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A B S T R A C T

Background. It has been suggested that the prognosis of immu-
noglobulin (IgA) nephropathy (IgAN) is adversely affected if
there is codeposition of IgG in the glomeruli or if immune depos-
its are present in the glomerular capillary walls. We sought to
understand how these variables affect clinical outcome.
Methods. A total of 80 IgAN biopsies were retrospectively div-
ided into groups: (i) IgA without IgG deposition versus IgA þ
IgG and (ii) immune deposits restricted to the mesangium ver-
sus mesangium and peripheral capillary walls (PCWs). The
association of these groups with the composite primary out-
come of renal replacement therapy, renal transplant, death or
doubling of serum creatinine (SCr) concentration was deter-
mined. The change in estimated glomerular filtration rate
(eGFR) was also assessed. Covariates examined were age, sex,
race, SCr and proteinuria level at biopsy and at follow-up,

duration of follow-up, treatment, Oxford score and presence of
crescents.
Results. IgG codeposition showed a trend toward endocapillary
hypercellularity (P¼ 0.082); there were no other baseline differ-
ences between the IgA (n¼ 55) and IgAþ IgG (n¼ 25) groups.
At a median follow-up time of 29 months, the combined primary
outcome was reached in 24 patients, 16 with IgA and 8 with
IgA þ IgG (P¼ 0.82). Patients with immune deposits in the
PCWs (n ¼ 21) presented with higher baseline proteinuria than
those with deposits limited to the mesangium (n ¼ 59;
P¼ 0.025), were more likely to have crescents/segmental glomer-
ular necrosis on biopsy (P¼ 0.047) and were more likely to reach
the combined primary outcome (P¼ 0.026). Biopsies with cres-
cents/segmental glomerular necrosis were associated with endo-
capillary hypercellularity (P< 0.001).
Conclusions. In this multicenter IgAN cohort, IgG co-
deposition and the location of glomerular immune deposits in
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the PCWs were both associated with greater histologic activity
on renal biopsy, but only the location of glomerular immune
deposits in the PCWs was associated with a significantly
increased risk for end-stage renal disease, transplant, death and/
or doubling of SCr.

Keywords: clinical outcome, IgA nephropathy, IgG co-deposi-
tion, immune deposit location, Oxford score

I N T R O D U C T I O N

The development of immunoglobulin A (IgA) nephropathy
(IgAN) appears to require an autoantibody (IgG or IgA) against
the autoantigen galactose-deficient IgA1 [1–5]. Pathologically,
IgAN is an IgA dominant or codominant immune complex–
mediated glomerulonephritis that may have codeposition of IgG
by immunofluorescence microscopy (IF). The Oxford classifica-
tion system for IgAN is based on the demonstration that mesan-
gial hypercellularity (M1), segmental sclerosis (S1) and
tubulointerstitial fibrosis (T) are associated with poor long-term
renal outcome and that endocapillary hypercellularity (E1) is
associated with positive response to anti-inflammatory/
immunosuppressive treatments [6–10]. Validation studies have
confirmed the clinical relevance of the Oxford classification and
some have suggested that other histologic lesions, including cres-
cent formation, may portend a negative renal prognosis [7, 11,
12] or be related to biopsy timing [13].

Codeposition of IgG with IgA and the location of immune
deposits [mesangium versus both mesangium and peripheral
capillary wall (PCW)] were not specifically examined in the
Oxford classification, but some studies have suggested that the
prognosis of IgAN may be adversely affected by either
codeposition of IgG within the glomerulus [1, 14–20] or the pres-
ence of immune deposits within the glomerular capillary walls
[18, 21–26]. In a follow-up immunohistochemical study of the
Oxford cohort, the presence of immune deposits within PCWs or
the presence of IgG codeposition both correlated with higher
mesangial cellularity and E1 scores [18] and there was a trend
toward worse renal survival in patients with glomerular IgG
deposits. We conducted this investigation to assess the associa-
tion of glomerular IgG codeposition or the location of glomerular
immune deposits in IgAN on clinical renal outcomes.

M A T E R I A L S A N D M E T H O D S

This study was approved by the Institutional Review Boards at
Ohio State University Wexner Medical Center (OSU) and
University of Washington Medical Center (UW) and adheres to
the Declaration of Helsinki. Native kidney biopsy reports and
clinical data of patients with IgAN were retrospectively
reviewed. Patients were diagnosed at OSU and UW between
January 2001 and December 2013. Patients with IgAN associ-
ated with bacterial infections (i.e. Staphylococcus), advanced
liver disease, hepatitis B or C or human immunodeficiency virus
were excluded. The Oxford classification scores for M1, E1, S1, T
presence of crescents/segmental glomerular necrosis and location
and intensity of IF staining (on a scale of 0–4) for IgA, IgG,

IgM, C3, C1q and kappa and lambda light chains were
extracted from the pathology reports. Biopsies completed
before 2009 were reevaluated and scored according to the
Oxford classification. A total of 175 (UW ¼ 128, OSU ¼ 47)
patients had renal biopsy–proven IgAN, of which 80 patients
had available clinical follow-up data. These 80 patients were
divided into groups showing IgA without IgG codeposition
and patients who had glomerular IgA þ IgG codeposition by
IF evaluation (Figure 1). To be considered as codeposited, IgG
intensity had to be read as greater than trace on the original
biopsy report. These 80 patients were also divided into a group
with immune deposits confined to the mesangium and a group
with deposits in the mesangium and glomerular PCWs. The
location of immune deposits was determined by IF due to the
generally greater number of glomeruli evaluated by IF micro-
scopy than electron microscopy. Groups were assessed for the
combined primary outcome of requiring permanent renal
replacement therapy (dialysis dependent or renal transplant),
death or doubling of serum creatinine (SCr). The secondary
outcome was the change (slope) in estimated glomerular filtra-
tion rate (eGFR), which was calculated using the Modification
of Diet in Renal Disease equation [27]. The slope of eGFR was
calculated as eGFR at follow-up minus eGFR at biopsy, divided
by time in months. Proteinuria was measured either as urine
protein:creatinine ratio (uPCR; in g/g) in spot urine samples (63
baseline and 55 follow-up samples) or protein excretion in 24-h
urine collections (53 baseline and 18 follow-up samples). Based
on the Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines and studies demonstrating a relatively linear relation-
ship between 24-h urine protein excretion and spot uPCR at the
low cutoff range most pertinent to our study [28–31], we
grouped proteinuria data as follows: high proteinuria, 24-h
urine �1 g/day or uPRC �1 g/g; low proteinuria, 24-h urine
<1g/day or uPCR<1 g/g.

Statistical analyses were performed in Stata 13 (StataCorp,
College Station, TX, USA); univariate differences in deposit
type were evaluated using Wilcoxon rank-sum tests and
Fisher’s exact tests for continuous and categorical variables,
respectively. Continuous data are summarized as medians and
interquartile ranges while categorical data are expressed as fre-
quencies and percentages. Multivariate logistic and linear
regressions were used to model the combined primary outcome
and secondary outcome of eGFR slope. Covariates were deter-
mined through forward stepwise selection where age, sex, race,
SCr, proteinuria at biopsy and at follow-up, Oxford score, pres-
ence of crescents/segmental glomerular necrosis and treatment
[angiotensin-converting enzyme inhibitors (ACEis)/angioten-
sin receptor blockers (ARBs), corticosteroids and/or cytotoxic
agent and fish oil] were considered for inclusion. As a secon-
dary analysis, differences in time to achieve the combined
primary outcome were evaluated with log-rank tests. P-values
<0.05 were considered statistically significant.

R E S U L T S

Patients (n¼ 80) in whom follow-up was available were mostly
male (64%) and Caucasian (69%); 14% were of Asian ancestry
and 11% were African American. The median follow-up time
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was 29 months (range 1–361); 24 (30%) patients reached the
combined primary outcome of renal replacement therapy,
death or doubling SCr. Four patients lost to follow-up and four
patients with end-stage renal disease (ESRD) at diagnosis were
not included in the primary outcome analysis. Another four
patients had no eGFR data available at the end of follow-up and
were not included in the secondary outcome analysis. There
was no significant difference in patient outcomes or racial dis-
tribution between the institutions. Data points were missing for
the following variables: Oxford score (two biopsies with mostly
sclerotic glomeruli for light microscopy insufficient for accurate
Oxford classification), use of fish oil, prednisone or cytotoxic
therapy (four patients), use of an ACEi or ARB (one patient),
eGFR at follow-up (five patients), and proteinuria at follow-up
(either spot uPCR or 24-h; 12 patients).

When the pathology biopsy data from all 175 IgAN biopsies
from OSU and UW were compared, 42 (24%) had IgG
codeposition and 75 (43%) had immune deposits in the PCWs;
16 cases (9%) had both IgG codeposition and mesangium þ
PCW immune deposits. Cases with mesangium þ PCW
immune deposits were more likely to have crescents or segmen-
tal glomerular necrosis compared with those with mesangial
deposits only (51% versus 27%; P¼ 0.002). Approximately 76%
of cases with PCW deposits by IF had subendothelial and/or
intramembranous deposits by electron microscopy and 7% had
subepithelial deposits; in 24%, no deposits were seen in the
peripheral capillary loops by EM. There was no significant dif-
ference between the IgA and IgA þ IgG groups regarding
immune deposit location nor any of the other biopsy findings.
Biopsies with crescents and/or segmental glomerular necrosis
(n¼ 65) were associated with E (P< 0.001). There were no sig-
nificant differences in any of the biopsy findings between cases
with [n ¼ 132 (75%)] versus without C3 deposition (data
not shown). There were no significant differences in Oxford
scores between the two institutions. UW biopsies showed more
cases with crescents and/or segmental glomerular necrosis
(OSU 23% versus UW 42%; P ¼ 0.023) and more cases of
mesangium þ PCW immune deposits (OSU 15% versus UW
53%; P< 0.001).

Renal outcome and IgG codeposition

In all, 55 patients had biopsies demonstrating glomerular IgA
deposits without IgG codeposition (IgA); and 25 had

codeposition of glomerular IgG (IgA þ IgG). The two groups
were comparable with regard to sex, race, initial and follow-up
eGFR, initial and follow-up proteinuria and treatment (Table 1).
Patients with IgG codeposition showed a nonsignificant trend
toward younger age (33 versus 38 years; P ¼ 0.129) and E1 (58%
versus 35%; P ¼ 0.082) compared with patients without IgG
codeposition. C3 was detected in 23 (92%) cases with IgG
codeposition versus 44 cases (80%) without (statistically not
significant).

Of 24 patients reaching the combined primary outcome, 16
(67%) had only IgA deposits and the rest had IgAþ IgG deposits
(Table 2). There was no statistical difference between the IgA
and IgA þ IgG groups with regard to experiencing the primary
outcome, with or without adjusting for SCr at biopsy, nor the
time to achieve the combined primary outcome by survival anal-
ysis (Figure 2). After removal of outliers, 65 patients who did not
reach the primary outcome had available eGFR information. No
significant difference in the slope of eGFR between patients with
only IgA deposits and patients with IgA þ IgG deposits was
found {P ¼ 0.980 (95% confidence interval (CI) �0.87–0.89];
Table 1]}. Multivariate analysis showed that treatment with
prednisone or a cytotoxic agent (coefficient 1.45; P ¼ 0.001),
treatment with fish oil (coefficient 1.24; P ¼ 0.002), presence of
segmental glomerular sclerosis (coefficient �1.67; P ¼ 0.001)
and mesangial deposition (coefficient 1.15; P¼ 0.013) were sig-
nificant independent predictors of the slope of eGFR (positive
coefficient indicates an association with increased eGFR; nega-
tive coefficient indicates an association with decreased eGFR).
No significant difference in the slope of eGFR between patients
with only IgA deposits and patients with IgAþ IgG deposits was
found [P ¼ 0.686 (95% CI �0.634–0.956)]. Removal of 16
patients with<6 months follow-up did not produce a significant
change in the results.

Renal outcome and PCW deposits

Of the 80 patients, 21 (26%) had immune deposits in the
mesangium þ PCW and the rest had immune deposits in the
mesangium only (Table 3). Patients with immune deposits in
the mesangium þ PCW had greater proteinuria at biopsy
(median uPCR ¼ 3.35 versus 1.05 g/g; P ¼ 0.025), were more
likely to have crescents and/or segmental glomerular necrosis
(48% versus 22% of biopsies; P ¼ 0.047) and had a trend
toward shorter follow-up time and/or time to reach the

FIGURE 1: IgAN with (A) glomerulus with segmental necrosis and cellular crescent (arrow) (�400, Jones silver stain); (B) granular mesangium
(arrowhead) and PCW (arrow) IF staining for IgA (4þ) (�400) and (C) mesangium staining for IgG (2þ) (�400).
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primary endpoint (P ¼ 0.059; Figure 3) compared with those
with deposits in the mesangium only. There were no signifi-
cant differences between the two groups with regard to age,
sex, race, initial eGFR, Oxford scores, follow-up proteinuria
or treatment.

Of 24 patients reaching the primary outcome, 10 (42%) had
mesangium þ PCW deposits (Table 2; P ¼ 0.026). The odds
of experiencing the combined primary outcome for patients
with deposits in the mesangium þ PCW was 3.4-fold higher
than for patients with mesangial deposits only [P ¼ 0.026

Table 1. Baseline characteristics and clinical outcome, IgAN by IgG codeposition

IgA IgA þ IgG P-value
[n ¼ 55 (69%)] [n ¼ 25 (31%)]

Clinical characteristics
Age (years) 38 (25–47) 33 (24–40) 0.129
Gender 0.802

Female 35% (19) 40% (10)
Male 65% (36) 60% (15)

Race 0.709
Asian 15% (8) 12% (3)
Caucasian 65% (36) 76% (19)
Other 20% (11) 12% (3)

SCr at biopsy (mg/dL) 1.3 (0.99–2.7) 1.3 (0.93–2.0) 0.604
eGFR at biopsya (mL/min/1.73 m2) 61.4 (27.7–92.1) 56.0 (28.3–90.5) 0.944
uPCR at biopsy (g/g) 1.33 (0.7–4.07) 0.85 (0.44–2.52) 0.192
uPCR at biopsyb 0.425

High 25% (14) 36% (9)
Low 75% (41) 64% (16)

Length of follow-up (months) 27 (9.0–55.3) 32 (18.6–48.2) 0.495
Biopsy characteristics
Mesangial hypercellularity (M1) 67% (36) 79% (19) 0.297
Endocapillary hypercellularity (E1) 35% (19) 58% (14) 0.082
Segmental sclerosis (S1) 74% (40) 75% (18) 1.000
Interstitial fibrosis (T) 0.553

T0 52% (28) 50% (12)
T1 22% (12) 33% (8)
T2 26% (14) 17% (4)

Presence of crescents/segmental glomerular necrosis 25% (14) 36% (9) 0.425
Immune deposit localization 0.584

Mesangium þ PCWs 29% (16) 20% (5)
Mesangium only 71% (39) 80% (20)

Treatment
Use of ACEi or ARB 83% (45) 96% (23) 0.162
Use of prednisone and/or cytotoxic agents 40% (21) 46% (11) 0.803
Use of fish oil 38% (20) 42% (10) 0.806
Outcome
Number of patients reaching combined outcomec 29% (16) 32% (8) 0.823
eGFR at follow-upa (mL/min/1.73 m2) 69.0 (23.5–94.6) 49.7 (25.0–97.0) 0.768
uPCR at follow-up (g/g) 0.37 (0.1–0.6) 0.54 (0.2–1.27) 0.145
uPCR at follow-upb 0.346

High 24% (9) 39% (7)
Low 76% (28) 61% (11)

Slope of eGFRa (mL/min/1.73 m2)/month �0.05 6 1.9 �0.03 6 0.82 0.980

Values are presented as median (interquartile range) and percentage and absolute numbers.
aeGFR based of a total of 65 patients with follow-up and removal of outliers; slope of eGFR: change of eGFR over the observation period.
bHigh is defined as a uPCR �1; low is defined as a uPCR <1.
cCombined outcome: doubling of SCr concentration, renal replacement therapy, kidney transplantation or death.

Table 2. Primary outcome in IgAN

Biopsy group n (%) Death Dialysis dependent Transplant Double SCr Total P-value

IgA þ IgG 25 (31) 1 (12) 3 (38) 2 (25) 2 (25) 8 (33) 0.82
IgA 55 (69) 1 (6) 10 (63) 4 (25) 1 (6) 16 (67)
Total 80 2 (8) 13 (54) 6 (25) 3 (13) 24

Mesangium þ PCW 21 (26) 1 (10) 4 (40) 3 (30) 2 (20) 10 (42) 0.047
Mesangium 59 (74) 1 (7) 9 (64) 3 (22) 1 (7) 14 (58)
Total 2 (8) 13 (54) 6 (25) 3 (13) 24

Values are presented as n (%).
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(95% CI 1.15–10.09)]. The odds ratio increased to 4.93 after
adjusting for SCr at diagnosis [P ¼ 0.037 (95% CI 1.10–21.98)].
After removal of outliers, 65 patients who did not reach the pri-
mary outcome had available eGFR information. There was no
significant difference in the slope of eGFR between patients with
mesangiumþ PCW deposits versus patients with only mesangial
deposits [P¼ 0.225 (95% CI�1.56–0.37); Table 3]. After adjust-
ing for treatment with prednisone or a cytotoxic agent (coef-
ficient 1.43; P ¼ 0.001), treatment with fish oil (coefficient 1.23;
P ¼ 0.002), the presence of segmental glomerular sclerosis (coef-
ficient �1.67; P < 0.001) and mesangial deposition (coefficient
1.15; P ¼ 0.013) were significant independent predictors of the
slope of eGFR. Removal of 16 patients with <6 months follow-
up did not produce a significant change in the results.

D I S C U S S I O N

In this study we retrospectively examined definitive patient and
renal outcomes in two institutional IgAN cohorts with respect
to variables not considered in the Oxford scoring system,
including (i) the presence of IgG in glomerular immune depos-
its and (ii) the location of immune deposits in the glomerulus.
Compared to IgAN without glomerular IgG codeposition, we
found a trend toward greater histologic activity in the form of
E1, but no association of IgG codeposition with the combined
primary renal outcome of renal replacement therapy, death or
doubling of SCr, nor for the secondary outcome of change in
eGFR over time. Compared to biopsies with immune deposits
limited to the mesangium, the presence of immune deposits in
the glomerular capillary walls was associated with increased his-
tologic activity in the form of crescents/segmental glomerular
necrosis, greater proteinuria at presentation and a significantly
greater likelihood of reaching the combined primary outcome.
As a secondary outcome, when treatment and presence of S1
were added to a multivariate model for slope of eGFR, the rate
of eGFR change was significantly higher in patients with
immune deposits limited to the mesangium than those with
deposits in the capillary loops; this raises the possibility of an
interaction between immune deposit location and treatment

and/or other histologic lesions. In the overall cohort we found
that treatment with fish oil and/or prednisone or a cytotoxic
agent were both significantly associated with an increase in
eGFR over time. There was an association between S1 and
impaired eGFR, consistent with observations from the Oxford
classification studies [6].

Whether the presence of IgG codeposition in glomeruli plays
a pathogenic role in injury or serves as a biomarker of prognosis
or evidence of chronicity in IgAN [16, 17] has yet to be fully
understood. Previous studies have suggested that IgG antibodies
against the abnormal (aberrantly glycosylated in the hinge
region) IgA1 may be formed in IgAN patients, making IgG–IgA
immune complexes that can be found in the serum [4, 32–34, 35]
and/or in the glomeruli. It was postulated that IgG–IgA immune
complexes might predispose IgAN patients to worse renal out-
comes than IgA–IgA complexes [36]. IgA is considered a poor
activator of classical complement pathway [16], although it may
activate complement through the alternative and mannose-bind-
ing lectin (MBL) pathways [2, 34], whereas IgG may trigger com-
plement activation through the classical pathway [19], possibly
increasing the likelihood of complement-mediated kidney injury.
In a rat model [19], the addition of IgG to polymeric IgA resulted
in significantly greater proteinuria, which was hypothesized to be
the result of enhanced complement activation [37]. In our series,
there were no significant differences in the presence of C3 or C1q
deposition in IgAN biopsies with or without IgG codeposition.
Other investigators have proposed that IgG codeposits could be a
marker of chronicity [16, 17], not greater activity. However, in
the current study, lesions of chronicity were not significantly dif-
ferent between patients with IgA or IgAþ IgG codeposition.

Clinical studies have assessed the role of IgG deposition in
IgAN. In a Caucasian cohort, IgG deposition in IgAN was asso-
ciated with the development of hypertension at long-term fol-
low-up and was an independent determinant of progressive
renal failure [16]. In a Japanese cohort, IgG deposits correlated
with a reduced likelihood for complete remission, greater pro-
teinuria at diagnosis, more frequent PCW deposits and persis-
tent urinary abnormalities [17]. A recent Korean study found
glomerular IgG deposition to be independently associated with
poor renal outcome in IgAN [20]. Finally, a follow-up study of
the Oxford cohort by Bellur et al. [18] showed that IgG
codeposition was associated with M1 and endocapillary prolif-
eration, but not with worse renal survival. Our study confirms
the finding of Bellur et al. of an association between IgG
codeposition and E1, and not a primary renal outcome. It dif-
fers from their study in that their biopsies were evaluated by
immunohistochemistry rather than immunofluorescence
microscopy, and they had a lower percentage of patients with
immune deposits in the peripheral capillary loops (15% versus
26% by IF in our study). Perhaps related to these or other differ-
ences, they found no significant association between the loca-
tion of immune deposits and any of the outcome measures,
which contrasts with the findings of our study. In the context of
these studies, our investigation also differed by examining a pre-
dominantly Caucasian population and hard renal endpoints of
ESRD, doubling of SCr or death. These differences may have
contributed to not finding an association of IgG codeposition
with renal outcomes.

FIGURE 2: There was no difference between the IgA and IgA þ IgG
groups in time to achieve the combined primary outcome by survival
analysis (P¼ 0.74).
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The second question our study addressed was the clinical
significance of the location of glomerular immune deposits,
with particular attention to those within the PCWs by IF.
Patients with immune deposits in the mesangium þ PCW had
a significantly greater likelihood of worse long-term renal out-
come than those with deposits limited to the mesangium. The
odds of experiencing the combined primary outcome for
patients with deposits in the mesangium þ PCW were 3.4-fold
higher than for patients with mesangial deposits only, and
increased to 4.93 after adjusting for SCr at diagnosis. The clini-
cal implications of immune deposit location have also been
noted in other studies. A Japanese study found that the degree
of immune deposits in the peripheral capillary loop was associ-
ated with lower (<70 mL/min) baseline and/or follow-up crea-
tinine clearance [22]. Similar to these findings, one Italian study
observed that having mesangium þ PCW immune deposition
increased the relative risk for renal death or replacement ther-
apy [21]. In another Japanese cohort, patients with immune

deposits in the peripheral capillary loops had greater baseline
proteinuria and were more likely to develop persistent renal
functional abnormalities at 5 years [25]. In an American
pediatric cohort, children with IgA deposits in the PCWs
versus mesangium had more proteinuria at diagnosis, more glo-
merular crescents and more chronic changes, including seg-
mental or global glomerular sclerosis as well as tubular atrophy
and interstitial fibrosis; these children were also more likely to
have persistent proteinuria and progressive kidney disease [24].
Finally, D’Amico et al. [21]showed that extension of IgA depos-
its into the peripheral capillary loops predicted progressive renal
failure in IgAN [21].

Animal models of IgAN have also illustrated the impact of
immune deposit location in determining disease activity [38,
39]. Mechanistically, subendothelial immune deposits may
accumulate in the PCWs due to size and electric charge [37]
and may persist for longer periods of time [39, 40]. These sub-
endothelial capillary wall deposits may stimulate the release of

Table 3. Baseline characteristics and clinical outcome for IgAN by glomerular immune deposit location

Mesangium þ PCWs Mesangium only P-value
[n ¼ 21 (26%)] [n ¼ 59 (74%)]

Clinical characteristics
Age (years) 36 (25–43) 37 (25–45) 0.793
Gender 0.598

Female 43% (9) 34% (20)
Male 57% (12) 66% (39)

Race 0.929
Asian 14% (3) 13% (8)
Caucasian 71% (15) 68% (40)
Other 14% (3) 19% (11)

SCr at biopsy (mg/dL) 1.3 (0.99–3.35) 1.3 (0.95–2.50) 0.768
eGFR at biopsya (mL/min/1.73 m2) 67.4 (29.7–79.3) 52.8 (27.6–92.1) 0.756
uPCR at biopsy (g/g) 3.35 (0.93–5.5) 1.05 (0.6–2.01) 0.025
uPCR at biopsyb 0.780

High 24% (5) 31% (18)
Low 76% (16) 69% (41)

Length of follow-up (months) 21 (12.2–35.3) 33 (14.7–57.5) 0.059
Biopsy characteristics
Mesangial hypercellularity (M1) 65% (13) 72% (42) 0.576
Endocapillary hypercellularity (E1) 55% (11) 38% (22) 0.201
Segmental sclerosis (S1) 75% (15) 74% (43) 1.000
Interstitial fibrosis (T) 0.409

T0 55% (11) 50% (29)
T1 15% (3) 29% (17)
T2 30% (6) 21% (12)

Presence of crescents/segmental glomerular necrosis 48% (10) 22% (13) 0.047
Treatment
Use of ACEi or ARB 80% (16) 90% (52) 0.267
Use of prednisone and/or cytotoxic agents 45% (9) 41% (23) 0.796
Use of fish oil 40% (8) 39% (22) 1.000
Outcome
Number of patients reaching combined outcomec 48% (10) 24% (14) 0.026
eGFR at follow-upa (mL/min/1.73 m2) 65.9 (9.0–93.9) 64.9 (29.4–96.4) 0.767
uPCR at follow up (g/g) 0.50 (0.16–1.60) 0.45 (0.1–1.0) 0.433
uPCR at follow upb 1.000

High 31% (4) 29% (12)
Low 69% (9) 71% (30)

Slope of eGFRa (mL/min/1.73 m2)/month �0.50 6 2.66 0.09 6 1.20 0.225

Values are presented as median (interquartile range) and percentage and absolute numbers.
aeGFR based of a total of 65 patients with follow-up and removal of outliers; slope of eGFR: change of eGFR over the observation period.
bHigh is defined as a uPCR �1; low is defined as a uPCR <1.
cCombined outcome: doubling of SCr concentration, renal replacement therapy, kidney transplantation or death.
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chemotaxins to the circulation, leading to recruitment of
inflammatory cells to the kidney [38], which may be partially
independent of complement activation [40]. PCW deposits by
IF often correlated with a subendothelial deposit location by
electron microscopy in this study of IgAN. Perhaps the suben-
dothelial location allows greater accessibility to circulating leu-
kocytes and facilitates leukoctye recruitment through
engagement of Fc receptors and/or greater release of chemotac-
tic peptides such as C3a and C5a, contributing to a higher initial
proteinuria, glomerular crescents/segmental necrosis and worse
overall renal outcome seen in this study.

Limitations of this study include its retrospective nature, and
therefore the inability to control for treatment, duration of
follow-up, completeness and timing of data collection and other
demographic and clinical differences. Our findings may differ
from prior clinical studies due in part to the cutoff level for IgG
codeposition we used, a mixed but predominantly Caucasian
population, inclusion of patients with <6 months of follow-up
or who had progressed within 6 months, lack of a specifically
focused assessment of blood pressure or histologic vascular
parameters and our use of definitive renal outcome as the com-
bined primary endpoint. The somewhat limited number of
patients reaching the combined primary endpoint also limits
our ability to fully assess potential associations and risk factors
influencing the outcome. As IgAN is typically a chronic disease
and our study has a comparatively shorter median follow-up
time, our results may be biased toward and more reflective of
biopsy findings in patients whose disease progresses more rap-
idly. Biopsy findings between the two institutions were mostly
comparable, and differences may reflect variation in local clini-
cal practice with respect to the threshold for performing a kid-
ney biopsy in suspected IgAN.

In conclusion, in this multicenter IgAN cohort, IgG co-
deposition and location of glomerular immune deposits in the
PCWs were both associated with greater histologic activity on

renal biopsy, but only the location of glomerular immune depos-
its was significantly associated with definitive renal outcomes.
Patients with immune deposits in the PCWs in addition to the
mesangium had greater proteinuria at diagnosis and were at
increased risk for ESRD, transplant, death and/or doubling of
SCr. The generalizability of this observation needs to be validated
in a larger, prospective cohort.
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