <0.0001 eGFR (ml/min/1.73m2) −0.25160 0.0004
C4 (mg/dl) 0.41790 <0.0001 LDL-c (mg/dl) 0.25150 0.0009
Hct (%) 0.36060 <0.0001 Age (years) 0.25010 0.0005
Hb (g/dl) 0.35400 <0.0001 CH50 (Unit/ml) 0.24500 0.0010
C3 (mg/dl) 0.35750 <0.0001 TC (mg/dl) 0.20580 0.0047
HDL-c (mg/dl) −0.34800 <0.0001 SUN (mg/dl) 0.15640 0.0298
s-Cr (mg/dl) 0.34160 <0.0001 Alb (mg/dl) 0.08178 NS
sBP (mmHg) 0.33110 <0.0001 TP (g/dl) 0.03926 NS
dBP (mmHg) 0.30520 <0.0001 UP (g/g creatinine) 0.03182 NS

NS, not significant; R, regression.
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TABLE 3. Pathological Background of all Patients With IgAN

Group L Group M Group O P

Light microscopic findings
Total glomeruli (n) 17.6 ± 7.73 16.75 ± 8.36 14.24 ± 7.19 <0.05a

Histologic gradec(I:II:III:IV; n) 48:12:4:1 35:17:11:1 38:17:9:0 NSb

Number of global sclerosis 1.6 ± 1.9 2.0 ± 2.6 1.9 ± 2.4 NSa

Number of segmental sclerosis 0.4 ± 0.8 0.9 ± 2.0 0.7 ± 1.3 NSa

Number of crescent 1.4 ± 2.0 1.7 ± 2.6 1.0 ± 1.3 NSa

Double contour (n) 17 16 12 NSa

Lobulation (n) 7 6 2 NSa

Arteriole sclerosis (n) 15 24 23 NSa

Tubular atrophy score (0:1:2:3:4:5) 40:8:0:0:1 43:8:0:1:3 45:9:0:0:0 NSb

Immunofluorescence findings
IgA, n (%) 32 (37.6) 25 (29.4) 28 (32.9) NSb

IgA + IgM, n (%) 8 (24.2) 13 (39.4) 12 (36.4) NSb

IgA + IgG, n (%) 15 (39.5) 8 (21.1) 15 (39.5) NSb

IgA + IgM + IgG, n (%) 10 (27.0) 19 (51.4) 8 (21.6) <0.05b

aData compared using one-way factorial ANOVA.
bData compared using Fisher’s exact test.
cJapanese classification of IgAN.
NS, not significant.

the observation period and their FPG and HbA1c were
similar to those at renal biopsy. In all groups, BMI had
not changed significantly during the observation period.
s-Cr in patients without aggressive therapy in Group M
was higher than that in the other groups.

DISCUSSION

The most important finding of this study was that in
IgAN, patients with high BMI achieved UP remission
slower than other groups and that might lead to a wors-
ening of their prognosis. In the patients without aggres-
sive therapy, the differences among the three groups were
more evident, whereas with aggressive therapy, the dif-
ferences disappeared. These results indicate that in IgAN
high BMI is an important factor that interferes in the
remission of proteinuria, especially in the absence of ag-
gressive treatment. Thus, we should not leave patients with
high BMI untreated.

In this study, “aggressive therapy” includes steroid oral
administration, steroid pulse therapy, tonsillectomy, or
a combination of them. Pozzi reported the effectiveness
and safety of steroid pulse therapy (12). A combination
of tonsillectomy and steroid pulse therapy was devel-
oped in Japan (13). In Japan, UP >0.5 g/day and eGFR
>60 ml/min/1.73m2 is a provisionary criterion for ton-
sillectomy combined with steroid pulse therapy (14), but
the adequate adaptation of these aggressive therapies has
not been clearly defined. In our study, we observed that
the patients with aggressive therapy in Group O did not
have any major side effects. Therefore, the result suggests
that the adaptation of aggressive therapy on patients with
obesity should be extended.

Three mechanisms are indicated as influences of over-
weight on the progression of IgAN. First, patients with
overweight have metabolic-related disorders like dyslipi-
demia, hyperuricemia, and hypertension, which lead to
insulin-resistance and finally, accelerated arteriosclerosis.

TABLE 4. Treatment

Treatment Group L Group M Group O P

Ton, n (%) 20 (30.8) 19 (29.7) 10 (15.6) NS
Ton + SP + SO, n (%) 19 (29.2) 16 (25.0) 7 (10.9) <0.01
SP + SO, n (%) 30 (46.2) 18 (28.1) 12 (18.8) <0.01
SO, n (%) 1 (1.5) 4 (6.3) 2 (3.1) NS
RAS-I, n (%) 16 (24.6) 22 (34.4) 32 (50.0) <0.01
CCB, n (%) 0 (0) 7 (10.9) 13 (20.3) <0.01

Data compared using Fisher’s exact test.
NS, not significant; Ton, tonsillectomy; SP, steroid pulse therapy; SO, steroid oral prescription; RAS-I, renin–angiotensin system inhibitor; CCB,
calcium channel blocker.
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TABLE 5. Comparison of Clinical Findings at Final Observation

Group L Group M Group O P

Aggressive Therapy + − + − + −
n 17 8 17 9 8 21
Gender (m:f) 6:11 3:5 4:13 5:4 4:4 17:4 <0.05
Observation period 89.1 ± 25.0 82.5 ± 36.9 78.8 ± 31.8* 129.3 ± 31.3† 94.3 ± 31.4 106.3 ± 35.1 <0.01 * vs. †, P < 0.01
Age (years) 35.4 ± 8.2 42.4 ± 13.8 40.7 ± 9.1 47.3 ± 11.4 37.6 ± 5.9 49.9 ± 11.6 <0.01
BMI (kg/m2) 19.5 ± 1.3* 20.0 ± 4.2‡ 20.9 ± 1.6 21.2 ± 1.9 23.8 ± 3.8† 25.4 ± 3.1§ <0.01 * versus †, P < 0.01,

‡ versus §, P <

0.01
sBP (mmHg) 109.7 ± 9.7 105.3 ± 13.3* 113.8 ± 14.9 118.9 ± 8.3 117.3 ± 15.5 121.3 ± 10.0† <0.01 * versus †, P < 0.05
dBP (mmHg) 69.2 ± 9.2 68.0 ± 8.4 68.9 ± 10.8 69.8 ± 7.7 73.3 ± 11.3 76.1 ± 9.6 NS
s-Cr (mg/dl) 0.78 ± 0.33 0.66 ± 0.24* 0.93 ± 0.55 1.52 ± 1.59 0.84 ± 0.23 1.07 ± 0.57† <0.05 * versus †, P < 0.05
eGFR (ml/min/1.73 m2) 84.3 ± 23.4 92.4 ± 22.8 73.4 ± 30.9 67.5 ± 35.2 76.3 ± 17.2 67.9 ± 24.9 NS
uPro (g/g creatinine) 0.22 ± 0.31 0.13 ± 0.19 0.18 ± 0.25 0.61 ± 0.75 0.26 ± 0.27 0.55 ± 0.78 NS
uRBCs (grade) 1.18 ± 0.53 2.00 ± 1.53 1.44 ± 1.09 1.22 ± 0.44 1.00 ± 0.00 1.76 ± 0.94 NS
UA (mg/dl) 4.8 ± 0.8 4.4 ± 0.8* 5.1 ± 1.5 5.5 ± 1.7 5.9 ± 1.3 6.4 ± 1.1† <0.01 * versus †, P < 0.01
Alb (g/dl) 4.3 ± 0.29 4.24 ± 0.26 4.25 ± 0.27 4.08 ± 0.34 4.21 ± 0.13 4.12 ± 0.37 NS
TC (mg/dl) 194.0 ± 31.1 197.6 ± 20.8 182.6 ± 32.8 184.3 ± 36.9 214.0 ± 42.9 199.5 ± 24.8 NS
TG (mg/dl) 89.9 ± 31.8 86.8 ± 32.5* 108.7 ± 49.2 132.6 ± 72.9 105.9 ± 35.9 162.8 ± 68.1† <0.01 * versus †, P < 0.05
HDL-c (mg/dl) 70.9 ± 13.8 69.5 ± 6.9* 63.1 ± 18.9 58.1 ± 23.8 65.0 ± 25.3 48.0 ± 9.8† <0.01 * versus †, P < 0.05
LDL-c (mg/dl) 102.1 ± 22.1 110.8 ± 22.2 99.6 ± 22.6 97.5 ± 24.4 127.8 ± 28.6 119.1 ± 22.4 <0.05
CRP (mg/dl) 0.07 ± 0.13 0.05 ± 0.12 0.09 ± 0.09 0.03 ± 0.05 0.07 ± 0.05 0.12 ± 0.09 NS
IgA (mg/dl) 239.3 ± 74.9 281.7 ± 86.6 297.6 ± 106.6 270.5 ± 72.6 223.5 ± 77.4 315.7 ± 106.4 NS
C3 (mg/dl) 89.5 ± 10.5 84.0 ± 11.0 89.5 ± 12.2 84.7 ± 14.1 92.0 ± 23.6 101.3 ± 18.0 NS
FPG (mg/dl) 94.7 ± 28.4 86.6 ± 9.5 88.6 ± 11.0 83.8 ± 6.7 83.1 ± 8.0 99.1 ± 20.9 NS
HbA1c (%) 5.1 ± 0.2 5.5 ± 0.1 5.2 ± 0.3 5.2 ± 0.4 5.4 ± 0.3 5.5 ± 0.4 NS

Values are expressed as percent or mean ± SD.
NS, not significant.

In this study, metabolic parameters were much worse
in the patients with higher BMI and showed a signifi-
cant correlation with BMI. Each of them is also pointed
out to have an effect on the progress of IgAN patients
(15–18). Second, when overweight accompanies IgAN,
pathological changes may have an effect on the prognosis.
Tanaka et al. (19) reported that nondiabetic obese patients
with IgAN showed significantly increased proteinuria, ac-
companied by glomerular basement membrane thicken-

ing and glomerulomegaly, like obesity-related glomeru-
lopathy (20). Third, recent studies indicate that over-
weight itself likely has effects on renal injury through var-
ious hemodynamic and nonhemodynamic mechanisms of
adipocytes.

As to the third mechanism, recently, adipocytes have
been revealed to be not only storage cells but also the
production site for a variety of hormones and proin-
flammatory molecules that may contribute to progressive

Fig. 2. Cumulative probability of remission of (A) UP and (B) uRBCs. Percentage of remission of UP in Group O was significantly lower than
those in other groups. L, lean group; M: middle group; O, obesity group.
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Fig. 3. Cumulative probability of remission of UP (A) with aggressive therapy, (B) without aggressive therapy. Percentage of remission of UP
in Group O without aggressive therapy was significantly lower than those in other groups. L, lean group; M, middle group; O, obesity group; AT,
aggressive therapy.

renal damage (21). Metabolic disorders are well known
to be associated with inflammation (22). Although leptin
is famous as an adipocytokine, the degeneration prod-
uct of C3 is also considered to be one type of adipocy-
tokine. In this study, the concentration of serum C3 in
Group O was significantly higher than that in the other
groups, although they remained within the normal limit.
We also found a slight elevation of CRP, which is con-
sidered to reflect chronic, low-grade inflammation due
to overweight. A complement cascade is activated within
the sites of connective tissues and atherosclerotic lesions
(23). The authors have previously demonstrated that male
patients with metabolic syndrome showed higher con-
centrations of serum C3, and C3 is closely related to
insulin resistance (24). In IgAN patients, we also have
indicated that the serum C3 level is closely related to nu-
tritional status, metabolic syndrome, and the prognosis
of the patients (25). Kim et al. (26) reported that a low
level of serum C3 and mesangial C3 deposition were in-
dependent risk factors for poor renal outcome in patients
with IgAN. In this study, high BMI had a strong rela-
tion with inflammation and the degeneration product of
C3 may also correlate with BMI as one type of adipocy-
tokine through artherosclerosis. We need further analysis
to clarify the association of serum C3 and artherogenic
change.

Body size has racial difference. In this study, we did
not define the cut-off point for obesity and divided them
equally into three groups according to order of BMI. Con-
sequently, the border between Group M and Group O
became 23. Our results implied that IgAN might progress
faster in Japanese patients with a BMI between 23 and
BMI 25 because of overweight. Similarly, there is increas-
ing evidence of an emerging high prevalence of type 2 di-
abetes and increased cardiovascular risk factors in parts

of Asian countries where the average BMI is below the
cut-off point of 25 kg/m2 (6, 7). Asians generally have a
higher percentage of body fat than white people of the
same age, sex, and BMI (27). Therefore, when we evaluate
Asian patients with renal disease, defining a smaller BMI
cut-off point for obesity may be better. Although we were
not able to show the ideal BMI in this study, our results
indicated that patients with IgAN should target a smaller
BMI in order to improve the prognosis of IgAN.

Several researchers reported that in elderly and non-
Caucasian populations, the relationship between BMI
and body fatness might be different as compared with
a younger Caucasian population (28). Despite the pa-
tients in our study being Japanese, their metabolic factors
were significantly correlated with BMI. We consider that
the reason is that the individuals in our study were com-
parably young. In our study, there were young patients
with high BMI. As some researchers have noted that be-
ing overweight in early adulthood is strongly associated
with declined kidney function in later life (29, 30), reduc-
ing weight may be important especially for young patients
with obesity.

This study has several limitations. First, waist circum-
ference (WC) was not measured. Recently, WC and the
waist to hip ratio (WHR), which can estimate abdominal
fat more precisely, are preferably used. It would be advis-
able to check not only BMI but also the WC and WHR of
patients with IgAN regularly in the future. Second, there
were patients who dropped out from our outpatient clinic.
Some patients moved and others might suffer ESKD and
underwent renal RRT. Third, this study is a retrospec-
tive study and we could not control the selection bias for
treatment.

In conclusion, in Japanese patients with IgAN, even
slightly high BMI seems to be a risk factor for progress.
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They should reduce their body weight and improve their
metabolic factors.
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