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ABSTRACT
For the individual patient with primary IgA nephropathy (IgAN), it remains a challenge to predict
long-term outcomes for patients receiving standard treatment. We studied a prospective cohort of 332
patients with biopsy-proven IgAN patients followed over an average of 13 years. We calculated an
absolute renal risk (ARR) of dialysis or death by counting the number of risk factors present at diagnosis:
hypertension, proteinuria ⱖ1 g/d, and severe pathologic lesions (global optical score, ⱖ8). Overall, the
ARR score allowed significant risk stratification (P ⬍ 0.0001). The cumulative incidence of death or
dialysis at 10 and 20 years was 2 and 4%, respectively, for ARR ⫽ 0; 2 and 9% for ARR ⫽ 1; 7 and 18%
for ARR ⫽ 2; and 29 and 64% for ARR ⫽ 3, in adequately treated patients. When achieved, control of
hypertension and reduction of proteinuria reduced the risk for death or dialysis. In conclusion, the
absolute renal risk score, determined at diagnosis, associates with risk for dialysis or death.
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classification for renal pathology in IgAN, and different groups like ours7,13 have defined their own
scoring systems.14 –16 The other factors are numerous and controversial or not widely confirmed: age
at disease onset,9,17 gender, overweight/obesity,18
hypertriglyceridemia/hyperuricemia,19 and different immunogenetic markers (HLA antigens, cytokines polymorphisms,20,21 candidate genes for hypertension, etc.).
In this paper, our goal was to use these three
major risk factors to calculate a simple absolute
renal risk (ARR) score allowing the accurate pre-
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Primary IgA nephropathy (IgAN) was first described by Jean Berger.1,2 One of the difficulties in
this disease3– 6 is to predict at the time of the initial
diagnosis the very long-term (decade) prognosis in
the individual patient. This has been approached
since the 1990s by the multivariate Cox regression
model, taking into account the time duration of follow-up (FU) or the time elapsed since disease onset
to occurrence of the events chosen as secondary or
primary end points, usually chronic kidney disease
(CKD, stage 3⫹) and end-stage renal failure (ESRF)
as strong markers of progression. The predictive
risk factors (RF) identified can be classified in two
groups: major and the others. The major independent consensual factors7–12 are: (1) the occurrence/
presence of arterial hypertension (HT); (2) the
amount of daily proteinuria with a usual cut-off
over 1 g/d; and (3) the presence of severe lesions on
initial renal biopsy (RB) such as crescents, abundant obsolescent glomeruli, focal and segmental
hyalinosis, and also tubulointerstitial fibrosis.
However, at that time, there was no international
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diction of dialysis/death event at 10 and 20 years after disease onset, in adequately treated IgAN patients and in analogy to the well-known absolute cardiovascular (CV) risk of
death/CV events at 10 years.22,23

nosis; the cumulative incidence rate of D/D at 10 and 20 years
being, respectively, 3% (120 at risk) and 6% (25 at risk) in the
absence of HT versus 15% (68 at risk) and 41% (19 at risk) if
present (P ⬍ 0.0001).
Proteinuria was measured as g/d. Overall, 100 (30.1%) patients presented with severe proteinuria (ⱖ1 g/d) at diagnosis.
RESULTS
By Cox univariate analysis, the amount of 24-hour proteinuria
was a significant predictive factor for ultimate D/D events: n ⫽
Characteristics of the IgAN-STET-CO
45; ␤ ⫽ 0.48; ␤/SE ⫽ 7.31; 2 ⫽ 53.5; P ⬍ 0.0001; relative risk
The characteristics of the patients over the disease course are (RR) ⫽ 1.62 (confidence interval [CI], 1.42 ⫺1.84) per g of
given in Table 1. The distribution of the primary and second- proteinuria. Similar data were obtained with the four classes of
ary end points over the disease course is given in Table 2; at the proteinuria, the absence of proteinuria being the most proteclast FU the final number of events was 32 for dialysis plus 13 tive for D/D: events ⫽ 45; ␤ ⫽ ⫺0.63; ␤/SE ⫽ ⫺4.97; 2 ⫽
deaths before dialysis (causes were cardiovascular in six pa- 24.7; P ⬍ 0.0001; RR ⫽ 0.04 (CI, 0.01 to 0.15); RR reduction
tients, cancer in three patients, infection in two patients, and rate ⫽ 96%. With the use of proteinuria as a dichotomous
other in two patients), i.e. 45 primary dialysis/death (D/D) variable (⬍1 versus ⱖ1 g/d), the absence of proteinuria ⱖ1 g/d
was also protective for D/D (Table 4A). The survival curve
events, and 99 for CKD3⫹.
without D/D (Figure 1B) was significantly better for the
subgroup without proteinuria ⱖ1 g/d; the cumulative inciThe Major Risk Factors
dence rates for D/D being at 10 and 20 years, 3% (128 at
The details of the major risk factors are presented in Table 3.
Hypertension was already present at the time of diagnosis in risk) and 10% (28 at risk), respectively, in patients with
120 (36.1%) patients. By univariate Cox regression analysis, low/absent proteinuria versus 17% (60 at risk) and 41% (16
the absence of HT at the time of diagnosis was significantly at risk), respectively, in patients with proteinuria ⱖ1 g/d
protective for occurrence of dialysis/death (Table 4A). By the (P ⬍ 0.0001).
The severity of the renal lesions was appreciated by the global
Kaplan-Meier (K-M) method, the survival curve without D/D
(Figure 1A) was significantly better in the absence of HT at diag- optical score (GOS) on initial RB (Table 3). One hundred twenty
patients (36.1%) presented with a severe
Table 1. Patient characteristics over the disease course
score (ⱖ8 units) at diagnosis. By Cox univarOnset
Diagnosis
Last FU
iate analysis, GOS as continuous variable was
Age, years (mean [SD])
35.9 (15.4)
41.4 (15.1)
48.8 (15.5) a strong predictor for D/D events: n ⫽ 45;
2
Gross hematuria, yes: (N [%])
64 (19.3)
68 (20.5)
94 (28.3) ␤ ⫽ 0.33; ␤/SE ⫽ 8.36;  ⫽ 70.0; P ⬍ 0.0001;
Microhematuria, yes: (N [%])
97 (29.2)
259 (78.0)
261 (78.6) RR ⫽ 1.39 (CI, 1.29 ⫺1.50) per unit of scorProteinuria, yes: (N [%])
187 (56.3)
191 (57.5)
124 (37.3) ing. When GOS was used as dichotomous,
Hypertension, yes: (N [%])
74 (22.3)
120 (36.1)
164 (49.4) the low score (⬍8 units) was also significantly
Renal failure, yes: (N [%])
39 (11.7)
85 (25.6)
99 (29.8) protective for D/D (Table 4A). The survival
ESRF/dialysis, yes: (N [%])
0 (0.0)
4 (1.2)
32 (9.6)
curve without D/D (Figure 1C) was better for
Death (before), yes: (N [%])
13 (3.9)
the low score subgroup; the cumulative inciRenal failure/insufficiency was defined as eGFR of ⬍60 ml/mn per 1.73m2 S; acute or chronic at onset
dence rates for dialysis/death, at 10 and 20
but chronic after (CKD-3⫹); n ⫽ 332; men ⫽ 237 patients (71.4%).
years, respectively, being 2% (113 at risk) and
4% (25 at risk) in patients with GOS ⬍8 as
Table 2. End points over the disease course
compared with 16% (75 at risk) and 31% (19
End points
Diagnosis
Last FU
P
at risk) in the others (P ⬍ 0.0001). Similar
results were obtained for each of these three
eGFR (ml/mn per 1.73 m2 S)
mean (SD)
74.7 (28.3)
68.0 (31.3)
P ⬍ 0.0001 risk factors in the prediction of the secondary
median (range)
80 (5.6 to 157.1)
72.5 (4.6 to 184.7)
end point, CKD3⫹, presented in Table 4B,
Stage N (%)
but the curves are not shown.
1 (ⱖ90)
2 (60 to 89)
3 (30 to 59)
4 (15 to 29)
5 (⬍15)
CKD-3⫹ (eGFR ⬍ 60)
yes (N [%])
Dialysis/death
yes (N [%])

102 (30.7)
145 (43.7)
55 (16.6)
18 (5.4)
12 (3.6)
85 (25.6)
4 dialysis
4 (1.2)

CKD-3⫹ was defined as eGFR of ⬍60 ml/mn per 1.73m2 S.
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80 (24.1)
153 (46.1)
50 (15.1)
15 (4.5)
34 (10.2)
99 (29.8)
32 dialysis, 13 dead
45 (13.6)

P ⬍ 0.0001
2 ⫽ 344.2
P ⬍ 0.0001
2 ⫽ 178.9
P ⫽ 0.0003
2 ⫽ 18.9

Independence and Weight of These
Three Factors in the Prediction of the
Primary Event

These simplified dichotomous RF were
found independent predictors for ultimate dialysis/death in the multivariate
Cox regression analysis (Table 4A). The
respective weights of the RFs, appreciated
J Am Soc Nephrol 22: ●●●–●●●, 2011
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Table 3. Major risk factors evolution

over 75.4 (7.6) in the controlled HT subgroup (P ⫽ NS). For HT patients at diagRisk Factors
Diagnosis
Last FU
P
nosis, we achieve target BP in the same
Proteinuria
proportion 57/120 ⫽ 47.5%. The K-M
mean (SD) (g/d)
0.97 (1.44)
0.51 (1.15)
P ⬍ 0.0001
survival
curves without D/D (Figure 3A)
median (g/d)
0.41
0.15
Paired t test
for the three subgroups of patients demclass: N [%]
0 (⬍0.30)
141 (42.5)
208 (62.7)
P ⬍ 0.0001
onstrated better survival with effective
1 (0.30 to 0.99)
91 (27.4)
63 (19.0)
2 ⫽ 147.0
HT control; the cumulative incidence
2 (1.00 to 2.99)
68 (20.5)
39 (11.7)
rates for Dialysis/Death at 10 and 20 years
3 (ⱖ3.00)
32 (9.6)
22 (6.6)
being, respectively, 4% (84 at risk) and
proteinuria ⱖ1 g/d, yes: N [%]
100 (30.1)
61 (18.4)
5% (17 at risk) for never HT at the last
Hypertension, yes: N [%]
120 (36.1)
164 (49.4)
FU, 1% (54 at risk) and 19% (14 at risk)
SBP in HT ⫹ ve (mean [SD])
150.9 (24.3)
138.0 (16.5)
P ⬍ 0.0001
for controlled HT, and 19% (50 at risk)
DBP in HT ⫹ ve (mean [SD])
86.4 (14.2)
81.9 (11.7)
2 ⫽ 192.5
and 42% (13 at risk) for uncontrolled HT
controlled HT, yes: (N [%])
77 (47.0)
during FU (P ⬍ 0.0001).
Pathology
The effective reduction of proteinuria is
GOS (0 to 20)
shown in Table 3. At diagnosis, 100 patients
mean (SD)
7.00 (3.17)
med (range)
6.50 (2 to 19)
had proteinuria ⱖ1 g/d with an additional
GOS ⱖ8, yes: (N [%])
120 (36.1)
21 patients over the disease course. At the
obsolescent, yes: N [%]
30 (9.0)
last FU, we achieved an effective reduction
FSGS, yes: N [%]
60 (18.1)
(⬍1 g/d) in 60 patients for at least 2 years,
crescents, yes: N [%]
22 (6.6)
labeled “reduced” proteinuria subgroup,
indices: m [SD], G ⫽ 3.25 (1.48)
V ⫽ 2.04 (0.93)
T ⫽ 0.58 (0.68)
I ⫽ 1.05(0.84)
whereas 61 had persistent proteinuria ⱖ1
SBP, systolic blood pressure; DBP, diastolic blood pressure; controlled HT, blood pressure ⱕ130/80;
g/d, labeled “unreduced,” and 211 patients
FSGS, focal segmental glomerular sclerosis.
had final low/absent proteinuria. The K-M
by both the ␤/SE value in the different Cox regression anal- survival curves without D/D (Figure 3B) for these three subyses (Table 4A) and the classical measurements of accuracy groups showed improvement with effective reduction of proteinuria; the cumulative incidence rates for dialysis/death at 10
and predictability (Table 5), were in fact quite similar.
The addition of gender and age (as continuous/category and 20 years being, respectively, 3% (118 at risk) and 5% (25 at
variables) at diagnosis in this model did not have a significant risk) for no/low proteinuria, 2% (40 at risk) and 2% (10 at risk)
effect, and this was explained by a significantly different distri- for reduced proteinuria, and 29% (30 at risk) and 67% (9 at
bution of these RF (Table 6). We observed the same effect for risk) for the unreduced/high proteinuria at the last FU (P ⬍
overweight/obesity with worse distribution of ARR (2 ⫽ 24.8, 0.0001).
P ⬍ 0.0001). We do not have sufficiently precise data on smokIt should be noted that effective control of both HT and proing for this cohort.
teinuria ⱖ1 g/d had an additive effect on survival improvement
(Figure 3C). For instance in the subgroup of patients with ARR ⫽
The Evaluation of the ARR at Time of Diagnosis
3 (n ⫽ 47), failure of controlling HT and proteinuria ⱖ1 g/d in 23
The ARR results are given in Table 7. By Cox regression, the ARR patients led to D/D in 21 (91%) compared with 7 (64%) in 11
scoring was confirmed as a strong predictor for D/D (Table 4A). patients with one RF controlled and compared with none in 13
The survival curves without D/D (Figure 2A) were nicely stratified (0%) with dual control.
with a worsening survival rate from ARR ⫽ 0 to ARR ⫽ 3. Finally,
The control of severe pathologic lesions is difficult to estimate
the cumulative incidence rates of D/D, respectively at 10 and 20 from our cohort in the absence of repeated biopsies. Among the
years, were 2% (81 at risk) and 4% (15 at risk) for ARR ⫽ 0, 2% 120 patients with a score of ⱖ8 at diagnosis, 65 (54%) have re(38 at risk) and 9% (12 at risk) for ARR ⫽ 1, 7% (42 at risk) and ceived at least one steroid treatment (usually high-dose methyl
18% (9 at risk) for ARR ⫽ 2, and 29% (27 at risk) and 64% (8 at prednisolone every other day followed by oral prednisolone tarisk) for ARR ⫽ 3 (P ⬍ 0.0001). Similar results were obtained pered over 6 months; the cumulative dose received by a 70-kg
when we analyzed progression to dialysis alone (Figure 2B) or to patient was about 6 g). The K-M survival curves without D/D
CKD3⫹ (Figure 2C).
(Figure 3D) for the steroid-treated and not-treated subgroups
failed to demonstrate any difference (P ⫽ NS). Similar results
The Effect on Primary Outcome of Controlling These RF
were obtained in the prediction of secondary outcome (CKD3⫹)
The effective control of BP (Table 3). At the last FU, the with the control of each of these RF, but the data are not shown.
number of HT patients had increased to 164, and among
them 77 (49%) had reached target BP (ⱕ130/80) for at least The Internal Validation of Our Prognostic Model
2 years. The respective mean (SD) BP values were 124.4 For our retrospective IgAN cohort (1980 to 1989), we ap(10.8) over 76.1 (8.8) in the 168 non-HT versus 124.6 (8.2) plied exactly the same protocol and confirmed that the ARR
J Am Soc Nephrol 22: ●●●–●●●, 2011
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Table 4. Mono and multivariate Cox regression analyses with D/D (A) or with CKD-stage 3⫹ (B) as end points and using
the risk factors (hypertension, proteinuria ⱖ1 g/d, and global optical score of ⱖ8) or the ARR scoring as covariates
A. Cox regression analyses for D/D (n ⴝ 45) and risk factors
Items status
Univariate
HT: absence
proteinuria ⱖ1 g/d: absence
GOS ⱖ8: absence
Multivariate
(1) GOS ⱖ8: absence
(2) HT: absence
(3) proteinuria ⱖ1 g/d: absence
Univariate
ARR ⫽ 0
ARR ⫽ 1
ARR ⫽ 2
ARR ⫽ 3
ARR (category): overall

␤

␤/SE

2

P

RR

95% CI

RRR (%)

⫺1.89
⫺1.53
⫺2.04

⫺4.85
⫺4.60
⫺4.94

23.5
21.2
24.5

⬍0.0001
⬍0.0001
⬍0.0001

0.15
0.22
0.13

0.07 to 0.32
0.11 to 0.42
0.06 to 0.29

85
78
87

⫺1.21
⫺1.13
⫺0.81

⫺2.65
⫺2.63
⫺2.32

0.008
0.009
0.02

0.30
0.33
0.44

0.12 to 0.73
0.14 to 0.75
0.22 to 0.88

70
67
56

⫺2.81
⫺2.42
⫺1.24

⫺5.21
⫺3.95
⫺3.32

27.2
15.2
11.0

⬍0.0001
⬍0.0001
⬍0.0009

0.06
0.09
0.28
1.00

0.02 to 0.17
0.03 to 0.30
0.14 to 0.60

94
91
72

41.8

⬍0.001

7.02
6.91
5.37

B. Cox regression analyses for CKD-3ⴙ (n ⴝ 99) and risk factors
Univariate
HT: absence
proteinuria ⱖ1 g/d: absence
GOS ⱖ: absence
Multivariate
(1) HT: absence
(2) GOS ⱖ8: absence
(3) proteinuria ⱖ1 g/d: absence
Univariate
ARR ⫽ 0
ARR ⫽ 1
ARR ⫽ 2
ARR ⫽ 3
ARR (category): overall

⫺1.65
⫺0.87
⫺1.61

⫺7.17
⫺4.05
⫺7.06

51.4
16.4
49.9

⬍0.0001
⬍0.0001
⬍0.0001

0.19
0.42
0.20

0.12 to 0.30
0.28 to 0.64
0.14 to 0.31

81
58
80

⫺1.14
⫺1.03
⫺0.21

⫺4.46
⫺3.96
⫺0.94

19.9
15.7
0.88

⬍0.0001
⬍0.0001
NS

0.32
0.36

0.19 to 0.53
0.22 to 0.60

68
64

⫺2.35
⫺1.55
⫺0.61

⫺7.25
⫺4.97
⫺2.51

52.6
24.7
6.30

⬍0.0001
⬍0.0001
⬍0.0001

0.10
0.21
0.54
1.00

0.05 to 0.18
0.11 to 0.39
0.34 to 0.88

90
79
46

63.4

⬍0.01

␤/SE, weight and influence (negative, protective; positive, deleterious) of the covariate; RRR, relative risk reduction if protective.

score permitted a similar stratification of the D/D events
(2 ⫽ 34.5, P ⬍ 0.0001): the cumulative incidence rates of
D/D, respectively, at 10 and 20 years were 1% (92 at risk) and 4%
(55 at risk) for ARR ⫽ 0 (n ⫽ 130); 9% (37 at risk) and 22% (17 at
risk) for ARR ⫽ 1 (n ⫽ 58); 15% (26 at risk) and 35% (15 at risk)
for ARR ⫽ 2 (n ⫽ 34); and 18% (23 at risk) and 49% (13 at risk)
for ARR ⫽ 3 (n ⫽ 28).

DISCUSSION

To our knowledge, we are the first to publish about the absolute
renal risk of dialysis/death and to propose comprehensive scoring
with an important clinical application. Using this ARR score, we
could predict early, at diagnosis, the 10- and 20-year incidence
cumulative rate of dialysis/death with a nice stratification of the
results. We think we are in a situation similar to the well-known
absolute cardiovascular risk of death/CV events that emerged
from the Framingham study with permanent refinements.22,23
In this study, we selected abbreviated Modification of Diet
in Renal Disease formula over adjusted Cockcroft-Gault for
4
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estimated GFR (eGFR) calculation24; this did not affect the
number of D/D events, despite the fact that the number of
patients with CKD3⫹ was slightly different (99 versus 95, respectively).
We have selected the date of disease onset over the date of
renal biopsy as time zero, because this study was a prospective
observational study and not a randomized controlled trial. The
overall duration of the disease in an individual patient, from
onset to D/D, might also reflect the potential of its progression.
In our study, the primary end point was either renal death
(dialysis) or patient death before reaching dialysis; the choice
of CKD-stage 3⫹ as a secondary end point corresponded in
fact to an intermediate end point between normal GFR and
dialysis, and we have considered the reduction in eGFR as a
continuum in the disease progression. For this reason, in the
prediction model, we did not include a direct or indirect
marker of renal function at diagnosis (eGFR value/staging or
presence of CKD3⫹), and we have been cautious not to confuse risk factors and end points. Nevertheless, we have tested
this parameter, but the addition of CKD3⫹ at diagnosis (present or absent) as a fourth covariate in the model sorted out as
J Am Soc Nephrol 22: ●●●–●●●, 2011
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Figure 1. Kaplan-Meier survival curves without D/D according to
the presence/absence at diagnosis of: HT (A), proteinuria ⱖ1 g/d (B),
and GOS of ⱖ8 (C); D/D (primary event); comparison of curves by
the log-rank test; cumulative incidence of event ⫽ (1 ⫺ survival).
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the only independent risk factor, substituting to the other three
risk factors.
In this study, we have used our own pathologic classification7,13 developed in 1990 that integrates all elementary renal
lesions present; it already demonstrated its usefulness in a retrospective cohort.7 The Oxford pathologic classification for
IgAN is now published25,26 but was built from patients with a
proteinuria of at least 1 g/d at diagnosis in adults and excluding
the rapidly progressive rare cases; so the two tails of the spectrum of IgAN were excluded. Four elementary lesions were
highly predictive of progression (decreased eGFR over 5-year
FU): mesangial hypercellularity (M score), endocapillary hypercellularity (E score), segmental glomerulosclerosis (S score),
and tubular atrophy/interstitial fibrosis (T score). Overall, the
final MEST result is complex: M(0/1) ⫹ E(0/1) ⫹ S(0/1) ⫹
T(0/1/2) and may be not easy to use in a study like ours (MEST,
0 to 5). All of these predictive lesions were integrated in our
quantitative GOS.
Our definition of HT was the classical World Health Organization definition; however, our results are in favor of changing
this definition for IgAN patients to a more restrictive one such as
⬎130/80 mmHg, which will allow earlier introduction of antihypertensive treatment and hopefully faster and better HT control,
keeping the same BP target. This concern is part of the prehypertension problem27 also discussed in the general population.
Many studies7–13,15–17,28 –32 have focused on predicting outcomes in IgAN, but direct comparisons are difficult because of
differences in end points, risk factors, or methodology. For
example, hypertension was not included by Beukhof et al.28
Rauta et al.29 found, like us, that integration of CKD3⫹
among the risk factors substituted to HT and proteinuria and
for this reason proposed a model for patients with normal
renal function at diagnosis. The Toronto group (Bartosik et
al.11) did not provide an a priori outcome prediction at the
time of diagnosis but rather a prediction on the basis of years of
FU after diagnosis (5 years seemed optimal, but a prediction
could be safely derived after 3 years) with the computation of
mean BP and daily proteinuria data over time. In their study,
the histopathological grade did not play a significant role,
whereas it was predominant for Radford et al.,9 Manno et al.,16
and Walsh et al.31 Our results are close to the Japanese multicenter experience published by Goto et al.30 Our ARR scoring
could be refined as soon as new RF arose such as HT or proteinuria ⱖ1 g/d during FU after diagnosis. In this respect, the
quantitation of proteinuria and BP as proposed by the Toronto
group might be more precise and eventually more adapted;
finally our prediction formulas are not opposite but more
complementary. All of the proposed predictive calculations/
formulas, including ours, are lacking validation in another external cohort except for the Toronto formula.33 We think our
ARR scoring at diagnosis is the simplest, does not require sophisticated computer calculation like in a recent paper,32 and is
readily worldwide applicable with some adaptation of the pathology score (for instance substitution of GOS ⱖ8 by Haas
grade III/IV or Oxford-MEST score of 3 to 5).
Absolute Renal Risk in IgA Nephropathy
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Table 5. Respective value of the risk factors at diagnosis (absent or present) to predict on long term the primary event (D/D)
Items at Diagnosis
(n ⴝ 332)

GOS >8 Present
in 120 Patients

HT Present in
120 Patients

Proteinuria >1 g/d
Present in 100 Patients

All Three Together
Present in 47 Patients

Se
Sp
Se ⫹ Sp
Pos PV
Neg PV
Pretest probability event
Pretest OR Event
LLR if present
LLR if absent
Post-test OR if present
Post-test OR if absent
Probability event if present
Probability event if absent

0.844
0.714
1.558
0.317
0.967
0.136
0.157
2.951
0.218
0.463
0.034
0.316
0.033

0.822
0.711
1.533
0.308
0.962
0.136
0.157
2.844
0.250
0.447
0.039
0.308
0.038

0.711
0.763
1.474
0.320
0.944
0.136
0.157
3.000
0.379
0.471
0.060
0.320
0.057

0.622
0.934
1.556
0.596
0.940
0.136
0.157
9.424
0.405
1.480
0.064
0.597
0.060

Se, sensitivity; Sp, specificity; Pos PV, positive predictive value; Neg PV, negative predictive value; LLR, likelihood ratio. The most remarkable numbers are
bolded.

Table 6. The ARR score distribution according to gender and age at diagnosis (with three categories: ⬍35 years, 35 to
54.9 years, and ⱖ55 years)
Age at Diagnosis
ARR

All
(332 Patients)

Men
(237 Patients)

Women
(95 Patients)

<35 Years

151 (45.4)
69 (20.8)
65 (19.6)
47 (14.2)

96 (40.5)
52 (21.9)
49 (20.7)
40 (16.9)
9.88
0.02

55 (57.9)
17 (17.9)
16 (16.8)
7 (7.4)

75 (62.5)
19 (15.8)
13 (10.8)
13 (10.8)

0
1
2
3
2
P

35 to 54.9
Years

>55 Years

64 (44.1)
41 (28.3)
25 (17.2)
15 (10.3)
57.7
⬍0.0001

12 (17.9)
9 (13.4)
27 (40.3)
19 (28.4)

Table 7. Distribution of the ARR score at diagnosis and cumulative incidence rate of event at 10 and 20 years post-onset
Number of RF
Present
0
1
2
3

ARR Score
(Risk Level)
0
1
2
3

(very low)
(low)
(high)
(very high)

Number of
Patients (%)

Number of D/D
Events (%)

151 (45.5)
69 (20.8)
65 (19.6)
47 (14.1)

4 (2.6)
3 (4.3)
10 (15.4)
28 (59.6)

CKD-3 ⴙ Incidence

D/D Incidence

10
years

20
years

10
years

20
years

8%
15%
37%
64%

14%
24%
50%
74%

2%
2%
7%
29%

4%
9%
18%
64%

CKD-3⫹ was defined as eGFR ⬍60 ml/mn per 1.73 m2 S (secondary event).

Our model was validated in our retrospective 1980 to 1989
cohort with also a significant stratification of the risk of dialysis/death: the results obtained in the two cohorts are not exactly similar but are of the same magnitude, especially in the
two opposite subgroups: patients with ARR ⫽ 0 definitely have
a very low risk (4% at 20 years) and patients with ARR ⫽ 3 have
a very high risk (over 50% at 20 years).
We demonstrated and confirmed in this study that control
of HT in this disease was a major step with an important improvement in survival of patients with BP at target.34 However,
survival without D/D (Figure 3A) for non-HT and controlled
HT subgroups remained identical only for about 10 years but
diverged afterwards; this was due in fact to the absence of concomitant reduction of proteinuria (Figure 3C).
Concerning the reduction of proteinuria over time, the prob6
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lem is more complex. It is already well known that in the presence
of HT, there is an increase in proteinuria with subsequent significant reduction after optimal BP control. In our study, we
clearly demonstrated and confirmed the major effect on end
points of reducing significantly/persistently the amount of
proteinuria.10,35 In fact, the survival curves without D/D for
no/low proteinuria and reduced proteinuria at the last FU
remained similar over 20 years (Figure 3C). With the control of both HT and proteinuria ⱖ1 g/d, the final survival
was similar to patients without these RF. The majority of
patients with HT and proteinuria ⱖ1 g/d were receiving longterm angiotensin I converting enzyme inhibitors and/or angiotensin II receptor blockers (see Concise Methods).
In contrast, we could not demonstrate a direct effect of
steroid treatment on progression toward dialysis/death;
J Am Soc Nephrol 22: ●●●–●●●, 2011
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however, steroid treatment alone or in association36 helped
to control severe proteinuria and may have had an indirect
positive effect. In our cohort, there was no systematic repeated biopsy, and it was thus not possible to evaluate directly the effect of steroids on the elementary pathologic
lesions. This negative finding does not impact the previously published results in a specifically designed randomized controlled trial.37,38
The three risk factors used to establish our ARR turned out to
have similar weight in the prediction; their respective absence was
similarly protective for the ultimate outcome (Table 4A), and in
the accuracy parameters (Table 5), they had an individual negative predictive value around 0.95 but a low positive predictive
value around 0.30. We could have used the concordance (c) statistics with area under the receiving operator characteristic curves
to evaluate each RF (calibration of our model), but it seems more
appropriate for diagnostic than prognostic models39; nevertheless, we have used ROC analysis to validate a posteriori the cut-off
of 1 g/d for proteinuria (area under the curve ⫽ 0.810).
Overall, the a priori probability of long-term evolution to dialysis/death was 60% in patients with all three RF present (ARR ⫽
3) and by contrast only 6% in their absence (ARR ⫽ 0), but a
posteriori was heavily dependent on the effective control of both
HT and proteinuria; for instance, in patients with ARR ⫽ 3 at
diagnosis, the final prevalence of D/D culminated to 91% (21 of
23) in those with uncontrolled HT/proteinuria, and this might
represent the true worse natural history prognosis.
Finally, our ARR scoring at diagnosis permitted us to establish a priori and early the final risk of dialysis/death in adequately treated IgAN patients. This is important in designing
future prospective trials in IgAN with inclusion of patients
strictly limited to those with predefined RF and study duration
appropriate to the objective. Major randomized controlled trials should be done with inclusion of patients with ARR ⫽ 3 and
a minimal/optimal study duration of 5 years; unfortunately,
this has been rarely done, and we are still lacking a definite
demonstration of drug efficiency in this disease.

CONCISE METHODS
The IgAN Patients

Figure 2. Kaplan-Meier survival curves without: D/D (A), dialysis alone
(B), and CKD-stage 3⫹ (C), according to the ARR scoring at diagnosis;
D/D (primary event); CKD-stage 3⫹ ⫽ chronic kidney disease stage 3
and up, defined as eGFR ⬍60 ml/mn per 1.73 m2 S (secondary event);
comparison of curves by the log-rank test; cumulative incidence of
event ⫽ (1 ⫺ survival).

J Am Soc Nephrol 22: ●●●–●●●, 2011

The cohort of IgAN patients from the area of Saint-Etienne, France
(IgAN-STET-CO) enrolled prospectively all locoregional patients
with a renal biopsy performed at our institution, from January 1,
1990 to December 31, 1999, and disclosing the diagnosis of IgAN
with subsequent regular clinical/biologic follow-up. IgAN was defined by the presence, on immunofluorescent microscopy, of at
least 1⫹ IgA mesangial deposits as dominant or codominant immunoglobulins. We restricted inclusion to primary forms and excluded 25 patients with different ethnic backgrounds, such as patients from North Africa (Maghreb) who have also lower income
and diminished access to regular medical follow-up. Finally, we
ended up with a homogenous cohort of 332 patients. Onset of the
disease was defined as the first occurrence/discovery of the differAbsolute Renal Risk in IgA Nephropathy
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Figure 3. Kaplan-Meier survival curves without D/D according to: the control of hypertension (absence, controlled, and uncontrolled)
(A), the reduction of proteinuria ⱖ1 g/d (low/absent, reduced, and unreduced) (B), the control of both HT and proteinuria (both, none,
and only one controlled) (C), and steroid treatment for severe renal lesions (no or yes) at last follow-up (D); D/D (primary event);
comparison of curves by the log-rank test; cumulative incidence of event ⫽ (1 ⫺ survival).

ent renal signs: gross hematuria, and/or microhaematuria, and/or
proteinuria, and at a later stage HT and/or CRF. The time interval
between disease onset to RB was: mean (SD) ⫽ 5.7 (8.5) years and
median (extremes) ⫽ 2.5 (0.1 to 46.9) years. The total exposure
time from onset to either last FU or the primary event was: mean
(SD) ⫽ 12.9 (9.5) years and median (extremes) ⫽ 11.3 (0.01 to
56.0); 44 patients were censored at 20 years plus 38 having reached
the primary end point within 20 years. Progression of the disease
was based on occurrence of the following events: the primary end
point was composite including either renal death (dialysis start) or
patient death (if occurring before dialysis), and the secondary end
point was the start of chronic renal insufficiency/failure defined
according to Kidney Disease Outcomes Quality Initiative recommendations as an eGFR (calculated by Modification of Diet in
Renal Disease) below 60 ml/mn per 1.73 m2 body surface area and
8
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corresponding to CKD, stage 3 and up. In this study, ESRF/dialysis
was defined as the need for chronic dialysis, with all patients being
in CKD stage 5 and eGFR values below 10 ml/mn per 1.73 m2.
The major risk factors studied were: (1) hypertension defined as BP
over 140/90 mmHg at different clinical examinations and the need for
antihypertensive medication including diuretics; the variable was used as
a category: presence or absence; (2) the amount of proteinuria was measured on 24-hour urine collection and expressed in g/d; the covariate was
used either as a continuous variable or as a category variable using the
Kidney Disease Outcomes Quality Initiative classification: ⬍0.30 g/d ⫽
absent or traces; 0.30 to 0.99 g/d ⫽ moderate; 1.0 to 3.49 g/d ⫽ severe; and
⬎3.00 g/d ⫽ heavy; for simplification, we have used this item as dichotomous: ⬍1 g/d versus ⱖ1 g/d; and (3) the presence of severe pathologic
renal lesions, appreciated by the GOS previously described,7,13 integrating all elementary lesions and validated in a large retrospective cohort of
J Am Soc Nephrol 22: ●●●–●●●, 2011
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282 IgAN patients. The GOS (range, 0 to 20) was the sum of glomerular
(0 to 6), vascular (0 to 5), tubular (0 to 4), and interstitial (0 to 5) indices
with an additional glomerular score (0 to 2) when the percentage of affected glomeruli by crescents and/or hyalinosis and/or obsolescence was
over 25%. GOS was established on the RB, which permitted the diagnosis
of IgAN. This covariate was used as a continuous variable and then simplified as a dichotomous variable: ⬍8 versus ⱖ8; this cut-off value was
previously calculated by ROC analysis for dialysis alone (area under the
curve ⫽ 0.910).
The ARR score was simply the number of these simplified dichotomous RF present at diagnosis with four classes: 0 for none, 3 for their
simultaneous presence, and the intermediate scores 1 and 2 for the
presence of any one or two of these factors. This ARR evaluation was
then used as a unique categorical covariate.
It should be emphasized that this cohort does not represent the natural history of primary IgAN. After the diagnosis, all of these patients
were optimally treated when indicated. At the last FU, 153 patients were
receiving long-term angiotensin I converting enzyme inhibitors and/or
angiotensin II receptor blockers40 – 42 to treat 164 patients with HT (76%,
plus other antihypertensive agents with a BP target of ⱕ130/80), to reduce proteinuria ⱖ1 g/d in 121 patients (73%) if not already treated, or to
target both in 85 patients (84%). Among patients with severe pathologic
lesions, i.e. with a GOS of ⱖ8, 72.4% had received at least one steroid
treatment36 –38 composed of high-dose pulses followed by oral doses tapered over about 3 months. None have received fish oil treatment.43
The internal validation of our prognostic model was done
on a retrospective cohort of 250 IgAN patients (180 men, 72%) with a
diagnostic RB performed between January 1, 1980 and December 31,
1989. The mean age at diagnosis was 33.9 (SD ⫽ 15.1) years, and the total
exposure time to the primary risk was 17.55 (SD ⫽ 10.82) years. The total
number of events occurring within 20 years after onset was 38 (15.2%)
with 31 dialysis and 7 deaths.

CLINICAL RESEARCH

Other Statistical Analyses
Comparison of continuous variables was done by t test paired or unpaired accordingly. Comparison of distributions was done by a contingency table with x columns and y lines resulting in 2 and P values. To
appreciate the respective power of each RF to predict accurately the ultimate primary event, we used the classical accuracy measurements such as
sensitivity, specificity, positive predictive value, negative predictive value,
positive likelihood ratio, negative likelihood ratio, pretest probability of
event, pretest odds ratio (OR) of event, post-test OR if RF present, probability of event if RF present, post-test OR if RF absent, and probability of
event if RF absent.
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The Methods
The end points chosen for this study are really time dependent, so we
have used both the Kaplan-Meier survival (without the event)
method and the Cox regression analysis to isolate the really prognostic/predictive factors44 with their respective weight. For both methods, time zero was set up at the onset of the disease, and the end points
were the start of CKD3⫹ (secondary end point) and chronic dialysis
start or patient death (composite primary end point). For each patient, we established the dates of disease onset, of each risk factor, of
end points, and of last follow-up. For the survival curves construction, we have limited the time to 25 years and stopped the analysis
when the number of patients at risk went below 10 to 15% of the
time zero number. The Kaplan-Meier method allows only the testing of one categorical or dichotomous covariate, whereas Cox regression permits the analysis of continuous or categorical variables
one by one (univariate) or of all significant covariates at the same
time to check independency (multivariate). Comparisons of K-M
survival curves were done by the log-rank test. The Cox regression
provided for each covariate tested the following items: regression
coefficient (␤); ␤/SE, which represents the weight of the factor; 2;
probability (P), RR with its 95% CI; and the RR reduction rate, if
any.
J Am Soc Nephrol 22: ●●●–●●●, 2011
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