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A B S T R A C T

Background. True population-based clinical and outcomes
data are lacking for anti-neutrophil cytoplasmic autoantibody
(ANCA)-associated glomerulonephritis (AAGN). Therefore we
aimed to estimate the incidence, prevalence and mortality of
AAGN, as well as the relationship between the grade of chronic
renal damage at presentation and renal and non-renal
outcomes.
Methods. Patients with AAGN were identified among a
population-based incident cohort of 57 Olmsted County resi-
dents diagnosed with ANCA-associated vasculitis (AAV) in
1996–2015. Incidence rates were age and sex adjusted to the
2010 US white population. Age- and sex-adjusted prevalence
was calculated for 1 January 2015. Survival rates were compared
with expected rates in the Minnesota population. Chronic renal
damage was assessed by chronicity score (CS) on biopsies per-
formed at diagnosis.
Results. Thirty-four (60%) patients had AAGN. Of these, 65%
had microscopic polyangiitis (MPA) and 74% were myeloper-
oxidase (MPO)-ANCA positive. The annual incidence of
AAGN was 2.0/100 000 population [95% confidence interval
(CI) 1.3–2.7] and the overall prevalence was 35/100 000 (95%
CI 24–47). Mortality for AAGN was increased (P< 0.001),
whereas mortality for AAV without glomerulonephritis did not
differ from the general population. Minimal to mild CS pre-
dicted recovery of renal function at 1 year; clinical diagnosis

(granulomatosis with polyangiitis versus MPA) and ANCA
specificity (proteinase 3 versus MPO) did not. This observation
was replicated in an independent cohort of 38 newly diagnosed
AAGN patients seen at our centre over the 1999–2014 period.
Conclusions. The annual incidence and prevalence of AAGN
in Minnesota are 2.0/100 000 and 35/100 000, respectively.
Mortality is worse compared with AAV patients without glo-
merulonephritis. More advanced renal damage at diagnosis pre-
dicts less renal recovery.

Keywords: ANCA-associated vasculitis, glomerulonephritis,
granulomatosis with polyangiitis, nephritis, renal insufficiency

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

Glomerulonephritis is a common disease manifestation of anti-
neutrophil cytoplasmic autoantibody (ANCA)-associated vas-
culitis (AAV) and often presents with severe kidney function
impairment, affecting both renal and overall patient survival
[1–4]. The annual reported incidence rate of ANCA-associated
glomerulonephritis (AAGN) in Europe is between 1.2 and 1.3
[95% confidence interval (CI) 1.0–1.6] per 100 000 inhabitants
�18 years of age [5–8], and a similar incidence has been ob-
served in Japan [9]. We have recently reported the annual inci-
dence of AAV in a well-defined region of the USA at � 3.3 per
100 000, with �60% of this population having renal
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involvement at diagnosis [3]. Population-based data specifically
addressing the epidemiology of AAGN and associated out-
comes in the USA are lacking.

The renal prognosis of AAGN differs greatly between indi-
vidual patients. Several attempts to classify patients by ANCA
specificity rather than by clinical diagnosis showed that renal
function at baseline and renal survival are inferior in myeloper-
oxidase (MPO)-AAV compared with proteinase 3 (PR3)-AAV
[6, 10]. Histological findings on renal biopsy also have a strong
prognostic value. The International Pathology Classification
comprises four categories of renal lesions, each associated with
a different prognosis, and MPO-AAV patients are more likely
to have renal pathology classified as mixed or sclerotic, usually
associated with a successively worse outcome [11, 12]. Others
have proposed renal scarring at presentation and renal function
at 6 months as predictors of renal response to treatment [13].
Overall, these findings suggest that the grade of chronic damage
in the kidney at presentation seems to be one of the principal
predictors for the renal prognosis and overall patient survival.

The International Pathology Classification is currently the
only validated histological classification for renal AAV.
However, its prognostic value has not been confirmed in all in-
dependent cohorts [14, 15]. A uniform, semi-quantitative ap-
proach called the chronicity score (CS), specifically assessing
chronic changes in all kidney biopsies regardless of underlying
disease, has been proposed by an international group, but has
not yet been utilized to score chronicity in AAGN [16].

The aim of this study was to report the annual incidence,
prevalence and mortality of AAGN during the past 20 years in a
population-based cohort of Olmsted County, Minnesota (USA)
residents and to evaluate the effect of renal damage at presenta-
tion on the recovery of renal function at 1 year after diagnosis
using the recently developed CS.

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

Data sources

Through the resources of the Rochester Epidemiology
Project (REP), the population of Olmsted County is well suited
for investigation of the epidemiology of AAV because compre-
hensive medical records for all residents seeking medical care
are available. The record linkage system allows ready access to
medical records for inpatients and outpatients from all health
care providers for the local population, including the Mayo
Clinic, the Olmsted Medical Center and their affiliated hospi-
tals, local nursing homes and the few private practitioners.
Furthermore, the Mayo Clinic was the only regional centre in
Olmsted County that performed and read renal biopsies in the
study period. The potential of this data system for use in
population-based studies has previously been described [17,
18]. The system also allows complete ascertainment of the out-
comes of interest (i.e. renal function and clinical data) for AAV
cases among the residents of Olmsted County.

Case ascertainment

Olmsted County residents with incident AAV from 1
January 1996 to 31 December 2015 were previously identified

by medical record review [3]. Briefly, patients were selected
based on diagnostic codes for granulomatosis with polyangiitis
(GPA), microscopic polyangiitis (MPA) and eosinophilic gran-
ulomatosis with polyangiitis (EGPA), AAV, ANCA arteritis
and renal vasculitis. To ensure complete detection of all poten-
tial cases, the laboratory database was searched for positive
ANCA test results detected by enzyme-linked immunosorbent
assay and immunofluorescence. AAV cases were included if
they fulfilled the criteria of at least one of the following classifi-
cation schemes: American College of Rheumatology (ACR)
classification criteria or the modified ACR criteria for GPA [19,
20], ACR criteria for EGPA [21], Chapel Hill Consensus
Conference (CHCC) definition [22] or European Medical
Agency (EMA) algorithm [23]. Patients were defined as having
AAGN if they had biopsy-proven AAGN and/or an AAV-
related increase in creatinine >30% and/or a decrease in creati-
nine clearance >25% and/or if they had haematuria or red cell
casts in the urinary sediment.

Clinical and histological data ascertainment

All medical records from identified patients were reviewed.
Information on patient demographics, clinical manifestations,
laboratory findings, histopathology, radiology and disease activ-
ity at baseline and during follow-up were abstracted. Data, re-
quired to compute the Birmingham Vasculitis Activity Score
for Wegener granulomatosis (BVAS/WG) [24] at AAV diagno-
sis were also abstracted from the medical records.

All clinically obtained creatinine values were collected. The
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation was used to calculate the estimated glomerular
filtration rate (eGFR) [25, 26]; kidney function was scored
according to the Kidney Disease Outcomes Quality Initiative
(KDOQI) for staging chronic kidney disease (CKD) classifica-
tion [27]. End-stage renal disease was defined as a sustained
eGFR<15 mL/min/1.73 m2 or the need renal replacement ther-
apy (dialysis or transplantation).

Only renal specimens obtained at the time of diagnosis were
considered for CS calculation. Biopsies were independently
scored by two physicians, blinded to the clinical data, according
to the previously standardized definitions. Differences in scor-
ing between the two physicians were resolved by re-reviewing
the biopsies and coming to a consensus.

Follow-up was continued until death, migration or 31
December 2016. The study was approved by the Institutional
Review Boards of Mayo Clinic and Olmsted Medical Center.

Independent replication cohort

To validate the prognostic value of the CS for recovery of re-
nal function at 1 year in patients with AAGN, an independent
cohort of consecutive US patients followed at Mayo Clinic
Rochester between 1 January 1999 and 1 January 2014 was
identified, fulfilling the same inclusion and exclusion criteria as
the Olmsted County patients. Only newly diagnosed patients
with biopsy-confirmed AAGN (with either a diagnosis of MPA
or GPA), with available creatinine data from the time of renal
biopsy and 12 months were included. Patients already part of
the Olmsted County incidence cohort or patients who
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underwent renal transplantation during the observation period
were excluded.

Statistical analysis

Comparisons between groups were performed using chi-
squared and rank sum tests. Age- and sex-specific annual
incidence rates of AAGN were calculated using the number of
incidence cases as the numerator and population estimates for
adults (age �18 years) based on decennial census counts as the
denominator, with linear interpolation to estimate population
size for intercensal years. Prevalence rates on 1 January 2015
were calculated using the number of prevalent cases as the nu-
merator and the population estimates for adults (age�18 years)
from the census as the denominator. Overall incidence and
prevalence rates were age and sex adjusted to the 2010 US white
population.

Survival following the diagnosis of AAV among those with
and without AAGN and by level of CS was estimated using
Kaplan–Meier methods. Observed and expected survival rates
were compared using the log-rank test, where expected survival
for persons of the same age, sex and calendar year was esti-
mated using Minnesota population life tables. The ratio of the
observed number of deaths to the expected number, the stan-
dardized mortality ratio (SMR), was estimated. Ninety-five per-
cent confidence intervals (CIs) were computed for the SMR
assuming that the expected rates are fixed and the observed
number of deaths follows a Poisson distribution. Analyses were
performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA) and R 3.2.3 (R Foundation for Statistical Computing,
Vienna, Austria).

R E S U L T S

Demographic, clinical and laboratory findings of the
incidence cohort at diagnosis

The demographic and clinical characteristics of the 57
patients diagnosed with AAV (28 MPA, 23 GPA and 6 EGPA)
in Olmsted County between 1996 and 2015 are summarized in
Table 1. Thirty-four patients had renal involvement at
diagnosis.

Patients with renal involvement were> 10 years older on av-
erage than those without (66.0 6 15.3 versus 54.8 6 15.9 years;
P¼ 0.008). Sixty-five percent of the patients with AAGN had a
clinical diagnosis of MPA and 74% were MPO-ANCA positive
compared with 26% with MPA and 39% with MPO-ANCA in
the group of AAV patients without glomerulonephritis. The
BVAS/WG was significantly higher at diagnosis in the group of
patients with AAGN [7.0 (95% CI 6.0, 9.0) versus 3.0 (3.0, 6.0);
P< 0.001], who had a shorter diagnostic delay (from the time
of the first symptom or sign until the time of diagnosis of AAV;
median 2.1 versus 7.4 months; P¼ 0.030).

Among the 34 patients with AAGN, 9 had GPA, 22 MPA
and 3 EGPA; 25 had MPO-AAV and 9 PR3-AAV. When
AAGN patients were stratified for clinical diagnosis or ANCA
specificity, no statistically significant differences in age, sex, to-
tal BVAS/WG and laboratory exams were found between the
groups (P> 0.05 in all comparisons). The eGFR was not

different between AAGN patients with GPA, MPA and EGPA
{GPA, median 31 [interquartile range (IQR) 15–44], MPA 26.5
(12–42) and EGPA 82 (26–100) mL/min/1.73 m2; P¼ 0.28}
and between PR3-AAV and MPO-AAV [PR3-AAV, median 31
(IQR 15–61), MPO-AAV 27 (17–42) mL/min/1.73 m2;
P¼ 0.98].

A total of 15 patients with AAGN experienced 31 relapses,
and 13 patients without AAGN at diagnosis experienced 25
relapses during 232 and 166 person-years of follow-up, respec-
tively. Relapse rates were similar between patients with and
without AAGN; the rates of any relapse were 13.4 and 15.1 per
100 person-years, respectively, and the rates of any severe re-
lapse (BVAS/WG�3) were 6.5 and 8.4 per 100 person-years,
respectively (P> 0.05 for both comparisons).

The annual incidence, mortality and prevalence rates

The annual age- and sex-adjusted incidence rate of AAGN
was 2.0 (95% CI 1.3–2.7) per 100 000 population (Table 2). The
overall age-adjusted annual incidence rate was 1.5 (95% CI 0.7–
2.3) per 100 000 in adult women and 2.5 (95% CI 1.4–3.6) in
adult men. The age- and sex-adjusted annual incidence rate for
adults was 1.3 (95% CI 0.7–1.8) per 100 000 population
for MPA glomerulonephritis, 0.5 (95% CI 0.2–0.9) for GPA
glomerulonephritis and 0.2 (95% CI 0.0–0.4) for EGPA
glomerulonephritis. Annual incidence rates were then
calculated based on ANCA subtype. The age- and sex-adjusted
annual incidence rate of PR3-AAGN for the adult population
was 0.5 (95% CI 0.2–0.9) per 100 000 population and 1.5 (95%
CI 0.9–2.1) for MPO-AAGN.

There were 15 deaths among the 34 patients with AAGN
and 4 deaths among the 23 patients without (Table 3). Age- and
sex-adjusted mortality was compared with the general popula-
tion with and without glomerulonephritis over a median
follow-up of 6.1 years (IQR 2.8, 11.0). With 7.0 expected deaths,
the SMR for AAGN was 2.1 (95% CI 1.2–3.5). However, sur-
vival of patients without AAGN was not significantly different
than that of the general population [2.7 expected deaths; SMR
1.5 (95% CI 0.4–3.8)]. The 5- and 10-year survival rates were
74% (95% CI 60–92%) and 54% (95% CI 38–77%), respectively,
among patients with AAGN and 90% (95% CI 78–100%) and
80% (95% CI 61–100%), respectively, among patients without
AAGN (Figure 1).

The age- and sex-adjusted prevalence of AAGN in adults
(age �18 years) on 1 January 2015 was 35 (95% CI 24–47) per
100 000 population, similar for females and males. The age- and
sex-adjusted prevalence of AAGN by AAV type is shown in
Table 2.

Chronic damage assessment by CS in baseline renal
biopsies

Renal biopsies were performed in 24 of 34 patients with 22
of the biopsies occurring at AAV diagnosis. The analysis of
chronic damage was based on these 22 biopsies. Using the CS
(Figure 2) [5], 14 patients were identified in the minimal/mild
chronic changes class (4 minimal and 10 mild) and 8 patients in
the moderate/severe chronic changes class (6 moderate and 2 se-
vere) (Supplementary data, Table S1). The clinical
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and laboratory data of patients were divided into two
groups according to their CS and are presented in Table 4. No
significant differences were found in these two groups for age at
onset, sex, diagnostic delay, clinical diagnosis, ANCA-

specificity, BVAS/WG, eGFR and clinical and laboratory find-
ings at index.

Induction treatment approaches were similar in patients of
the two groups (P> 0.05 in all comparisons): oral and/or

Table 1. Features of patients with incident AAV diagnosed in Olmsted County, Minnesota, 1996–2015, according to the presence of AAGN

Characteristic AAGN
(n¼ 34)

No AAGN
(n¼ 23)

Total
(N¼ 57)

P-value

Age (years), mean (SD) 66.0 (15.3) 54.8 (15.9) 61.5 (16.4) 0.008
Sex (female), n (%) 15 (44) 13 (57) 28 (49) 0.358
Ethnicity (Caucasian)a, n (%) 33 (97) 23 (100) 56 (98) 0.407
Clinical diagnosis, n (%) 0.015

GPA 9 (26) 14 (61) 23 (40)
MPA 22 (65) 6 (26) 28 (49)
EGPA 3 (9) 3 (13) 6 (11)

ANCA groups, n (%) 0.004
ANCA negative 0 (0) 5 (22) 5 (9) –
p-ANCA/MPO-ANCA 25 (74) 9 (39) 34 (60) –
c-ANCA/PR3-ANCA 9 (26) 9 (39) 18 (32) –

Renal involvement as a first symptom, n (%) 9 (26) – 9 (16) –
Diagnostic delay (months), median (IQR) 2.1 (0.9–7.9) 7.4 (3.1–23.0) 3.6 (1.0–12.5) 0.030
Renal biopsy (positive), n (%) 24 (69) – – –
BVAS/WG, median (IQR) 7.0 (6.0–9.0) 3.0 (3.0–6.0) 6.0 (4.0–8.0) <0.001

Generalb, n (%) 17 (50) 12 (52) 29 (51) 0. 872
Cutaneousb, n (%) 6 (18) 7 (30) 13 (23) 0.259
Mucous membrane/eyesb, n (%) 2 (6) 0 (0) 2 (4) 0.236
Ear, nose and throatb, n (%) 8 (24) 14 (61) 22 (39) 0. 004
Pulmonaryb, n (%) 15 (44) 15 (65) 30 (53) 0.118
Gastrointestinalb, n (%) – – – –
Renalb, n (%) 34 (100) – – –
Cardiovascularb, n (%) 0 (0) 1 (4) 1 (2) 0.220
Nervous systemb, n (%) 8 (24) 5 (22) 13 (23) 0.874

Haemoglobinc (g/dL), mean (SD) 10.5 (2.0) 12.0 (1.8) 11.1 (2.0) <0.001
WBCc (�109/L), mean (SD) 11.4 (5.0) 10.4 (5.0) 11.0 (5.0) 0.441
ESRc (mm/1 h), median (IQR) 50 (25–81) 24 (10–64) 43 (16.5–72.5) 0.111
CRPc (mg/L), median (IQR) 19.9 (6.9–45.0) 8.4 (3.0–66.2) 12.6 (4.5– 60.0) 0.189
Creatininec (mg/dL), median (IQR) 2.2 (1.3–3.8) 1.0 (0.8–1.2) 1.3 (0.9–2.6) <0.001
eGFRc (mL/min/1.73 m2), median (IQR) 27 (15–44) 78 (65–88) 43 (21.5–82) <0.001

aAll but one patient (a Native American) were Caucasian.
bSystem involvement was detailed according to the BVAS items.
cGeneral laboratory data not available in all patients (haemoglobin, WBC, platelets: missing in 2 patients without AAGN; ESR: missing in 5 patients with and 4 patients without
AAGN; CRP: missing in 15 patients with and 4 patients without AAGN).
c-ANCA, cytoplasmic ANCA; p-ANCA, perinuclear ANCA; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell.
Bold values in the P-values column, highlights significant p values from the non significant ones.

Table 2. Age- and sex-adjusted annual incidence of AAGN among residents of Olmsted County, Minnesota, 1996–2015, per 100 000 population age
�18 years and age- and sex-adjusted prevalence of AAGN among residents of Olmsted County, Minnesota on 1 January 2015 by per 100 000 population
age �18 years

Group Incidence Prevalence

Female Male Total Female Male Total

n Age-adjusted rate
(95% CI)

n Age-adjusted rate
(95% CI)

N Age- and sex-adjusted
rate (95% CI)

n Age-adjusted
rate (95% CI)

n Age-adjusted
rate (95% CI)

N Age- and sex-adjusted
rate (95% CI)

Overall 15 1.5 (0.7–2.3) 19 2.5 (1.4–3.6) 34 2.0 (1.3–2.7) 21 36 (21–52) 16 34 (17–52) 37 35 (24–47)
GPA 3 0.3 (0.0–0.6) 6 0.7 (0.1–1.3) 9 0.5 (0.2–0.9) 7 12 (3–21) 9 19 (6–31) 16 15 (8–22)
MPA 12 1.2 (0.5–1.9) 10 1.4 (0.5–2.2) 22 1.3 (0.7–1.8) 13 23 (10–35) 5 11 (1–22) 18 17 (9–25)
EGPA 0 – 3 0.4 (0.0–0.8) 3 0.2 (0.0–0.4) 1 2 (0–5) 2 4 (0–10) 3 3 (0–6)
ANCA neg. 0 – 0 – 0 – 3 5 (0–11) 0 – 3 3 (0–6)
MPO-AAV 12 1.2 (0.5–1.9) 13 1.8 (0.8–2.7) 25 1.5 (0.9–2.1) 12 21 (9–33) 7 15 (4–27) 19 18 (10–26)
PR3-AAV 3 0.3 (0.0–0.6) 6 0.7 (0.1–1.3) 9 0.5 (0.2–0.9) 6 10 (2–18) 8 17 (5–29) 14 13 (6–20)

Rates per 100 000 population, adjusted to the US White 2010 population.
ANCA, anti-neutrophil cytoplasmic antibody; CI, confidence interval; EGPA, eosinophilic granulomatosis with polyangiitis; GPA, granulomatosis with polyangiitis; MPA, microscopic
polyangiitis; MPO, myeloperoxidase; PR3, proteinase-3; neg., negative.
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intravenous glucocorticoids were used in all patients but one;
oral cyclophosphamide was used in 10 (71%) patients in the
minimal/mild group and in 4 (50%) in the moderate/severe
group; rituximab was used in 2 patients in each group (14% and
25% respectively); mycophenolate mofetil in 1 patient in the
moderate/severe group; plasmapheresis was added in 2 patients
in the minimal/mild group. One patient in the minimal/mild
group received rituximab as a maintenance therapy, and oral
glucocorticoids, azathioprine, mycophenolate mofetil and
methotrexate were similarly used in both groups as mainte-
nance treatment (P> 0.05 in all comparisons).

The median CS was 3.0 for minimal/mild classes and 6.5 for
moderate/severe classes. There was no direct concordance be-
tween CS and the International Pathology Classification, al-
though 64% of minimal/mild class patients had a focal class of
the International Pathology Classification and 87.5% of moder-
ate/severe patients had a mixed or sclerotic class of the
International Pathology Classification. In some patients, the
results of the two scores were extremely different
(Supplementary data, Table S1). For instance, patient 21 had a
focal class by the International Pathology Classification but a
severe class by CS, with the CS being a better predictor of renal
prognosis in this patient (eGFR at 0, 6 and 12 months was 15.0,
15.8 and 16.8 mL/min/1.73 m2, respectively).

Association of chronic renal damage at baseline and
AAV outcomes

Although eGFR at baseline was not statistically different be-
tween patients with moderate/severe CS [median eGFR 17.0
(IQR 13.5–26.5) mL/min/1.73 m2] compared with patients with
minimal/mild CS [median eGFR 26.0 (IQR 12.0–42.0) mL/
min/1.73 m2], there was a significant difference at 6 months and
1 year of follow-up between these two groups (Figure 3A)
[6 months: minimal/mild, median 40.4 (IQR 28.9–45.4) mL/
min/1.73 m2; moderate/severe, median 22.2 (IQR 15.8–30.2)
mL/min/1.73 m2, P¼ 0.024; 12 months: minimal/mild, median
40.8 (IQR 30.0–45.4) mL/min/1.73 m2; moderate/severe, me-
dian 21.5 (IQR 16.1–41.4) mL/min/1.73 m2, P¼ 0.035,
respectively]. When patients were stratified by clinical diagnosis

(GPA versus MPA) (Figure 3B) or ANCA serology (PR3-AAV
versus MPO-AAV) (Figure 3C), renal function recovery was
not significantly different either at 6 or 12 months
(Supplementary data, Table S2). The presence of the moderate/
severe class at renal biopsy portended a worse overall prognosis,
although it was not significantly associated with patient survival
after adjustment for age and sex [hazard ratio (HR) 2.30 (95%
CI 0.45–11.70); P¼ 0.31] (Figure 4).

Since our analysis of the Olmsted County patients who
underwent a renal biopsy at the time of diagnosis represents the
first application of the CS specifically to AAGN, we also
analysed a comparable control cohort that fulfilled the same in-
clusion and exclusion criteria. Clinical and demographic data as
well as the renal outcomes categorized by CS of this replication
cohort comprising 38 patients are summarized in
Supplementary data, Table S3. The eGFR values of these
patients grouped by CS mirrored the ones observed in the
biopsy-proven subset from the Olmsted County incidence co-
hort (Supplementary data, Table S3).

D I S C U S S I O N

The current study is the first true population-based study to de-
scribe the annual incidence, prevalence and mortality rates of
AAGN in a geographically well-defined area in the USA. The
overall annual incidence rate of AAGN was 2.0 per 100 000
inhabitants, which is higher than those reported in Europe and
Japan [5–7, 9, 28]. Prevalence was estimated at � 35 per
100 000 and the overall mortality rates for patients with AAGN
were significantly higher than the general population after ad-
justment for age and sex, in contrast with mortality rates of
AAV patients without glomerulonephritis.

Although the incidence we reported in Olmsted County is
higher than other population-based studies [5–7, 9, 29], it
should be considered that in some of these studies, particularly
those from northern Europe, the annual incidence was esti-
mated for biopsy-proven AAGN. The annual incidence of
biopsy-proven AAGN in the current population-based cohort
(n¼ 24, instead of the total n¼ 34 used to calculate the inci-
dence of AAGN here) is similar to that observed in some north-
ern European cohorts [8], although still higher compared with
others [29]. As indications and contraindications for renal biop-
sies are not interpreted and applied uniformly between individ-
ual patients, physicians and medical centres, we decided to
focus on the overall annual incidence of AAGN instead of

FIGURE 1: Patient survival in AAV without AAGN (n¼ 23; solid
line) compared with patients with AAGN (n¼ 34; dashed line) at
AAV incidence and expected age-, sex-, and calendar year–adjusted
mortality in Minnesota for those without AAGN (dotted line) and
for those with AAGN (dashed/dotted line).

Table 3. Mortality and survival rates for Olmsted County residents with
incident AAGN by renal involvement in 1996–2015

Measure AAGN No AAGN

Number of patients 34 23
Number of deaths 15 4
Expected number of deaths 7.0 2.7
SMR (95% CI) 2.1 (1.2–3.5) 1.5 (0.4–3.8)
1-sample log-rank test P-value <0.001 0.44
2-year survival rate (95% CI) 88 (78–100) 96 (87–100)
5-year survival rate (95% CI) 74 (60–92) 90 (78–100)
10-year survival rate (95% CI) 54 (38–77) 80 (61–100)

AAGN, ANCA associated-glomerulonephritis; CI, confidence interval.
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limiting our analysis to biopsy-proven AAGN. Indeed, we be-
lieve that our estimate better reflects how AAGN is actually di-
agnosed in routine practice, and hence is more generalizable.
Finally, in our base population, the overall incidence of MPA
was similar to that of GPA [3], which differs from previous
reports in populations with similar genetic background [6, 8,
30–32], thus probably contributing, at least in part, to the
higher incidence of AAGN.

Renal involvement in AAV affects patient survival when
compared with general population life tables. In our cohort,
patients with AAGN were indeed older, more frequently had
MPA and were MPO-ANCA positive. Few studies analysed if
the stratification of patients by clinical diagnosis, ANCA specif-
icity and the presence of renal involvement may affect overall
survival [2, 3, 5, 33]. Furthermore, age naturally represents a
risk factor for death and has been shown to contribute to the
stratification of AAV patient survival [34]. Overall, the differ-
ence in survival rate between MPA and GPA has been shown to
be likely explained by the variation in age and renal function at
entry, representing two independent risk factors of death [5].
Our data further integrate the current knowledge, supporting
the concept that glomerulonephritis in the context of AAV

negatively affects life expectancy even after correction for age
and sex. Chronic renal damage as measured by the CS at diag-
nosis provided better stratification of renal prognosis than clini-
cal diagnosis (GPA versus MPA) or ANCA-serology (PR3-
ANCA versus MPO-ANCA). We confirmed the role of CS in
the stratification of renal function recovery in an independent
replication cohort. Patients classified in the moderate/severe CS
class on renal biopsy at diagnosis had worse renal function re-
covery, likely due to advanced chronic damage by AAV at pre-
sentation. Our results are consistent with a previous hospital-
based cohort study showing that severe renal scarring and renal
function at 6 months was associated with a lower response of re-
nal function to treatment [13]. However, our findings do not
confirm cohort and population-based studies that found renal
survival to be significantly worse in MPO-AAV patients than in
PR3-AAV patients [2, 10, 11]. We acknowledge that our study
may be underpowered to detect prognostic differences between
small subsets defined by clinical diagnosis, ANCA specificity
and CS. However, despite this limited statistical power, CS gave
a positive signal of effect to predict recovery of renal function
both in the Olmsted County incidence cohort and the replica-
tion cohort. As expected, patients with less chronic damage

FIGURE 2: Light microscopy showing grades of chronicity in renal biopsies. Each panel is one patient biopsy. (A and B) Mild chronic changes,
(C and D) moderate chronic changes and (E and F) severe chronic changes. Minimal chronic changes were not represented since changes are
absent or hardly perceptible. All stains are Masson trichrome, except B, which is a periodic acid–Schiff stain. Thin arrows point to areas of tu-
bular atrophy and interstitial fibrosis (A, C, E). Thick arrows point to glomerular lesions: small cellular crescent (B), large area of segmental fi-
brinoid necrosis (necrotizing lesion) (D) and segmental sclerosis/scar (F).
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(mild and moderate CS categories) improve renal function
much better than patients with more chronic renal damage.
The CS identifies patients that cannot recover renal function
with great accuracy, probably because it integrates both diffuse
glomerular and extraglomerular chronic damage, thus support-
ing its clinical utility in AAGN.

The serum creatinine levels of our incidence cohort were
lower than those reported in other series [5–8], even though
the Olmsted County incidence cohort has a higher propor-
tion of patients with MPO-ANCA, a factor usually associ-
ated with worse renal function at presentation [3]. One
possible explanation is a shorter delay in diagnosis and im-
mediate treatment at an expert referral centre of all patients.

Baseline serum creatinine is one of the main predictors of re-
nal function during follow-up in hospital-based cohorts [2, 6,
35–40]. This detail also highlights the importance of CS in pre-
dicting the recovery of renal function, showing that CS does not
simply reflect the renal function at baseline, hence might be
even more helpful than creatinine to stratify at baseline the fu-
ture renal outcome.

The International Pathology Classification is currently the
only validated histological classification for AAGN. Although

most papers systematically reviewed in a recent meta-analysis
supported its clinical utility [41], not all attempts to validate the
International Pathology Classification in independent cohorts
succeeded in demonstrating its prognostic value [14, 15, 42, 43],
raising questions about its ability to predict the prognosis of
AAV for individual patients. A possible explanation is that only
glomeruli are taken into consideration in this classification, po-
tentially overlooking the amount of damage in non-glomerular
renal tissue. Conversely, the CS specifically assesses chronic re-
nal changes, including the degree of interstitial fibrosis, tubular
atrophy and arteriosclerosis, which might improve the ability to
predict renal outcome in AAGN by providing complementary
information derived from biopsies in addition to the
International Pathology Classification [43, 44].

The strengths of this population-based patient cohort study
include utilization of the REP, a comprehensive record linkage
system that allows the capture of all the clinically recognized
cases of AAV in Olmsted County. Furthermore, AAV and
AAGN diagnoses were verified by medical record review, mini-
mizing the likelihood of overdiagnosis or physician-based AAV
diagnosis not fulfilling international classification criteria, a
common concern in coding-based studies [3, 45, 46].

Table 4. Comparison of baseline clinical and laboratory features of patients with incident biopsy-proven AAGN by CS

Characteristic Minimal/mild (n¼ 14) Moderate/severe (n¼ 8) P-value

Age (years), mean (SD) 63.8 (14.7) 69.1 (14.3) 0.453
Sex (female), n (%) 7 (50) 4 (50) 1.000
Ethnicity (Caucasiana), n (%) 13 (93) 8 (100) 0.439
Clinical diagnosis, n (%) 0.176

GPA 6 (43) 1 (13)
MPA 8 (57) 6 (75)
EGPA 0 (0) 1 (13)

ANCA groups, n (%) 0.240
p-ANCA/MPO-ANCA 9 (64) 7 (88)
c-ANCA/PR3-ANCA 5 (36) 1 (13)

Diagnostic delay (months), meadian (IQR) 2.9 (1.3–12.4) 1.0 (0.6–4.8) 0.219
BVAS/WG, median (IQR) 8.5 (6.0–11.0) 6.5 (6.0–8.0) 0.605

Generalb, n (%) 9 (64) 2 (25) 0.076
Cutaneousb, n (%) 2 (14) 2 (25) 0.531
Mucous membrane/eyesb, n (%) 2 (14) 0 (0) 0.262
Ear, nose and throatb, n (%) 5 (36) 0 (0) 0.054
Pulmonaryb, n (%) 7 (50) 3 (38) 0.571
Gastrointestinalb, n (%) – – –
Renalb, n (%) 14 (100) 8 (100) 1.000
Cardiovascularb, n (%) – – –
Nervous systemb, n (%) 2 (14) 3 (38) 0.211

Haemoglobin (g/dL), mean (SD) 10.5 (2.8) 10.3 (0.7) 0.891
WBC (�109/L), mean (SD) 10.9 (5.0) 11.7 (4.8) 0.682
ESR (mm/1 hr), median (IQR)c 50 (25–72) 47 (19–99) 0.910
CRP (mg/L), median (IQR)c 11.7 (5.0–22.3) 87.8 (19.3–225.3) 0.123
Creatinine (mg/dL), median (IQR) 2.2 (1.6–3.8) 3.3 (2.3–4.1) 0.339
eGFR (mL/min/1.73 m2), median (IQR) 26 (12–42) 17 (13.5–26.5) 0.245

0–29d, n (%) 8 (57) 7 (88) 0.300
30–60, n (%) 4 (29) 1 (13)
>60, n (%) 2 (14) 0 (0)

UP:UCc, median (IQR) 1.4 (1.1–2.9) 0.8 (0.7–1.9) 0.149

aAll but one patient (a Native American) were Caucasian.
bSystem involvement was detailed according to the BVAS items.
cGeneral laboratory data not available in all patients (ESR: missing in one patient with minimal/mild and four patients with moderate/severe chronicity index; CRP missing in five
patients with minimal/mild and four patients with moderate/severe chronicity index; UP:UC at diagnosis was not available for five patients with minimal/mild chronicity index).
dNo patients required renal replacement therapy at diagnosis.
c-ANCA, cytoplasmic ANCA; p-ANCA, perinuclear ANCA; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cells; ESRD, end-stage renal disease;
UP:UC, urinary protein:urinary creatinine ratio.
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Moreover, this is the first study to assess the utility of the CS in
AAV, and to evaluate its contribution to predict renal and pa-
tient prognosis.

The main limitation of this study was the relatively small
number in our base population as well as the even smaller num-
ber of patients that underwent a renal biopsy, reducing the sta-
tistical power of some analyses. In addition, given the
retrospective design, patient clinical information was not sys-
tematically obtained by the physicians following an established
protocol. Finally, we cannot derive any conclusion for chronic
renal damage in ANCA-negative patients, since they were not
biopsied coincidentally. However, ANCA-negative glomerulo-
nephritis seems to represent an independent disease entity from
ANCA-positive vasculitis [47, 48].

C O N C L U S I O N S

The incidence of AAGN in Olmsted County, USA, was higher
than previously reported for other countries in the world.
Survival was reduced in patients with AAGN compared with
the general population and to AAV patients without

glomerulonephritis. Chronic renal damage at diagnosis as
assessed by CS, but not clinical diagnosis and ANCA serology,
allowed the stratification of patients to predict renal function
recovery at 6 and 12 months and potentially predicted overall
survival.
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A B S T R A C T

Background. Guiding patients with advanced chronic kidney
disease (CKD) through advance care planning about future
treatment obliges an assessment of prognosis. A patient-specific
integrated model to predict mortality could inform shared
decision-making for patients with CKD.
Methods. Patients with Stages 4 and 5 CKD from
Massachusetts (749) and West Virginia (437) were prospec-
tively evaluated for clinical parameters, functional status
[Karnofsky Performance Score (KPS)] and their provider’s re-
sponse to the Surprise Question (SQ). A predictive model for
12-month mortality was derived with the Massachusetts cohort
and then validated externally on the West Virginia cohort.
Logistic regression was used to create the model, and the c-sta-
tistic and Hosmer–Lemeshow statistic were used to assess
model discrimination and calibration, respectively.
Results. In the derivation cohort, the SQ, KPS and age were
most predictive of 12-month mortality with odds ratios (ORs)
[95% confidence interval (CI)] of 3.29 (1.87–5.78) for a ‘No’ re-
sponse to the SQ, 2.09 (95% CI 1.19–3.66) for fair KPS and 1.41
(95% CI 1.15–1.74) per 10-year increase in age. The c-statistic
for the 12-month mortality model for the derivation cohort was
0.80 (95% CI 0.75–0.84) and for the validation cohort was 0.74
(95% CI 0.66–0.83).
Conclusions. Our integrated prognostic model for 12-month
mortality in patients with advanced CKD had good

discrimination and calibration. This model provides prognostic
information to aid nephrologists in identifying and counseling
advanced CKD patients with poor prognosis who are facing the
decision to initiate dialysis or pursue medical management
without dialysis.

Keywords: chronic kidney disease, mortality, prediction
model, prognosis, Surprise Question

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

Mortality rates for patients with advanced chronic kidney dis-
ease (CKD) are high, and many die from cardiovascular disease
or other causes before clinical manifestations from progressive
kidney dysfunction are significant enough to warrant initiation
of dialysis. Those reaching end-stage renal disease (ESRD) and
dialysis are at continued risk for death, and for elderly patients,
especially those with frailty or multiple comorbid conditions,
an evolving literature suggests that dialysis may not confer
a survival benefit over medical management without dialysis
[1–7]. Despite these limitations, dialysis has become the default
option for most patients with advanced CKD. Evidence that
end-of-life treatment intensity of patients with ESRD exceeds
that of other end-organ diseases [8] coupled with reports that
some patients regret having started dialysis [9] speak to the
need for early, comprehensive advance care planning and
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