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Abstract
Objective

This study aimed to validate the German version of the ANCA-associated vasculitis patient-reported outcome 
(AAV-PRO) measure by evaluating its psychometric properties.

Methods
Our study was a prospective cohort study of German speaking AAV patients, recruited in the rheumatology outpatient 
clinics at the University Hospital Düsseldorf. The questionnaire includes 29 items across six domains, each rated 
from 0 to 4 points. Participants completed the AAV-PRO (German) at three time points. They also completed the 
EuroQol-5D-5L (EQ-5D-5L) and self-reported their vasculitis status. The Birmingham Vasculitis Activity Score 

version 3 (BVASv3) and Vasculitis Damage Index (VDI) were completed by the treating physicians.

Results
70 AAV patients (48.5% female) participated. Overall, fatigue was the most prevalent symptom. Female AAV patients 
reported higher symptom burden across all domains and had a higher total score (Z=-2.55, p=0.011). The AAV-PRO 

(German) demonstrated good internal consistency in the domains “social and emotional impact”, “concerns about the 
future” and “physical function” (Cronbach’s alpha≥0.83). The domain “systemic symptoms severity” demonstrates 
acceptable to good consistency. The other domains demonstrated insufficient consistency. All domains showed high
 test-retest reliability (Pearson r≥0.8). BVASv3 and VDI showed limited correlations with the AAV-PRO (German) 
domains. Construct validity was supported by moderate to strong correlations with the EQ-5D-5L in five domains. 

Patients with self-reported active disease had statistically significantly higher mean scores than those with self-reported
 inactive disease in three domains. 

Conclusion
Our study supports the use of the AAV-PRO (German). However, two domains need to be interpreted carefully.
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Introduction
Anti-neutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis (AAV) 
comprises three small-vessel vasculi-
tis: granulomatosis with polyangiitis 
(GPA), eosinophilic granulomatosis 
with polyangiitis (EGPA) and micro-
scopic polyangiitis (MPA) (1). These 
systemic diseases can affect multiple 
organ systems (1).
Improved treatments have transformed 
AAV from acute, severe illness into a 
chronic disease. Despite better out-
comes, patients often face long-term 
effects from both the disease and its 
therapy, which can cause serious side 
effects or even damage (2). This bur-
den does not necessarily have to cor-
respond to the medically objectifiable 
findings on disease activity or disease 
damage (3). To better understand 
these effects, patient-reported outcome 
(PRO) questionnaires are used. They 
capture patients’ own experiences and 
provide valuable insights into how 
AAV impacts their lives. In response 
to the OMERACT Vasculitis Working 
Group’s identified need for a disease-
specific PRO, an international steering 
committee developed the AAV-PRO, a 
questionnaire designed to assess symp-
tom burden in patients with AAV (4). It 
includes 29 items, grouped into six do-
mains (Fig. 1, 2).
Although the AAV-PRO (German) 
was professionally translated by the 
OMERACT Vasculitis Working Group, 
it has not yet been formally validated. 
Currently, the English (4) and Italian 
(5) versions have completed formal 
validation. 

Methods
The objective of this study was to vali-
date the AAV-PRO (German) as a reli-
able instrument. Psychometric proper-
ties were assessed, alongside disease 
activity and quality of life, including 
correlations with established outcome 
measures and clinical instruments.

Study design
Our study was a prospective observa-
tional cohort.

Inclusion criteria and data collection
To be eligible, participants had to be  

diagnosed and classified as AAV, be 
German speakers and be at least 18 
years old. The diagnosis of AAV was 
based on the expert opinion of the 
treating rheumatologist. The subtype 
was classified according to the 2012 
Chapel Hill Consensus Conference no-
menclature (1) and the respective clas-
sification criteria (6-8).
Participants were recruited from the 
rheumatology outpatient clinic at Uni-
versity Hospital Düsseldorf. Recruit-
ing patients with this rare disease at a 
single centre limited the cohort size to 
70 participants. All participants were 
informed orally from a team member 
in a 5-minute conversation and via pa-
tient information leaflet in detail about 
the objectives, procedures, and purpose 
of the study prior to giving their writ-
ten informed consent to participate. 
At their first clinical visit (t1), the par-
ticipants completed the 29-item AAV-
PRO (German) candidate question-
naire in the waiting area or treatment 
room, either prior to or following their 
consultation with the physician. Three 
to five days later (t2), the participants 
completed the provided questionnaire 
again at home and returned it by mail to 
assess test-retest reliability. After three 
to six months (t3), they completed the 
questionnaire one more time during 
their next outpatient visit in the clinic. 
Each item of the AAV-PRO (German) 
can be answered using one of five op-
tions, scored from 0 to 4 points. Do-
main scores were calculated by sum-
ming the corresponding items for each 
domain. The Birmingham Vasculitis 
Activity Score version 3 (BVASv3) (9) 
and the Vasculitis Damage Index (VDI) 
(10) were applied to measure disease 
activity and disease-related organ dam-
age. Subsequently, correlations with 
the AAV-PRO (German) were calcu-
lated. At both baseline and follow-up 
(t1 and t3), participants also filled out 
the EuroQol-5D-5L (EQ-5D-5L) ques-
tionnaire. Correlations with the EQ-
5D-5L were examined to verify the 
instrument’s convergent validity. The 
EQ-5D-5L is a standardised measure 
of health-related quality of life encom-
passing five dimensions (11). EQ-5D-
5L index values were derived using the 
crosswalk method. 
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Statistical analysis
Descriptive statistics included frequen-
cy analyses for categorical variables, 
as well as mean, standard deviation 
and median for continuous variables. 
Internal consistency was assessed us-
ing Cronbach’s alpha, while test-retest 
reliability was evaluated by calculat-
ing the Pearson correlation coefficient 
with 95% confidence intervals (CI) 
between scores at t1 and t2. The Wil-
coxon rank-sum test was performed to 
examine potential differences between 
two independent groups with respect to 
an ordinal or non-normally distributed 
metric variable. The Kruskal-Wallis 
test was used to assess differences in 
questionnaire scores among more than 
two independent groups. If the test in-
dicated statistically significant differ-
ences, pairwise post-hoc comparisons 
were performed using Dunn’s test to 
identify which specific groups differed. 

Fig. 1. Response distribution for the 29 AAV-PRO (German) items at baseline. 
The y-axis shows the distribution of ratings among participants. The x-axis shows the questionnaire item number. 
T1: first clinical visit.

Fig. 2. Comparison of mean domain-specific scores by self-reported disease status (active vs. inactive). 
The y-axis shows the AAV-PRO (German) domain. The x-axis shows the mean difference of the do-
mains score between active and inactive. 
OSS: organ-specific symptoms; SSS: systemic symptoms severity; TSE: treatment side effects; SEI: 
social and emotional impact; CAF: concerns about the future; PF: physical function; CI: confidence 
interval; T1: first clinical visit; T3: 3-6 months after T1.
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Correlations between continuous vari-
ables and main scores were assessed 
using the Spearman rank correlation 
coefficient or the Pearson correlation 
coefficient with 95% CI. All statistical 
analyses were conducted using R Stu-
dio (v. 2024.12.0+467). 

Compliance with ethical standards
The data collection was approved by 
the Ethics Committee of the Medical 
Faculty of the University of Düsseldorf 
(Study number 2019-602). 

Results
Study population at baseline
A total of 70 participants were included 
in the study. The mean age was 60.1 
years (SD 13.7), gender distribution 
(biological sex) was balanced (female 

n=34, 48.5%; male n=36, 51.5%). GPA 
(n=45, 64.3%) was the most prevalent 
subtype followed by EGPA (n=16, 
22.9%) and MPA (n=9, 12.9%). The 
mean BVASv3 at baseline was 1.7 (SD 
2.4). Of the 70 respondents, 21 (30%) 
self-reported an active disease, where-
as 44 (62.9%) reported an inactive dis-
ease state (missing information n=5, 
7.1%). The majority of the patients 
(n=56, 80%) received immunosuppres-
sive therapy at t1 (Table I).

Measurement properties of the 
AAV-PRO (German) questionnaire
The AAV-PRO (German) question-
naire was self-completed by 70 par-
ticipants at baseline. The response rate 
for the questionnaires at t2 was 65 of 
70 (92.9%). At t3 61 (87.1%) patients 

were recorded again. A total of 196 
AAV-PRO (German) questionnaires 
were analysed.

Survey responses at baseline
Of the symptoms surveyed, fatigue 
(item 9) was most prevalent as 61 pa-
tients (88.4%) indicated the presence. 
Fatigue was classified as moderate or 
severe by 31 patients (severe: n=13, 
18.8%). Other clinically relevant 
symptoms included upper airway 
symptoms (item 4, 5). Furthermore, 
43 (62.3%) participants reported ocu-
lar symptoms (item 3) and respiratory 
symptoms (item 1). More than half of 
the participants (n=39, 56.5%) reported 
arthralgia (item 6). 
In relation to physical functioning, 
28 (41.2%) patients reported that par-
ticipating in sports or physical activity 
(item 14) was at least moderately dif-
ficult (n=12, 17.6%), extremely diffi-
cult (n=8, 11.8%) or impossible (n=8, 
11.8%). Item 15, “washing or drying 
yourself or getting dressed” was de-
scribed by most patients as unprob-
lematic (n=53, 76.8%) (Supplementary 
Table S2).
The AAV-PRO (German) responses re-
vealed that patients expressed concerns 
about the future, general life issues and 
long-term treatment. At baseline, 35 
(51.5%) patients indicated being some-
times, often, or always worried about 
the future (item 19). Using the same 
response scale, 31 (44.9%) patients ex-
pressed concern about long-term treat-
ment (item 29) and 30 (43.5%) patients 
reported general stress (item 20) (Fig. 
1). 

Comparison between the AAV-PRO
(German) domain scores and demo-
graphic and clinical characteristics
The mean scores for female patients 
(biological sex) were higher than those 
for male patients across all domains at 
t1. However, a statistically significant 
difference was observed only in the 
CAF domain (t1: Z=-2.33; p=0.02), as 
determined by the Wilcoxon rank-sum 
test. In addition to the domain-specific 
comparisons, the Wilcoxon rank-sum 
test also revealed a statistically signifi-
cant difference in the total score (t1: 
Z=-2.55; p=0.011).

Table I. The demographic and clinical characteristics of survey participants.

Demographic characteristics	 t1	 t3

Participants, n (%)	 70 	(100)	 61 	(100)
Female, n (%)	 34 	(48.5)	 31 	(51)
Male, n (%)	 36 	(51.5)	 30 	(49)
Age, years mean (SD)	 60.1 	(13.7)	 60.4 (	 14.1)
Age groups, n (%)

 ≤ 65 years	 45 	(64.3) 	 38 	(62.3)
 > 65 years	 25 	(35.7)	 23 	(37.7)

Type of AAV, n (%)
GPA	 45 	(64.3)	 40 	(65.6)
EGPA	 16 	(22.9)	 14 	(23) 
MPA	 9 	(12.9)	 7 	(11.5)

Vasculitis-activity (patient perspective), n (%)
Active 	 21 	(30)	 16 	(26.2) 
Inactive	 44 	(62.9)	 37 	(60.7)
Missing information	 5 	(7.1)	 8 	(13.1)

Clinical instruments
BVASv3, mean (SD)	 1.68 	(2.43)	 2.13 	(3.21)
BVASv3 ≥ 1, n (%)	 16 	(22.9)	 9 	(14.8)
BVASv3 = 0, n (%)	 22 	(31.4)	 15 	(24.6)
BVASv3 missing information, n (%)	 32 	(45.7)	 37 	(60.7)
VDI, mean (SD)	 2.45 	(2.03)	 3.36 	(2.94)
VDI missing information, n (%)	 39 	(55.8)	 50 	(82)

Education, n (%)
Low education	 17 	(24.3)	 15 	(24.6)
Medium education	 22 	(31.4)	 20 	(32.8)
High education	 12 	(17.1)	 10 	(16.4)
Missing information	 19 	(27.1)	 16 	(26.2)

Ethnicity, n (%)
Europe	 64 	(91.4)	 56 	(91.8)
Asian	 3 	(4.3)	 2 	(3.3)
Africa	 2 	(2.6)	 2 	(3.3)
missing information	 1 	(1.4)	 1	 (1.6)

Therapy, n (%)
Glucocorticoid therapy	 24 	(34.9)	 25 	(41)
Immunosuppressive therapy	 56 	(80)	 36 	(59)
  Rituximab 	 20 	(28.6)	 14 	(23)
  Methotrexate	 11 	(15.8)	 6 	(9.8)
  Mycophenolate mofetil 	 4 	(5.7)	 2 	(3.3)
  Azathioprine	 11 	(15.7)	 9 	(14.8)
  Others	 10 	(14.3)	 5 	(8.2)
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No relevant correlation (Spearman) 
was found between age as a continu-
ous variable and AAV-PRO (German) 
domain scores.
The Kruskal-Wallis test showed no 
statistically significant differences be-
tween the three diagnostic groups (GPA/
EGPA/MPA) in any of the six examined 
domains. In all cases, the p-values were 
above the significance level of 0.05 sug-
gesting that the distributions of respons-
es did not differ significantly between 
groups (OSS: χ²=1.33, p=0.52; SSS: 
χ²=0.91, p=0.64; TSE: χ²=0.38, p=0.83; 
SEI: χ²=1.53, p=0.47; CAF: χ²=4.58, 
p=0.10; PF: χ²=1.73, p=0.42). 
AAV-PRO (German) domain scores 
were compared between active (n=21, 
30%) and inactive (n=44, 62.9%) pa-
tients based on self-reported disease 
status at t1. On average higher scores 
were observed across all six AAV-PRO 
(German) domains among patients who 
self-reported an active vasculitis com-
pared to those who reported an inactive 
disease (Fig. 3). A Kruskal-Wallis test 
revealed statistically significant differ-
ences between the three groups (active/

inactive/missing information) in the 
domains SEI (χ²=9.38, p<0.01), CAF 
(χ²=6.52, p=0.04) and PF (χ²=14.67, 
p<0.01). Post-hoc analyses showed 
that the group with self-reported active 
disease had statistically significantly 
higher mean scores than the group with 
inactive disease (SEI: mean difference 
4.8 [95% CI 1.75–7.85]; CAF: mean 
difference 3.64 [95% CI 0.81–6.48]; 
PF: mean difference 3.55 [95% CI 1.4–
5.7]) (Fig. 2). 

Internal consistency
To assess internal consistency, Cron-
bach’s alpha was calculated for each 
domain at three time points. The do-
main TSE showed the lowest consist-
ency, with a Cronbach’s alpha of 0.58 
[95% CI 0.41–0.72] at baseline. OSS 
had a Cronbach’s alpha of 0.63 [95% 
CI 0.47–0.75] at t1. These two domains 
showed variations in Cronbach’s alpha 
across the three time points. In particu-
lar, the domain OSS exhibited lower in-
ternal consistency at t1 compared to t2 
(0.79 [95% CI 0.70–0.86]) and t3 (0.76 
[95% CI 0.65–0.84]). Similarly, in do-

main TSE, internal consistency was 
lower at t1 than at the other assessment 
points. For further analysis, factor anal-
ysis showed that in OSS and TSE four 
of five items exhibited low loadings 
on their respective constructs (Suppl. 
Table S1). The domain SSS achieved 
a Cronbach’s alpha of 0.81 [95% CI 
0.72–0.87] at t1, with comparable val-
ues observed at t2 (Cronbach’s alpha 
0.76 [95% CI 0.65–0.84]) and t3 (Cron-
bach’s alpha 0.77 [95% CI 0.65–0.85]). 
The remaining three domains, SEI, 
CAF, and PF, demonstrated high reli-
ability, with Cronbach’s alpha values 
ranging from 0.83 to 0.92 across all 
time points (Fig. 3).

Test-retest reliability
To calculate the test-retest reliability, 
the sum scores of the domains at t1 
were correlated with those at t2. All six 
domains showed high reproducibility, 
with Pearson correlation coefficients of 
0.8 or higher. The domain SEI showed 
the highest correlation with a Pearson 
correlation coefficient of 0.9 [95% CI 
0.84–0.94; p=0.001] (Table II). 

Fig. 3. Confidence interval plot of Cronbach’s alpha by time point. 
OSS: organ-specific symptoms; SSS: systemic symptoms severity; TSE: treatment side effects; SEI: social and emotional impact; CAF: concerns about the 
future; PF: physical function; t1: first clinical visit; t2: 3-5 days after t1; t3: 3-6 months after t1.
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Convergent validity: correlation 
between the AAV-PRO (German) 
domain scores and current clinical 
instruments
The analysis of convergent validity 
revealed predominantly weak to mod-
erate correlations (Pearson) between 
disease activity assessed by the treat-
ing physicians using the BVASv3 and 
the AAV-PRO (German) domains at 
t1. Two domains showed statistically 
significant moderate correlations: OSS 
(r=0.50 [95% CI 0.21–0.70; p<0.01]) 
and SSS (r=0.33 [95% CI 0.02–0.60; 
p=0.04]). The remaining domains 
showed weaker, non-significant cor-
relations: TSE (r=0.2 [95% CI -0.13–
0.49; p=0.24]); SEI (r=0.28 [95% CI 
-0.05–0.55; p=0.1]); CAF (r=0.06 
[95% CI -0.27–0.37; p=0.74]) and PF 
(r=0.3 [95% CI -0.02–0.57; p=0.07]).

At t3 a similar pattern was observed. 
While most correlations remained 
weak and non-significant, two domains 
again showed statistically significant 
moderate associations: SSS (r=0.45 
[95% CI 0.05-0.72; p=0.03]) and SEI 
(r=0.43 [95% CI 0.03–0.71; p=0.04]). 
Correlations for the other domains were 
non-significant: OSS (r=0.23 [95% CI 
-0.2–0.58; p=0.28]); TSE (r=0.37 [95% 
CI -0.04–0.68; p=0.07]); CAF (r=0.25 
[95% CI -0.18–0.60; p=0.25]) and PF 
(r=0.34 [95% CI -0.08–0.66; p=0.11]). 
Comparable results were observed in 
the correlations between the total score 
and the BVASv3 at t1 (r=0.34 [95% 
CI 0.02-0.59; p=0.04]) and t3 (r=0.38 
[95% CI -0.03–0.68; p=0.07]).
However, when comparing physician-
assessed disease activity by BVASv3 (0 
= remission, ≥1 active disease), AAV-

PRO (German) scores were higher in 
5 of 6 AAV-PRO (German) domains 
among patients with active disease, ex-
cept for the CAF domain. A statistically 
significant difference was only found in 
the OSS domain (mean difference 3.73 
[95% CI 0.67–6.8; p=0.02]).
In line with these findings, correla-
tions between the VDI and the AAV-
PRO (German) domains at t1 varied in 
strength. The OSS and SSS domains 
demonstrated statistically significant 
moderate correlations (OSS: r=0.42 
[95% CI 0.08–0.67; p=0.02]; SSS: 
r=0.47 [95% CI 0.13–0.70; p=0.01]). 
The remaining four domains showed 
non-significant correlations ranging 
from very weak to moderate (TSE: 
r=0.18 [95% CI -0.19–0.50; p=0.33]; 
SEI: r=0.21 [95% CI -0.16–0.52; 
p=0.27]; CAF: r=0.36 [95% CI 0.01–
0.63; p=0.05]; PF: r=0.25 [95% CI 
-0.11–0.56; p=0.17]), indicating gener-
ally limited associations with the VDI. 
The total score of the AAV-PRO (Ger-
man) showed a weak-to-moderate but 
statistically significant positive correla-
tion with the VDI (t1: r=0.38 [95% CI 
0.03-0.65; p=0.04]. 

Convergent validity: correlation 
between the AAV-PRO (German) 
domain scores and the EQ-5D-5L 
In addition, correlations between AAV-

Table II. Pearson’s correlation coefficient of the AAV-PRO (German) domains of Visit 1 
and Visit 2.

Domain of AAV-PRO	 Pearson’s correlation 	 95% CI
	 coefficient	

Organ-specific symptoms (OSS)	 0.80	 [0.69, 0.88]
Systemic symptoms severity (SSS)	 0.86	 [0.77, 0.91]
Treatment side effects (TSE)	 0.84	 [0.74, 0.90]
Social and emotional impact (SEI)	 0.90	 [0.84, 0.94]
Concerns about the future (CAF)	 0.86	 [0.77, 0.91]
Physical function (PF)	 0.86	 [0.78, 0.91]

AAV: ANCA-associated vasculitis; PRO: patient-reported outcome; CI: confidence interval.

Fig. 4. Heatmap of Spearman Correlations (with 95 % CI) between AAV‑PRO (German) domains and the EQ‑5D‑5L index value (t1 and t3). 
The y-axis shows the time point. The x-axis shows the AAV-PRO (German) domain. The colour indicates the strength of the correlation.
OSS: organ-specific symptoms; SSS: systemic symptoms severity; TSE: treatment side effects; SEI: social and emotional impact; CAF: concerns about the 
future; PF: physical function; CI: confidence interval; t1: first clinical visit; t3: 3-6 months after t1.
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PRO (German) domain scores and the 
EQ-5D-5L were analysed to test con-
vergent validity. Correlations (Spear-
man) between baseline AAV-PRO 
(German) domains and EQ-5D-5L 
index-score showed a weak correlation 
in domain OSS [Spearman’s Rho 95% 
CI -0.4–0.14] while domain TSE [95% 
CI -0.6–(-0.13)] demonstrated a mod-
erate correlation. Domains SSS [95% 
CI -0.75-(-0.38)], SEI [95% CI -0.79–
(-0.46)] and CAF [95% CI -0.75–
(-0.39)] each exhibited a strong correla-
tion, and domain PF [95% CI -0.91-(-
0.76)] showed a very strong correlation. 
Negative correlations were expected, as 
the two measures are scored in opposite 
directions (Fig. 4).

Discussion
The AAV-PRO (German) is a recently 
adapted, disease-specific PRO measure 
intended for use in AAV research in 
German language. 
Fatigue (item 9) was rated as the most 
severe symptom, highlighting its rel-

evant impact on the disease. Our results 
support the findings of Basu et al. who 
identified fatigue as a primary com-
plaint and a key contributor to reduced 
quality of life (12). In line with this, 
Thiele et al. emphasise the importance 
of fatigue in rheumatic diseases and 
recommend its regular assessment (13). 
It should be noted that the ceiling effect 
in item 9 (4 points: n=13, 18.8%) limits 
the instrument’s ability to detect wors-
ening, thereby reducing its sensitivity. 
Similarly, the floor effect in item 15 
(0 point: n=53, 76.8%) constrains the 
detection of further improvements and 
may mask meaningful positive changes.
Across all six domains, female partici-
pants (biological sex) reported higher 
scores, with a statistically significant 
difference observed in the CAF do-
main. In the English (4) and Italian 
(5) validation studies, women consist-
ently reported higher scores than men, 
with statistically significant differences 
observed across all domains. These 
findings underscore the importance of 

considering sex differences in AAV re-
search and patient management (14). 
Addressing psychological aspects, 
such as CAF, could support a sex-sen-
sitive treatment approach. Incorporat-
ing psychological support may help pa-
tients cope more effectively with these 
challenges.
A very weak association was found be-
tween age and the AAV-PRO (German) 
domain scores. This finding is consist-
ent with the Italian validation study 
(5). In contrast, the English validation 
study showed a statistically significant-
ly higher mean score in the SEI domain 
among younger patients (4). 
There were no differences observed in 
the mean domain scores between the 
AAV subtypes, just like in the other 
validations (4, 5). 
The mean domain scores across all 
domains were higher among patients 
reporting themselves as active disease 
compared to those reporting them-
selves as inactive disease. This find-
ing supports the AAV-PRO’s (German) 
ability to reflect perceived disease ac-
tivity. Additionally, the SEI, CAF and 
PF domains showed statistically sig-
nificant differences between patients 
reporting active and inactive vasculitis, 
supporting group validity in these do-
mains. Robson et al. (4) found statisti-
cally significant differences for all six 
domains. 
Three domains (SEI, CAF, PF) exhib-
ited good internal consistency with a 
Cronbach’s alpha greater than 0.82 at 
all time points, indicating a reliable 
measurement of these dimensions. SSS 
showed a Cronbach’s alpha ranging 
from 0.76 to 0.81, indicating accept-
able to good internal consistency and 
suggesting a satisfactory level of item 
coherence. Notably, the internal con-
sistency within the other two domains 
varied across the three time points, indi-
cating potential fluctuations in the relia-
bility of responses over time. The inter-
nal consistency of the TSE domain at t1 
(Cronbach’s alpha 0.58) indicated low 
reliability and limited coherence among 
the items. For OSS, Cronbach’s alpha 
was 0.63 at t1, reflecting questionable 
internal consistency. In both domains, 
the internal consistency at time points 
t2 and t3 showed slight improvement, 

Fig. 5. Comparison of Cronbach’s alpha and ICC in the English and German AAV-PRO Validation 
Studies. The y-axis shows the AAV-PRO domains. The x-axis shows Cronbach’s Alpha and ICC with 
95%CI at baseline. 
AAV: ANCA-associated vasculitis; PRO: patient-reported outcome; ICC: intraclass correlation coef-
ficient; CI: confidence interval; OSS: organ-specific symptoms; SSS: systemic symptoms severity; 
TSE: treatment side effects; SEI: social and emotional impact; CAF: concerns about the future; PF: 
physical function.
(The figure presents results obtained from the following source: Robson et al.; Validation of the        
ANCA-associated vasculitis patient-reported outcomes (AAV-PRO) questionnaire. Ann Rheum Dis 
2018; 77(8): 1157-64).
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yet remained within the questionable 
range for TSE and the acceptable range 
for OSS. The low factor loadings ob-
served in OSS and TSE suggest that 
the items may not adequately represent 
their intended constructs, which could 
account for the low internal consistency 
and could be addressed in future revi-
sions (Suppl. Table S1).
Interestingly, the TSE and OSS do-
mains exhibited higher internal consist-
ency in the validation studies conducted 
in other countries (4, 5). One possible 
explanation relates to cultural differ-
ences in perceiving and reporting phys-
ical symptoms and side effects. In some 
cultures, side effects may be perceived 
as more severe or reported more read-
ily, while in others they may be down-
played or stigmatised (15). Moreover, 
linguistic and conceptual challenges in 
translation may have influenced results, 
as some items or symptom terms may 
differ in connotation (16). Future quali-
tative studies could provide insights 
and support refinement to improve 
cross-cultural comparability.
All AAV-PRO domains had good test-
retest reliability, with a Pearson corre-
lation coefficient higher than 0.80. This 
indicates that the instrument yields 
stable and consistent results, reflecting 
temporal stability and measurement 
precision.
In the English AAV patient cohort, 
each domain showed good measure-
ment properties with Cronbach’s alpha 
between 0.77 and 0.92 and test-retest 
reliability with an ICC from 0.89 to 
0.96 (Fig. 5) (4). The Italian AAV-PRO 
demonstrated similar internal consist-
ency (Cronbach’s alpha 0.81–0.93) and 
test-retest reliability (ICC 0.94–0.95), 
but was evaluated using three broader 
domains instead of the original six (5).
Both BVASv3 and VDI showed weak 
to moderate correlations with the AAV-
PRO (German) domains and total score, 
suggesting limited and inconsistent as-
sociations that may reflect a divergence 
between physician-reported measures 
of disease activity and damage and pa-
tient-reported outcomes (17). It is im-
portant to note that the AAV-PRO (Ger-
man) does not explicitly assess vasculi-
tis activity in any of its items, nor does 
it capture disease-related damage. Con-

sistent with our findings, the validation 
of the Italian AAV-PRO also revealed 
limited correlations with BVASv3 or 
VDI (5). Nevertheless, physician-as-
sessed active disease (BVASv3≥1) was 
reflected in higher domain scores com-
pared to remission, with the difference 
reaching statistical significance only in 
the OSS domain (mean difference 3.73; 
[95% CI 0.67–6.8; p=0.02]). Discrep-
ancies between patient and physician 
perceptions of disease activity have 
been documented in other rheumatic 
diseases. In rheumatoid arthritis, pa-
tients tend to evaluate disease activity 
based on subjective symptoms such as 
pain, fatigue and functional limitations, 
whereas physicians primarily rely on 
objective indicators, including swollen 
joint counts and inflammatory markers 
(18). Comparable observations have 
been made in systemic lupus erythema-
tosus, where patients’ assessments in-
corporate subjective experiences, while 
physicians focus mainly on objective 
measures of disease activity (19). The 
absence of strong correlations between 
the AAV-PRO (German) and clinician-
derived measures underscores the po-
tential of the AAV-PRO (German) as 
a complementary tool, offering greater 
emphasis on patient-reported aspects 
of the disease (20-22). In this context, 
the integration of PROs represents an 
important step towards personalised 
medicine, with the overarching goal of 
further optimising long-term disease 
control and minimising adverse effects 
(23).
Five AAV-PRO (German) domains 
showed moderate to very strong corre-
lations with the EQ-5D-5L. In contrast, 
statistical analysis revealed a weak cor-
relation between the OSS domain and 
the EQ-5D-5L. A possible explanation 
is that this domain captures organ-spe-
cific manifestations not addressed by 
the generic EQ-5D-5L. As expected, 
correlations were observed between 
conceptually related domains, these 
findings support the construct validity 
of the AAV-PRO (German). In the Eng-
lish validation study, all correlations 
between baseline AAV-PRO domains 
and EQ-5D-5L index scores were large 
(r≥0.50) (4). In line with our findings, 
the OSS domain showed the weakest 

correlation with the EQ-5D-5L index 
value.
This study has several limitations. Due 
to the limited sample size, CI were con-
sistently reported to provide a trans-
parent representation of the associated 
uncertainty. 
The restriction to a single-centre set-
ting may limit the generalisability of 
the results, therefore, the study popu-
lation was analysed with reference to 
the Joint Vasculitis Registry in Ger-
man-speaking countries (GeVas) (24). 
Gender distribution and median age 
were comparable and GPA was the 
most prevalent subtype in both datasets 
(64.3 % vs. 61 %) (24). The relative 
frequencies of EGPA and MPA dif-
fered: in the registry, MPA was second 
most common (26 %) and EGPA least 
common (14 %), whereas in the cohort 
EGPA was second (22.9 %) and MPA 
least frequent (12.9 %) (24). Overall, 
these findings indicate that the cohort 
can only be partially generalised to oth-
er German-speaking populations. 
Moreover, the possibility of selec-
tion bias due to the high participation 
rate cannot be excluded. Additionally, 
some missing responses and the fact 
that not all participants completed the 
AAV-PRO (German) three times intro-
duce certain biases into the analysis, 
although the overall rate of missing 
data was low. In addition, leaving ques-
tions unanswered has been reported 
as an important matter of choice (25, 
26). The high proportion of missing 
BVAS and VDI values reflects practi-
cal and organisational constraints in 
the outpatient setting. Importantly, the 
missing data occurred completely at 
random, and our findings remain con-
sistent with other validation studies (5, 
21), supporting their strength. As the 
questionnaires were not consistently 
completed before or after the physi-
cian consultation, a systematic bias in 
patient responses cannot be ruled out. 
New medical findings during the con-
sultation may have influenced patients’ 
subjective perception of their disease, 
potentially affecting their responses 
and the comparability of results (27). 
For future studies, a standardised pro-
tocol should be established to minimise 
the risk of such bias.
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Conclusion
Our study supports the use of the 
AAV-PRO (German), showing results 
comparable to the English and Italian 
validations and indicating that it can 
be used by AAV patients to self-assess 
their quality of life and disease burden. 
However, low internal consistency in 
domains TSE and OSS requires care-
ful interpretation. Unlike physician-
reported indices, the AAV-PRO (Ger-
man) reflects the patient’s subjective 
experience of disease activity and thus 
complements traditional clinical assess-
ments, supporting its use in research 
and routine patient management.
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