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Introduction: The Oxford Classification score, which predicts renal outcomes for immuno
globulin A nephropathy (IgAN), is widely used in clinical practice. Nevertheless, the relationship 
between these markers and longitudinal changes in renal function are poorly understood.
Methods: This was a population-based retrospective cohort study of 280 adults with 
biopsy-proven primary IgAN from 2011 to 2018. We used generalized additive mixed 
models to control for traditional kidney disease risk factors to analyze the associations 
between Oxford Classification MEST-C scores (mesangial hypercellularity, M; endocapil
lary hypercellularity, E; segmental glomerulosclerosis, S; tubular atrophy/interstitial fibro
sis, T; crescents, C) and longitudinal changes in the estimated glomerular filtration rate 
(eGFR) after renal biopsy.
Results: The median eGFR was 78.2 mL/min/1.73 m2 at baseline, and then it decreased on 
average by 1.3 mL/min/1.73 m2 per year in the entire cohort. In adjusted models, compared 
with patients without relative lesions, the presence of T > 50% (T2) (−5.7; 95% confidence 
interval [CI], −9.5 to −2.0 mL/min/1.73m2 per year) was associated with the fastest eGFR 
decline. S present (S1) (−2.9; 95% CI, −4.6 to −1.1 mL/min/1.73m2 per year) and C > 25% 
glomeruli (C2) (−3.4; 95% CI, −6.4 to −0.5 mL/min/1.73m2 per year) also demonstrated 
steeper eGFR declines. However, we found no association between M > 0.5 (M1), E present 
(E1), T 26%–50% (T1), and C present ≥ 1 glomerulus (C1), and progressive eGFR decline (p 
> 0.05).
Conclusion: The Oxford Classification scores, S1, T2, and C2, were independently asso
ciated with the longitudinal decreases in renal function in patients with IgAN. These findings 
suggested therapies targeted at improving early damage to these lesions might be essential to 
delay renal progression.
Keywords: IgA nephropathy, Oxford Classification, renal function decline, a mixed-method 
study

Introduction
IgA nephropathy (IgAN) is the most common form of primary glomerulonephritis 
and the leading cause of end-stage renal disease in China.1 It is characterized by 
predominant IgA deposition in the glomerular mesangial area,2 with widely 
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variable clinical manifestations and pathologic features. 
Histopathologic classification is essential to assess the 
severity of the kidney lesions and to guide treatment.3–7

In 2009, the Oxford Classification of IgAN identified 
four prognostic markers of histopathology, namely mesan
gial hypercellularity (M), endocapillary hypercellularity 
(E), segmental glomerulosclerosis (S), and tubular atrophy 
and interstitial fibrosis (T).8 The revised Oxford 
Classification of IgAN in 2017 added the presence of 
crescents (C) to the existing markers, and the combination 
was called the MEST-C score system.9 These five key 
pathogenic features have demonstrated substantial impor
tance in clinical practice.10–12 Nevertheless, of these mar
kers, only T lesions have been consistently confirmed to 
predict renal progression, with more variable results for M, 
S, and C lesions. Most studies showed E lesions did not 
predict renal outcomes.8,10,13–26 The explanations for these 
differences may be the choice of different degrees of base
line renal function, differing study endpoints, varying 
durations of observational times, varying immunosuppres
sive strategies, and variability in biopsy assessment 
between pathologists. Nevertheless, data are limited from 
studies addressing the relationship between the Oxford 
Classification score and longitudinal changes in renal 
function. It is hoped that knowledge regarding this rela
tionship may help predict the speed with which kidney 
function declines for different lesions.

Therefore, in the present study, we measured the asso
ciations of each Oxford Classification score (M, E, S, T, 
and C) with longitudinal changes in eGFR in patients with 
IgAN after renal biopsy, using a mixed-method model.

Materials and Methods
Study Design and Patients
This was a single-center retrospective cohort study, and its 
subjects were patients older than 18 years of age with 
biopsy-proven primary IgAN, who were recorded in the 
IgAN Database of Shenzhen Second People’s Hospital 
between January 1, 2011 and December 31, 2018. 
Participants with a secondary cause of IgAN, such as 
Henoch-Schönlein purpura, systemic lupus erythematosus, 
or chronic liver disease were excluded. We also excluded 
patients with an absence of baseline serum creatinine or 
renal pathology data for Oxford Classification from their 
first renal biopsy, a baseline eGFR < 30 mL/min/1.73 m2, 
missing follow-up measurements of serum creatinine, or 
a follow-up time < 0.5 years (Figure 1).

The follow-up measurements were taken approxi
mately every 3–6 months, and patients had at least three 
measurements of serum creatinine. This study was 
approved by the Medical Ethics Committee of Shenzhen 
Second People’s Hospital (No. 20200714004) and con
ducted ethically in accordance with the World Medical 
Association Declaration of Helsinki.

Outcome
The outcomes were estimated annual changes in eGFR 
after renal biopsy. We calculated eGFR using the 2009 
Chronic Kidney Disease Epidemiology Collaboration 
creatinine equation.27

Covariates
Demographic and clinicopathologic data at biopsy were 
obtained from our IgAN database. The following baseline 
covariates were analyzed in the multivariable models as 
they were potential confounders for the progression of 
renal damage (the generalized additive mixed model 
[GAMM]28 automatically included the initial eGFR as 
a covariate): age, gender, mean artery pressure (MAP, 
calculated as 1/3 × systolic blood pressure [SBP] + 2/3 × 
diastolic blood pressure [DBP]), proteinuria (measured 
using 24 h urine protein excretion [g/d]), and the Oxford 
Classification MEST-C score.

Renal biopsy specimens were examined using light, 
immunofluorescence, and electron microscopy, and the 
histopathology was graded based on the Oxford 
Classification system, comprising M < 0.5 (M0) or M > 
0.5 (M1), E absent (E0) or E present (E1), S absent (S0) or 
S present (S1), T ≤ 25% (T0) or T 26%–50% (T1), or T > 
50% (T2), and C absent (C0) or C present ≥ 1 glomerulus 
(C1) or C > 25% glomeruli (C2).9 All the renal biopsy 
results were reviewed independently by two renal pathol
ogists from Guangzhou KingMed Center for Clinical 
Laboratory.

Statistical Analyses
Quantitative variables with normal distribution were expressed 
as mean ± standard deviation, and variables with skewed 
distribution were expressed as median (quartile). Categorical 
variables were expressed as frequency (percentage).

Graphical examination of the eGFR trajectories 
showed curvilinear changes in eGFR. GAMMs were 
used to investigate the fixed effects of the Oxford 
Classification of M, E, S, T, and C associations with long
itudinal changes in eGFR.28 In these models, the 
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dependent variable (eGFR) was evaluated at the baseline 
visit and during all follow-up visits, whereas the indepen
dent variables were only assessed at the baseline visit 
(Oxford Classification scores M, E, S, T, and C). Age, 
gender, MAP, proteinuria, and the Oxford Classification 
MEST-C score were adjusted in the multivariable models 
to determine whether the effects of M, E, S, T, and C on 
the changes in eGFR were independent. The interaction 
term between a fixed effect variable (M, E, S, T, or C) and 
time in these mixed-effects regression models was used to 
evaluate whether the variable was associated with long
itudinal changes in eGFR.

All analyses were performed using the statistical soft
ware packages R (http://www.R-project.org, The 
R Foundation), EmpowerStats (http://www.empowerstats. 
com, X&Y Solutions, Inc., Boston, MA, US) and 

GraphPad Prism 8 (GraphPad Software Inc, La Jolla, 
CA, US). A p-value < 0.05 was considered statistically 
significant.

Results
The median duration of follow-up starting from renal biopsy 
was 2.1 years (interquartile range [IQR], 1.1–3.8 years). A total 
of 1423 eGFR measurements taken from 280 patients were 
available for analysis (Figure 1). At the time of renal biopsy, 
the mean age was 35.5 ± 9.9 years, 51.8% were male, 33% 
exhibited hypertension, the median eGFR was 78.2 mL/min/ 
1.73 m2 (IQR, 51.7–100.3 mL/min/1.73 m2), and the median 
proteinuria was 1.2 g/24 h (IQR, 0.6–2.1 g/24 h). For the 
Oxford Classification score, in each score group, M1, E1, 
and S1 accounted for 74.6%, 25%, and 28.9%, respectively, 

Figure 1 Flowchart of immunoglobulin A nephropathy patients included in the study.
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and T1, T2, C1, and C2 accounted for 23.9%, 5%, 48.6%, and 
8.9%, respectively (Table 1). Patients with active lesions took 
more corticosteroids/immunosuppressants at baseline. For 
example, 32.6% and 61.8% of patients with E0 and E1 scores, 
respectively, and 25.2%, 46%, and 82.1% of patients with C0, 
C1, and C2 scores, respectively, used at least one kind of 
immunosuppressive treatment (corticosteroids or immunosup
pressants; Figure 2). The eGFR decreased on average by 
1.3 mL/min/1.73 m2 (95% CI, 0.5–2.1 mL/min/1.73 m2) 

per year during the follow-up time in the entire cohort 
(Figure 3).

We used GAMMs to evaluate the predictive effects of 
the M, E, S, T, and C scores on longitudinal changes in 
eGFR. A statistically significant interaction term between 
time and a predictive variable implied that the longitudinal 
changes of eGFR were influenced by the variable. In an 
unadjusted analysis, compared with patients without 
lesions, the presence of T2 lesions (−6.1; 95% CI, −10.1 
to −2.1 mL/min/1.73 m2 per year; p = 0.003) was associated 
with the fastest eGFR decline; a steep annual decline in 
eGFR was also associated with S1 (−2.4; 95% CI, −4.3 to 
−0.6 mL/min/1.73 m2 per year; p = 0.011) and C2 (−3.8; 
95% CI, −7.1 to −0.5 mL/min/1.73 m2 per year; p = 0.027). 
After adjusting for covariates including age, gender, MEST- 
C score, MAP, and proteinuria, the associations between T2 
(−5.7; 95% CI, −9.5 to −2.0 mL/min/1.73 m2 per year; p = 
0.003), S1 (−2.9; 95% CI, −4.6 to −1.1 mL/min/1.73 m2 

per year; p = 0.002), and C2 (−3.4; 95% CI, −6.4 to 
−0.5 mL/min/1.73 m2 per year; p = 0.023), and the long
itudinal decreases in eGFR remained significant. However, 
we found no associations between M1, E1, T1, and C1 and 
progressive eGFR decline in unadjusted or adjusted models 
(p > 0.05; Table 2, Figure 4).

Discussion
There is worldwide consensus regarding use of the Oxford 
Classification to evaluate the severity of kidney lesions 
and to guide treatment for patients with IgAN. However, 
to our knowledge, this is the first study to evaluate the 
associations between the Oxford Classification score and 
longitudinal changes in renal function. In the present 
study, using measurements of eGFR, repeated at each 
follow-up visit, we found that patients with S1, T2, and 
C2 lesions had steeper eGFR declines than did patients 
without such lesions, and those with T2 lesions showed the 
fastest eGFR decline.

It has been seen that T lesions strongly predicted renal 
outcomes in patients with IgAN.9 The important role of 
S lesions has also been recognized although the predictive 
effect was weaker than that of T lesions.8,10,14–16,21 However, 
the exact contribution of each marker to longitudinal eGFR 
decline currently remains unclear. In the present study, we 
found that patients with T2 lesions had substantially faster 
eGFR declines than patients without these lesions. However, 
this was not the case for patients with TI lesions. Similarly, 
patients with S1 lesions had more rapid eGFR declines 

Table 1 Baseline Characteristics and Pathological Features of 
IgAN Patients

Variables Total

Age, yr 35.5± 9.9

Male, n (%) 145 (51.8%)

SBP, mmHg 131.0 ± 19.8

DBP, mmHg 83.9 ± 13.4

MAP, mmHg 98.6 ± 14.5

Hemoglobin, g/L 129.5 ± 19.5

Albumin, g/L 39.3 ± 5.6

Total cholesterol, mmol/L 4.8 ± 1.2

Triglyceride, mmol/L 1.6 ± 1.2

Uric acid, umol/L 412.9 ± 114.2

eGFR, mL/min/1.73m2 78.2 (51.7, 100.3)

Proteinuria, g/24h 1.2 (0.6, 2.1)

ACEi/ARB, n (%) 204 (73.4%)

Corticosteroid/immunosuppressant, n (%) 115 (41.8%)

Oxford Classification, n (%)
Mesangial hypercellularity (M1) 209 (74.6%)

Endocapillary hypercellularity (E1) 70 (25%)

Segmental glomerulosclerosis (S1) 81 (28.9%)
Tubular atrophy/interstitial fibrosis (T)

T0 (≤25%) 199 (71.1%)

T1 (26–50%) 67 (23.9%)
T2 (>50%) 14 (5%)

Cresent (C)

C0 (0%) 119 (42.5%)
C1 (0–25%) 136 (48.6%)

C2 (>25%) 25 (8.9%)

Notes: Data presented as mean ± SD, median (25th, 75th) or number (percent). 
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, 
mean artery pressure; eGFR, estimated glomerular filtration rate; ACEi, angioten
sin-converting enzyme (ACE) inhibitor; ARB, angiotensin II receptor blocker.
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(−2.9 mL/min/1.73 m2 per year) than did those without. This 
happened even though 33% and 41% of patients with T2 and 
S1 lesions, respectively, were treated with corticosteroids/ 
immunosuppressants after renal biopsy. The effects on renal 

progression appeared to be strong and persistent. These 
results were consistent with Coppo et al,29 who used the 
original Validation Study of the Oxford Classification for 
IgAN (VALIGA) with their cohort, with an extended follow- 

Figure 3 The trajectories of estimated glomerular filtration rate (eGFR) in patients with immunoglobulin A nephropathy. Estimates were from mixed-effect models adjusted 
for age, gender, mean artery pressure, proteinuria and the Oxford Classification MEST-C score. The red line indicated the estimated value for eGFR, and the blue lines 
represented the 95% confidence interval for the mean.

Figure 2 The proportions of corticosteroid/immunosuppressant used in immunoglobulin A nephropathy patients with different Oxford Classification scores. These data 
were collected at baseline after renal biopsy.
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up period of 35 years for analysis. They found S1 and T1/T2 
were still independently related to renal outcomes, suggest
ing the prognostic value for kidney failure can remain 
unchanged decades after the renal biopsy. In addition, a meta- 
analysis of five studies with 637 patients showed that S and 
T lesions significantly predicted steroid resistance.30 Some 
studies of Oxford Classification scores on repeated biopsies 
showed that T and S lesions did not improve after immuno
suppressive treatments; on the contrary, deterioration 
appeared to be very common.25,31,32 These phenomena sug
gest that T2 and S1 lesions might reflect poor responsiveness 
or even unresponsiveness to currently available treatments. 
Further studies with repeated biopsies are needed to deter
mine whether these lesions are potentially treatable or only 
cause progressive chronic damage.

The prognostic role of crescents (cellular/fibrocellular 
crescents) on renal progression are controversial and were 
not included in the original Oxford Classification score 
system. A working subgroup of the IgAN Classification 
Working Group addressed crescents as a potential predic
tor for renal outcomes in 3096 patients with IgAN, who 

were assembled from four retrospective studies (Haas et 
al,26 Oxford,8,33 and VALIGA34) and two large Asian 
databases.13,19 They found that C1 lesions predicted renal 
outcomes only in those untreated with immunosuppressive 
agents, while C2 lesions independently forecast poor renal 
outcomes in both patients receiving and not receiving 
immunosuppression. In our study, we did not separate 
patients according to their immunosuppressive status and, 
in line with Haas et al, the proportion of crescents 
increased accordingly with the percentage of patients trea
ted with immunosuppression (Figure 2); 46% and 82.1% 
of patients with C1 and C2 lesions, respectively, took 
corticosteroids/immunosuppressants at baseline. 
Interestingly, we noticed patients with C2 rather than C1 
lesions had more rapid declines in eGFR (−3.4 mL/min/ 
1.73 m2 per year) after renal biopsy. This agrees with the 
results of Haas et al, suggesting that the effect of C2 
lesions on kidney progression might be irreversible using 
current immunosuppressive therapies. Two studies of 
repeated biopsies showed that patients with cellular/fibro
cellular crescents displayed significant improvement after 

Table 2 Association of the Oxford Classification Score MEST-C with the Changes in eGFR

Oxford Classification Unadjusted Adjusteda

Βeta (95% CI) P value Βeta (95% CI) P value

Time, yr −1.4 (−2.3, −0.5) 0.001 −1.3 (−2.1, −0.5) 0.002

M1 −3.4 (−13.5, 6.7) 0.510 −4.2 (−11.5, 3.2) 0.267

E1 −8.1 (−18.1, 2.0) 0.117 2.6 (−5.0, 10.3) 0.504

S1 −21.8 (−31.6, −12.1) <0.001 −14.1 (−21.6, −6.6) <0.001

T1 −45.2 (−50.3, −40.1) <0.001 −36.7 (−41.4, −32) <0.001

T2 −56.1 (−69.1, −43.1) <0.001 −49.9 (−61.4, −38.3) <0.001

C1 3.8 (−5.5, 13.1) 0.425 2.9 (−4.3, 10.0) 0.432

C2 −11.1 (−29.4, 7.3) 0.238 −5.2 (−20.1, 9.7) 0.494

Time×M1 1.7 (−0.3, 3.7) 0.096 1.6 (−0.4, 3.6) 0.108

Time×E1 −0.3 (−2.5, 2.0) 0.82 0.5 (−1.7, 2.6) 0.676

Time×S1 −2.4 (−4.3, −0.6) 0.011 −2.9 (−4.6, −1.1) 0.002

Time×T1 0.5 (−0.9, 1.8) 0.52 0.2 (−1.1, 1.5) 0.771

Time×T2 −6.1 (−10.1, −2.1) 0.003 −5.7 (−9.5, −2.0) 0.003

Time×C1 −1.9 (−4.1, 0.3) 0.086 −1.4 (−3.3, 0.5) 0.15

Time×C2 −3.8 (−7.1, −0.5) 0.027 −3.4 (−6.4, −0.5) 0.023

Notes: Generalized additive mixed models (GAMMs) were used to investigate the nonlinear fixed effects of M, E, S, T, and C associations with the longitudinal changes in 
eGFR. Estimates are in mL/min per 1.73 m2 per 1 SD increment in biomarker. aAdjusted for age, gender, MAP, proteinuria (g/24h), and the Oxford Classification MEST-C 
markers (GAMM method included the initial eGFR as a covariate automatically).
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immunosuppressant use.25,35 Of these two studies, Shen 
et al reported that, in patients with C lesions on the first 
biopsy, after immunosuppressive treatment, 10% had dis
appeared, 5% deteriorated, 65% reversed, and 20% per
sisted in the second biopsy.25 Another study found no 
statistically significant changes between the first 
and second biopsy with respect to C lesions (16% vs 
11%).32 Nevertheless, these studies did not analyze the 
severity of the crescents (ie, C1 or C2), and there were 
more patients with C1 lesions than C2 lesions. In our 
study, C1 and C2 accounted for 48.6% and 8.9%, respec
tively, which suggests that the persistence or deterioration 
of C lesions in previous studies can probably be attributed 
to C2 lesions. We therefore speculate that patients with C2 
lesions might have poor responses to current treatment 
therapies, similar to patients with T2 and S1 lesions. 
This hypothesis requires further studies of repeated biopsy 
data for confirmation.

The ability of M and E lesions to predict renal out
comes has been inconsistent and less reproducible. Several 
lines of evidence have suggested that E lesions are not 
associated with renal progression.8,13–26,36,37 Even so, 
some studies found that E1 lesions correlated with 
a higher degree of proteinuria and impaired renal function 
at the time of biopsy, as well as a more rapid loss of 
kidney function, particularly in patients not taking immu
nosuppressive treatments.8,14,38 These results suggest that 

the ability of E1 lesions to predict renal outcomes might be 
masked by the immunosuppressants; this finding is sup
ported by the studies of repeated biopsy data that demon
strated substantial improvement of E lesions after 
immunosuppressant treatment. By contrast, M1 lesions 
showed no significant changes in serial biopsies.25,30–32,35 

We did not observe any association of E1 lesions with 
longitudinal changes of renal function although we 
included use of immunosuppressants at baseline as 
a covariate in the mixed models. No significant association 
was found for M1 lesions either.

The greatest strength of our study was our adoption of 
repeated measurements of eGFR, allowing us to track long
itudinal changes of renal function. In this way, we were able to 
measure associations between each Oxford Classification 
score and progressive renal function decline. However, this 
study also had some limitations. As a retrospective study, we 
could not stratify patients according to treated versus untreated 
status to adjust for the influence of medication. Nevertheless, 
when we introduced the immunosuppressive medication status 
at baseline as a covariate to the mixed models, the associations 
were not modulated significantly. In addition, the follow-up 
time was relatively short, we only analyzed data from one 
center, and the number of patients was small, especially those 
with T2 lesions. On the other hand, the repeated measurements 
did strengthen the statistical power. So, these results must be 

Figure 4 Association of the Oxford Classification MEST-C score with the annual changes in estimated glomerular filtration rate (eGFR) in immunoglobulin A nephropathy 
patients. Estimates (95% confidence interval) in mL/min/1.73 m2 per year for each Oxford Classification score. Compared with patients without the relative lesions, the 
presence of S1, T2, and C2 were significantly associated with a faster eGFR decline (p < 0.05).
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verified in other centers and ethnic groups with longer follow- 
up times and larger sample sizes.

In summary, we performed repeated measurements 
of eGFR during follow-up visits for analysis and found 
that Oxford Classification score T2 was associated with 
the fastest eGFR decline in patients with IgAN, fol
lowed by S1 and C2 scores. These findings suggest 
that these lesions might not be significantly ameliorated 
by currently available treatments, and new therapies 
targeted at improving the early damage of these lesions 
might be essential to improve renal outcomes.
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