
© 2001 Wiley-Liss, Inc.

Journal of Clinical Laboratory Analysis 15:25–29 (2001)

JCLA 1981

Serum Cystatin C May Predict the Prognostic Stages of Patients
With IgA Nephropathy Prior to Renal Biopsy

Yasuhiko Tomino, 1* Shigenobu Suzuki, 1 Tomohito Gohda, 1 Michimasa Kobayashi, 1

Satoshi Horikoshi, 1 Hirokazu Imai, 2 Takao Saito, 3 Tetsuya Kawamura, 4 Noriaki
Yorioka, 5 Takashi Harada, 6 YuichiroYasumoto, 7 Hiroshi Kida, 8 Yutaka Kobayashi, 9

Masayuki Endoh, 10 Hidetoshi Sato, 11 and Kensuke Saito 12

1Division of Nephrology, Department of Medicine, Juntendo University School of Medicine, Tokyo, Japan
2Third Department of Internal Medicine, Akita University School of Medicine, Akita, Japan

3Second Department of Internal Medicine, Tohoku University School of Medicine, Sendai, Japan
4Second Department of Internal Medicine, Jikei University School of Medicine, Tokyo, Japan

5Second Department of Internal Medicine, Hiroshima University School of Medicine, Hiroshima, Japan
6Second Department of Internal Medicine, Nagasaki University School of Medicine, Nagasaki, Japan

7Second Department of Internal Medicine, Faculty of Medicine, Kagoshima University School of Medicine,
Kagoshima, Japan

8First Department of Internal Medicine, Kanazawa National Hospital, Kanazawa, Japan
9Department of Internal Medicine, Kitasato University School of Medicine, Sagamihara, Japan

10Division of Nephrology and Metabolism, Department of Internal Medicine,
Tokai University School of Medicine, Isehara, Japan

11Department of Pathology, Central Laboratory, Sapporo City General Hospital, Sapporo, Japan
12Marketing Division, Dade Behring Limited, Tokyo, Japan

The relationship between the levels of se-
rum cystatin C and the prognostic stages
of IgA nephropathy was determined in a
multicenter trial in Japan. The levels of se-
rum cystatin C in patients with IgA nephr-
opathy were measured using the Dade
Behring N Latex Cystain C assay. In 1995,
the Joint Committee of the Special Study
Group on Progressive Glomerular Dis-
eases, Ministry of Health and Welfare of
Japan, and the Japanese Society of Neph-
ropathy reported four prognostic stages.
These are: good prognosis group (Group
I), relatively good prognosis group (Group
II), relatively poor prognosis group (Group
III), and poor prognosis group (Group IV),
for this disease. Three-hundred and six

patients with IgA nephropathy and other
glomerular diseases were examined.
There were no significant changes in the
levels of serum creatinine (Cr) or creati-
nine clearance (CCr) between Group I and
Group II. The mean levels of serum
cystatin C in Group II were significantly
higher than those in Group I (P < 0.05).
The mean levels of serum cystatin C in
Group III or IV were significantly higher
than those in Group I (P < 0.001, P <
0.005, respectively). These suggest that
the measurement of serum cystatin C may
predict the prognostic stages of patients
with IgA nephropathy prior to renal biopsy.
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INTRODUCTION

In 1995, the Joint Committee of the Special Study Group
on Progressive Glomerular Diseases, Ministry of Health and
Welfare of Japan, and the Japanese Society of Nephropathy
reported four prognostic stages: the good prognosis group,
the relatively good prognosis group, the relatively poor prog-
nosis group, and the poor prognosis group, for this disease
(1). Recently, we reported that the serum IgA/C3 ratio was
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also a more useful marker for distinguishing IgA nephropa-
thy from non-IgA nephropathy together with serum IgA lev-
els of more than 315 mg/dl using a new, widely accepted
reference material (IFCC/CRM470) (2). However, the lev-
els of serum IgA and/or the serum IgA/C3 ratio did not pre-
dict the prognostic stages of IgA nephropathy in our study.

Cystatin C is a small nonglycosylated 13-kD basic pro-
tein of the cystatin superfamily of cysteine proteinase inhibi-
tors, which are produced by various nucleated cells (3–5).
The stable production rate of cystatin C strongly indicated that
the glomerular filtrastion rate (GFR) is the major determinant
of cystatin C levels in sera (6,7). The objective of the present
study was to determine the relationship between the levels of
serum cystatin C in patients with IgA nephropathy and the prog-
nostic stages of this disease in a multicenter trial in Japan.

MATERIALS AND METHODS

Serum Samples

Serum samples from 195 patients with IgA nephropathy
and 111 patients with other glomerular diseases (non-IgA
nephropathy) were obtained from our hospitals. All patients
were non-nephrotic. In patients with IgA nephropathy, biopsy
specimens stained predominantly for IgA in the glomerular
mesangial areas. Patients with SLE, Henoch-Schönlein pur-
pura (HSP) nephritis, liver cirrhosis, or other systemic dis-
eases were excluded. HSP nephritis patients who had purpura,
arthralgia, and/or abdominal symptoms (pain, melena, or di-
arrhea) were excluded from the present study. Among IgA
nephropathy patients, 100 were males and 95 were females.
The ages of the patients ranged from 22 to 71 years old (mean:
37.9 years). Among non-IgA nephropathy patients, 51 were
males and 60 were females. The ages of these patients ranged
from 12 to 79 years old (mean: 42.3 years). None of the pa-
tients was being treated with antiplatelet drugs, anti-inflam-
matory drugs, corticosteroids, and/or immunosuppressants at
the time of renal biopsy.

Serum samples were obtained from the patients before re-
nal biopsy, and were stored at –200°C or –700°C prior to use.

Prognostic Criteria for Patients With IgA
Nephropathy

IgA nephropathy patients were divided into four groups at
the time of renal biopsy (1). The good prognosis group (Group
I) had almost no possibility of dialysis. Slight mesangial pro-
liferation and increased matrix were observed. Glomeruloscle-
rosis, crescent formation, or adhesion to Bowman’s capsule
was not observed. Prominent changes were not seen in the
interstitium, renal tubuli, or blood vessels. The relatively good
prognosis group (Group II) had a possibility of dialysis that
was relatively low. Slight mesangial proliferation and increased
matrix were observed. Glomerulosclerosis, crescent forma-
tion, or adhesion to Bowman’s capsule were observed in less
than 10% of all biopsied glomeruli. Interstitial and vascular

findings were the same as in Group I. In the relatively poor
prognosis group (Group III), dialysis was likely to be required
within 5 to 20 years. Moderate, diffuse mesangial cell prolif-
eration and increased matrix were observed. Glomeruloscle-
rosis, crescent formation, or adhesion to Bowman’s capsule
were seen in 10 to 30% of all biopsied glomeruli. Cellular
infiltration was slight in the interstitium except around some
sclerosed glomeruli. Tubular atrophy was slight, and mild vas-
cular sclerosis was observed. In the poor prognosis group
(Group IV), the possibility of dialysis within 5 years was high.
Severe, diffuse mesangial cell proliferation and increased
matrix were observed. Glomerulosclerosis, crescent forma-
tion, or adhesion to Bowman’s capsule were seen in more than
30% of all biopsied glomeruli. When sites of sclerosis are to-
taled and converted to global sclerosis, the sclerosis rate was
more than 50% of all glomeruli. Some glomeruli also showed
compensatory hypertrophy. The sclerosis rate was the most
important index in the evaluation of prognosis. Interstitial cel-
lular infiltration and tubular atrophy, as well as fibrosis were
seen. Hyperplasia or degeneration may be present in some
intrarenal arteriolar walls. Glomeruli often show a mild-to-
moderate increase in mesangial cells and matrices. Electron-
dense deposits were mainly observed in the glomerular
mesangial areas (Fig. 1a; Group I). Finely granular mesangial
deposits are typically situated between the mesangial cells and
the GBM. The GBM were usually normal in thickness (Fig.
1b; Group II). Subendothelial, intramembranous, and subepi-
thelial deposits have been observed in rare cases. Mesangial
expansion and cell infiltration were observed in a glomerulus
(Fig. 1c; Group III). Mesangial interposition to inside of the
GBM was marked (Fig. 1d; Group IV). Crescentic formation
was associated with focal compression of the glomerular tufts.
There was often mild foot process fusion and villous transfor-
mation of the visceral epithelial cell cytoplasm.

When such parameters as blood pressure, serum creatinine
(s-Cr), creatinine clearance (CCr) and urinary protein tend to be
aggravated, they become important auxiliary parameters in the
evaluation of prognosis in addition to renal biopsy.

Detection of Serum Cystatin C

The levels of serum cystatin C were measured using the
Dade Behring Cystatin C assay with the automated Dade
Behring Nephelometer II (BNII) (software version 2.0) (8).
The N Latex Cystatin C kit (Lot No. 29577, Dade Behring
Diagnostics, Marburg, Germany) was used in this study. The
assay is a fully automated particle-enhanced nephelometric
immunoassay for measuring serum cystatin C. The values of
cystain C obtained from 276 healthy controls ranged from
0.5 to 0.9 mg/dl (mean ± SE; 0.66 ± 0.01 mg/dl) (9).

Clinical Activity

Levels of serum creatinine (s-Cr) and creatinine clearance
(CCr) were measured by routine methods in each hospital.
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Fig. 1. Electron microscopic findings in patients with IgA nephropathy.
Electron-dense deposits were mainly observed in the glomerular mesangial
areas. Fig. 1a; good prognosis group (Group I). Finely granular mesangial
deposits are typically situated between the mesangial cells and the glomeru-
lar basement membranes (GBM). The GBM were normal in thickness. Fig.

1b; relatively good prognosis group (Group II). Mesangial expansion and
cell infiltration were observed in a glomerulus. Fig. 1c; relatively poor prog-
nosis group (Group III). Mesangial interposition to inside of the GBM was
marked. Fig. 1d; poor prognosis group (Group IV).
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The levels of serum IgA and C3 were measured by the auto-
mated Dade Behring Nephelometer II (BNII) using a nephelo-
metric immunoassay (10).

Statistical Analysis

Statistical analysis was performed using STAT FLEX (ver-
sion 5.0) (11). The Student’s t-test was also used in statistical
comparisons between individual study groups. P < 0.05 was
regarded as significant.

RESULTS

Levels of Serum Cystatin C in Patients With IgA
Nephropathy and Non-IgA Nephropathy

The mean values of serum cystatin C in patients with IgA
nephropathy and non-IgA nephropathy are shown in Table

1. There were no significant differences in the levels of se-
rum cystatin C between patients with IgA nephropathy and
those with non-IgA nephropathy. The mean levels of serum
cystatin C in Group II IgA nephropathy patients were sig-

TABLE 1. Mean levels of serum cystatin C in patients with
IgA nephropathy and non-IgA nephropathy, and healthy
controls

Disease Mean ± SE (mg/dl)

IgA nephropathy (n = 195) 0.90 ± 0.03
Group I (n = 30) 0.68 ± 0.03
Group II (n = 63) 0.82 ± 0.04
Group III (n = 80) 0.99 ± 0.05
Group IV (n = 19) 1.06 ± 0.14

Non-IgA nephropathy (n = 111) 0.97 ± 0.05
Healthy controlsa (n = 276) 0.66 ± 0.01

aCited from ref. 9.

Fig. 2. Mean levels of serum cystatin C in patients in the good prognosis
group (Group I), relatively good prognosis group (Group II), relatively poor
prognosis group (Group III), and poor prognosis group (Group IV) of IgA
nephropathy and non-IgA nephropathy.

Fig. 3. Mean levels of serum creatinine (Cr) in patients in the good prog-
nosis group (Group I), relatively good prognosis group (Group II), rela-
tively poor prognosis group (Group III), and poor prognosis group (Group
IV) of IgA nephropathy and non-IgA nephropathy.

Fig. 4. Mean levels of creatinine clearance (CCr) in patients in the good
prognosis group (Group I), relatively good prognosis group (Group II), rela-
tively poor prognosis group (Group III), and poor prognosis group (Group
IV) of IgA nephropathy and non-IgA nephropathy.
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nificantly higher than those in Group I (P < 0.05). The mean
levels of serum cystatin C in Group III IgA nephropathy were
significantly higher than those in Group II (P < 0.05). The
mean levels of serum cystatin C in Group III or IV IgA neph-
ropathy were significantly higher than those in Group I (P <
0.001, P < 0.005, respectively). There were significant
changes in the levels of cystatin C between Groups I and II ,
or Groups II and III (P < 0.05). However, there were no sig-
nificant changes in the levels of cystatin C between Groups
III and IV (Fig. 2).

Clinical Activity in Patients With IgA Nephropathy

The levels of serum creatinine (Cr) in Group III or IV IgA
nephropathy were significantly higher than that in Group I or
II (Fig. 3). The levels of creatinine clearance (CCr) in Group
III or IV IgA nephropathy were significantly lower than that
in Group I or II. There were no significant changes in the
levels of CCr between Group I and II IgA nephropathy (Fig.
4). There were no significant changes in the levels of serum
IgA or serum IgA/C3 ratio among the four groups (Table 2).

DISCUSSION

As discussed, four prognostic stages, Groups I–IV, were
reported for this disease in 1995. (1). Recently, we reported
that the serum IgA/C3 ratio was also a more useful marker
for distinguishing IgA nephropathy from non-IgA nephropa-
thy together with serum IgA levels of more than 315 mg/dl
using a new, widely accepted reference material (IFCC/
CRM470) (2). However, the levels of serum IgA and/or the
serum IgA/C3 ratio did not predict the prognostic stages of
IgA nephropathy in this study. Groups I–IV show increasing
levels (with Group I having the lowest level) of serum creati-
nine (Cr) in patients with IgA nephropathy. On the other hand,
the levels of creatinine clearance (CCr) decreased in the four
groups, with Group 1 having the highest level. These results
confirmed that this classification reflected appropriately the
prognostic stages of this disease. However, the levels of se-
rum Cr and CCr were not clear in the early stages of IgA
nephropathy, i.e., Groups I and II. There have been several
reports in recent years suggesting that cystatin C measure-
ment in sera correlates with the glomerular filtration rate
(GFR) (6,7). Newman et al. (12) reported that serum cystatin

C has been shown to be in all likelihood a more sensitive
marker of early deterioration of GFR than serum creatinine
(Cr). The mean levels of serum cystatin C in Group II IgA
nephropathy were significantly higher than those in Group I
in this study. The mean levels of serum cystatin C in Group
III or IV IgA nephropathy were also significantly higher than
those in Group I. Thus, the levels of serum cystatin C were
statistically correlated with the prognostic stage of IgA neph-
ropathy in contrast with serum creatinine and creatinine clear-
ance. Especially, the potential utilization of serum cystatin C
was observed in the early stage of IgA nephropathy. It ap-
pears that the levels of serum cystatin C may predict the early
prognostic stages of patients with IgA nephropathy prior to
renal biopsy.
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TABLE 2. Levels of serum IgA and serum IgA/C3 ratio in
patientsa

Serum IgA Serum IgA/C3 ratio
(mg/dl, mean ± SD) (mean ± SD)

Group I (n = 30) 332.8 ± 131.1 2.82 ± 1.05
Group II (n = 63) 347.4 ± 148.3 2.97 ± 1.15
Group III (n = 80) 341.5 ± 115.1 3.19 ± 1.21
Group IV (n = 19) 293.7 ± 112.2 2.77 ± 1.13

aGroup I, good prognosis; Group II, relatively good prognosis; Group III,
relatively poor prognosis; Group IV, poor prognosis.
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