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Introduction: Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) causes

autoimmune-mediated inflammation of small blood vessels in multiple organs, including the kidneys. The

ability to accurately predict kidney outcomes would enable a more personalized therapeutic approach.

Methods: We used our national renal biopsy registry to validate the ability of ANCA Renal Risk Score

(ARRS) to predict end-stage kidney disease (ESKD) for individual patients. This score uses histo-

pathological and biochemical data to stratify patients as high, medium, or low risk for developing

ESKD.

Results: A total of 288 patients were eligible for inclusion in the study (low risk n ¼ 144, medium risk n ¼
122, high risk n ¼ 12). Using adjusted Cox proportional hazard models with the low-risk group as refer-

ence, we show that outcome differs between the categories: high-risk hazard ratio (HR) 16.69 (2.91–95.81,

P ¼ 0.002); medium risk HR 4.14 (1.07–16.01, P ¼ 0.039). Incremental multivariable-adjusted Cox propor-

tional hazards models demonstrated that adding ARRS to a model adjusted for multiple clinical param-

eters enhanced predictive discrimination (basic model C-statistic 0.864 [95% CI 0.813–0.914], basic model

plus ARRS C-statistic 0.877 [95% CI 0.823–0.931]; P <0.01).

Conclusion: The ARRS better discriminates risk of ESKD in AAV and offers clinicians more prognostic

information than the use of standard biochemical and clinical measures alone. This is the first time the

ARRS has been validated in a national cohort. The proportion of patients with high-risk scores is lower in

our cohort compared to others and should be noted as a limitation of this study.

Kidney Int Rep (2023) 8, 1648–1656; https://doi.org/10.1016/j.ekir.2023.05.029
KEYWORDS: ANCA-associated vasculitis (AAV); ANCA Renal Risk Score (ARRS); biopsy registry; end-stage kidney

disease (ESKD)
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ver the past 50 years, there have been substantial
advances in the diagnosis and management of

AAV. These developments have improved prognosis
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and provided valuable insights into the pathophysio-
logical mechanisms and epidemiologic associations of
this group of diseases.

Renal involvement in AAV is independently asso-
ciated with poor outcomes.1,2 Contemporary immuno-
suppression regimens have improved outcomes, but
immunosuppression carries a significant side effect
burden and should thus be utilized prudently.3-11
Kidney International Reports (2023) 8, 1648–1656
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Tailoring of treatment may be guided by diagnostic
and prognostic data provided by a kidney biopsy.12-14

However, one of the challenges in the interpretation of
renal biopsy results in AAV is the heterogeneity in
histopathological features: a variety of lesions can
affect multiple areas of the nephron with differing
levels of cellular infiltration, fibrous scarring, and
atrophic changes.15

Several classification systems have been proposed
to address this issue. The most widely adopted was
proposed by Berden et al.16 in 2010, in which kidney
biopsies are categorized according to the presence of
normal glomeruli, the proportion of cellular crescents
(as a marker of active inflammation), and the pro-
portion of globally sclerosed glomeruli (indicative of
chronic damage which is less likely to respond to
therapy). Biopsies can then be divided into 4 groups
as follows: focal (high proportion of normal
glomeruli), crescentic (high proportion of cellular
crescents), sclerotic (high proportion of globally
sclerosed glomeruli), and mixed (a combination of the
3 without any predominance). The authors validated
the classification system with a cohort of 100 inter-
national patients by demonstrating a correlation be-
tween histologic classification and renal function (at
presentation and then 1-year and 5- year follow-up).
They also demonstrated that ascending histopatho-
logical severity (from focal, to crescentic, mixed, and
then finally sclerotic) correlated with increasing risk
of ESKD.16

Brix et al.17 proposed the ARRS, which utilizes
histopathologic and biochemical data to predict out-
comes, as an alternative tool to help predict renal sur-
vival. The ARRS combines parameters that Brix et al.17

found to influence renal outcomes: most importantly,
the percentage of normal glomeruli. The degree of
interstitial fibrosis (IF) and tubular atrophy (TA) and
the baseline estimated glomerular filtration rate (eGFR)
also impact outcomes, albeit not independently. On the
basis of an aggregate of individual numerical scores
attributed to the percentage of normal glomeruli, pre-
sentation eGFR, and degree of IF/TA, patients are then
split into high, intermediate, and low-risk groups.
Utilizing a total cohort of 205 patients with gran-
ulomatosis with polyangiitis (GPA) or microscopic
polyangiitis (MPA), they demonstrated that the allo-
cation to 1 of these 3 risk groups was predictive of
renal survival; however, they detected no difference in
renal outcomes between patients divided into the
mixed, sclerotic, and focal classes of the Berden clas-
sification system.

Using a large national cohort of patients who have
had AAV confirmed on kidney biopsy, we aimed to
validate the ARRS proposed by Brix et al.17
Kidney International Reports (2023) 8, 1648–1656
METHODS
Patient Identification

The Scottish Renal Biopsy registry is a complete na-
tional data set of all kidney biopsies performed in
adults within Scotland since January 1, 2014. The
registry is compiled from data collected prospectively
by the 9 adult kidney units across the country and
includes demographics, investigation results (including
biopsy histopathology), diagnoses, extrarenal disease
manifestations, treatments, and outcomes. From the
Scottish Renal Biopsy Registry, 302 patients were
identified with AAV diagnosed on kidney biopsy be-
tween 2014 and 2020 inclusive. In patients who had
undergone repeat biopsy, only the first biopsy was
included. All patients had a record of renal function at
the time of biopsy. Fourteen patients with dual posi-
tivity for autoantibodies to myeloperoxidase-ANCA
and proteinase 3-ANCA were excluded, as were pa-
tients with dual ANCA and anti-glomerular basement
membrane autoantibody positivity. All patients had a
diagnosis of either GPA or MPA made by the treating
nephrologist.

ARRS

ARRS was calculated for all patients included within
the registry. The score is calculated by 3 separate pa-
rameters, which are each assigned numerical points as
follows: percentage of normal glomeruli (<10% ¼ 6,
10–25% ¼ 4, >25% ¼ 0); percentage of TA or IF
(>25% ¼ 2, #25% ¼ 0); and eGFR (#15 ml/min per
1.73 m2 ¼ 3, >15 ml/min per 1.73 m2 ¼ 0). eGFR was
calculated from the presentation serum creatinine using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation.18 These points were aggregated,
and patients were then divided into the following 3
renal risk categories, as defined by Brix et al.17: high
(8–11 points), medium (2–7 points) and low (0 points).

Socioeconomic Deprivation

Socioeconomic deprivation is prevalent in Scotland and
is recognized as an important contributing factor to
morbidity and mortality.19,20 It was therefore accoun-
ted for in this study as a baseline variable, as described
above. The Scottish Index of Multiple Deprivation 2016
tool21 was used to establish relative levels of depriva-
tion within this national cohort. The Scottish Index of
Multiple Deprivation is the official Scottish Govern-
ment tool for measuring deprivation across the popu-
lation using an amalgamation of metrics representing
the following 7 domains: income, employment, educa-
tion, health, access to services, crime and housing. The
domain metrics are then used to create a relative
ranking based on postcode, from 1 (most deprived) to
6976 (least deprived) based on postcode. The Scottish
1649
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Index of Multiple Deprivation data zones are then
grouped into quintiles of deprivation, from 1 (most
deprived) to 5 (least deprived). The patient’s postcode
at the time of biopsy was utilized.

Outcomes

Adverse outcomes were documented, including all-
cause mortality with death at 90 days following bi-
opsy and at any time point during the study period.
Our prespecified primary outcome of interest was
ESKD, defined as irrevocable loss of native kidney
function, necessitating kidney replacement therapy or
conservative kidney management for at least 90 days.
Disease relapse was defined as the first recurrence of
disease following remission induction that changed
clinical management.

Statistical Analysis

Demographic and clinical data were collated and pre-
sented as mean and standard deviation or median and
interquartile range (IQR) for normally and non-nor-
mally distributed data respectively. Normality of dis-
tribution was determined by visual inspection of
histograms and quantile-quantile plots. Data were
missing for urinary protein-to-creatinine ratio (uPCR,
12%) and requirement for kidney replacement therapy
(0.3%); these data were multiply-imputed by chained
equations using the average of 5 separately imputed
datasets.

Unadjusted survival analysis was used to compare
survival to the 4 outcomes of interest according to
ARRS category. Between-group comparison was
Table 1. Baseline demographic data presented by ARRS category
ARRS Category Total Low

N 288 144

Sex – Female n (%) 139 (48.3) 68 (47.

Age (yrs): mean (SD) 66.9 (12.3) 66.1 (12.

Creatinine (mmol/l): median (IQR) 216 [142, 342] 153 [105, 2

eGFR (CKD-EPI, ml/min per 1.73 m2):
median (IQR)

22 [13, 37] 34 [22, 5

Urinary PCR (mg/mmol): median (IQR) 136 [69, 269] 91 [45, 16

PR3 (%) 106 (36.8) 54 (37.

MPO (%) 182 (63.2) 90 (62.

Corticosteroid (%) 286 (99.3) 143 (99.

Cyclophosphamide (%) 215 (74.7) 104 (72.

Rituximab (%) 45 (15.6) 17 (11.

Plasma exchange (%) 56 (19.4) 9 (6.2

KRT at baseline (%) 34 (11.8) 0 (0)

Pulmonary hemorrhage (%) 21 (7.3) 9 (6.2

SIMD 1st quintile n (%) 58 32 (22.

SIMD 2nd quintile n (%) 57 25 (17.

SIMD 3rd quintile n (%) 51 30 (20.

SIMD 4th quintile n (%) 60 29 (20.

SIMD 5th quintile n (%) 62 28 (19.

ARRS, ANCA Renal Risk Score; eGFR, estimated glomerular filtration rate; KRT, kidney replacem
ratio; PR3, positive autoantibody to proteinase 3; SIMD, Scottish Index of Multiple Deprivation
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assessed using log-rank test. Incremental multivariable-
adjusted Cox proportional hazards models were created
for each of the following outcomes of interest - survival
to first relapse, ESKD, and death overall:

� Model 1: adjusted for age, sex, ANCA subtype, uPCR
and eGFR.

� Model 2: model 1 plus ARRS category.
� Model 3: model 2 plus treatment modalities (plasma
exchange, need for kidney replacement therapy at
presentation, cyclophosphamide, and rituximab).

� Model 4: model 3 plus SIMD category.

The low-risk group was considered the reference for
all analyses. eGFR and uPCR were log-transformed
before analysis.

Area under the receiver operating curves were used
to test predictive discrimination of eGFR, uPCR, and
ARRS as individual variables for the outcomes of in-
terest. C-statistics were used to test the predictive
discrimination of incremental models for the outcomes
of interest. Comparisons between the nested models
were performed using likelihood ratio tests. All ana-
lyses were conducted using R statistical software
(version 4.1.1) using tidyverse, mice, mitools, survival,
pROC, and survminer packages. Results with P < 0.05
were regarded as significant.
RESULTS
Of the 288 patients included in the study, 108 were
diagnosed with GPA and 180 with MPA. Baseline de-
mographics by ARRS category are presented in Table 1.
Medium High P

132 12 -

2) 65 (49.2) 6 (50.0) 0.94

1) 68.3 (11.9) 61.0 (16.0) 0.07

10] 318 [217, 465] 566 [523, 772] <0.001

4] 13 [9, 23] 7 [4, 8] <0.001

7] 190 [106, 366] 494 [211, 697] <0.001

5) 43 (32.6) 9 (75.0) <0.01

5) 89 (67.4) 3 (25.0) -

3) 131 (99.2) 12 (100.0) 0.95

2) 101 (76.5) 10 (83.3) 0.56

8) 25 (18.9) 3 (25.0) 0.17

) 38 (28.8) 9 (75.0) <0.01

25 (18.9) 9 (75) <0.001

) 8 (6.1) 4 (33.3) <0.01

2) 25 (18.9) 1 (8.3) 0.254

4) 26 (19.7) 6 (50) -

8) 20 (15.2) 1 (8.3) -

1) 29 (22.0) 2 (16.7) -

4) 32 (24.2) 2 (16.7) -

ent therapy; MPO, positive autoantibody to myeloperoxidase; PCR, protein-to-creatinine
, quintile 1 ¼ most deprived.

Kidney International Reports (2023) 8, 1648–1656



Figure 1. Unadjusted survival to ESKD by ARRS category. Unadjusted survival analysis to end-stage kidney disease (ESKD). Log-rank P dis-
played for difference between ANCA Renal Risk Score (ARRS) category. ARRS, ANCA Renal Risk Score; ESKD, end-stage kidney disease.

DP McGovern et al.: National Validation of ANCA Renal Risk Score CLINICAL RESEARCH
Mean age at biopsy was 66.9 � 12.3 years and 149
(51.7%) patients were male with 106 (36.8%) positive
for autoantibody to proteinase 3-ANCA. For ARRS, the
patients were stratified into low (n ¼ 144, 50.0%),
medium (n ¼ 132, 45.8%), and high (n ¼ 12, 4.2%) risk
groups respectively. Of the 288 patients eligible for
inclusion, 39 (13.5%) patients relapsed, 39 (13.5%)
progressed to ESKD and 67 (23.2%) patients died. Mean
duration of follow-up was 1131 � 582 days, from
presentation to the date of data collection. Median
times to relapse, ESKD, and death were 2.6 (IQR 0.8–
3.6), 3.0 (IQR 1.5–4.0) and 3.2 (IQR 2.2–4.3) years,
respectively.
ARRS Comparisons

Baseline demographic and outcome data, stratified by
risk group, are demonstrated in Table 1. Median eGFR
was lower (CKD-EPI, ml/min per 1.73 m2, median [IQR]:
high 7 [4–8]; medium 13 [9–23], and low 34 [22–54],
P < 0.001) and uPCR was higher (mg/mmol, median
[IQR]: high 494 [211–697], medium 318 [217–465], and
low 152 [105–210], P < 0.001) in the high-risk group
compared to the other risk groups (Table 1). In the
high-risk group, proteinase 3-ANCA positivity and
Kidney International Reports (2023) 8, 1648–1656
pulmonary hemorrhage were more common (P < 0.01
for both). High-risk patients were more likely to
receive plasma exchange and/or hemodialysis at pre-
sentation (P <0.01 and <0.001, respectively). Relapse
was progressively less common with increasing ARRS
(no relapses in high risk group: medium 9.3% and low
18.4%; P ¼ 0.02).
Risk Prediction of ESKD

On unadjusted survival analysis, higher ARRS category
was associated with higher hazards of progression to
ESKD (log-rank P < 0.001; Figures 1 and 2).

In the simplest multivariable-adjusted Cox propor-
tional hazard model, higher uPCR and lower eGFR were
associated with progression to ESKD (Table 2). In
progressively more complex models, medium or high
ARRS was associated with progression to ESKD. ARRS
category was not associated with increased hazards of
relapse or death (Figure 2), though among those with
high ARRS, there were no recorded relapses during the
follow-up period.

ARRS showed better discrimination for ESKD than
either eGFR or uPCR alone (Figure 3). The simplest model
(eGFR, uPCR, age, sex, and ANCA subtype) allowed very
1651



Figure 2. Forest plot for hazards of survival to ESKD, relapse and death
Forest plot with outputs of Cox proportional hazards ratios (HR with 95% confidence intervals) for survival to end-stage kidney disease (ESKD),
relapse and death. No relapse events in group with high ANCA Renal Risk Score (ARRS) category, therefore no data displayed. ARRS, ANCA
Renal Risk Score; ESKD, end-stage kidney disease.

CLINICAL RESEARCH DP McGovern et al.: National Validation of ANCA Renal Risk Score
good or excellent risk prediction of ESKD (C-statistic
0.864, 95% CI 0.813–0.914); however, this was substan-
tially improved by addition of ARRS (C-statistic 0.877,
95%CI 0.823–0.931), and improved again by inclusion of
treatment modalities (C-statistic 0.894 (0.853–0.935)
(Table 3). The addition of deprivation category did not
further improve discrimination of ESKD.
DISCUSSION
Although outcomes have improved significantly in
AAV with the use of immunosuppression therapy,
these treatments are associated with a significant
burden of side effects. Establishing accurate and
objective ways of predicting outcomes such as ESKD is
paramount; unsurprisingly, patients place great
importance on avoiding this outcome.22 Knowing ESKD
Table 2. Multivariable-adjusted hazard ratios for risk of ESKD for models
Variable Model 1 Model 2

Age 0.97 (0.95–1.00, P ¼ 0.031) 0.98 (0.95–1.00, P ¼ 0.1

Sex 0.73 (0.38–1.39, P ¼ 0.336) 0.66 (0.33–1.29, P ¼ 0.2

MPO positive 0.53 (0.28–1.01, P ¼ 0.055) 1.42 (0.66–3.09, P ¼ 0.3

eGFR (log) 0.30 (0.19–0.47, P < 0.001) 0.43 (0.25–0.74, P ¼ 0.0

uPCR (log) 1.60 (1.04–2.44, P ¼ 0.031) 1.43 (0.94–2.19, P ¼ 0.0

ARRS category medium 3.80 (1.00–14.34, P ¼ 0.

ARRS category high 12.97 (2.50–67.28, P ¼ 0.

CYC

KRT at baseline

PEX

SIMD 1st Quintile

SIMD 2nd Quintile

SIMD 3rd Quintile

SIMD 4th Quintile

ARRS, ANCA Renal Risk Score; CYC, cyclophosphamide; eGFR, estimated glomerular filtration
SIMD, Scottish Index of Multiple Deprivation; uPCR, urinary protein-to- creatinine ratio.
Adjusted hazard ratios for the risk of developing ESKD for models 1–4. Model 1 – adjusted for age
model 2 plus treatment modalities (CYC, RTX, PEX, baseline KRT). Model 4 – model 3 plus SIM
ratios calculated for MPO-ANCA subtype with PR3-ANCA subtype group as reference. Hazar
Category Low as reference. Hazard ratios calculated for SIMD quintiles 1–4 using quintile 5 (i

1652
risk can help patients and clinicians to plan for ESKD
and to tailor AAV treatment. For example, some ex-
perts recommend adding plasma exchange to induction
therapy when the risk of ESKD is high.22 Furthermore,
if clinicians identify a patient as being at high risk for
developing ESKD, a considered, early decision may be
made to limit exposure to aggressive immunosuppres-
sive therapies if there is clear indication it is likely to
be futile. In addition, being able to predict ESKD could
also be advantageous in the accurate and appropriate
recruitment of patients into clinical trials.

Our study aims to validate the ARRS proposed by
Brix et al.,17 which utilizes a novel combination of
histopathological and biochemical data to accurately
predict the likelihood of ESKD in kidney biopsy-
proven AAV. Our data suggest that the ARRS is a
highly accurate tool for the prediction of ESKD in
1–4
Model 3 Model 4

00) 0.98 (0.95–1.01, P ¼ 0.227) 0.98 (0.96–1.01, P ¼ 0.308)

20) 0.63 (0.31–1.29, P ¼ 0.208) 0.52 (0.25–1.08, P ¼ 0.080)

71) 1.69 (0.78–3.68, P ¼ 0.186) 1.70 (0.78–3.70, P ¼ 0.184)

02) 0.53 (0.27–1.05, P ¼ 0.068) 0.52 (0.25–1.07, P ¼ 0.077)

98) 1.34 (0.88–2.03, P ¼ 0.177) 1.31 (0.88–1.97, P ¼ 0.186)

049) 4.14 (1.07–16.01, P ¼ 0.039) 4.24 (1.06–16.89, P ¼ 0.040)

002) 16.69 (2.91–95.81, P ¼ 0.002) 18.91 (3.07–116.34, P ¼ 0.002)

3.61 (0.68–19.26, P ¼ 0.133) 4.28 (0.69–26.45, P ¼ 0.118)

2.80 (1.03–7.66, P ¼ 0.044) 2.61 (0.97–6.97, P ¼ 0.056)

0.49 (0.17–1.44, P ¼ 0.193) 0.52 (0.19–1.45, P ¼ 0.213)

2.15 (0.59–7.82, P ¼ 0.246)

2.68 (0.80–8.98, P ¼ 0.110)

3.16 (0.82–12.27, P ¼ 0.096)

3.47 (1.01–11.96, P ¼ 0.049)

rate; KRT, kidney replacement therapy; MPO, myeloperoxidase; PEX, plasma exchange;

, sex, ANCA subtype, eGFR and uPCR. Model 2 – model 1 plus ARRS category. Model 3 –
D quintile. All data are displayed as hazard ratio (confidence intervals, P-value). Hazard
d ratios calculated for ARRS Category Medium and ARRS Category High, using ARRS
.e., least deprived quintile) as reference.

Kidney International Reports (2023) 8, 1648–1656



Figure 3. Receiver operating curves for discrimination of end-stage
kidney disease ARRS, antineutrophil cytoplasmic antibody (ANCA)
renal risk score; AUROC, area under the receiver operating curve;
eGFR, estimated glomerular filtration rate; uPCR, urinary protein-to-
creatinine ratio.

Table 3. Model fit comparison with and without ARRS included
Model Comparator C-statistic (95% CI) P-value

Model 1 n/a 0.864 (0.813–0.914) n/a

Model 2 Model 1 0.877 (0.823–0.931) <0.001

Model 3 Model 2 0.894 (0.853–0.935) 0.028

Model 4 Model 3 0.902 (0.865–0.938) 0.867

ARRS, Antibody Renal Risk Score.
C-statistics to test the predictive discrimination of antinuclear cytoplasmic Antibody
Renal Risk Score (ARRS) for end-stage kidney disease (ESKD). P-value is for likelihood
ratio tests.
Model 1: adjusted for age, sex, ANCA subtype, uPCR and eGFR.
Model 2: model 1 plus ARRS category.
Model 3: model 2 plus treatment modalities (plasma exchange, need for KRT at pre-
sentation, cyclophosphamide, and rituximab).
Model 4: model 3 plus the SIMD category.

DP McGovern et al.: National Validation of ANCA Renal Risk Score CLINICAL RESEARCH
AAV. Our statistical approach in the creation of mul-
tiple Cox proportional hazard models has allowed us to
demonstrate that the addition of data regarding the
treatments delivered to patients (but not the addition of
data regarding socioeconomic deprivation) strengthens
the ability of the ARRS to predict ESKD.

The ARRS has been proposed as an alternative to the
established Berden classification system. Multiple in-
ternational validation studies have been performed for
the Berden classification with mixed results.23-39

Several of these studies did not demonstrate signifi-
cant differences between the mixed and crescentic
classes for kidney outcomes and this lack of distinction
has been confirmed in 2 meta-analyses.40,41 Further-
more, although Berden et al.42 did note that more
extensive tubulointerstitial disease was associated with
worse renal outcomes, they felt including extra-
glomerular pathology in their classification system
added complexity without prognostic improvement.
They also noted that though patients with crescentic
and sclerotic classifications of disease had similar kid-
ney function at presentation, there was a more sub-
stantial renal recovery in those with crescentic disease,
because of the reversibility of active inflammation
compared to fibrosis, thereby delineating the impor-
tance of fibrosis in prognostication.16 The same group
now plans on reassessing whether tubulointerstitial
pathology should be included in their future
Kidney International Reports (2023) 8, 1648–1656
classification systems.40 It has been highlighted by
other groups that the degree of IF and/or TA is highly
predictive of renal function at 12 months and 18
months,13,42 and an independent predictor of ESKD
(although only on univariate analyses).35,36 The inclu-
sion of extraglomerular disease in the ARRS is one of
the key features that distinguishes it from the Berden
classification.

It should also be noted that the Berden classification
does not incorporate laboratory parameters, whereas
Brix et al.17 incorporate a biochemical measurement of
kidney function into their score - the eGFR at time of
biopsy. In our first hazard model for ESKD we noted a
higher eGFR was associated with lower risk, but the
addition of the ARRS in model 2 really improved the
predictive capabilities of the model. This suggests that
the histopathological features included in the ARRS -
the percentage of normal glomeruli and the percentage
of IF/TA - are themselves significant predictors of ESKD
and a kidney biopsy offers clinicians much more
prognostic information than biochemical data alone.

Although the ARRS has been validated in other
retrospective cohorts in the UK, Mexico, Turkey, and
the US,43-46 the major strength of this study is the size
and completeness of the cohort: it is the largest study
in which the ARRS has been validated. A further key
strength is that the patients are from a complete na-
tional cohort, in which all patients with AAV diag-
nosed on kidney biopsy in Scotland are included.
Therefore, there is no international variation in practice
nor regional omissions in data collection.

Scotland has high levels of socioeconomic depriva-
tion and worse life expectancy rates than neighboring
countries in Western Europe; deprivation is likely to be
a crucial contributing factor.19,20 It has been previously
demonstrated that the incidence of AAV is unrelated to
deprivation in Scotland.47 This study has demonstrated
that in Scotland, the inclusion of deprivation data in
ESKD hazard models does not improve their predictive
power. This is an encouraging finding that suggests
1653
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that regardless of the recognized socioeconomic in-
equalities that exist in Scotland, diagnosis and treat-
ment in AAV are equitable.

The main limitation of our study is that our cohort
differs from others because of the low proportion of
high-risk patients identified by the score. In the training
and validation cohorts of Brix et al.,17 18.5% of their
patients were categorized as high risk. Other large
validation studies in European cohorts have identified
20% to 25% of their patients as high risk.48,49 In our
study, only 4.2% of patients scored as “high risk.”

One possible explanation for why this discrepancy
exists is that it could be a consequence of Scotland’s
population distribution – 91% of Scotland’s population
live in 2.3% of the country’s land area50 and within
these conurbations, patients have ready access to 1 of
the country’s 9 renal units, which could conceivably
result in patients being diagnosed more rapidly and at
an earlier stage of disease. Furthermore, we have pre-
viously shown that rurality does not impact the inci-
dence of MPA, and that the incidence of GPA is higher
in rural populations.47 Although these data hint at
environmental trigger(s) for GPA, it also shows that
living rurally in Scotland is not a barrier to AAV
diagnosis. Another potential explanation for our cohort
having fewer patients at high risk of ESKD is the higher
proportion of MPA patients in Scotland, when
compared to similar cohorts. It is well described that
AAV patients at higher latitudes are more likely to
have GPA than MPA.51 However, in our cohort, 63%
were diagnosed with MPA, whereas in the German
cohort of Brix et al.,17 55% had MPA.17 Other cohort
studies in the UK and Sweden demonstrated only 34%
and 51% of their respective cohorts had MPA.52,53

Although kidney involvement is more common in
MPA than GPA, there is a recognized distinct pheno-
type of MPA involving slowly progressive
nephritis.54,55 An overrepresentation of this slowly
progressive MPA phenotype in our cohort may have
contributed to the unique risk profile. When consid-
ering other factors that may have impacted the number
of patients with a high ARRS score, we considered
underreporting of IFTA by pathologists; however, such
a discrepancy would seem unlikely to occur at a na-
tional level. In addition, we also considered whether
larger-than-average biopsy cores, containing large
numbers of glomeruli, may have impacted the per-
centage of diseased glomeruli, resulting in lower risk
scores. However, the mean glomeruli count for our
biopsy cohort was 17, so this would also seem unlikely.

Our findings could be strengthened further by
additionally categorizing patients according to the
Berden classification system. This would allow for
direct comparison between the 2 classification systems
1654
and is an opportunity for future work, alongside
establishing why our Scottish cohort have a lower
percentage of patients at high risk of ESKD.

In summary, the simple ARRS, calculated using
routinely collected clinical and pathologic data, can
predict progression to ESKD in those with AAV proven
at biopsy. That the ARRS has now been validated in a
large, multicenter, national cohort should allow clini-
cians to deploy it as a valuable prognostic tool in the
management of AAV with kidney involvement.
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