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Introduction: IgA nephropathy (IgAN) is a progressive autoimmune kidney disease and a leading cause of

glomerular disease that can result in kidney failure (KF). The median age at diagnosis is 35 to 37 years and

approximately 50% of patients will progress to KF within 20 years. We aimed to enhance the under-

standing of renal histology and chronic kidney disease (CKD) stage at the time of IgAN diagnosis using a

large real-world biopsy cohort.

Methods: This retrospective cohort study evaluated biopsy data and clinical characteristics from adult

patients within the US who were diagnosed with IgAN between January 1, 2016 to May 31, 2020.

Descriptive statistics were summarized and relationship(s) between each Oxford Classification (MEST-C)

component score with 24-hour proteinuria or CKD stage were examined using regression analysis.

Results: A total of 4375 patients (mean age 47.7 years, 62.7% male) met eligibility criteria. Mild to mod-

erate mesangial hypercellularity (47.3%), segmental sclerosis (65.0%), tubular atrophy $25% (57.4%), and

crescents (18.5%) were identified; and 74.6% of patients were at CKD stage $3. Proteinuria $1 g/d was

associated with higher MEST-C scores, and the odds of mesangial hypercellularity, segmental sclerosis,

tubular atrophy, and crescents increased with CKD stage.

Conclusion: Most patients with IgAN in our US cohort were diagnosed at CKD stage $3 and had high

MEST-C scores and proteinuria that are suggestive of significant disease burden at the time of kidney

biopsy. Strategies are required to raise awareness and promote earlier detection of asymptomatic urinary

abnormalities before extensive irreversible kidney damage has occurred.
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I
gAN, a progressive autoimmune kidney disease, is
the most common primary glomerular disease

worldwide and a leading cause of KF.1,2 Estimated
incidence is between 1.29 per 100,000 (all ages)3 and 2.5
per 100,000 (adults)4 per year in the US population.
Globally, prevalence rates tend to be lower in Africa,
moderate in Northern Europe, and higher in East and
Pacific Asian regions; however, the extent to which
these variations in reported rates may reflect differ-
ences in biopsy practices is unclear.4–6

IgAN is characterized by IgA deposition in the
glomerular mesangium, which in turn triggers the
release of inflammatory cytokines and complement
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activation.1,6 Progressive glomerular injury and tubu-
lointerstitial fibrosis are potential long-term conse-
quences. Glomerular changes are diverse, ranging from
no changes by light microscopy to crescentic glomer-
ulonephritis.7 The extent of interstitial fibrosis and
tubular atrophy in the biopsy sample has been
demonstrated to be the strongest histological predictor
of disease progression and renal survival.7

IgAN frequently progresses slowly without symp-
toms and is usually diagnosed when concern is raised
due to gross or more commonly microscopic, hematuria
and/or proteinuria with or without abnormal renal
function.4 By the time of IgAN diagnosis, 50% of adult
patients may already have CKD stage 3 or greater.2,8

This delay in diagnosis may expose the kidneys to
sustained periods of elevated proteinuria, which has
been shown to be the strongest clinical predictor of
progression to KF.9,10 Diagnosis, which requires a renal
biopsy, often occurs between 25 and 40 years of age,
and up to 50% of patients will progress to KF within
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approximately 20 years from diagnosis.3,11–14 Patients
with IgAN may therefore require kidney replacement
therapy at a relatively young age.

Considering that the clinical course of IgAN is so
variable, potential parameters that may be predictive of
outcome have been studied. Histological findings of
renal biopsy samples graded using the Oxford Classi-
fication (MEST-C) have been shown to predict decline
in renal function.6,15–17 Predictive power similar to that
achieved through clinical monitoring over a 2-year
period can be achieved through a combination of a
patient’s MEST-C score with clinical data such as
glomerular filtration rate, presence of arterial hyper-
tension, and the degree of proteinuria at the time of
biopsy.16,18 More recently, the international IgAN risk-
prediction tool has been developed by Barbour et al.19

to predict the risk of a 50% decline in estimated
glomerular filtration rate (eGFR) or KF within 5-years.

Few studies have reported the histological character-
istics identified via kidney biopsy in adult patients with
IgAN and the impact on disease progression.16,20–23

Given the frequently asymptomatic presentation of
IgAN and the potential negative implications of uncon-
trolled disease on long-term prognosis, we sought to
characterize disease stage and histological patterns in
a modern large real-world cohort of US adult patients
with IgAN at the time of kidney biopsy. We further
examined potential associations betweenMEST-C scores
and 24-hour proteinuria as well as CKD stage at the
time of diagnosis.
METHODS

Study Design and Data Source

This noninterventional, retrospective cohort study
comprises patients diagnosed with IgAN in the US
between January 1, 2016 to May 31, 2020 using biopsy
samples processed by Arkana Laboratories in Little
Rock, AR (Arkana). Arkana provides renal pathology,
serology, molecular pathology, and neuropathology
services from US healthcare institutions across 43 states
(Supplementary Table S1). The associated data set
contains deidentified demographic and clinical infor-
mation, which are collected at the time of biopsy
assessment in addition to histological findings gener-
ated from adult patients with biopsy-confirmed IgAN.

To be included in this analysis, patients must have
been at least 18 years of age at the time of kidney bi-
opsy, have received a diagnosis of IgAN based upon
biopsy results, and have no history of prior kidney
transplant.

Exemption from the requirement for informed con-
sent was given by Solutions Institutional Review
Board.
Kidney International Reports (2023) 8, 1792–1800
Study Measures

Clinical characteristics in the deidentified data set
included the presence or absence of hypertension,
presence or absence of hematuria, serum creatinine,
and level of proteinuria-based on urinary protein-to-
creatinine ratio or 24-hour urinary protein excretion
rate. To support proteinuria-based analyses, all pro-
teinuria data are presented as 24-hour urinary protein
excretion rate (g/d) with urinary protein-to-creatinine
ratio values in g/g converted to g/d. eGFR without
race or ethnicity modifier was calculated by the
research team according to the CKD-EPI Creatinine
Equation 202124 using the serum creatinine value
closest to the biopsy date. CKD stage (1–5) was assigned
using eGFR values: stage 1 (eGFR $90); stage 2 (eGFR
60–89); stage 3A (eGFR 45–59); stage 3B (eGFR 30–44);
stage 4 (eGFR (15–29); stage 5 (eGFR <15).

MEST-C scores were assigned by Arkana for the
following histological characteristics: mesangial
hypercellularity (M0, no significant; M1, mild to
moderate); endocapillary hypercellularity (E0, no pro-
liferation; E1, minimal proliferation); segmental scle-
rosis (S0, absence of sclerosis or adhesions; S1, presence
of sclerosis or adhesions); tubular atrophy (T0, #25%;
T1, 26–50%; T2, > 50%); crescents (C0, no crescents;
C1, present in at least 1 glomerulus; C2, present in
>25% of glomeruli). IgA, IgG, IgM, Cq1, C3, k and l,
and fibrinogen levels were assessed using immunoflu-
orescence microscopy.

Sample Processing

Arkana reports use of standard renal biopsy processing
techniques to include light, immunofluorescence, and
electron microscopy.25 Light microscopy samples were
fixed in formalin, embedded in paraffin, serially cut at
3 mm, and stained with hematoxylin and eosin, Jones
methenamine silver, Masson trichrome, or periodic
acid-Schiff reagent. Tissue for immunofluorescence was
embedded in OCT, snap frozen, and sections were cut
at 4 mm in a cryostat and stained with fluorescein-
tagged polyclonal rabbit antihuman antibodies to
IgG, IgA, IgM, C3, C1q, fibrinogen, and k and l -light
chains (Dako, Carpenteria, CA) for 1 hour and rinsed; a
coverslip was applied using aqueous mounting media.

For electron microscopy, 1 mm cubes were removed
from the ends of the biopsy sample, dehydrated with
graded alcohols, and embedded in Epon/Araldite resin.
Sections were cut at 1 mm with an ultramicrotome,
stained with toluidine blue, and examined with a light
microscope for glomerular evaluation. Thin sections
were cut at 60 nm and examined in a Jeol JEM 1011
electron microscope (Jeol, Tokyo, Japan) and photo-
micrographs taken at 4000, 12,000 and 20,000�
magnification.
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Table 1. Demographics and clinical characteristics
Category Frequency (N) Percentage (%)

Overall 4 375 100.0%

Age

Mean, yrs (SD) 47.7 (16.6)

Median, yrs (Q1, Q3) 46 (34, 60)

Sex

Male 2742 62.7%

Race/Ethnicity 2998 68.5%

Caucasian 2172 72.4% (known race)

African American 225 7.5% (known race)

Hispanic 230 7.7% (known race)

Asian 247 8.2% (known race)

Other 124 4.1% (known race)

Unknown 1377 31.5%

Hypertension 3230 73.8%

Yes 2852 88.3%

Hematuria 2958 67.6%

Present 2761 93.3%

Creatinine 3828 87.5%

Mean, mg/dl (SD) 3.0 (3.0)

Median, mg/dl (Q1, Q3) 2.0 (1.3, 3.4)

eGFRa (ml/min/1.73 m2) 3828 87.5%

Mean (SD) 44.2 (32.8)

Median (Q1, Q3) 35.3 (18.9, 60.6)

CKD stage 3828 87.5%

Stage 1 491 12.8%

Stage 2 481 12.6%

Stage 3 1250 32.7%

Stage 3A 481 12.6%

Stage 3B 769 20.1%

Stage 4 865 22.6%

Stage 5 741 19.4%

Proteinuria 2280 52.1%

Mean, g/d (SD) 4.2 (4.0)

Median, g/d (Q1, Q3) 3.0 (1.5, 5.8)

$1 g/d 1937 85.0%

$3.5 g/d 1018 44.6%

eGFR, estimated glomerular filtration rate.
aCalculated for patients with available creatinine data using 2021 CKD-EPI creatinine
calculation.
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Statistical Analyses

Descriptive analyses were conducted; categorical vari-
ables were summarized using frequency and percent-
age, and continuous variables were summarized using
mean, standard deviation, median, and interquartile
range. Multinomial logistic regression was conducted
to examine associations (odds ratio and 95% confidence
interval) between each MEST-C component (mesangial
hypercellularity, endocapillary hypercellularity,
segmental sclerosis, tubular atrophy, or crescents) and
CKD stage, adjusting for age, sex, and race in each
model. Odds of each MEST-C component being present
at CKD stages (2, 3A, 3B, 4, and 5) were assessed as
compared to CKD stage 1. Logistic regression was used
to assess the association between each MEST-C
component and proteinuria (24-h urinary protein
excretion rate: $1 g/d vs. <1 g/d), controlling for age,
1794
sex, and race in each model. Multicollinearity among
predictors and covariates was evaluated using a cor-
relation matrix, and variance inflation factor. All sta-
tistical tests were 2-sided, with a significance level of
P < 0.05. Analyses were performed using SAS Studio
3.81 (SAS Institute, Cary, NC). Missing data was
considered as a separate category in the primary
objective analysis and described using frequency
counts and percentages for both categorical and
continuous covariates. Only patients without missing
values or ‘unknown’ variables were included in
regression models and statistical testing of interest.
RESULTS

Baseline demographics and clinical

characteristics

A total of 4375 patients met the full eligibility criteria
for this study (Table 1). The mean age was 47.7 years,
and most patients were male (62.7%). Among persons
with known race (n ¼ 2998 [68.5% of sample]), 72.4%
were Caucasian, 7.5% were African American, 7.7%
were Hispanic and 8.2% were Asian. Clinical indica-
tion of hypertension (presence/absence) was available
for 3230 of 4375 patients (73.8% of sample) with 88.3%
(2852/3230) exhibiting elevated blood pressure. He-
maturia was found to be present in 93.3% (2761/2958)
of patients with available data. Mean (SD) serum
creatinine and eGFR were 3.0 (3.0) mg/dl and 44.2
(32.8) ml/min per 1.73 m2, respectively, among the 3828
patients with available creatinine values (histograms
shown in Supplementary Figure S1). Among this sub-
set, 74.6% presented at CKD stage 3 or higher. Just
over half (52.1%) of the cohort had a proteinuria value,
measured at mean (SD) of 4.2 (4.0) g/d. Proteinuria
values $1 g/d were observed in 85.0% (1937/2280) of
patients with available data.

Histological characteristics for the overall cohort
determined using immunofluorescence microscopy
(Supplementary Table S2) along with a breakdown of
demographic and clinical characteristics stratified by
age and race (Supplementary Table S3), and presence or
absence of proteinuria $1 g/d (Supplementary
Table S4) are available in online supplemental con-
tent. Patient counts by CKD stage or MEST-C score
(Supplementary Table S5) and proteinuria value or
MEST-C score (Supplementary Table S6) are also
available.

Among the 4375 patient biopsy samples evaluated,
almost half (47.3%) showed mild to moderate mesangial
hypercellularity and 16.9% exhibited minimal endo-
capillary hypercellularity (Figure 1). Segmental scle-
rosis and/or adhesion of tuft to Bowman capsule was
present in almost two-thirds of biopsies (65.0%).
Kidney International Reports (2023) 8, 1792–1800



Figure 1. Distribution of histological characteristics in patients with IgAN at time of kidney biopsy. aC0, no crescents; C1, crescent present in at
least one glomerulus; C2, present in >25% of the glomeruli.
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Tubular atrophy of 26% to 50% of kidney tissue was
observed in 29.5% of patients, whereas 27.9%
exhibited tubular atrophy in >50% of kidney tissue.
Crescents were present in at least 1 glomerulus in
15.1% of patients, and 3.4% had crescents in >25% of
glomeruli.

Associations Between MEST-C and CKD Stage

Mesangial hypercellularity was associated with
increased odds of being in a more severe CKD stage
than stage 1, with the adjusted odds ratios (95%
confidence interval) being 1.43 (1.10, 1.84), 1.61 (1.24,
2.09), 1.76 (1.38, 2.23), 2.37 (1.87, 3.01), and 1.44 (1.14,
1.84) for stages 2, 3A, 3B, 4, and 5, respectively
(Figure 2). Mesangial hypercellularity had the highest
odds ratio for stage 4 versus stage 1, which indicates
that most of patients with mesangial hypercellularity
Kidney International Reports (2023) 8, 1792–1800
were in stage 4 when their biopsy was taken. Simi-
larly, CKD stages 3A, 3B, and 4 were each associated
with greater odds of segmental sclerosis compared
with CKD stages 1 and 2. Odds of tubular atrophy
>50% of kidney tissue increased significantly with
higher CKD stages to a maximum of 338.51 (146.76,
780.80; P < 0.001) among persons diagnosed at CKD
stage 5. The odds of observing crescents in >25% of
glomeruli increased with higher CKD stage, reaching
statistical significance for stage 3B (2.41 [1.01, 5.78];
P ¼ 0.048), beyond stage 4 (3.56 [1.54, 8.21]; P ¼
0.003), and stage 5 (6.47 [2.87, 14.55]; P < 0.001).
Although the presence of endocapillary hyper-
cellularity showed a similar directional pattern with
greatest odds (1.06 [0.79, 1.44]; P ¼ 0.686) identified
in patients with CKD stage 4, this finding was not
statistically significant.
1795



Figure 2. Associations between histological characteristics and CKD stage. C1, crescent present in 1%–24% of glomeruli; C2, present in >25%
of glomeruli. Reference groups: CKD stage: stage 1; Mesangial Hypercellularity (Ref: No significant mesangial hypercellularity); Endocapillary
Hypercellularity (Ref: No endocapillary proliferation); Segmental Sclerosis (Ref: Absence); Tubular Atrophy (Ref: #25%); Crescents (Ref: C0 (no
crescents)). CKD, chronic kidney disease.
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Associations Between MEST-C and Proteinuria

Proteinuria $1 g/d had a statistically significant asso-
ciation with the presence of all MEST-C histological
characteristics assessed in this study (Figure 3). Patients
with crescents present in at least 25% of their
glomeruli had greater odds of having proteinuria $ 1
g/d at biopsy (4.21 [1.31,13.50]; P ¼ 0.016), which
increased further in patients with >50% tubular at-
rophy (6.03 [4.08, 8.92]; P < 0.001). Patients were also
at least twice as likely to have proteinuria $1 g/d if
they demonstrated endocapillary hypercellularity (2.04
[1.40, 2.96]; P < 0.001), segmental sclerosis (2.27 [1.78,
2.88]; P < 0.001) and tubular atrophy of 26%–50%
(2.58 [1.94, 3.43]; P < 0.001), and 1.68 times as likely if
they presented with mesangial hypercellularity (1.68
[1.33, 2.13]; P < 0.001). A similar pattern was evi-
denced among patients with proteinuria values $3.5
g/d compared with <3.5 g/d (Supplementary
Figure S2).
DISCUSSION

This study included 4375 IgAN-positive biopsy sam-
ples; 3828 from patients with an available serum
creatinine level for estimation of CKD stage at time of
diagnosis, and 2280 with available proteinuria data.
1796
Among the 3828 US adults with known serum
creatinine values, three-quarters (75%) received their
diagnosis at CKD stage 3 or later, whereas 42% had
advanced to CKD stage 4 or 5 by the time of diagnosis.
Our US-based real-world cohort findings of advanced
CKD stage at time of diagnosis (42% CKD stage 4 or 5)
are remarkably higher than those reported by Hastings
et al.,8 who found that 29% of US-based patients
diagnosed with IgAN had progressed to either CKD
stage 4 or 5 at the time of kidney biopsy. In contrast, an
assessment of kidney biopsy samples from 771 Japanese
patients (87% adult and 13% pediatric) with primary
IgAN demonstrated that less than a third had advanced
to CKD stage $3 and approximately 5% to stage 4 or 5
at the time of IgAN diagnosis.26 Diagnosis of IgAN at
an earlier stage of disease in Japan may stem from the
presence of mandatory kidney screening programs
across Japan, first implemented in the 1970s with later
programmatic updates.27 IgAN is often asymptomatic
with only urinary abnormalities in its early stages,
which means that in countries without mandatory
screening, it is likely that most of the patients reaching
the biopsy stage are already displaying symptoms and
are therefore at a later stage in their disease.6,28

Another key objective of this study was to charac-
terize the histological patterns of disease at IgAN
Kidney International Reports (2023) 8, 1792–1800



Figure 3. Associations between histological characteristics and proteinuria ($1 vs. <1 g/d). C1, crescent present in 1%–25% of glomeruli; C2,
present in >25% of glomeruli. Reference groups: Proteinuria (Ref: <1 g/d); Mesangial Hypercellularity (Ref: No significant mesangial hyper-
cellularity); Endocapillary Hypercellularity (Ref: No endocapillary proliferation); Segmental Sclerosis (Ref: Absence); Tubular Atrophy
(Ref: #25%); Crescents (Ref: C0 [no crescents]).
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diagnosis. Our results demonstrated that a high pro-
portion of patients in our US cohort had substantial
kidney damage, with M1, E1, S1, T1/2, and C1/2 scores
being assigned to high proportions of biopsies. We
show that 47% of patients presented with mesangial
hypercellularity, 17% with endocapillary hyper-
cellularity, 65% with segmental sclerosis, 57% with
>25% tubular atrophy, and 19% with crescents. This
high proportion of patient biopsies with segmental
sclerosis and tubular atrophy is consistent with an
advanced stage of CKD at the time of diagnosis in our
cohort. Similar frequencies of both S1 and T1/2 scores
have been reported in studies conducted in Brazil23 and
India,29 whereas several other studies have shown at
least 50% of patients present with segmental sclerosis,
but lesser amounts of tubular atrophy.

Excluding endocapillary hypercellularity, the
remaining MEST-C scores showed a significant associ-
ation with CKD stage; higher CKD stage, particularly
stage 4, resulted in significantly higher odds for the
presence of positive MEST-C scores. CKD stage 5 was
observed to have a lower odds ratio than stage 4 for
mesangial hypercellularity, segmental sclerosis, and
mild to moderate tubular atrophy (T1). The lower odds
of segmental sclerosis observed at CKD stage 5 may be
the result of the greater levels of global glomerulo-
sclerosis expected in patients with advanced disease. A
greater proportion of patients in CKD stage 5 were
found to exhibit tubular atrophy in >50% of tubules,
correlating with the expected increase in odds, and a
lower proportion exhibited tubular atrophy in 26% to
50% of tubules (Supplementary Table S5). This trend
in higher T scores with progressive levels of renal
deterioration is expected, and in alignment with the
2016 Oxford Classification working group update.17 It
is important to highlight that the MEST-C classification
Kidney International Reports (2023) 8, 1792–1800
system30 was designed as a prognostic algorithm. To
ensure that assessment of the prognostic value included
patients whose disease had not progressed too far by
the time of diagnosis, the initial validation analyses
were limited to patients with an eGFR of at least 30 ml/
min per 1.73 m2. Our study provides evidence from a
large cohort of patients that the association of MEST-C
scores with clinical characteristics at diagnosis is
evident for patients with IgAN who were first diag-
nosed at CKD stages 4 and 5 as well as CKD stages 1 to
3. Diagnosis when a patient has reached an advanced
CKD stage, with severe histological disease and high
levels of proteinuria may lead to worse outcomes for
patients than if diagnosis and treatment were initiated
earlier. Data from biopsies collected in the STOP-IgAN
trial demonstrated that M1, T1/2, and C1/2 scores were
associated with poorer outcomes.16 M1 score was
associated with a higher rate of eGFR loss over the 3-
year trial period, T1/T2 score was associated with
lower eGFR at randomization and with progression to
KF among patients receiving immunosuppression,
whereas patients with C1/C2 scores were also more
likely to progress to KF.

Most patients with available data in our cohort had
proteinuria $1 g/d, with a mean value of 4.2 g/d.
Analysis of the association between proteinuria and
MEST-C in our cohort revealed that the presence of
each MEST-C component came with higher odds of
having proteinuria $1 g/d, particularly segmental
sclerosis and tubular atrophy. Both tubular atrophy
and segmental sclerosis are late findings of injury in
proteinuric kidney diseases, and the toxic tubular
injury related to proteinuria is well established in the
literature.31–33 Our findings suggest that patients
within this US cohort are experiencing substantial de-
lays before diagnosis. This delay may be leading to
1797
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sustained periods of elevated proteinuria, contributing
to the high levels of kidney damage observed in biopsy
samples at the time of diagnosis. Our results are
consistent with a recent study by Gowrishankar
et al.,34 which demonstrated in an Indian cohort that
presence of each MEST-C component was associated
with numerically higher proteinuria, but the difference
was significant only for T score.

The data in this study show that patients had
extensive tissue damage at the time of biopsy, and the
degree of proteinuria and loss of eGFR was strikingly
high. It is therefore clear that diagnosis is currently
taking place at too late of a disease stage. With the
emergence of novel, efficient, and safe treatments for
IgAN, it is now vital that the diagnosis of IgAN be
made earlier in the course of the disease. The
improvement of recommendations regarding these
practices is already ongoing, with the US Preventive
Services Task Force making their draft research plan
for CKD screening publicly available in January 2023.35

Diagnosis of IgAN before extensive segmental sclerosis
and tubular atrophy occur would optimize the ability
to apply present and potential future therapeutics to
arrest or slow down IgAN disease progression earlier in
the disease course.

Limitations

When using secondary data for comparative analyses,
several limitations exist. Although this study repre-
sents a modern large sample of US adult patients with
IgAN, not all US states are included in the database and
those that are included may not be equally represented;
thereby possibly limiting our ability to generalize re-
sults to the overall US IgAN patient population.

Patient demographic and clinical information was
provided to Arkana on a secondary level by the clini-
cians who ordered the biopsy. In some cases, the forms
accompanying the biopsy tissue were not completed
with all requested information such as serum creatinine
or urinary protein values. For example, in this study
only 52% of patients had available proteinuria data,
whereas 88% had available serum creatinine values.
Whether these data points are absent due to a sys-
tematic patient-related cause or simply missing at
random is beyond the ability of this study to
determine.

Finally, MEST-C scores were not validated for pa-
tients with eGFR <30 ml/min per 1.73 m2 in the orig-
inal Oxford classification analysis.30 Our results in
patients with CKD stages 4 and 5 should therefore be
interpreted with more caution than results for CKD
stages 1–3 when considering potential implications of
MEST-C scores at diagnosis in relation to long-term
renal outcomes.
1798
Conclusion

Most US patients with IgAN were diagnosed at CKD
stage $3 and had elevated MEST-C scores for mesan-
gial hypercellularity, segmental sclerosis, and tubular
atrophy, which suggests significant disease duration at
the time of kidney biopsy. Proteinuria $1 g/d and
higher CKD stage at diagnosis are both associated with
higher MEST-C scores in diagnostic biopsies and may
therefore be early indicators of the need for diagnostic
biopsy.

Strategies to improve awareness and facilitate earlier
detection of IgAN are needed to enable administration
of current and future therapies before extensive and
irreversible kidney damage has occurred, thereby
maximizing the potential to slow progression to KF.
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