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Abstract

Purpose Anti-neutrophil cytoplasmic autoantibody-associated vasculitis (AAV) is predominantly a disease of the elderly,
and the incidence increases with age. However, there are few data focusing on the clinical features in elderly onset AAV,
especially in very elderly onset AAV in China. The aim of this study was to explore whether elderly onset AAV shows any
specific clinical features and outcomes in Chinese patients.

Methods We performed a retrospective study in Xiangya Hospital, a mixed tertiary medical center in south China. A total of
177 patients presenting with AAV were included between January 1, 2010 and December 31, 2017. Patients were divided into
younger group (age < 65 years) and older group (age > 65 years) which was sub-divided into elderly group (age 65-74 years)
and very elderly group (age > 75 years). And their medical records were analyzed by retrospective review.

Results We found patients in the very elderly group had more chest and cardiovascular involvement (P=0.033 and P=0.017).
Older AAV patients had less renal involvement and lower serum C4 level (P=0.013 and P=0.003). Very elderly AAV
patients had lower platelet counts. Patients in the younger group had a higher level of BVAS among three groups (P <0.05
younger group vs. very elderly group; P <0.05 younger group vs. elderly group). There were no significant difference in the
proportion of ESRD patients among the three groups (P =0.473). Patients in the very elderly group had the poorest patient
survival (P =0.002).

Conclusion Older AAV patients had less renal involvement, lower serum C4 level and BVAS. The very elderly group got
the most chest and cardiovascular involvement and had lower platelet counts. Older age is associated with higher mortality
in AAV patients.
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AAV occurs at any age but usually occurs to adults, and
the incidence increases with age [6]. The prognosis of
AAV has dramatically improved with the introduction of
effective immunosuppressive treatment. However, there is
a dilemma exists in clinical practice concerning how to
control active disease of elderly patients with AAV effec-
tively with fewer adverse events. On one hand, increasing
age is associated with poor outcomes in AAV patients [7].
Previous reports have demonstrated that the proportion of
elderly patients is increasing and elderly patients are more
likely to develop complications of treatment and have a
higher mortality rate than younger patients [8, 9]. On the
other hand, several studies suggested that elderly patients
with immunosuppressive treatment were equally likely to
respond as younger patients and showed improved survival
when compared with untreated patients [10].

To elucidate this issue, we retrospectively compared the
demographic factors, laboratory data, pathological charac-
teristics and outcomes in younger and older patients with
AAV at a tertiary medical center in China.

Methods
Patients

Patients were recruited from the departments of neph-
rology, rheumatology and immunology, and respiratory,
Xiangya Hospital, a mixed tertiary hospital. All patients
newly diagnosed with AAV between January 1, 2010 and
December 31, 2017 were recruited.

Inclusion criteria

A definite clinical diagnosis of GPA or MPA according to
the European Medicines Agency algorithm was required
during the study period [11]. The diagnosis was retrieved
in the original medical records and confirmed by two
independent investigators. All patients met the criteria of
Chapel Hill Consensus Conferences Nomenclature of Vas-
culitis proposed in 2012 [4].

Exclusion criteria

Patients with secondary vasculitis were excluded. All
EGPA were excluded because they were not usually
referred to Xiangya Hospital and thus, their incidence
would be underestimated. Those patients whose were posi-
tive for serum circulating anti-GBM antibodies were also
excluded [11].
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Definitions and groups

We defined younger adults as the patients aged < 65 years,
older adults as those aged > 65 years. And older group was
sub-divided into elderly group (age 65-74 years) and very
elderly group (age>75 years). Organ system involvement
was considered only if the manifestations were due to AAV
[12].

Data collection

All data were collected retrospectively from the medical
records. One of our investigators contacted each patient or
their families were via phone to determine their status by
December 2018. The following characteristics were col-
lected at presentation: each patient’s age, gender, symptoms
and signs, time interval from first symptoms to date of diag-
nosis, laboratory data. The activity of disease was measured
by Birmingham Vasculitis Activity Score (BVAS) [12].

Detection of ANCA

Indirect immunofluorescence (IIF) was used to test cytoplas-
mic ANCA (c-ANCA) and perinuclear ANCA (p-ANCA)
were tested. ANCA against proteinase 3 (PR3-ANCA) and
myeloperoxidase (MPO-ANCA) were tested using antigen-
specific ELISA. Standard ELISA (Inova Diagnostics, San
Diego, USA) and IIF assay (Euroimmun, Liibeck, Ger-
many) were carried out according to the manufacturer’s
instructions.

Renal histology

For light microscopy, renal biopsies were fixed and embed-
ded in paraffin. Paraffin sections were stained with hematox-
ylin and eosin, periodic acid-schiff, Masson trichrome and
methenamine silver. Direct immune fluorescence was used
to test immunoglobulins and complement components. Elec-
tron microscopy were also performed for each sample. Two
renal pathologists scored the renal specimens independently
according to the classification system of ANCA-associated
glomerulonephritis proposed by Berden et al. for glomerular
lesions [13], and Chen et al. for tubulointerstitial lesions
[14]. In brief, each glomerulus was scored separately. The
presence of glomerular lesions was calculated as the per-
centage of the total number of glomeruli in a biopsy: >50%
normal glomeruli for focal class, >50% glomeruli with cel-
lular crescents for crescentic class, >50% globally sclerotic
glomeruli for sclerotic class and the left for mixed class.
Interstitial and tubular lesions were semi quantitatively
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scored on the basis of the percentage of interstitial fibrosis
and tubular atrophy: score 0 for absent, 1 for 1-20%, 2 for
21-50%, and 3 for>50%.

Treatment

All patients were treated with induction therapy and main-
tenance therapy described previously [15, 16]. Induction
therapy included standard dose oral glucocorticoids (predni-
solone, starting at a dosage of 1 mg/kg daily for 4-6 weeks,
tapered over a period of 3—6 months to 12.5-15 mg) and
cyclophosphamide (CTX) that was administered by intra-
venous 0.5-1.0 g/m? every month. For those over 65 years
old or those with renal insufficiency, twenty-five percent
dose reduction of CTX was made. CTX was temporarily
stopped for those who developed leukocytopenia or throm-
bocytopenia. Some patients with severe kidney injury or
pulmonary hemorrhage received intravenous pulse methyl-
prednisolone (5-10 mg/kg/day) for 3 days before the stand-
ard induction therapy, and some of these patients received
plasma exchanges additionally. After the 3—6 months’
induction, patients were converted to azathioprine (AZA) or
mycophenolate mofetil or intravenous CTX every 3 months
for maintenance therapy. And a low-dose oral prednisolone
was continued.

Ethical issues

The protocol was approved by the Ethic Committee of
Xiangya Hospital. Informed consent was obtained from all
participants included in the study.

Statistical analysis

All data were analyzed using the statistical software Graph-
pad Prism, version 7. Baseline characteristics are presented
as means and standard deviations (SDs) or median with
interquartile range for continuous variables and percent-
ages for categorical variables. The Fisher’s exact test for
categorical data and one-way analysis of variance or the
Mann—Whitney test for numerical data were used to exam-
ine for differences between groups. Kaplan—Meier curves
and log-rank tests were used to analyze patient survival and
renal survival. P values < 0.05 were considered significant.

Results
General characteristics
A total of 177 patients were included in the study. The

demographic and clinical characteristics of the patients are
shown in Table 1. There were 93 patients < 65 years old and

84 patients > 65 years old. And 25 of the 84 older patients
were in the very elderly group. One hundred and fifty-nine
patients were classified as MPA, and 18 patients as GPA,
MPO/p-ANCA positivity was seen in 89% and PR3/c-ANCA
positivity in 11%. The gender of patients and classifica-
tion of vasculitis were equally distributed among the three
groups. The median course of disease of overall patients was
64 days, and there was no difference among the three groups.

Patients in the very elderly group had chest and cardio-
vascular involvement significantly more often compare to
the other two groups (P=0.033 and P=0.017). The younger
group seemed to have more renal involvement among three
groups (P=0.027). The elderly group got the most neu-
rological involvement (P =0.046). A similar frequency of
general, cutaneous, mucous, ENT and abdominal involve-
ment was found in all three groups. In addition, patients
in the younger group had a higher level of BVAS among
three groups (P <0.05 younger group vs. very elderly group;
P <0.05 younger group vs. elderly group). The most com-
mon comorbidities of patients were hypertension, heart dis-
ease, lung disease and diabetes. And the very elderly group
got the most often heart disease, the elderly had the most
lung disease. (Supplemental Table 1).

Laboratory data showed significantly lower platelet
counts in the very elderly AAV patients (P <0.05 very
elderly group vs younger group; P <0.05 very elderly group
vs. elderly group). The younger AAV patients had the high-
est C4 level (P <0.05 younger group vs. very elderly group;
P <0.05 younger group vs. elderly group). There was no
significant difference in other laboratory tests among the
groups, including p-ANCA/c-ANCA positivity.

Renal biopsy

Renal biopsies were performed in 62 patients (35%) (9 in
elderly group and 53 in younger group) and none of the
patients from the very elderly group performed this opera-
tion. The pathological characteristics of renal biopsies were
shown in Table 2.

According to Berden et al. classification system of
ANCA-associated glomerulonephritis, for elderly patients,
4 (44%) were sclerotic class, 2 (22%) were crescentic class,
3 (33%) were mixed class, and none were focal class. For
younger patients, the sclerotic class, crescentic class, focal
class and mixed class were 8 (15%), 5 (9%), 20 (38%) and
20 (38%), respectively. According to Chen et al. tubuloint-
erstitial lesions classification, all patients who performed
renal biopsies present with tubulointerstitial injury. The
tubulointerstitial injury score range from 1 to 3 were 5 (56%)
vs 30 (57%), 3 (33%) vs 17 (32%) and 1 (11%) vs 6 (11%) in
elderly and younger group. There was no difference in glo-
merular lesions and tubulointerstitial injury between elderly
and younger patients.
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Table 1 Clinical and laboratory features of the patients

Characteristic All patients Very elderly (> 75 years) Elderly (65-74 years) Younger (< 65 years) P value
No. patients 177 25 59 93

Gender 0.790
Females (n, %) 84 (47) 13 (52) 29 (49) 42 (45)

Males (n, %) 93 (53) 12 (48) 30 (51) 51 (55)

Classification of vasculitis 0.856
GPA (n, %) 18 (10) 3(12) 5(8) 10 (11)

MPA (n, %) 159 (90) 22 (88) 54 (92) 83 (89)

Organ involvement

General (n, %) 121 (68) 17 (68) 45 (76) 59 (63) 0.253
Cutaneous (n, %) 9(5) 2(8) 2(3) 5(5) 0.643
Mucous (n, % ) 17 (10) 2(8) 5(8) 10 (11) 0.860
ENT (n, %) 20 (11) 6 (24) 6 (10) 8(9) 0.092
Chest (n, %) 100 (56) 19 (76)*® 36 (61)* 45 (48) 0.033
Cardiovascular (n, %) 14 (8) 6 (24)° 4 (7 44 0.017
Abdominal (n, %) 4(2) 14 0(0) 3(3) 0.361
Renal (n, %) 162 (92) 22 (88)* 50 (85)* 90 (97) 0.027
Neurological (1, %) 33(19) 4 (16)° 17 (29)* 12 (13) 0.046
BVAS 128 £ 5.7 10.8 + 4.5¢ 11.6 + 6.0° 140+5.6 0.019
White blood cells (109/L) 8.7 (6.7-12.2) 9.1 (7.25-11.6) 8.4 (6.9-14.9) 8.3 (6.6-11.7) 0.739
Hemoglobin (g/L) 80 (68-99) 81 (72.5-100) 77 (66-98) 82 (68.5-101.5) 0.886
Platelet (109/L) 256 (183-330) 198 (123-267)*° 260 (176-342) 261 (196-350) 0.042
Serum albumin (g/L) 28.4 (25.2-32.1) 27.3 (22.9-30.7) 27.6 (24.6-31.3) 29.1 (25.9-33.8) 0.283
Serum globulin (g/L) 31.2+6.7 30753 323+6.5 308 £7.1 0.566
Proteinuria (g/24 h) 0.78 (0.22-1.5) 0.92 (0.27-1.46) 0.62 (0.22-1.25) 0.85 (0.22-1.71) 0.663
Serum creatinine (pmol/L) 299 (142.2-506) 350 (136-667) 223 (103-416) 354 (182-533) 0.152
eGFR (mL/min/1.73 m?) 18.6 (8.8-42.6) 13.5 (5.8-36.2) 22.8 (10.6-49.8) 16.4 (8.6-36.8) 0.280
ESR (mm/h) 68 (43-93) 67 (46-94) 75 (48-103) 61 (36-88) 0.370
CRP (mg/L) 27 (8-78) 49 (13-115) 36 (9-85) 17 (7-67) 0.075
ANCA positive

PR3/c-ANCA (n, %) 20 (11) 4 (16) 3(0) 13 (14) 0.175
MPO/p-ANCA (n, %) 157 (89) 21 (84) 56 (95) 80 (86) 0.144
C4 (mg/L) 219 (187-271) 207 (184-226)* 210 (166-267)* 242 (197-299) 0.023
C3 (mg/L) 817 (671-1008) 773 (674-893) 811 (623-1008) 850 (669-1025) 0.844
IgA (mg/L) 2540 (1543-3440) 2545 (1823-3635) 2710 (1645-3610) 2370 (1493-3178) 0.759
IgG (g/L) 14.46 +4.91 14.25 +3.58 1531 +£5.19 13.97 +5.00 0.497
IgM (mg/L) 945 (688-1538) 841 (630-1268) 872 (685-1333) 1050 (747-1575) 0.285
Diagnostic delay (months) 64 (31.5-132.5) 79 (37-136) 62 (30-178) 60 (34.5-120) 0.976
Outcome

ESRD (n, %) 60 (34) 9 (36) 17 (29) 34 (37) 0.599
Death (1, %) 44 (25) 12 (48)*° 15 (25)* 17 (18) 0.009
ESRD at presentation 43 5 13 25 0.686

Values are presented as number (percentage) or mean + standard deviation or median (interquartile range) and exclude missing data

MPA, microscopic polyangiitis; GPA, granulomatosis with polyangiitis; ENT, ear, nose, and throat; BVAS, Birmingham Vasculitis Activity
Score; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; ANCA, antineutrophil cytoplasmic autoantibody; p-ANCA, perinuclear
ANCA; c-ANCA, cytoplasmic ANCA; eGFR, estimated glomerular filtration rate; BVAS, Birmingham Vasculitis Activity Score; ESRD, end-

stage renal disease
4P < 0.05 vs younger

5P < 0.05 vs elderly. P value < 0.05 was considered statistically significant
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Table 2 The renal pathological charateristics in groups

All patients Elderly Younger P value

(65— (<65

74 years)  years)
Glomerular lesions 62 9 53
Sclerotic (1, %) 12 4 (44) 8 (15) 0.062
Focal (n, %) 5 0(0) 509 0.999
Crescentic (n, %) 22 2 (22) 20 (38) 0.471
Mixed (n, %) 23 3 (33) 20 (38) 0.999
Tubulointerstitial

injury

Score 0 (n, %) 0 0 0 0.999
Score 1 (n, %) 35 5 (56) 30 (57) 0.999
Score 2 (n, %) 20 3 (33) 17 (32) 0.999
Score 3 (n, %) 7 1(11) 6(11) 0.999

Values are presented as number (percentage)

P value < 0.05 was considered statistically significant

Survival

Overall, a total of 16 patients were lost during follow-up.
At the end of the observation period, 48% (12 out of 25
patients) of the very elderly patients, 25% (15 out of 59
patients) of the elderly patients and 18% (17 out of 93
patients) of the younger patients died.

The patient survival of the patients is shown in Fig. 1.
Patients in the younger group had superior patient sur-
vival, whereas patients in the very elderly group had the
poorest patient survival (P =0.002). Regarding kidney
survival, no significant difference was found among the
three groups (Fig. 2).
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Fig. 1 Overall survival of patients according to age. Time (months)
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Fig.2 Renal survival of patients according to age. Time (months)
refers to the time since the start of diagnosis (P=0.473)

Discussion

In this retrospective cohort, we described and compared
the clinical characteristics and survival of young and old
patients with AAV. The ratio of MPA to GPA was 9:1 in
this study. MPO-ANCA/p-ANCA positivity was seen in
81% AAV patients. Chen et al. reported that MPA was
striking preponderance in China, constituting about 80%
of the patients with AAV [17]. The constitution of AAV
in our cohort is in line with their report.

We found that older AAV patients had similar clinical
features compared with younger AAV patients, but showed
an increased frequency of chest and cardiovascular and
neurological involvement, and had lower BVAS. It is worth
mentioning that there was no difference in serum MPO/
p-ANCA or PR3/c-ANCA between older and younger
patients, which was inconsistent with the results of the
previous study [8, 18]. The discrepancy might be mainly
due to that MPA is more prevalent in both younger and
older patients in our cohort.

A major finding of our study is that age is a strong pre-
dictor of death in AAV. Kaplan—Meier analyses showed
significantly lower overall survival rates in the older AAV
patients. The very elderly AAV patient had the highest
mortality, with nearly 48% patient dead. This data is con-
sistent with that obtained by other investigators [7]. There
are some possible explanations for this phenomenon. First,
we found chest and cardiovascular involvement increases
with age in AAV patients and it might contribute to the
high mortality in elderly onset AAV. Second, in line with
previous reports [18, 19], the strength of immunosup-
pressive therapy was weaker in older patients than that in
younger patients. When came to comorbidities, the very
elderly group got the most often heart disease, the elderly
had the most lung disease. However, multivariable cox
regression model analysis demonstrated that these comor-
bidities were not independent risk factors of patients’
mortality.
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What’s more, in our study, laboratory data showed
significantly lower platelet counts in very elderly AAV
patients. That might be one possible reason for the poor
outcome of this group. Xu et al. reported that increased
platelet count is associated with active and reversible renal
lesions in MPO-ANCA AAV and higher renal recovery
rate [20]. Our finding that the very elderly group who had
the lowest platelet counts got the poorest survival is in
accordance with their report.

When come to complement system, it is recognized to
play a prominent role in the pathogenesis of glomerular
diseases [21, 22], Recent cumulative evidence implicates
that the activation of the complement system is important
for the development of AAV [23]. Low serum complement
C3 level is associated with severe AAV and can predict
poor renal outcome at diagnosis [24, 25]. However, in our
study, we found that serum C4 levels but not C3 was higher
in the younger AAV patients. When use multivariable
cox regression model to further analyze these variables,
we found that C4 levels were not associated with patient
survival. This result was interesting and the relationship
between C4 and AAV required further investigation.

In this study, we found no difference in renal histology
between elder group and younger group. However, only
35% patient had renal biopsy results, and the number of
renal biopsy patients in the elderly group was extremely
small. And none of those very elderly patients who aged
over 75 performed renal biopsy. Thus, sampling bias could
not be excluded.

Previous studies suggested that older AAV patients have
more severe renal involvement and poorer renal outcomes
[8, 18, 26]. It should be noted that in contrast to the pre-
vious study, no significantly difference was found in the
proportion of AAV patients that progression into ESRD
among three groups. The reason for this discrepancy is
unclear, which may partly relate to the high mortality of
the older AAV patients for some older patients died before
they progressed into ESRD.

When use multivariable cox regression model to fur-
ther analyze these variables, we found that platelet counts,
chest and cardiovascular involvement were independently
associated with a higher risk of mortality (see Supplemen-
tal Table 2).

There are several limitations in our study such as the
retrospective design itself. On the other hand, due to the
restrictions of single cohort, the sample size of the study
was small. Furthermore, as mentioned above, only about
35% patients performed renal biopsy, which might lead to
some bias. Lastly, selection biases based on the basis of
the disease severity couldn’t be avoided since treatment
were not protocol-driven for the limitation of retrospec-
tive design itself. And we cannot exclude the possibility
completely that different treatment may have had minor
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variable effects on the various outcomes evaluated in our
study.

Conclusion

This study documents the characteristic of older patients
with AAV and outcome. The very elderly group had lower
platelet counts and got the most chest and cardiovascular
involvement. Older AAV patients had less renal involve-
ment, lower serum C4 level and BVAS. Older age is associ-
ated with higher mortality in AAV patients.
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