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A Novel Simpler Histological Classification for Renal Survival
in IgA Nephropathy: A Retrospective Study

Carlo Manno, MD, Giovanni F.M. Strippoli, MD, Christian D’Altri, MD, Diletta Torres, MD,
Michele Rossini, MD, and Francesco P. Schena, MD, on behalf of the European IgAN Consortium

Background: Patients with immunoglobulin A (IgA) nephropathy may progress to end-stage renal
disease (ESRD) within 10 to 20 years after renal biopsy. We evaluated factors associated with long-term
renal survival by using a novel simplified histological classification.

Study Design: Retrospective study.
Setting & Participants: 437 patients (296 men, 141 women) with IgA nephropathy seen at our single

center from January 1971 to December 2006. Most patients received treatment with renin-angiotensin
system inhibitors.

Predictors: Baseline age, sex, presence of hematuria, presence of hypertension, serum creatinine
level, urine protein at baseline, and 2 histological classifications.

Outcomes & Measurements: Relationship of baseline factors to time to ESRD was evaluated by
means of univariate and multivariate analysis with log-rank test and the Cox proportional hazard
method.

Results: In a mean follow-up of 107.6 months, 72 ESRD events occurred. The 5-, 10-, 15-, and 20-year
renal survival rates after renal biopsy were 94.1%, 82.1%, 73.1%, and 60.3%, respectively. Independent
baseline predictors of increased ESRD risk were microhematuria with absence of recurrent macrohematuria
(adjusted hazard ratio [HR], 2.18; 95% confidence interval [CI], 1.30 to 3.65; P � 0.003), 1.0 mg/dL (88.4
�mol/L) higher serum creatinine level (HR, 1.50; 95% CI, 1.10 to 2.07; P � 0.013), proteinuria with 1.0 g/dL
(10.0 g/L) greater protein (HR, 1.28; 95% CI, 1.07 to 1.52; P � 0.006), and grading of histological lesions. A
1-grade increase according to our 3-grade classification was associated with a nearly 6-fold ESRD risk
increase (adjusted HR, 5.95; 95% CI, 3.54 to 10.01; P � 0.0001).

Limitations: Lack of adjustment for changes in treatment that may have occurred during the study
period.

Conclusions: Renal damage progression in patients with IgA nephropathy was associated with
microscopic hematuria at clinical onset, increased serum creatinine level, increased proteinuria, and
grading of histological lesions. Our classification system appears simpler than other classifications and
is associated with ESRD risk, which could help identify individual high-risk patients and stratify patients
enrolled in randomized clinical trials into homogeneous groups.
Am J Kidney Dis 49:763-775. © 2007 by the National Kidney Foundation, Inc.
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p
b
t
p
p
i
m
5

rimary immunoglobulin A (IgA) nephropa-
thy occurs worldwide and is characterized

y recurrent episodes of macroscopic hematuria
which usually arise during upper respiratory
ract infections) or asymptomatic persistent mi-
roscopic hematuria with or without proteinuria.
ew epidemiological studies examined the inci-
ence of primary IgA nephropathy in various
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Manno et al764
astern Kentucky (United States)12 and 26 pa-
ients per million population in Cotes d’Armor
France).13 Although initially believed to repre-
ent a benign condition,14 IgA nephropathy is
ow recognized as a cause of end-stage renal
isease (ESRD) in a substantial proportion of
atients within 10 to 20 years from its apparent
nset.2 The clinical course is extremely variable
nd ranges from asymptomatic microscopic he-
aturia to rapidly progressive renal failure.
Certain renal lesions were associated in some

tudies with poorer renal prognosis, and several
orphological classifications were adopted. The

se of different types of classifications is respon-
ible in part for existing controversies in the
ssessment of rates of progression to ESRD and
ther renal outcomes. In general, histological
rading mainly was based on the presence of
ellular proliferation, glomerulosclerosis, cres-
ents, and tubulointerstitial damage. Despite as-
essment and validation in a cohort of only 20
atients, the most widely adopted classification
as that developed by Lee et al,15 which in-

ludes 5 histological grades of disease. This
lassification was revised subsequently by Haas,16

ho suggested that the classification of Lee et
l15 underscored tubulointerstitial damage. Even
he revised classification of Haas16 was validated
n a single cohort of only 109 patients.

Single and multicenter biopsy data available
rom large cohorts of patients with IgA ne-
hropathy allow for more sophisticated testing
f the predictive value and validity of the
lassification of IgA nephropathy for renal
utcomes. We updated and simplified the histo-
ogical classification17 of IgA nephropathy
ased on descriptive criteria of renal lesions
ade by Churg et al18 and accepted by the
orld Health Organization and scored renal

iopsy specimens of our patients. In this retro-
pective study, we assembled a large cohort of
atients with IgA nephropathy and evaluated
actors recorded at the time of renal biopsy and
ssociated with long-term renal survival, then
alidated this novel simpler classification in
redicting renal outcomes.

METHODS

enal Biopsy

From January 1971 to December 2004, information for

,710 renal biopsies of native kidneys performed and/or f
rocessed in our unit were collected. In 796 of these (29.4%),
gA nephropathy was diagnosed, and a cohort of 437 pa-
ients (296 men, 67.7%; 141 women, 32.3%) followed up for
ore than 1 year in our single center until December 2006
ere included in the study population. In our clinical policy,
ain reasons for performing a renal biopsy were asymptom-

tic urinary abnormalities (persistent microscopic hematuria
nd mild to moderate proteinuria), recurrent episodes of
acroscopic hematuria, nephrotic syndrome, acute renal

ailure, or chronic renal insufficiency of unknown origin
ithout severe alterations shown by means of ultrasound

maging. Biopsies were performed at least 30 days after
pisodes of macroscopic hematuria. The diagnosis of IgA
ephropathy was made by the detection of mesangial depos-
ts staining predominantly for IgA with immunofluorescence
tudies. Patients with systemic lupus erythematosus, Henoch-
chönlein purpura, or chronic liver diseases were excluded.
ll biopsy specimens were reviewed by 2 separate patholo-
ists masked to patient outcomes and clinical characteristics.
iopsy specimens were scored according to the morphologi-
al classification of Lee et al15 and using our modified
lassification.17

To assess the severity of renal damage, we distinguish 3
rades (Gs): G1 (mild) includes patients with IgA nephrop-
thy with minor or minimal lesions, G2 (moderate) in-
ludes patients with focal-segmental or diffuse prolifera-
ive glomerulonephritis, and G3 (severe) includes patients
ith sclerotic lesions in advanced chronic glomerulone-
hritis or ESRD. Mesangial hypercellularity was scored
s follows: mild with more than 3 and 5 or fewer mesan-
ial cells, and moderate-severe with more than 6 mesan-
ial cells on average in at least 2 glomerular lobules.
clerosis was defined as the obliteration of capillary loops
aused by prevalent increase in matrix, capillary tuft
dhesion to Bowman capsule, or both. Endocapillary
roliferation was defined as obliteration of the capillary
uft by cells (endothelial, mesangial, or inflammatory
ells). Biopsy specimens with normal glomeruli or glo-
eruli with only a mild increase in mesangial cellularity

nd no tubulointerstitial changes were assigned to grade
1. The presence of even only 1 glomerulus with segmen-

ally sclerotic lesion excluded a case from being assigned
o this grade. Biopsy specimens were assigned to grade
2 if 1 of the following signs was detected: moderate

ncrease in mesangial cellularity (focal or diffuse), endo-
apillary proliferation, cellular crescents (up to 50% of
lomeruli involved), segmental sclerosis, tubular atrophy,
nd interstitial fibrosis (up to one third of the cortical
rea). Biopsy specimens were assigned to grade G3 if
ellular crescents were present in greater than 50% of
lomeruli and/or fibrous crescents or global glomeruloscle-
osis were present in greater than one third of glomeruli
nd/or segmentally sclerotic lesions involved greater than
0% of glomeruli (ie, diffuse) and/or tubular atrophy and
nterstitial fibrosis involved greater than one third of
ortical areas. Essential features of the 5- and 3-grade
ystems used for comparison are listed in Table 1. Patients
ollowed up for at least 1 year, with an average follow-up

or the entire cohort of 9 years, were included in the study.
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Simpler Classification in IgA Nephropathy 765
tudy Factors and Definitions

Demographic, clinical, laboratory, and histological data
ere recorded in our database, including sex, age at the time
f apparent onset of symptoms and at renal biopsy, and type
f onset (microscopic or recurrent macroscopic hematuria).
ean arterial pressure, serum creatinine level, estimated

reatinine clearance using the Cockcroft-Gault equation, and
4-hour urinary protein excretion were considered at the
ime of renal biopsy. No missing data were present and
andled. Asymptomatic persistent microhematuria (�5,000

Table 1. Lee’s Classificatio

Grade Glomerular Changes

Tubular and
Interstitial
Changes

I Mostly normal;
occasional slight
mesangial thickening
(segmental) with or
without hypercellularity

Absent

II Less than half the
glomeruli show
localized mesangial
proliferation and
sclerosis; rarely, small
crescent

Absent

III Diffuse mesangial
proliferation and
thickening with focal
and segmental
variation; occasional
small crescents and
adhesions

Focal interstitial
edema and
infiltrate
occasionally
present;
tubular
atrophy rare

IV Marked diffuse mesangial
proliferation and
sclerosis; crescents
present in up to 45% of
glomeruli; partial or
total glomerulosclerosis
frequent

Tubular
atrophy,
interstitial
inflammation,
and
occasional
interstitial
foam cells

V Similar to grade IV, but
more severe; crescents
present in � 45% of
glomeruli

Similar to grade
IV, but more
severe

Note: Lee’s classification on left and 3-grade classificatio
�3 and �5 mesangial cells), moderate to severe (�6 m
clerosis was defined as the obliteration of capillary loops
owman capsule or both. Endocapillary proliferation was d
esangial, or inflammatory cells).
ed blood cells/mL in urine) without episodes of macrohema- h
uria sometimes was detected by chance as a result of
creening for preemployment, sport activities, or blood dona-
ion. Usually microhematuria was accompanied by mild
roteinuria (urinary protein excretion, 0.1 to 0.9 g/24 h),
arely by moderate (1.0 to 2.9 g/24 h) or severe proteinuria
�3.0 g/24 h). The number of recurrent episodes of macrohe-
aturia was variable, usually occurred during upper respira-

ory tract infections, and persisted for less than 3 days; urine
olor was red or brown and blood casts were common. Mean
rterial pressure of 107 mm Hg or greater was regarded as

the 3-Grade Classification

ade Glomerular Changes
Tubular and

Interstitial Changes

ld) Normal glomeruli or
slight increase in
mesangial matrix and/
or cellularity

None

derate) Moderate focal or diffuse
mesangial
proliferation and/or
focal segmental
sclerosis and/or
endocapillary
proliferation and/or
cellular crescents up
to 50% of glomeruli

Tubular atrophy
and interstitial
fibrosis up to
1/3 of cortical
area

vere) Cellular crescents in �
50% of glomeruli and/
or global
glomerulosclerosis or
fibrous crescents
involving � 1/3 of
glomeruli and/or
diffuse segmental
sclerosis

Tubular atrophy
and interstitial
fibrosis
involving � 1/3
of cortical area

ht. Mesangial hypercellularity was scored as follows: mild
al cells on the average) at least in 2 glomerular lobules.
revalent increase in matrix or as capillary tuft adhesion to

as the obliteration of the capillary tuft by cells (endothelial,
n and

Gr

G1 (mi

G2 (mo

G3 (se

n on rig
esangi
due to p
efined
ypertension according to World Health Organization crite-
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Manno et al766
ia. All exposure and outcome data were double-entered in a
elational database. Data entry was checked by a third
nvestigator at the time of data analysis.

tudy Outcome

The study end point was progression of renal disease
stimated on the basis of ESRD and evaluated as the need
or regular dialysis treatment or renal transplantation. In our
onocentric study, the same criteria were applied to all

atients with a creatinine clearance less than 5 mL/min
�0.08 mL/s) and/or with uremic symptoms.

egulatory Considerations

The study was performed according to recommendations
utlined in the Declaration of Helsinki (IV Adaptation).
ach patient who underwent renal biopsy in our institution
as informed of the expected benefits and potential risks

ssociated with the procedure and agreed to anonymous use
f collected data for future descriptive or inferential statisti-
al analyses, providing an informed consent.19

tatistical Analysis

Continuous data were analyzed descriptively using mean
SD or median and interquartile range, and categorical data

ere described as integers, frequencies, and percentages, as
ppropriate. Baseline characteristics of individuals affected
y IgA nephropathy were compared using 1-way analysis of
ariance, Kruskal-Wallis test, unpaired Student t-test, and
ann-Whitney U test as appropriate for continuous data and

hi-square statistic for categorical data. Univariate and mul-
ivariate analyses of renal survival were carried out based on
he end point of ESRD or renal transplantation. Potential
onlinear effects of exposure factors were explored as appro-
riate and reported if identified. Cumulative renal survival
nd its 95% confidence interval (CI) from the time of renal
iopsy was analyzed by means of Kaplan-Meier curves for
ensored data. Differences between groups were compared
sing log-rank test.
Univariate and multivariate analysis based on the Cox

egression proportional hazard method was used to assess
he relative risk of reaching the outcome of ESRD based on
he influence of baseline prognostic factors (age, sex, pres-
nce of hematuria [micro or macro], presence of hyperten-
ion, serum creatinine level, urinary protein excretion, and
he 3-17 and 5-grade15 histological classification systems).
ariables that could significantly predict ESRD on univari-
te analysis (P � 0.05 or clinical relevance) were used to
onstruct a multivariate Cox model. The final model of
dequate statistical power was constructed by means of
ackward and stepwise approaches to check for consistency,
ith covariates averaged at baseline. Finally, goodness of fit
as tested. Risk estimates are presented as unadjusted and

djusted hazard ratios (HRs) and their 95% CIs, calculated
y using an estimated regression coefficient and its SE in the
ox regression analysis. Wald test was used to establish the
ierarchy of prognostic factors. All analyses were performed
sing SAS, version 8.1 (SAS Institute, Cary, NC), and SPSS
or Windows, release 12.0 (SPSS Inc, North Sydney, Austra-

ia). P less than 0.05 is considered statistically significant. w
RESULTS

Baseline demographic and clinical findings at
he time of renal biopsy are listed in Table 2.

ean age at renal biopsy was 31.0 � 11.4 years.
ean age at apparent onset of disease was 27.0
10.7 years. Average time from onset to biopsy

as 4.0 � 5.7 years. Type of onset was macro-
copic hematuria in 253 of 437 patients (57.9%)
nd persistent microhematuria in 184 of 437
atients (42.1%). Arterial hypertension was
resent in 165 of 437 patients (37.7%). At renal
iopsy, median serum creatinine value was 1.0
g/dL (interquartile range, 0.9 to 1.3 [88.4 �mol/
]; interquartile range, 79.6 to 114.9]), mean
reatinine clearance was 92.2 � 29.9 mL/min
1.54 � 0.50 mL/s), median daily proteinuria
alue was protein of 0.70 g/24 h (interquartile
ange, 0.30 to 1.50), and mean arterial pressure

Table 2. Demographic and Clinical Characteristics of
Patients With IgA Nephropathy in Our Study Cohort

Characteristic Measure

o. of patients 437
ge at renal biopsy (y) 31.0 � 11.4
ge at apparent onset (y) 27.0 � 10.7
ex (men) 296 (68)
nset type (microhematuria) 184 (42)
ean arterial pressure (mm Hg) 97.8 � 10.2
rterial hypertension (yes) 165 (38)
eceiving ACE inhibitors or ARBs (yes)* 306 (70)
erum creatinine (mg/dL) 1.0 (0.9-1.3)
reatinine clearance (mL/min) 92.2 � 29.9
roteinuria (g/24 h) 0.7 (0.3-1.5)
enal lesions (Lee’s classification)
Grade I 44
Grade II 150
Grade III 159
Grade IV 58
Grade V 26
enal lesions (new classification)
G1 (mild) 173
G2 (moderate) 186
G3 (severe) 78

ollow-up (mo) 107.6 � 63.2

Note: Data expressed as mean � SD, median (interquar-
ile range), and absolute and percent frequency.

To convert serum creatinine in mg/dL to �mol/L, multiply
y 88.4, creatinine clearance in mL/min to mL/s, multiply
y 0.01667.
Abbreviations: ACE, angiotensin-converting enzyme;

RB, angiotensin receptor blocker.
*Indicated by the presence of hypertension or protein-

ria with protein greater than 0.5 g/24 h.
as 97.8 � 10.2 mm Hg. At any time during the
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Simpler Classification in IgA Nephropathy 767
tudy observation period, hypertensive patients
nd those with proteinuria with protein greater
han 0.5 g/24 h received angiotensin-converting
nzyme inhibitors or angiotensin receptor block-
rs, and no patient was treated with steroids or
ytotoxic drugs.

The distribution of histological lesions accord-
ng to Lee’s classification was as follows: grade
, 44 patients (10.1%); grade II, 150 patients
34.3%); grade III, 159 patients (36.4%); grade
V, 58 patients (13.2%); and grade V, 26 patients
6.0%). Baseline demographic and clinical find-
ngs according to the 5 different histological
rades at the time of renal biopsy are listed in
able 3. There was a significant difference among
roups for age at renal biopsy (P � 0.0001), age
t apparent onset (P � 0.0001), type of onset of
isease (P � 0.001), proportion of patients with
rterial hypertension (P � 0.0001), median val-
es for serum creatinine and daily proteinuria,
nd mean creatinine clearance (P � 0.0001).
ccording to our novel and simpler 3-grade

lassification, the distribution of histological le-
ions was as follows: 173 patients (39.6%) with

Table 3. Demographic and Clinical Characteristics of
With Respect to Histo

Grade (Le

I II

o. of patients 44 150

ge at renal biopsy (y) 27.9 � 10.3 27.8 � 9.8
ge at apparent onset
(y)

25.9 � 9.1 24.8 � 9.9

ex (men) 31 (70) 92 (61)
nset type
(microhematuria)

13 (30) 52 (35)

ean arterial pressure
(mm Hg)

93.8 � 8.3 93.2 � 8.6

rterial hypertension
(yes)

10 (23) 34 (23)

erum creatinine (mg/
dL)

0.9 (0.7-1.1) 0.9 (0.8-1.0)

reatinine clearance
(mL/min)

109.9 � 19.1 104.6 � 24.4

roteinuria (g/24 h) 0.2 (0.2-0.7) 0.3 (0.2-0.6)
CE inhibitor or ARB
therapy (yes)

25 (57) 101 (66)

Note: Data expressed as mean � SD, median (interqua
etween groups were made by means of 1-way analysis
erum creatinine in mg/dL to �mol/L, multiply by 88.4, crea
Abbreviations: ACE, angiotensin-converting enzyme; AR
ild renal damage (G1), 186 patients (42.6%) g
ith moderate renal damage (G2), and 78 pa-
ients (17.8%) with severe renal damage (G3).
aseline demographic and clinical findings ac-
ording to the 3 different histological grades at
he time of renal biopsy are listed in Table 4.
here was a significant difference among groups

or age at renal biopsy (P � 0.0001), age at
pparent onset (P � 0.001), type of onset of
isease (P � 0.002), proportion of patients with
rterial hypertension (P � 0.0001), median val-
es for serum creatinine and daily proteinuria,
nd mean creatinine clearance (P � 0.0001).

enal Survival

During a mean follow-up of 107.6 � 63.2
onths, 72 ESRD events occurred. The 5-, 10-,

5-, and 20-year renal survival rates in all pa-
ients from time of renal biopsy were 94.1%
patients at risk, 349), 82.1% (patients at risk,
52), 73.1% (patients at risk, 53), and 60.3%
patients at risk, 24), respectively. No patient
ied before ESRD during the study observation
eriod. As shown in Fig 1A, the cumulative
robability of ESRD was greater in patients with

ups With IgA Nephropathy Considered in This Study
l Lee’s Classification

sification)

III IV V P

159 58 26 Not
applicable

6 � 11.9 35.5 � 12.0 34.2 � 12.6 �0.0001
8 � 11.2 30.4 � 11.5 30.6 � 10.3 0.0018

(69) 47 (81) 17 (65) 0.100
(43) 32 (55) 18 (69) 0.001

9 � 8.7 108.5 � 7.8 110.2 � 8.2 �0.0001

(40) 40 (69) 17 (65) �0.0001

(0.9-1.2) 1.5 (1.1-1.9) 2.2 (1.4-3.2) �0.0001

9 � 25.8 71.6 � 27.1 48.2 � 25.1 �0.0001

(0.4-1.6) 1.8 (1.0-2.4) 1.9 (1.3-3.4) �0.0001
(78) 42 (72) 15 (58) 0.08

nge), and absolute and percent frequency. Comparisons
iance, Kruskal-Wallis test, or chi-square test. To convert
learance in mL/min to mL/s, multiply by 0.01667.
iotensin receptor blocker.
Subgro
logica

e’s clas

32.
27.

109
69

97.

64

1.0

93.

1.0
124

rtile ra
of var

tinine c
rades IV and V histological lesions compared
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Manno et al768
ith those with grades I, II, and III (log-rank test,
hi-square 113.2; P � 0.0001) according to Lee’s
lassification. Furthermore, the cumulative prob-
bility of ESRD was greater in patients with
evere lesions (G3) than those with moderate
G2) and mild renal damage (G1) according to
ur 3-grade classification system (log-rank test,
hi-square 179.7; P � 0.0001; Fig 1B). The
istribution of ESRD events in patients accord-
ng to 5 and 3 categories of histological classifi-
ation are listed in Table 5.

Unadjusted and adjusted HR estimates of the
ssociation between these different risk factors
nd ESRD are reported in 2 different models. In
ach analysis, 7 variables at the time of renal
iopsy (age, sex, microhematuria at onset, arte-
ial hypertension, serum creatinine [milligrams
er deciliter], proteinuria [grams of protein per
4 hours], and the 5- [Table 6] or 3-grade [Table
] systems of histological renal lesions) were
ncluded in the multivariate model. There was a
trong association between risk of ESRD and
resence of microhematuria at onset (adjusted
R, 2.05; 95% CI, 1.22 to 3.44; P � 0.007;

djusted HR 2.18, 95% CI 1.30 to 3.65, P �
.003), but no association between the presence
f arterial hypertension and risk of ESRD (ad-
usted HR, 1.64; 95% CI, 0.91 to 2.95; P �
.102; adjusted HR, 1.08; 95% CI, 0.60 to 1.93;
� 0.802). In addition, risk of ESRD signifi-

antly increased for every 1.0 mg/dL (88.4

Table 4. Demographic and Clinical Characteristics of
With Respect to 3-Grad

Grade (new classification) G1

o. of patients 173
ge at renal biopsy (y) 27.8 � 9.9
ge at apparent onset (y) 24.7 � 9.7
ex (men) 105 (62)
nset type (microhematuria) 57 (33)
ean arterial pressure (mm Hg) 93.5 � 8.2
rterial hypertension (yes) 34 (20)
erum creatinine (mg/dL) 0.9 (0.8-1.0)
reatinine clearance (mL/min) 105.4 � 23.3
roteinuria (g/24 h) 0.3 (0.2-0.6)
CE inhibitor or ARB therapy
(yes)

105 (61)

Note: Data expressed as mean � SD, median (interqua
etween groups were made by means of 1-way analysis
erum creatinine in mg/dL to �mol/L, multiply by 88.4, crea
Abbreviations: ACE, angiotensin-converting enzyme; AR
mol/L) increase in serum creatinine level (ad- 5
usted HR, 1.77; 95% CI, 1.26 to 2.48; P �
.001; adjusted HR, 1.50; 95% CI, 1.10 to 2.07;
� 0.013) and for every 1.0-g/24 h increase in

aily proteinuria (adjusted HR, 1.27; 95% CI,
.07 to 1.50; P � 0.006; adjusted HR, 1.28; 95%
I, 1.07 to 1.52; P � 0.006).
Finally, with respect to grading of histological

esions on a continuous scale of risk assessment,
or every 1-stage increase in degree of disease
ccording to Lee’s classification, there was a
early 2-fold increase in risk of ESRD (adjusted
R, 1.74; 95% CI, 1.29 to 2.34; P � 0.0001); for

very 1-stage increase in degree of disease ac-
ording to our simple 3-grade classification sys-
em, there was a nearly 6-fold increase in risk of
SRD (adjusted HR, 5.95; 95% CI, 3.54 to
0.01; P � 0.0001). Adjusted estimates of renal
urvival by individual degree of histological le-
ion are shown in Fig 2. Of note, there was some
verlap between survival in patients with grades
V and V disease when we used Lee’s classifica-
ion, but not when we used the new classifica-
ion.

DISCUSSION

In this study, we tested the value of our novel
impler histological classification of IgA nephrop-
thy in predicting renal outcomes. Baseline demo-
raphic and clinical findings of our cohort of 437
atients with IgA nephropathy followed up in a
ingle center differed according to the use of the

ups With IgA Nephropathy Considered in This Study
ological Classification

G2 G3 P

186 78 Not applicable
2.7 � 11.9 34.1� 11.5 �0.0001
8.1 � 11.5 29.5 � 10.1 0.001
9 (69) 62 (79) 0.011
3 (45) 44 (56) 0.002

8.1 � 8.4 109.2 � 8.0 �0.001
3 (39) 58 (74) �0.0001
.0 (0.9-1.2) 1.5 (1.3-2.6) �0.0001
6.2 � 25.7 59.7 � 25.7 �0.0001
.0 (0.4-1.6) 1.8 (1.0-2.9) �0.0001
5 (72) 57 (73) 0.07

nge), and absolute and percent frequency. Comparisons
iance, Kruskal-Wallis test, or chi-square test. To convert
learance in mL/min to mL/s, multiply by 0.01667.
iotensin receptor blocker.
Subgro
e Hist

3
2
12
8

9
7
1
9
1
13

rtile ra
of var

tinine c
or 3 histological grades at time of renal biopsy.
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he overall 20-year renal survival rate with ESRD
s the end point was 60.3%. The probability of
umulative ESRD was greater in patients with
rades IV and V histological lesions compared

Figure 1. (A) Cumulative failure estimated by means of
to V) according to Lee’s classification. The end point outco
ialysis or transplantation. (B) Cumulative failure estimated
lass (G1 to G3) according to the new classification. The
ransplantation. Number of patients at risk, numeric valu
eported at the bottom of the figure.

Table 5. Distribution of ESRD Events in Patients
Histologic

Histological Lesions Grade I Grade II

Grade G1 0/42 (0) 0/129 (0)
Grade G2 0/2 (0) 7/21 (33) 16
Grade G3 0/0 (0) 0/0 (0)
Total 0/44 (0) 7/150 (5) 24

Note: Values expressed as number of ESRD events/num

Abbreviation: ESRD, end-stage renal disease.
ith those with grades I, II, and III according to
ee’s classification. Furthermore, the probability
f cumulative ESRD was greater in patients with
evere lesions (G3) than those with moderate

-Meier methods as a function of histological class (grades
represented by end-stage renal disease (ESRD) requiring
ans of Kaplan-Meier methods as a function of histological
int outcome is represented by ESRD requiring dialysis or
cumulative failure, and its 95% confidence intervals are

A Nephropathy According to 5- and 3-Category
sification

II Grade IV Grade V Total

0) 0/0 (0) 0/0 (0) 0/173 (0)
11) 1/18 (6) 0/0 (0) 24/186 (13)
67) 28/40 (70) 12/26 (46) 48/78 (62)
15) 29/58 (50) 12/26 (46) 72/437 (16)

patients in each category (percent).
Kaplan
me is
by me

end po
With Ig
al Clas

Grade I

0/1 (
/146 (
8/12 (
/159 (

ber of
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Manno et al770
G2) and mild (G1) lesions according to our
-grade classification system.
Significant predictors of ESRD risk were mi-

roscopic hematuria without episodes of macro-
copic hematuria at onset of the disease, greater
erum creatinine level, greater proteinuria, and
istological grading. Risk of ESRD nearly
oubled for every unit increase in histological

Table 6. Unadjusted and Adjusted Risk Estimates by
Patients With IgA Nephropathy

Risk Factor Unit of Increase
Unadjusted Risk
(HR) (95% CI)

ge at renal biopsy
(y)

10 1.13 (0.92-1.39)

ex (female/male) 0 � F,1 � M 1.51 (0.89-2.58)
icrohematuria at
onset

0 � no, 1 � yes 1.94 (1.21-3.19)

rterial hypertension
at renal biopsy

0 � no, 1 � yes 4.35 (2.59-7.30)

erum creatinine at
renal biopsy
(mg/dL)

1 3.29 (2.64-4.10)

roteinuria at renal
biopsy (g/24 h)

1 1.81 (1.59-2.05)

istological lesions:
grade (I-V)

1 2.83 (2.25-3.56)

Note: Basic (initial) – 2 log L � 735.766; Lower (lowest)
g/dL to �mol/L, multiply by 88.4.

Table 7. Unadjusted and Adjusted Risk Estimates by
Patients With IgA Nephropathy W

Risk Factor Unit of Increase
Unadjusted Risk
(HR) (95% CI)

ge at renal biopsy
(y)

10 1.13 (0.92-1.39)

ex (female/male) 0 � F, 1 � M 1.51 (0.89-2.58)
icrohematuria at
onset

0 � no, 1 � yes 1.94 (1.21-3.19)

rterial hypertension
at renal biopsy

0 � no, 1 � yes 4.35 (2.59-7.30)

erum creatinine at
renal biopsy
(mg/dL)

1 3.29 (2.64-4.10)

roteinuria at renal
biopsy (g/24 h)

1 1.81 (1.59-2.05)

istological lesions
(G1-G3)

1 8.47 (5.47-13.11)

Note: Basic (initial) – 2 log L � 735.766; Lower (lowest)

g/dL to �mol/L, multiply by 88.4.
rade according to Lee’s classification on a con-
inuous scale, whereas risk increased nearly 6-fold
or every unit increase in the degree of disease
ccording to our simpler 3-grade classification
ystem. With a 3-level grading system, risk of
SRD appeared to be greater in patients with
icroscopic hematuria and proportionally in-

reased for every 1.0 mg/dL (88.4 �mol/L)

of Cox Proportional Hazard Models for ESRD in 437
espect to Lee’s Classification

Adjusted Risk (HR)
Without Histological

Classification
(95% CI) P

Adjusted Risk (HR)
With Histological

Classification
(95% CI) P

0.95 (0.76-1.20) 0.691 0.93 (0.73-1.17) 0.529

1.05 (0.60-1.85) 0.857 1.14 (0.65-1.99) 0.649
1.93 (1.16-3.22) 0.012 2.05 (1.22-3.44) 0.007

2.12 (1.19-3.79) 0.011 1.64 (0.91-2.95) 0.102

2.36 (1.75-3.20) 0.0001 1.77 (1.26-2.48) 0.001

1.35 (1.61-1.57) 0.0001 1.27 (1.07-1.50) 0.006

1.74 (1.29-2.34) 0.0001

L � 617.467; P � 0.0001. To convert serum creatinine in

of Cox Proportional Hazard Models for ESRD in 437
spect to 3-Grade Classification

Adjusted Risk (HR)
Without Histological

Classification
(95% CI) P

Adjusted Risk (HR)
With Histological

Classification
(95% CI) P

0.95 (0.76-1.20) 0.691 0.92 (0.71-1.17) 0.488

1.05 (0.60-1.85) 0.857 0.88 (0.51-1.54) 0.663
1.93 (1.16-3.22) 0.012 2.18 (1.30-3.65) 0.003

1 2.12 (1.19-3.79) 0.011 1.08 (0.60-1.93) 0.802

1 2.36 (1.75-3.20) 0.0001 1.50 (1.10-2.07) 0.013

1 1.35 (1.61-1.57) 0.0001 1.28 (1.07-1.52) 0.006

1 5.95 (3.54-10.01) 0.0001

L � 576.001; P � 0.0001. To convert serum creatinine in
Means
With R

P

0.256

0.128
0.005

0.0001

0.0001

0.0001

0.0001

– 2 log
Means
ith Re

P

0.256

0.128
0.005

0.000

0.000

0.000

0.000

– 2 log
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Simpler Classification in IgA Nephropathy 771
reater baseline serum creatinine level (adjusted
R, 1.50; 95% CI, 1.10 to 2.07; P � 0.013) and
.0 g/24 h greater baseline urinary protein excre-
ion (adjusted HR, 1.28; 95% CI, 1.07 to 1.52; P

0.006).
The simpler histological classification allowed

he enrollment of a larger number of patients for
ach grade of renal lesion and permitted valida-
ion of our system on a large homogeneous IgA
ephropathy population followed up over a long
eriod in a single center. Univariate and multivar-
ate statistical analysis indicated no overlap be-
ween different grades in our classification; how-
ver, we did not evaluate whether our new
lassification was more accurate compared with
thers reported in the literature.
The identification of clinical and histological

actors at renal biopsy that affect disease progres-
ion in patients with IgA nephropathy has stimu-
ated abundant research during the past 20 years.
onsidering the supposed benign nature and slow
rogression of the disease and relatively aggres-
ive nature of proposed interventions (eg, ste-
oids and other immunosuppressive regimens), it

Figure 2. (A) Cox proportional hazard survival curves f
ere divided in relationship to histological class (grades I to
ex, presence of microhematuria at onset, presence of arte
iopsy, and proteinuria at renal biopsy. (B) Cox proportion
ere divided in relationship to histological class (G1 to G3)
ex, presence of microhematuria at onset, presence of arte
iopsy, and proteinuria at renal biopsy.
s important to understand which patients might r
r might not progress and benefit from these
herapeutic interventions. Most studies from Eu-
ope, Asia, and Australia focused on 5- to 10-
ear follow-up20-36 and reported renal survival
ates ranged from 74%32 to 94%29 at 10 years. A
ubstantially worse prognosis was reported in
orth American studies, with rates of 57% to
0% at 10 years from onset of disease or bi-
psy.16,37-39 Clearly, longer-term follow-up is
mportant considering the very low proportion of
vents, even after 10 years of observation. How-
ver, only 6 studies looked at survival over a
onger time frame of 20 years, with rates ranging
rom 50% to 83%.21,22,24,25,29,34

A critical and comparative appraisal of avail-
ble studies of survival in IgA nephropathy co-
orts is difficult for several reasons. First, there
re inconsistencies in the definition of the begin-
ing of the observation, which may be at the time
f renal biopsy16,20,28,30,32,33,35-38 or apparent
nset of disease.21-26,29,31,34,39 Second, different
nd points (including increased serum creatinine
evel, doubling of serum creatinine level, or
SRD, defined as the need for regular dialysis or

-stage renal disease (ESRD) in the study cohort. Patients
ording to Lee’s classification. Data were adjusted for age,
pertension at renal biopsy, serum creatinine level at renal
rd survival curves for ESRD in the study cohort. Patients

ding to the new classification. Data were adjusted for age,
pertension at renal biopsy, serum creatinine level at renal
or end
V) acc
rial hy

al haza
accor
enal transplantation) were used in the studies.
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Manno et al772
hird, statistical analyses used several options,
ut were simple (typically univariate analysis
ithout adjustment for potential confounders).
ourth, in general, few studies had a follow-up

onger than 20 years, and there is extreme vari-
bility in histological lesions and renal function
n the studied cohorts. Finally, the potential con-
ounding by different diagnostic and therapeutic
pproaches was not considered in detail in analy-
es of multicentric databases, proven because
tudies enrolled cohorts of both treated and un-
reated patients and analyses did not account for
his variable. Taken together, these aspects high-
ight the potential for misleading results in the
resence of significant heterogeneity of disease
nd management patterns.

Review studies conducted to date by
’Amico40,41 identified 3 levels of clinical and
istological prediction of an adverse outcome in
dult patients with IgA nephropathy according to
ignificance by multivariate analysis (so-called
strong predictors”), univariate or multivariate
nalysis (so-called “moderate predictors”), and
nivariate analysis only (so-called “poor predic-
ors”). The major contribution of this analysis
ocused on the importance of histological lesions
nd highlighted the need for consensus on ad-
quate classification of the disease. Two main
ypes of classification were suggested by Waldo
n a special report on IgA nephropathy42: the
lumped” system like those of Lee et al,15 Mina
nd Murphy,43 and Haas,16 and the “split” sys-
em like those of Kobayashi et al,44 Andreoli and
ergstein,45 Alamartine et al,29 and Waldo et
l.46 The lumped systems are simple and easily
pplicable in multicenter studies, but their weak-
ess is the lack of flexible interpretation. The
plit system gives a more detailed analysis of
ach lesion of the 4 major compartments (glo-
eruli, tubules, interstitium, and vessels), thus

iving a global score. Although the study of
ingle lesions in a biopsy specimen allows identi-
cation of specific markers of damage in compar-

ng 2 or more renal biopsy specimens from the
ame patient, grading of progressive severity of
istological lesions using our new lumped sys-
em triggers a good definition of risk progression
sing statistical analysis. This validation in a
arge cohort of patients with IgA nephropathy

ollowed up over a long time suggests that this a
lassification may be preferred with respect to
hat of Lee et al,15 who enrolled only 20 patients.

Our data are consistent with other data re-
orted in the literature. Conflicting results for
egree of hematuria, whether microscopic or
acroscopic, lose their prognostic values at mul-

ivariate analysis in most studies. To the best of
ur knowledge, this study represents the largest
nalysis of survival of patients with IgA nephrop-
thy in which a multivariate approach was
dopted (Table 8), with an appropriate model
esigned to adjust for potential confounders that
ay have biased previous reports. Our study also
as based on a predefined study protocol with all

nalyses set a priori to avoid the potential for
ata dredging. Furthermore, we chose ESRD
need for dialysis or transplantation) as our pre-
efined outcome of interest, which is more valid
nd informative in terms of doubling of serum
reatinine level. This latter outcome may be
isleading because many patients with IgA ne-

hropathy start with moderate renal function
mpairment (serum creatinine levels up to 2.3
g/dL [203.3 �mol/L]) and remain in a steady

tate for several years.47

The study has several limitations. We included
n our survival analysis both treated and un-
reated patients, when, in particular, antihyperten-
ive agents may have a role in retarding the
rogression of renal disease. Our choice was to
ot adjust for the potential confounding effect of
ntihypertensive drugs, particularly angiotensin-
onverting enzyme inhibitors, which were intro-
uced in the 1990s and might have influenced the
atural history of disease. We based our choice
n the following considerations. Their use is now
onsidered standard care, and the largest propor-
ion of our patients received this treatment, with
o significant differences among histologic
rades; and we did not aim to ascertain the role
f immunosuppressive and other treatments on
he history of disease considering that this is the
ole of randomized controlled trials, rather than
ohort designs.48,49 Although this is the largest
ohort reported to date (n � 437), the single-
enter nature of the report may affect its external
alidity. The only study with a similar sample
ize was that of Koyama et al34 (n � 448), which
ncluded a large proportion of pediatric patients.
n that study, only 335 adult patients were evalu-

ted by means of multivariate analysis for risk
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Simpler Classification in IgA Nephropathy 773
actors, and there was no subgroup analysis for
ssessment of this item as a potential effect
odifier. In short, we attempted an analysis

ased on long-term follow-up of 20 years in
ssociation with use of multivariate analysis to
ddress the potential limitations of available data.
he population of interest was Caucasian, with
ifferent genetic characteristics from Asian pa-
ients.

In conclusion, IgA nephropathy is character-
zed by extreme variability in clinical course and

Table 8. Renal Survival and Risk Factors at Multiva
Nephropathy Rep

Reference
No. of

Patients
Follow-Up

(mo)

Starting
Observation

Rena
Surviv

From
ESRD

At
Onset

At Renal
Biopsy 10 y 2

’Amico et
al,21 1986 365 79 Yes 85

eukhof et
al,22 1986 75 92 Yes 84

75 64 Yes 75
ogenschutz
et al,27

1990 239 59 Yes 80
ekola et
al,28 1990 209 76 Yes 83

lamartine et
al,29 1991 282 96 Yes 94

ohnston et
al,30 1992 220 65 Yes 83

atafuchi et
al,32 1994 225 48 Yes 74

oyama et
al,34 1997* 448 142 Yes 85

bels et al,31

1994 121 107 Yes 93
121 61 Yes 86

aas et al,16

1997 109 ND Yes 57
adford et
al,37 1997 148 45 Yes 67

artosik et
al,38 2001 298 70 Yes 65

298 57 Yes 62
i et al,36

2002 168 89 Yes 82
urrent
study 437 108 Yes 81

Abbreviation: ND, not done.
*The study of Koyama et al included a proportion of p
ultivariate analysis for risk factors.
low progression to ESRD in more than 40% of e
atients in long-term follow-up. Microscopic he-
aturia, serum creatinine level, daily protein-

ria, and severity of histological lesions were
ssociated significantly with adverse outcomes.
hat is the usefulness of this information in

linical practice and particularly clinical re-
earch? Debate exists on the appropriateness of
sing immunosuppressive regimens in low-risk
opulations. The use of the new simple histolog-
cal classification associated with clinical indica-
ors that we identified may be considered for

nalysis in Most Large Series of Patients With IgA
in the Literature

Risk Factors at Multivariate Analysis

icrohematuria
Renal
Failure Proteinuria Hypertension

Histological
Lesions

Yes Yes

Yes Yes Yes Yes

Yes Yes

Yes

Yes Yes Yes

Yes

Yes Yes Yes

Yes Yes

Yes Yes

Yes Yes

Yes Yes

Yes Yes

Yes Yes Yes Yes

Yes Yes Yes Yes

c patients. Only 335 adult patients were included in the
riate A
orted

l
al

(%)

0 y M

66

67
—

—

—

83

—

—

61

—
—

—

—

—
—

—

60

ediatri
valuating the risk of progressive renal damage
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Manno et al774
hen making a decision about treatment in clini-
al settings. Furthermore, inclusion of high-risk
opulations in randomized controlled trials might
nhance the power of these studies because of
reater event rates needed for smaller sample
izes.
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