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Abstract

Background: It is not elucidated that there is treatment-related damage in elderly patients with antineutrophil
cytoplasmic antibody (ANCA)–associated vasculitis (AAV).

Methods: Elderly (≥ 75 years of age) patients were enrolled from two nationwide prospective inception cohort
studies. The primary outcome was 12-month treatment-related Vasculitis Damage Index (VDI) score. Secondary
outcomes included serious infections within 6 months, total VDI score, remission, and relapse. Patient characteristics
and outcomes were compared across three different initial glucocorticoid (GC) dose groups: high-dose,
prednisolone (PSL) ≥ 0.8 mg/kg/day; medium-dose, 0.6 ≤ PSL < 0.8 mg/kg/day; and low-dose, PSL < 0.6 mg/kg/day.

Results: Of the 179 eligible patients, the mean age was 80.0 years; 111 (62%) were female. The mean Birmingham
Vasculitis Activity Score was 16.1. Myeloperoxidase-ANCA findings were positive in 168 (94%) patients, while
proteinase 3-ANCA findings were positive in 11 (6%). The low-dose group was older and had higher serum
creatinine levels than the other groups. There were no statistically significant intergroup differences in remission or
relapse, whereas serious infection developed more frequently in the high-dose (29 patients [43%]) than the low-
dose (13 patients [22%]) or medium-dose (10 patients [19%]) groups (p = 0.0007). Frequent VDI items at 12 months
included hypertension (19%), diabetes (13%), atrophy and weakness (13%), osteoporosis (8%), and cataracts (8%).
Logistic regression analysis revealed that GC dose at 12 months (odds ratio, 1.14; 95% confidence interval, 1.00–1.35)
was a predictor for diabetes.
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Conclusion: A reduced initial GC dose with rapid reduction might be required to ensure the safe treatment of
elderly AAV patients.

Keywords: ANCA-associated vasculitis, Chronic damage, Elderly patients, Glucocorticoids

Introduction
Treatment with high-dose glucocorticoid (GC) and
immunosuppressants has greatly improved the prognosis
of patients with antineutrophil cytoplasmic antibody
(ANCA)–associated vasculitis (AAV) [1, 2], but chronic
damage has become a major concern in such patients.
Because disease severity was reportedly related to
chronic damage [3], intensive immunosuppressive treat-
ment is required to induce the remission of AAV. On
the other hand, GC is a risk factor for chronic damage
as well as infectious complications [4, 5].
AAV often occurs in elderly populations, particularly

in Japan [6], and aging is a strong risk factor for death
and end-stage renal disease [7–10]. Due to the high inci-
dence of chronic conditions including diabetes mellitus,
osteoporosis, cataracts, and hypertension in elderly pop-
ulations with AAV [11], GC-related damage might be
more serious. Because many studies of AAV have ex-
cluded elderly patients, optimization of the initial GC
dose and tapering speed might be required to ensure
their safe treatment.
In this study, treatment-related damage was evaluated

in patients with elderly-onset AAV based on safety out-
come analysis using data from two nationwide prospect-
ive inception cohort studies.

Methods
Database
We used datasets from two cohort studies: RemIT-JAV
(observational cohort study of remission induction
therapy in Japanese patients with ANCA-associated
vasculitis [UMIN000001648]) and RemIT-JAV-RPGN
(observational cohort study of remission induction ther-
apy in Japanese patients with ANCA-associated
vasculitis and rapidly progressive glomerulonephritis
[UMIN000005136]). Consecutive patients with newly di-
agnosed AAV were enrolled in RemIT-JAV between
April 2009 and December 2010 from 22 tertiary care in-
stitutions or in RemIT-JAV-RPGN from April 2011 to
March 2014 from 53 tertiary care institutions. The cri-
teria for enrolment for both studies included the follow-
ing: (1) diagnosis of AAV by the site investigators, (2)
fulfillment of criteria for primary systemic vasculitis as
proposed by the European Medicines Agency algorithm
[12], and (3) starting immunosuppressive treatment
based on site investigator discretion [13, 14]. The exclu-
sion criteria were as follows: (1) age younger than 20

years, (2) serologic evidence of hepatitis B or C virus in-
fection, and (3) a history of malignancy. Baseline data
recorded for each patient included demographic infor-
mation, laboratory data, Birmingham Vasculitis Activity
Score (BVAS) 2003 [15], and disease severity. Disease
severity was subclassified as localized, early systemic,
generalized, or severe according to the European Vascu-
litis Study Group definition of disease severity types [16].
Patients with threatened vital organ function were classi-
fied as having generalized disease, while those with
organ failure were classified as having severe disease. De-
tailed definitions of disease severity were described pre-
viously [17]. Patients were evaluated at 3, 6, 12, 18, and
24months and at relapse, and the following data were
collected: vital status, BVAS 2003, laboratory data, treat-
ments, and adverse events. The Vasculitis Damage Index
(VDI) score was recorded at 6, 12, and 24months [18].

Patient selection and outcome measures
In the present study, patients with elderly-onset (≥ 75
years) AAV were enrolled. Patients for whom data about
the GC dose were lacking were excluded.
The primary outcome measure was 12-month

treatment-related VDI score. Treatment-related VDI was
defined as in the previous report as follows: osteoporosis,
diabetes, cataracts, atrophy and weakness, malignancy,
gonadal failure, marrow failure, chemical cystitis,
avascular necrosis, hypertension, angina/coronary artery
disease, alopecia, cerebrovascular accident, myocardial
infarction, and mouth ulcers [4]. Secondary outcome
measures included serious infections within 6months,
12-month total VDI score, remission, and relapse. Our
definition of serious infections was based on an Inter-
national Conference on Harmonization report [19].
Bacterial infections requiring intravenous antibiotic ad-
ministration and opportunistic infections were consid-
ered serious infections. The diagnosis of infection was
based on the attending physician’s clinical diagnosis
using a comprehensive evaluation of physical findings,
laboratory data, and imaging data. Remission was de-
fined as a BVAS score of 0 on 2 consecutive occasions at
least 1 month apart according to the European League
Against Rheumatism (EULAR) recommendations [16].
Relapse was defined as recurrent or new-onset clinical
signs and symptoms attributable to active vasculitis as
we previously reported [20].
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Statistical analysis
Clinical characteristics are presented as mean ± standard
deviation (SD). The patients were divided into three
groups according to initial GC dose: high-dose, prednis-
olone (PSL) ≥ 0.8 mg/kg/day; medium-dose, 0.6 ≤ PSL <
0.8 mg/kg/day; and low-dose, PSL < 0.6 mg/kg/day. Pa-
tient characteristics and outcomes were compared across
the three GC dose groups. Continuous variables were
compared using the Mann–Whitney U test, whereas cat-
egorical variables were compared between two groups
using the Fisher exact probability test. p values < 0.05
were considered significant. Statistical significance was
determined using Bonferroni correction, < 0.05/3, to ad-
just for multiple testing. To explore the factors related
to VDI items, multiple linear regression and logistic re-
gression analyses were performed. All statistical analyses
were performed using JMP 11.2.0 software (SAS Insti-
tute Inc., Cary, NC, USA).

Results
Patient characteristics
Of 477 patients registered in the two cohort studies, 181
fulfilled the inclusion criteria. Among them, 2 were ex-
cluded because of a lack of data about the GC dose. For

the analysis of VDI score, 60 patients without a 12-
month score were excluded. Of those 60 excluded pa-
tients, 19 died by 12months. The mean age (SD) of the
179 enrolled patients was 80.0 (3.8) years, 111 (62%)
were female, and the baseline mean (SD) BVAS was 16.1
(6.6). Seven (4%) patients had eosinophilic granulomato-
sis with polyangiitis, 28 (16%) had granulomatosis with
polyangiitis, 113 (63%) had microscopic polyangiitis, and
31 (17%) were unclassifiable. Myeloperoxidase–antineu-
trophil cytoplasmic antibody (MPO-ANCA) results were
positive in 168 (94%) patients, while proteinase 3–ANCA
(PR3-ANCA) results were positive in 11 (6%) patients.
Concomitant cyclophosphamide (CY) was used in 54
(30%) patients, and the mean (SD) GC dose was 0.73
(0.25) mg/kg/day. Prophylaxis against Pneumocystis
pneumonia was administrated in 153 of 178 (86%) pa-
tients (there was no statistical difference compared to
patients aged < 75 years: 243 of 292 [83%], p = 0.43).
The patient characteristics of the three groups are

summarized in Table 1. The low-dose group had a sig-
nificantly higher mean age than the high-dose group.
There were no significant intergroup differences in sex,
disease classification, or disease severity. Mean BVAS
score did not differ significantly, while the high-dose

Table 1 Patient characteristics by initial GC dose group

Low-dose (n = 59) Medium-dose (n = 52) High-dose (n = 68)

Male/female 27/32 18/34 23/45

Age (years), mean ± SD (median)† 80.9 ± 3.9 (80) 79.9 ± 3.6 (80) 79.1 ± 3.6 (78)

Disease classification, n

EGPA 2 2 3

GPA 5 9 14

MPA 42 33 38

Unclassifiable 10 8 13

Disease severity, n (%)

Localized 1 3 3

Early systemic 12 14 18

Systemic 34 27 35

Severe 12 8 12

BVAS, mean ± SD 15.8 ± 6.3 17.3 ± 6.0 15.4 ± 7.2

MPO-ANCA–positive, n (%) 55 (93) 49 (94) 64 (94)

PR3-ANCA–positive, n (%) 0 2 (4) 3 (4)

Serum creatinine (mg/dL), mean ± SD† 3.11 ± 3.56 2.36 ± 2.15 1.59 ± 1.31

Interstitial lung disease, n (%) 29 (49) 24 (46) 29 (43)

Treatment

Initial daily dose of PSL (mg/kg/day), mean ± SD#, † 0.47 ± 0.10 0.69 ± 0.05 0.98 ± 0.18

Cyclophosphamide, n (%) 8 (13) 10 (19) 36 (53)

Comparisons among groups were made using the Mann–Whitney U test or Fisher’s exact probability test. Statistical significance was determined by using
Bonferroni correction (< 0.05/3). ANCA antineutrophil cytoplasmic antibody, BVAS Birmingham Vasculitis Activity Score, EGPA eosinophilic granulomatosis with
polyangiitis, GPA granulomatosis with polyangiitis, MPA microscopic polyangiitis, MPO myeloperoxidase, PR3 proteinase 3, PSL prednisolone, SD standard deviation
#Medium-dose vs. high-dose group
†Low-dose vs. high-dose group
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group exhibited a significantly lower mean serum cre-
atinine level than the low-dose group.
Mean (SD) daily PSL doses at initial treatment in the

low-, medium-, and high-dose groups were 0.47 (0.10),
0.69 (0.05), and 0.98 (0.18) mg/kg, respectively. The pro-
portion of concomitant CY use was significantly differ-
ent among groups: low-dose, 8 (13%); medium-dose, 10
(19%); and high-dose, 36 (53%); p < 0.0001.

Treatment effectiveness and safety
By 12 months, 151 (84%) patients achieved remission; of
those, 17 (11%) experienced a relapse. Mean (SD) total
VDI score at 12 months was 2.4 (1.8), while mean (SD)
treatment-related VDI score was 0.7 (1.0). The propor-
tions of patients with each VDI item at 12 months are
shown in Fig. 1. Frequent VDI items (> 5% of enrolled
patients) were as follows: hypertension (19%), diabetes
(13%), atrophy and weakness (13%), osteoporosis (8%),
and cataracts (8%). Serious infections within 6 months
developed in 52 (29%) patients.
There were no statistically significant intergroup dif-

ferences in remission or relapse by 12 months: remis-
sion—50 (85%) of 59 patients in low-dose, 41 (79%) of
52 in medium-dose, and 60 (88%) of 68 in high-dose, re-
spectively, p = 0.38; relapse—5 (10%) of 50 in low-dose, 5
(12%) of 41 in medium-dose, and 7 (12%) of 60 in high-
dose, respectively, p = 0.93. Even limited in patients with
severe form, remission and relapse were not different
statistically (remission: 66% in low-dose, 63% in

medium-dose, and 67% in high-dose, respectively, p =
0.98; relapse: 0%, 20%, and 13%, respectively, p = 0.46).
Serious infections developed more frequently in the
high-dose (n = 29 [43%]) than in the low-dose (n = 13
[22%]) or medium-dose (n = 10 [19%]) groups (p =
0.0007). Same trends were found in each dataset (Re-
mIT-JAV group: 45% in high-dose, 13% in medium-
dose, and 15% in low-dose, respectively, p = 0.04;
RemIT-JAV-RPGN group: 41% in high-dose, 22% in
medium-dose, and 24% in low-dose, respectively, p =
0.10).

Vasculitis Damage Index
Mean (SD) VDI scores of all patients in the RemIT-JAV
and RemIT-JAV-RPGN groups were 1.7 (1.7) and 2.1
(1.6) at 6 months, and 2.0 (1.7) and 2.5 (1.8) at 12
months, respectively.
Of 121 patients with VDI scores at 12 months, total

and treatment-related VDI scores at 12 months showed
no statistically significant intergroup differences (total
VDI score: low-dose, 2.65 ± 1.99; medium-dose, 2.40 ±
1.67; and high-dose, 2.25 ± 1.70, p = 0.57; treatment-
related VDI score: low-dose, 0.91 ± 1.18; medium-dose,
0.45 ± 0.71; and high-dose, 0.77 ± 1.04, p = 0.14).
For the determination of variables associated with total

and treatment-related VDI scores at 12 months, a mul-
tiple linear regression analysis was performed of the fol-
lowing candidate variables: sex, age, initial GC dose,
initial CY usage, and initial serum creatinine level. No

Fig. 1 Frequency of treatment-related VDI items at 12months. VDI, Vasculitis Damage Index
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statistically significant variables were identified (Supple-
mentary Table 1).
Next, we explored variables related to 5 frequent

treatment-related VDI items at 12 months using logistic
regression analysis including the same candidate vari-
ables. Hypertension, atrophy and weakness, osteoporosis,
and cataracts were eliminated (Supplementary Table 2),
while CY usage was identified as an independent pre-
dictor for a less frequent development of diabetes
(Table 2, model 1).
Because mean (SD) GC dose at 12 months was lower

in patients with concomitant CY than in those without it
(6.8 [3.5] vs. 9.5 [6.9] mg/day, p = 0.016), we performed a
multiple linear regression analysis including GC dose at
12 months instead of concomitant CY usage; GC dose at
12 months was also identified as an independent pre-
dictor for diabetes (Table 2, model 2).

Discussion
This is the first report to evaluate damage in elderly pa-
tients with AAV. The low-dose initial GC group was
older and had more severe renal impairment but less
frequent concomitant CY use. The high-dose group
more frequently developed serious infections. Total and
treatment-related VDI scores did not differ significantly
among the initial GC dose groups. GC dose at 12
months was an independent predictor for diabetes.
Our findings suggest that initial GC dose perhaps is

reduced during treatment in elderly patients with AAV.
Serious infections developed more frequently in the
high-dose group, but remission, relapse, and VDI score
were comparable to those of the other groups. Although
CY dose was recommended to be reduced according to
age and renal function with concern about adverse drug
reactions in the EULAR recommendation for the

treatment of AAV [21], the initial dose adjustment of
GC was not stated, and PSL 1mg/kg/day has tradition-
ally been initiated since the 1970s [22]. The PEXIVAS
trial reported that a reduced-dose GC regimen (initial
dose, ~ 0.5 mg/kg/day) was non-inferior to the standard
regimen (initial dose, ~ 1 mg/kg/day) with respect to
death or end-stage renal failure in patients with severe
AAV [23]. Initial GC dose and age were reportedly re-
lated to serious infection in the immunosuppressive
treatment of rheumatic diseases [24–26]. Our previous
study also showed that PSL > 0.8 mg/kg/day was a risk
factor for severe infection in patients with AAV [5].
Therefore, the reduction of the initial GC dose could
lead to improved safety outcomes in elderly patients.
Diabetes, atrophy and weakness, osteoporosis, and cat-

aracts were emphasized as chronic damage in elderly
AAV patients. Although the order of the frequency of
treatment-related VDI items was comparable to those of
the previous report for VDI for AAV patients of all ages,
diabetes (13% in present study vs. 8% in the previous
study), atrophy and weakness (13% vs. 6%), osteoporosis
(8% vs. 4%), and cataracts (8% vs. 3%) were more fre-
quent in the present study [27]. These items are also
well-known concerns in general elderly patients, and our
result indicates that AAV treatment accelerates this
damage in elderly AAV patients.
A delay in the GC reduction without concomitant CY

usage and renal impairment might lead to the develop-
ment of diabetes. Concomitant CY usage was deter-
mined as a protective predictor for diabetes by analysis
of initial treatment with patient characteristics. Our re-
cent study also demonstrated a GC sparing effect of con-
comitant CY in AAV patients, as the GC dose at 12
months was lower in patients with concomitant CY than
those without CY [28]. Even on multivariate analysis
with the model including GC dose at 12 months instead
of concomitant CY usage, GC dose at 12 months
remained a statistical predictor for diabetes. Because the
achievement of PSL 5–7.5 mg/day by 5 months is recom-
mended in the EULAR guidelines, an earlier reduction
of GC dose might be attempted in elderly AAV patients
with renal impairment [21].
There are some limitations to this study. First, the ma-

jority of our patients were MPO-ANCA–positive. There
are several differences in characteristics between patients
with MPO-ANCA and those with PR3-ANCA [29, 30],
and our results might not be applicable to the treatment
of elderly patients with PR3-ANCA. Second, the treat-
ment strategy was decided by each attending physician,
so frail patients might have been treated conservatively,
leading to underestimation of the outcomes. Neverthe-
less, patients with higher GC doses at 12 months had
diabetes more frequently, supporting the relevance of a
sufficient and early GC dose reduction in elderly

Table 2 Risk factors for the development of diabetes at 12
months

Odds ratio (95% CI) p value

Model 1

Age, years 1.06 (0.93–1.24) 0.36

Female sex 0.73 (0.24–2.01) 0.55

Serum creatinine, mg/dL 0.83 (0.66–0.99) 0.040

Initial PSL dose, mg/kg/day 3.32 (0.29–41.66) 0.34

Concomitant cyclophosphamide use 0.29 (0.09–0.87) 0.027

Model 2

Age, years 1.08 (0.94–1.26) 0.28

Female sex 0.76 (0.25–2.09) 0.60

Serum creatinine, mg/dL 0.86 (0.70–1.02) 0.09

Initial PSL dose, mg/kg/day 1.26 (0.13–14.65) 0.85

PSL dose at 12 months, mg/day 1.14 (1.00–1.35) 0.045

CI confidential interval, PSL prednisolone
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patients. Third, we could not validate our exploratory re-
sults in another dataset because of insufficient sample
size, so further validation study is required.

Conclusion
Rapidly reducing the initial GC dose to PSL < 0.8 mg/kg/
day perhaps is required to ensure the safe treatment of
elderly patients with AAV.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13075-020-02341-6.

Additional file 1: Table S1. Risk factors for total and treatment-related
VDI. Table S2. Risk factors for hypertension, atrophy and weakness, cata-
ract, and osteoporosis.
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