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ABSTRACT 

Introduction. To describe the clinical characteristics of a Swedish cohort of patients with anti-neutrophil cytoplasmic 
antibody ( ANCA) -associated vasculitides ( AAV) and kidney involvement and to study long-term survival and predictors 
of all-cause mortality. 
Methods. An observational study including patients with AAV and kidney involvement between 1993 and 2023 from two 

centres in mid-Sweden. Data were obtained from electronic health care records and follow-up visits. Multivariable Cox 

regression models and Kaplan-Meier analysis were performed to evaluate risk factors of interest predicting all-cause 
mortality. 
Results. Among 190 patients ( 56% men, median age 67 years, 43% PR3-ANCA ( Proteinase 3 Anti-Neutrophil Cytoplasmic 
Antibody) , and 57% MPO -ANCA ( Myeloperoxidase Anti-Neutrophil Cytoplasmic Antibody) positive, estimated 

glomerular filtration rate at diagnosis was 23 ml/min/1.73 m2 [interquartile range ( IQR) 11–42] and 16% required dialysis. 
Median follow-up 20 was 7.5 years ( IQR 3.6–12.3) and 106 deaths occurred. Main causes of death were infections ( 28%) , 
cardiovascular disease ( 24%) and malignancy ( 18%) . Cox hazard regression models showed that older age [hazard ratio 

( HR) 1.10, 95% CI 1.06–1.14] was a strong, consistent, and independent predictor of all-cause mortality, irrespective of sex, 
ANCA type, and kidney function. In the Uppsala cohort ( n = 91) serum albumin levels at diagnosis emerged also as an 

independent risk factor when adjusting for age, kidney function and other inflammatory parameters ( HR 0.86, 95% CI 
0.79–0.94) . 
Conclusion. Long-term patient and kidney survival was associated mainly with age and serum albumin levels at 
diagnosis in this Swedish cohort of patients with AAV. Infections and cardiovascular disease were the most common 

causes of death, underscoring the importance of infection monitoring and cardiovascular risk management. 
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Conclusion: Old age and low serum albumin at diagnosis were strong and 
independent predictors of poor long-term patient and kidney survival in this 
Swedish cohort of patients with AAV and severe kidney involvement.

Long-term survival and mortality predictors in a Swedish
cohort of patients with ANCA-positive vasculitis and severe 
kidney involvement

What is the long-term survival of patients with ANCA vasculitis and severe kidney involvement and
which factors at diagnosis can be associated with increased all-cause mortality?

Methods Results

Observational longitudinal
real-world study including
190 ANCA-positive patients
from two Swedish university
nephrology centers 

At diagnosis:
•56% men
•67 years
•PR3 43%/MPO 57%
•eGFR 23 ml/min/1.73 m2

•16% dialysis dependent

1993 20237 (IQR –12) years

1. Survival 2. Causes of death
      a) During the first year 

      b) Overall

3. Independent
     predictors of
     mortality

Older age
(HR 1.10 , 95% CI

1.06–1.14) (n = 190)

S-albumin
(HR 0.86, 95% CI

0.79 – 0.94) (n = 91)
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KEY LEARNING POINTS 

What was known: 
� ANCA-associated vasculitis ( AAV) is a life-threatening autoimmune disease that frequently leads to irreversible kidney dam- 

age. 
� Despite advances in immunosuppressive therapy, selecting the optimal treatment remains a challenge given the heteroge- 

neous patient characteristics, the risk of treatment-related complications and the potential for disease progression, such as 

irreversible kidney failure. 

This study adds: 
� This study includes patients with severe kidney impairment at diagnosis and shows that infections and cardiovascular 

events are leading causes of death. 
� Older age and lower serum albumin independently predict poorer survival. 
� PR3-ANCA positivity is associated with greater inflammatory burden and higher relapse rates, although survival is similar 

to MPO-ANCA–positive patients. 

Potential impact: 
� The findings in this study reinforce the importance of early disease detection and risk stratification in patients with AAV 

and kidney involvement, enabling clinicians to individualize immunosuppressive treatment. 
� Additionally, early monitoring for infections and proactive management of cardiovascular risk factors may improve long- 

term outcomes in this high-risk population. 
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NTRODUCTION 

nti-neutrophil cytoplasmic antibody ( ANCA) -associated vas- 
ulitis ( AAV) is a small-vessel vasculitis that can present at any 
ge, with incidence of 17–20 per million person-years [ 1 ] and in- 
reasing prevalence of 300–421 per million persons, as a result 
f improved survival and diagnostic criteria [ 2–4 ]. The incidence 
eaks in the seventh and eighth decades, with elderly patients 
eing particularly susceptible to the adverse effects of both the 
isease and its immunosuppressive treatment [ 4 ]. Despite treat- 
ent advancements, AAV patients still have considerable mor- 

idity and mortality [ 5 , 6 ]. Treatment complications and progress 
f disease remain significant contributors to reduced survival, 
ith infections being the leading cause of mortality [ 7 ]. 

Kidney involvement is diagnosed in up to 78% in patients 
ith granulomatosis with polyangiitis ( GPA) and nearly 100% 

n microscopic polyangiitis ( MPA) [ 3 , 8 ]. The classic presenta- 
ion involves rapidly progressive kidney disease characterized by 
rescentic glomerulonephritis and it is associated with signifi- 
ant morbidity and mortality [ 6 ]. The ANCA serotypes are shown 

o better discriminate between genetic associations, therapeu- 
ic response, relapse risk, prognosis, and co-morbidities [ 9 ]. Poor 
utcomes in AAV with kidney involvement are attributed to fac- 
ors such as delayed diagnosis, inadequate treatment response, 
nd long-term complications from both disease progression and 

ide effects of immunosuppressive agents [ 5 , 10–12 ]. In patients 
ith AAV, the three main causes of death are infections, cardio- 

ascular disease, and malignancies [ 13–15 ]. 
Previous studies have identified older age and male sex 

s independent predictors of poor survival [ 15 , 16 ]. Recent 
opulation-based studies have reported increased mortality in 

atients with MPA, but no increase in patients with GPA com- 
ared to the general population [ 17 ]. 

The objective of this study was to evaluate the clinical and 

iochemical characteristics of a Swedish cohort of patients with 

AV and severe kidney involvement at diagnosis. Additionally, 
t aimed to examine differences between ANCA-positive AAV in 

erms of treatment choices, long-term survival, and predictors 
f all-cause mortality. 

ATERIALS AND METHODS 

atients 

his observational cohort study initially included 197 patients 
iagnosed with GPA and MPA from two university nephrol- 
gy clinics in mid-Sweden; Uppsala ( n = 93) and Gothenburg 
 n = 104) . Patients that were either ANCA-negative or double 
ositive were then excluded ( n = 7) , resulting in a final cohort 
f 190 patients with MPO-ANCA-positive or PR3-ANCA-positive 
AV and kidney involvement diagnosed between 1993 and 2023. 

ethods 

atients were identified using the ICD-10 codes M31.1-7. MPO- 
NCA or PR3-ANCA-positivity was then verified via review of 
lectronic healthcare records ( EHRs) . Clinical and laboratory 
ariables, treatments and outcomes were obtained both from 

HRs and at follow-up visits. Laboratory analyses were per- 
ormed at the Departments of Clinical Chemistry at Uppsala 
niversity Hospital and Sahlgrenska University Hospital using 

outine methods. At Uppsala University Hospital testing of AN- 
As was performed with the ELISA test until September 2008 and 

hereafter with ALBIA ( addressable laser bead immunoassay) 

technique [ 18 ] and at Sahlgrenska University Hospital ANCA
subtypes were analysed with capture-ELISA at the immunolog-
ical laboratory. 

Estimated glomerular filtration rate ( eGFR) was calculated 

using creatinine-based 2021 CKD-EPI ( Chronic Kidney Disease
Epidemiology Collaboration) formula [ 19 ]. For two patients with
missing creatinine values prior to the initiation of dialysis at di-
agnosis, the eGFR was set to 0 ml/min/1.73 m2 . Relapse was de-
fined as the recurrence and/or appearance of one or more new
vasculitis manifestations after remission identified from EHRs
[ 20 ]. 

All study procedures were performed in accordance with the
principles of the Declaration of Helsinki, and all study partici-
pants alive provided written informed consent prior to data col-
lection. The study protocol was approved by the Swedish Ethi-
cal Review Board ( Uppsala dnr 2021-05006) and by the regional
ethics committee in Gothenburg ( Sahlgrenska dnr 232-18) . 

Statistical methods 

Baseline clinical and biochemical characteristics were summa-
rized using descriptive statistics. Normally distributed variables
are presented as means ± standard deviation ( SD) , non-normally
distributed variables as medians [interquartile range ( IQR) ], and
categorical variables as frequencies ( n) and percentages ( %) .
Group differences were assessed using independent t -tests for
normally distributed continuous variables, Pearson’s Chi-square
test for categorical variables, and the Mann-Whitney U test for
non-normally distributed continuous data. Log-transformation 

( Log10 ) was applied to C-reactive protein ( CRP) and U-ACR val-
ues to reduce skewness. Spearman correlation coefficients were
calculated to examine linear relationships. Survival data were
measured in months from study start to death or end of study.
Kaplan-Meier method and log-rank test was used to compare
survival between groups. Cox proportional hazards regression
analysis was used to evaluate the association between baseline
characteristics and all-cause mortality, with the number of vari-
ables adjusted to the number of deaths ( n = 106) , maintaining a
10:1 event-to-variable ratio. All tests were two-tailed with signif-
icance set at P < .05. Analyses were conducted using IBM SPSS
Statistics, version 28.0. 

Regression tree analysis was performed using SurvCART in
the R package LongCART. 

RESULTS 

Clinical and biochemical characteristics 

Although some minor differences between the two centres were
noted ( Table S1 ) , they were not considered significant enough
to preclude pooling of the data. Clinical and biochemical char-
acteristics of patients at the time of diagnosis are described in
Table 1 . Out of 190 patients, 109 ( 57.4%) were MPO-ANCA and
81 ( 42.6%) PR3-ANCA positive. The median age at diagnosis was
67 years ( IQR 58–74) . Patients with PR3-ANCA were significantly
more likely to require dialysis and presented with higher lev-
els of the inflammatory markers at diagnosis, including white
blood cell count ( WBC) , platelets ( PLT) , and CRP. In the Uppsala
cohort, patients with PR3-ANCA positivity had lower serum al-
bumin levels ( P = .05) . 

Follow-up on treatments and outcomes 

Follow-up data on treatments and outcomes are described in Ta-
ble 2 . The median follow-up time to death or end of study was 7.5
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Table 1: Clinical and biochemical characteristics of patients with ANCA-positive vasculitis and kidney involvement at the time of diagnosis 
( n = 190) . 

Variables Total ( n = 190) 
MPO-ANCA pos 

( n = 109) 
PR3-ANCA pos 

( n = 81) P -value 

Sex M/F n ( %) 113 ( 60) /77 ( 40) 59 ( 54) /50 ( 46) 54 ( 67) /27 ( 33) .08 
Age ( years) 67 ( 58–74) 68 ( 59–74) 66 ( 52–73) .09 
Dialysis at diagnosis n ( %) ( n = 186) 29 ( 16) 12 ( 11) 17 ( 22) .05 
Smoking n ( %) ( n = 179) 28 ( 16) 16 ( 15) 12 ( 16) .96 
Pulmonary haemorrhage n ( %) ( n = 180) 23 ( 13 ) 10 ( 9.5) 13 ( 17) .12 
SBT ( mmHg) ( n = 161) 145 ± 22 147 ± 24 143 ± 18.5 .50 
DBT ( mmHg) ( n = 161) 80 ± 12 81 ± 11 79 ± 11 .22 
Creatinine ( μmol/l) ( n = 176) 220 ( 144- 416) 214 ( 151- 393) 238 ( 140–456) .74 
eGFR ( ml/min/1.73 m2 ) ∗ ( n = 180) 23 ( 11–43) 22.6 ( 11.4–39.1) 24.5 ( 9.5–50. 5) .8 
S-albumin ( g/l) ( n = 69) ∗∗ 27.4 ± 6.7 29 ± 6.3 23.5 ± 6.5 .05 
Hb ( g/l) ( n = 146) 106 ( 94–117) 108 ( 96–117) 104 ( 92–118) .4 
WBC ( × 109 /l) ( n = 133) 9.2 ( 7.3–11.6) 8.3 ( 6.8–11) 10.5 ( 7.9–13) .004 
PLT ( × 109 /l) ( n = 133) 339 ( 282–411) 325.5 ( 260–357) 369 ( 331–476) < .001 
CRP ( mg/l) ( n = 146) 73 ( 17.5–140) 31 ( 8-108) 110 ( 53–170) < .001 
U-ACR ( mg/mmol) ( n = 124) 77 ( 35–200) 106 ( 36–219) 54 ( 33–153) .074 
Follow-up ( yrs) 7.5 ( 3.6–12.3) 7.5 ( 3.5–11.5) 7.2 ( 3.8–13.6) .79 

Data are median ( IQR) or mean ± sd or proportions n , %. 
SBP; systolic blood pressure. Hb; haemoglobin, WBC; white blood cell count, PLT; platelets, CRP; C-reactive protein; U-ACR; urine albumin-creatinine ratio, IQR; in- 

terquartile range. 
∗eGFR, estimated glomerular filtration rate, estimated using creatinine-based 2021 CKD-EPI ( 19) , eGFR for patients requiring dialysis at diagnosis was set to 5 0 
ml/min/1.73 m2 if creatinine was not available ( see methods section) . 
∗∗S-albumin was only available from the Uppsala cohort ( n = 91) . 

Table 2: Follow-up data on treatments and outcomes in patients with ANCA-positive vasculitis and kidney involvement at diagnosis ( n = 190) . 

Variables 
Total 

( n = 190) 
MPO-ANCA pos 

( n = 109) 
PR3-ANCA pos 

( n = 81) P -value 

Induction CYC, n ( %) ( n = 186) 151 ( 8) 79 ( 73) 72 ( 92) .001 
Induction RTX, n ( %) ( n = 187) 34 ( 18) 16 ( 15) 18 ( 23) .16 
Induction PLEX, n ( %) ( n = 187) 68 ( 36) 31 ( 29) 37 ( 46) .015 
Relapse∗, n ( %) ( n = 168) 62 ( 37) 33 ( 32) 29 ( 47) .05 
ESKD, n ( %) 43 ( 23) 26 ( 24) 17 ( 21) .60 
Death, n ( %) 106 ( 56) 62 ( 57) 44 ( 54) .77 
Hospitalized infections during the first-year, n ( %) ( n = 162) 56 ( 37) 32 ( 35) 24 ( 34) .94 
Pneumocystis infections during the first-year, n ( %) ( n = 167) 7 ( 4) 4 ( 4) 3 ( 4) .98 
Malignancy, n ( %) ( n = 159) 59 ( 37) 33 ( 35) 26 ( 40) .5 

Data are median ( IQR) , mean ± sd or proportions n ,%. CYC; cyclophosphamide, RTX; rituximab, PLEX; plasmapheresis, IQR; interquartile range, ESKD; end-stage kidney 
disease ∗relapse was defined as the recurrence and/or appearance of ≥ one new vasculitis manifestation ( s) after remission identified in EHRs. 
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ears ( IQR 3.6–12.3) , Induction therapy with cyclophosphamide 
 CYC) was more frequent in PR3-ANCA positive patients com- 
ared to MPO-ANCA positive patients ( 92 vs 73%, P < .001) . Sim- 

larly, plasmapheresis ( PLEX) was more frequently administered 

n the PR3-ANCA group ( 46 vs 29%, P < .01) . Relapse of dis- 
ase occurred more frequently in PR3-ANCA positive patients 
 47 vs 32%; P = .050) . Notably, PLEX did not significantly im- 
act kidney or patient survival, even in patients with severe 
idney impairment ( CKD 4–5) at diagnosis ( Table S3 ) . No dif- 
erence was found between patients treated with CYC, ritux- 
mab ( RTX) or PLEX as induction treatment in relation to de- 
eloping serious infections requiring hospitalization during the 
rst year from diagnosis ( Table S4 ) . Altogether, 106 deaths ( 56%) 
ccurred during the follow-up period. The primary causes of 
eath were infections ( 28%) , cardiovascular disease ( 24%) , and 

alignancy ( 18%) . Infections ( 28%) and cardiovascular disease 
 28%) were the leading causes of death within the first year 
 Table S5 ) . 

Univariable bivariate correlations 

All-cause mortality correlated positively with age, need for dial- 
ysis, systolic blood pressure, and albuminuria ( U-ACR) ( r = 0.407,
P < .001; r = 0.147, P = .045; r = 0.172, P = .029; and r = 0.208,
P = .021, respectively) , and negatively with baseline eGFR and 

haemoglobin ( Hb) levels ( r = −0.326, P < .001 and r = −0.190,
P = .022, respectively) at diagnosis ( Table S2 a) . In the Uppsala 
cohort ( n = 91) , serum albumin at diagnosis was inversely asso- 
ciated with all-cause mortality ( r = −0.443, P < .001) ( Table S2 b) .

Overall and kidney survival time 

Median overall survival time was 11 years ( 95% CI 8.5–13.4) with 

5- and 10-year patient survival of 76 and 54%, respectively ( Fig. 
S2 ) . Kidney survival, defined as a composite endpoint of death or
progression to end-stage kidney disease ( ESKD, requiring dialy- 
sis or transplantation) , was 67% and 47% at 5 and 10 years, re-
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pectively ( Fig. S3 ) . 
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Table 3: Cox hazard regression analysis examining the impact of age, estimated glomerular filtration rate, albuminuria and need for dialysis 
at diagnosis of AAV on all-cause mortality, adjusted for sex, and ANCA type ( n = 190) . 

Model 1 Model 2 Model 3 Model 4 

Variables at diagnosis HR ( 95% CI) HR ( 95% CI) HR ( 95% CI) HR ( 95% CI) 
Age ( years) 1.10 ( 1.06–1.14) 1.10 ( 1.06–1.14) 1.11 ( 1.08–1.14) 1.11 ( 1.08–1.14) 
Sex ( man) 0.94 ( 0.52–1.69) 0.88 ( 0.50–1.56) 0.95 ( 0.62–1.45) 0.88 ( 0.59–1.35) 
ANCA-type ( MPO pos) 1.40 ( 0.75–2.64) 1.46 ( 0.78–2.73) 1.40 ( 0.92–2.13) 1.33 ( 0.86–1.95) 
U-ACR ( mg/mmol) 1.34 ( 0.67–2.70) 1.86 ( 1.09–3.14) 
eGFR ( ml/min/1.73 m2 ) 0.99 ( 0.97–1.00) 0.98 ( 0.97–0.99) 
Need for dialysis ( yes) 3.32 ( 1.61–4.51) 

U-ACR log10 transformed. 
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ge, kidney function, and albuminuria as predictors of 
ortality 

ge and indicators of kidney involvement severity at diagnosis, 
ncluding level of eGFR, need for dialysis and degree of albu- 

inuria, were evaluated in Cox regression models adjusted for 
ex and ANCA-type ( Table 3 ) . Age was consistently associated 

ith increased all-cause mortality ( HR per year increase 1.09–
.11, all P < .001) across all models. When studied separately, 
eed for dialysis at diagnosis was associated with a > 3-fold in- 
rease in mortality risk: ( HR 3.32, 95% CI 1.61–4.51) . Lower eGFR 

nd higher albuminuria were each associated with all-cause 
ortality in separate models; a 1 ml/min/1.73 m2 decrease in 

GFR increased mortality risk by 2% and a 10-fold increase in U- 
CR increased risk by 86%. When analysed together, the associ- 
tions were attenuated ( eGFR HR 0.99; U-ACR HR 1.34) with con- 
dence intervals crossing unity due to collinearity ( r = −0.483, 
 < .001; Table S2 a) reflecting shared prognostic information on 

idney disease severity. No significant interaction eGFR × al- 
uminuria was observed ( Table S6 ) . Sex and ANCA type were 
ot associated with mortality in any model. These findings re- 
ained unchanged when dialysis-dependent patients were ex- 

luded from the analysis ( data not shown) . Furthermore, kidney 
urvival analyses in the whole cohort were consistent with the 
isk prediction models for all-cause mortality ( data not shown) . 

erum albumin at diagnosis 

erum albumin data were available in the Uppsala cohort 
 Table) . In the multivariable Cox regression model including 
ge, eGFR, and inflammation markers, including serum albu- 
in, haemoglobin and CRP; older age and lower baseline serum 

lbumin were consistently and independently associated with 

igher all–cause mortality during follow–up. The two strongest 
odels, including Hb and PLT, respectively are presented in Ta- 

le 4 . These findings were confirmed in sensitivity analyses in- 
luding other factors such as sex, ANCA-type or WBC ( data not 
hown) . 

ge and CKD stage as predictors of survival 
 Kaplan-Meier curves) 

aplan-Meier analyses demonstrated that 10-year survival was 
00% in patients < 50 years, 68% in those aged 51–65 years, 42% in 

hose 66–75 years, and 9% in patients > 75 years. Survival curves 
eparated early and widened over time, indicating both an im- 
ediate and sustained effect of age ( Fig. 1 ) . 

Stratified by CKD stage, 10-year survival was 100% for pa- 
ients < 50 years and 75% for those 51–65 years with CKD stages 

Table 4: Cox regression for all-cause mortality examining the im-
pact of serum albumin at diagnosis of AAV on all-cause mortality,
adjusted for age, kidney function, Hb, and CRP levels in the Uppsala
cohort ( n = 91) . 

Model 1 Model 2 

Variables HR ( 95% CI) HR ( 95% CI) 
Age ( years) 1.065 ( 1.02–1.11) 1.07 ( 1.02–1.12) 
eGFR ( ml/min/1.73 m2 ) 0.99 ( 0.97–1.01) 0.99 ( 0.97–1.01) 
S-albumin ( g/l) 0.86 ( 0.79–0.94) 0.85 ( 0.78–0.94) 
CRP ( mg/l) 0.99 ( 0.99–1.00) 0.99 ( 0.99–1.00) 
Hb ( g/l) 1.00 ( 0.98–1.02) –
PLT ( × 109 /l) – 1.00 ( 1.00–1.01) 

1–3, whereas patients 66–75 years showed an early, pronounced
decline and those > 75 years experienced rapid mortality even at
early CKD stages ( data not shown) . In advanced CKD ( stages 4–5) ,
survival was markedly lower in patients 66–75 and > 75 years ( 10-
year survival 33% and 11%, respectively; data not shown) . Mor-
tality risk was particularly high for patients > 75 years regardless
of kidney function and for those aged 66–75 years with eGFR < 30
ml/min/1.73 m2 . 

Regression tree analysis supported the K-M curves identify-
ing age > 78 years associated with markedly higher mortality, in-
dependent of kidney function. Among patients < 78 years, those
aged 62–< 78 years with eGFR < 28 ml/min/1.73 m2 had higher
mortality ( Fig. S1 ) . 

DISCUSSION 

In this observational study, we describe a Swedish cohort of pa-
tients with ANCA-positive vasculitis and kidney involvement at
diagnosis, focusing on differences between PR3-ANCA and MPO-
ANCA positive vasculitis in terms of treatment choices, long-
term survival, and predictors of all-cause mortality. The overall
mortality rate was high, 56% of patients died during the follow-
up period with a median survival time of 11 years ( 95% CI 8.4–
14.5) . Mortality risk increased with age and worsening kidney
function. Patients over 75 or 78 years, depending on analysis
method, had the poorest survival, regardless of kidney function,
while younger patients with severe CKD ( stage 4–5 or eGFR < 28
ml/min/1.73 m2 ) had higher mortality, with 10-year survival as
low as 33% in those aged 62–78 years. Overall, older age com-
bined with advanced CKD was associated with particularly poor
survival outcomes, showing a combined effect of age and dis-
ease severity. 
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Figure 1: Patient survival by age-groups ( 18–50, 51–65, 66–75 and > 75 years) in the overall cohort ( n = 190) 
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Infection was the leading cause of death, closely followed 

y cardiovascular disease and malignancies. These results un- 
erscore the importance of infection monitoring and cardiovas- 
ular risk management. In this study there was no comparison 

o the general population, but according to the 2023 rapport of 
he National Board of Health, the leading causes of death in the 
wedish population were diseases of the circulatory system fol- 

owed by malignancies ( Statistics on Causes of Death 2023) . The 
igh infection-related mortality suggests that immunosuppres- 
ive therapies, while necessary, predisposes patients to severe 
omplications. Our findings are in line with results from the 
rench Vasculitis Study Group, which reported similar infection- 
elated mortality rates in AAV cohorts [ 21 ]. Four patients in our 
ohort died from COVID-19 infection. 

Median kidney survival time was 9 years ( CI 95% 6.5–11.7) and 

radually decreased with increasing age. Ten-year kidney sur- 
ival for patients aged 18–50 years at diagnosis was 80% and de- 
reased to 35% for patients aged 66–75 years. These findings are 
ower than those reported in previous studies, including the EU- 
AS trial, which reported similar survival estimates in patients 

with severe AAV [ 5 , 15 , 16 ]. The lower cumulative kidney survival
observed in our cohort may be explained by selection bias since
all patients were referred to a nephrology clinic with a higher
proportion of patients requiring dialysis at diagnosis than re- 
ported in other studies [ 12 ]. No difference in long-term survival
was found between PR3-ANCA positive and MPO-ANCA positive 
patients. 

Patients with PR3-ANCA positivity had more severe inflam- 
matory profiles at diagnosis, including higher levels of WBC, PTL,
and CRP. Moreover, PR3-ANCA positive patients were more likely 
to require dialysis. All these findings align with previous studies,
indicating that PR3-ANCA positivity is associated with more se- 
vere disease presentation with increased likelihood of more se- 
vere kidney and pulmonary involvement at onset, and increased 

relapse rates compared to MPO-ANCA positive patients [ 22–24 ]. 
Induction therapy with CYC was more common in PR3-ANCA 

positive patients, as was treatment with PLEX, which likely re- 
flects the more aggressive disease course in these patients. De- 
spite more intensive treatment strategies, PR3-ANCA positive 
patients exhibited a higher relapse rate compared to MPO-ANCA 
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Figure 2: Kidney survival by age-groups ( 18–50, 51–65, 66–75 and > 75 years) in the overall cohort ( n = 190) . 
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ositive patients, consistent with previous studies that have 
emonstrated that PR3-ANCA positive patients had nearly dou- 
le the relapse rates compared to MPO-ANCA patients [ 23 , 24 ]. 
nterestingly, there was no difference in long-term survival be- 
ween PR3-ANCA and MPO-ANCA patients in this study. Overall, 
he choice of treatment adhered to clinical guidelines. 

Cox regression identified older age as independently associ- 
ted with all-cause mortality. Reduced eGFR and increased albu- 
inuria were each associated with all-cause mortality, in sepa- 

ate models though their effects were attenuated when included 

n the same multivariable model. This likely reflects that they 
hare prognostic information, as eGFR and albuminuria both are 
arkers of kidney disease severity, albuminuria reflecting on- 

oing glomerular and vascular injury dysfunction and eGFR cu- 
ulative loss of kidney function. Taken together, these findings 

emonstrate that age remains a strong, independent and impor- 
ant predictor of mortality, regardless of disease severity. 

These findings align with prior studies indicating that kid- 
ey function at diagnosis is a determinant of long-term sur- 
ival [ 12 , 16 ], underlining the importance of early diagnosis of 

AAV, and especially with kidney involvement. To our knowledge,
there is one previous study that has reported albuminuria and
haematuria as prognostic factors of death and kidney survival
after induction therapy and remission in AAV patients [ 25 ] and
our study also identifies albuminuria as a clinically relevant risk
factor. We find this particularly important as albuminuria is a
well-recognized biomarker not only for progression of kidney
disease, but also for chronic inflammation and risk of cardiovas-
cular disease and death [ 26 ]. Unfortunately, reliable information
on haematuria was not available in our study. 

Serum albumin at baseline emerged as a strong and indepen-
dent predictor of all-cause mortality after adjustment for age,
kidney function and other markers of systemic inflammation
while PLT at baseline were borderline significant in the Uppsala
cohort. Low levels of serum albumin were strongly associated
with all-cause mortality, with an effect size exceeding age, re-
flecting its role as a marker of disease severity and systemic
inflammation in AAV. Nevertheless, this association cannot be
attributed to inflammation alone, as other systemic inflamma-
tory markers, except possibly for PLT, were not significantly as-
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ociated with mortality. Low serum albumin also reflects addi- 
ional pathophysiological processes, including albuminuria and 

he severity of kidney involvement. The robustness of the asso- 
iation between serum albumin and mortality across sensitivity 
nalysis suggests that serum albumin underscores its potential 
s a simple, available, and clinically useful marker of mortality 
isk. 

Age, baseline kidney function ( eGFR) , albuminuria, and 

erum albumin levels were evaluated as predictors of kidney sur- 
ival, and the same variables associated with all-cause mortality 
ere associated with kidney survival. This overlap was expected, 

s about two-thirds of the patients died before reaching ESKD, 
aking mortality a major competing outcome. 

Previous studies have also shown that male sex predicts a 
horter long-term survival [ 16 , 27 ], but this was not found in our 
tudy. Similarly, we did not find that other inflammatory mark- 
rs at diagnosis, except possibly for PLT, were associated with 

ll-cause mortality. Low PLT at baseline have previously been re- 
orted to be associated with survival [ 16 ]. 

PLEX did not significantly impact patient or kidney sur- 
ival, even in patients with severe kidney impairment ( GFR ≤30 
l/min/1.73 m2 ) at diagnosis, challenging the routine use in se- 

ere AAV. In line with our findings, the PEXIVAS trial demon- 
trated no significant survival benefit of PLEX in severe renal in- 
olvement [ 28 ], whereas earlier studies suggested a positive ef- 
ect [ 29 ], possibly due to modern, standardized induction treat- 

ent protocols. Nonetheless, PLEX may still be considered in se- 
ected circumstances [ 30–32 ]. 

trengths and limitations 

his study’s strengths include a well-characterized cohort with 

ong-term follow-up, comprehensive clinical and biochemical 
ata, and validated AAV diagnoses in all patients. Notably, 60% 

 108) had severe kidney impairment ( CKD 4–5) at diagnosis, al- 
owing detailed evaluation of this subgroup, unlike other studies 
 10 , 12 , 15 , 16 , 21 , 25 ]. 

Limitations include a sample size that may limit subgroup 

nd mortality predictor analyses, a cohort from a single country 
educing generalizability, and changes in treatment guidelines 
uring follow-up. 

Future research should refine risk stratification using clinical 
nd biochemical predictors, evaluate emerging therapies includ- 
ng targeted biologics, and prioritize strategies for early kidney 
rotection to reduce progression to ESKD. 

In conclusion, this study of Swedish AAV patients with kid- 
ey involvement shows that PR3-ANCA is linked to more ag- 
ressive disease and higher relapse, though survival was simi- 
ar to MPO-positive patients. Older age and low serum albumin 

ere strong and independent predictors of all-cause mortality, 
ith infections and cardiovascular disease as leading causes of 
eath. Findings highlight the need for early detection, individ- 
alized treatment, particularly taking age into account, and on- 
oing monitoring to improve outcomes. 

CKNOWLEDGEMENTS 

e sincerely thank research nurse Kerstin Marttala for assist- 
ng with data collection, biostatistician Lars Lindhagen for ex- 
ert statistical advice and the patients for their invaluable par- 
icipation, which made this study possible. 

AUTHORS’ CONTRIBUTIONS 

All authors fulfil the ICMJE requirements for authorship. No 
funding sources were involved in the study design; the collec- 
tion, analysis, and interpretation of data; the writing process; or 
the decision to submit the article for publication. 

SUPPLEMENTARY DATA 

Supplementary data are available at Clinical Kidney Journal online.

CONFLICT OF INTEREST STATEMENT 

The authors declare no conflict of interest related to the content
of this manuscript. 

FUNDING 

The study was financed by grants from the Swedish state under
an agreement between the Swedish government and the County 
Council Research Foundation in the Uppsala region, Sweden 

( MKS) , the CUWX foundation and the Swedish Kidney Founda- 
tion. 

DATA AVAILABILITY STATEMENT 

The data underlying this article will be shared on reasonable re-
quest to the corresponding author. 

REFERENCES 

1. Redondo-Rodriguez R, Mena-Vázquez N, Cabezas-Lucena 
AM et al. Systematic review and metaanalysis of world- 
wide incidence and prevalence of Antineutrophil Cyto- 
plasmic Antibody ( ANCA) associated vasculitis. J Clin Med 
2022; 11 :2573. https://doi.org/10.3390/jcm11092573 

2. Mohammad AJ. An update on the epidemiology of ANCA- 
associated vasculitis. Rheumatology 2020; 59 :iii42–i50. https: 
//doi.org/10.1093/rheumatology/keaa089 

3. Kitching AR, Anders H-J, Basu N et al. ANCA-associated vas- 
culitis. Nat Rev Dis Primers 2020; 6 :71. https://doi.org/10.1038/ 
s41572- 020- 0204- y 

4. Rathmann J, Segelmark M, Englund M et al. Stable in-
cidence but increase in prevalence of ANCA-associated 

vasculitis in southern Sweden: a 23-year study. RMD 

Open 2023; 9 :e002949. https://doi.org/10.1136/rmdopen-2022 
-002949 

5. Flossmann O, Berden A, De Groot K et al. Long-term pa-
tient survival in ANCA-associated vasculitis. Ann Rheum Dis 
2011; 70 :488–94. https://doi.org/10.1136/ard.2010.137778 

6. Kronbichler A, Shin JI, Lee KH et al. Clinical associations of
renal involvement in ANCA-associated vasculitis. Autoim- 
mun Rev 2020; 19 :102495. https://doi.org/10.1016/j.autrev.202 
0.102495 

7. Flossmann O. Risks of treatments and long-term outcomes 
of systemic ANCA-associated vasculitis. La Presse Médicale 
2015; 44 :e251–e7. https://doi.org/10.1016/j.lpm.2015.02.019 

8. Sinico RA, Di Toma L, Radice A. Renal involvement in anti-
neutrophil cytoplasmic autoantibody associated vasculitis.
Autoimmun Rev 2013; 12 :477–82. https://doi.org/10.1016/j.autr 
ev.2012.08.006 

9. Kronbichler A, Lee KH, Denicolo S et al. Immunopathogene- 
sis of ANCA-associated vasculitis. Int J Mol Sci 2020; 21 :7319.
https://doi.org/10.3390/ijms21197319 
 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/19/7/sfag159/8692780 by Biologibiblioteket user on 21 July 2026

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfag159#supplementary-data
https://doi.org/10.3390/jcm11092573
https://doi.org/10.1093/rheumatology/keaa089
https://doi.org/10.1038/s41572-020-0204-y
https://doi.org/10.1136/rmdopen-2022-002949
https://doi.org/10.1136/ard.2010.137778
https://doi.org/10.1016/j.autrev.2020.102495
https://doi.org/10.1016/j.lpm.2015.02.019
https://doi.org/10.1016/j.autrev.2012.08.006
https://doi.org/10.3390/ijms21197319


ANCA-associated vasculitis and kidney involvement 9

1

1

1

1

1

1

1

1

1

1

2

2

R

©
C
i

6

0. Guillevin L, Pagnoux C, Karras A et al. Rituximab versus aza- 
thioprine for maintenance in ANCA-associated vasculitis. N 

Engl J Med 2014; 371 :1771–80. https://doi.org/10.1056/NEJMoa 
1404231 

1. Jones RB, Furuta S, Cohen Tervaert JW et al. Rituximab ver- 
sus cyclophosphamide in ANCA-associated renal vasculi- 
tis: 2-year results of a randomised trial. Ann Rheum Dis 
2015; 74 :1178–82. https://doi.org/10.1136/annrheumdis-2014 
-206404 

2. Sanchez-Alamo B, Moi L, Bajema I et al. Long-term outcome 
of kidney function in patients with ANCA-associated vas- 
culitis. Nephrol Dial Transplant 2024; 39 :1483–93. https://doi.or 
g/10.1093/ndt/gfae018 

3. Sarmad A, Ghozloujeh ZG, Hanna PE et al. Cardiovascular in- 
volvement in ANCA-associated vasculitis. Nephrol Dial Trans- 
plant 2025; 40 :2256–2267. https://doi.org/10.1093/ndt/gf af 070 

4. Wallace ZS, Fu X, Harkness T et al. All-cause and cause- 
specific mortality in ANCA-associated vasculitis: overall and 

according to ANCA type. Rheumatology 2020; 59 :2308–15. http 

s://doi.org/10.1093/rheumatology/kez589 
5. Heijl C, Mohammad AJ, Westman K et al. Long-term patient 

survival in a Swedish population-based cohort of patients 
with ANCA-associated vasculitis. RMD Open 2017; 3 :e000435. 
https://doi.org/10.1136/rmdopen- 2017- 000435 

6. Sánchez Álamo B, Moi L, Bajema I et al. Long-term outcomes 
and prognostic factors for survival of patients with ANCA- 
associated vasculitis. Nephrol Dial Transplant 2023; 38 :1655–
65.

7. Bataille PM, Durel C-A, Chauveau D et al. Epidemiology of 
granulomatosis with polyangiitis and microscopic polyangi- 
itis in adults in France. J Autoimmun 2022; 133 :102910. https: 
//doi.org/10.1016/j.jaut.2022.102910 

8. Bossuyt X, Cohen Tervaert J-W, Arimura Y et al. Revised 

2017 international consensus on testing of ANCAs in gran- 
ulomatosis with polyangiitis and microscopic polyangiitis. 
Nat Rev Rheumatol 2017; 13 :683–92. https://doi.org/10.1038/nr 
rheum.2017.140 

9. Delgado C, Baweja M, Crews DC et al. A unifying approach 

for GFR estimation: recommendations of the NKF-ASN Task 
Force on reassessing the inclusion of race in diagnosing 
kidney disease. J Am Soc Nephrol 2021; 32 :2994–3015. https: 
//doi.org/10.1681/ASN.2021070988 

0. Lugli G, Buscemi P, Calatroni M et al. #1484 Development of a 
relapse risk score in patients with ANCA-associated vasculi- 
tis treated with cyclophosphamide induction. Nephrol Dial 
Transplant 2024; 39 :gfae069–0019-1484.

1. Iudici M, Pagnoux C, Courvoisier DS et al. Granulomato- 
sis with polyangiitis: study of 795 patients from the 
French Vasculitis Study Group registry. Semin Arthritis 
Rheum 2021; 51 :339–46. https://doi.org/10.1016/j.semarthrit.2 
021.02.002 

22. Zhou P, Li Z, Gao L et al. Pulmonary involvement of
ANCA-associated vasculitis in adult Chinese patients.
BMC Pulm Med 2022; 22 :35. https://doi.org/10.1186/s12890-0
22- 01829- y 

23. Lionaki S, Blyth ER, Hogan SL et al. Classification of an-
tineutrophil cytoplasmic autoantibody vasculitides: the role
of antineutrophil cytoplasmic autoantibody specificity for
myeloperoxidase or proteinase 3 in disease recognition and
prognosis. Arthritis Rheumatism 2012; 64 :3452–62. https://doi.
org/10.1002/art.34562 

24. Hogan SL, Falk RJ, Chin H et al. Predictors of relapse
and treatment resistance in antineutrophil cytoplasmic
antibody–associated small-vessel vasculitis. Ann Intern 
Med 2005; 143 :621–31. https://doi.org/10.7326/0003- 4819- 14 
3- 9- 200511010- 00005 

25. Benichou N, Charles P, Terrier B et al. Proteinuria and hema-
turia after remission induction are associated with outcome
in ANCA-associated vasculitis. Kidney Int 2023; 103 :1144–55.
https://doi.org/10.1016/j.kint.2023.02.029 

26. Barzilay JI, Farag YMK, Durthaler J. Albuminuria: an under-
appreciated risk factor for cardiovascular disease. J Am Heart
Assoc 2024; 13 :e030131. https://doi.org/10.1161/JAHA.123.030 
131 

27. Jardel S, Puéchal X, Le Quellec A et al. Mortality in sys-
temic necrotizing vasculitides: a retrospective anal-
ysis of the French Vasculitis Study Group registry.
Autoimmun Rev 2018; 17 :653–9. https://doi.org/10.1016/j. 
autrev.2018.01.022 

28. Walsh M, Merkel PA, Peh C-A et al. Plasma exchange and glu-
cocorticoids in severe ANCA-associated vasculitis. N Engl J
Med 2020; 382 :622–31. https://doi.org/10.1056/NEJMoa180353 
7 

29. De Joode AAE, Sanders JSF, Smid WM et al. Plasmaphere-
sis rescue therapy in progressive systemic ANCA-associated
vasculitis: single-center results of stepwise escalation of
immunosuppression: plasmapheresis in ANCA-Associated 

Vasculitis. J Clin Apheresis 2014; 29 :266–72. https://doi.org/10
.1002/jca.21318 

30. Odler B, Kronbichler A, Szpirt WM. Does plasma exchange
have a role in ANCA-associated vasculitis? Viewpoint 2:
plasma exchange may be useful under some circumstances.
Rheumatology 2025; 64 :i68–70-i70. https://doi.org/10.1093/rh 

eumatology/keae612 
31. Walsh M, Collister D, Zeng L et al. The effects of plasma ex-

change in patients with ANCA-associated vasculitis: an up-
dated systematic review and meta-analysis. BMJ 2022; 376 ,
:e064604. https://doi.org/10.1136/bmj- 2021- 064604 

32. Kaplan AA, Szpirt WM. Should we still use therapeutic
plasma exchange for rapidly progressive glomerulonephri-
tis in ANCA associated vasculitis? Kidney Dialysis 2022; 2 :399–
406. https://doi.org/10.3390/kidneydial2030035 

eceived: 21.8.2025; accepted: 31.3.2026 
The Author( s) 2026. Published by Oxford University Press on behalf of the 
reative Commons Attribution License ( https://creativecommons.org/licenses/b

n any medium, provided the original work is properly cited. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/19/7/sfag159/8692780 by Biologibiblioteket user on 21 July 202
ERA. This is an Open Access article distributed under the terms of the 
y/4.0/ ) , which permits unrestricted reuse, distribution, and reproduction 

https://doi.org/10.1056/NEJMoa1404231
https://doi.org/10.1136/annrheumdis-2014-206404
https://doi.org/10.1093/ndt/gfae018
https://doi.org/10.1093/ndt/gfaf070
https://doi.org/10.1093/rheumatology/kez589
https://doi.org/10.1136/rmdopen-2017-000435
https://doi.org/10.1016/j.jaut.2022.102910
https://doi.org/10.1038/nrrheum.2017.140
https://doi.org/10.1681/ASN.2021070988
https://doi.org/10.1016/j.semarthrit.2021.02.002
https://doi.org/10.1186/s12890-022-01829-y
https://doi.org/10.1002/art.34562
https://doi.org/10.7326/0003-4819-143-9-200511010-00005
https://doi.org/10.1016/j.kint.2023.02.029
https://doi.org/10.1161/JAHA.123.030131
https://doi.org/10.1016/j.autrev.2018.01.022
https://doi.org/10.1056/NEJMoa1803537
https://doi.org/10.1002/jca.21318
https://doi.org/10.1093/rheumatology/keae612
https://doi.org/10.1136/bmj-2021-064604
https://doi.org/10.3390/kidneydial2030035
https://creativecommons.org/licenses/by/4.0/

