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ABSTRACT

Objective: To clarify seasonal and other environmental effects on the onset of anti-neutrophil 

cytoplasmic antibody (ANCA)-associated vasculitis (AAV).

Methods: We enrolled patients with new-onset eosinophilic granulomatosis with polyangiitis 

(EGPA), microscopic polyangiitis (MPA), and granulomatosis with polyangiitis (GPA) registered 

in the database of a Japanese multicenter cohort study. We investigated the relationship between 

environmental factors and clinical characteristics. Seasons were divided into four (spring, summer, 

autumn, and winter), and the seasonal differences in AAV onset were analyzed using Pearson’s 

chi-squared test, with an expected probability of 25% for each season.

Results: A total of 454 patients were enrolled, with a mean age of 70.9 years and a female 

proportion of 55.5%. Overall, 74, 291, and 89 patients were classified as EGPA, MPA, and GPA, 

respectively. Positivity for myeloperoxidase (MPO)-ANCA and proteinase 3 (PR3)-ANCA was 

observed in 355 and 46 patients, respectively. Overall, the seasonality of AAV onset significantly 

deviated from the expected 25% for each season (p=0.001), and its onset was less frequently 

observed in autumn. In ANCA serotypes, seasonality was significant in patients with MPO-

ANCA (p<0.001), but not in those with PR3-ANCA (p=0.97). Additionally, rural residency of 

patients with AAV was associated with PR3-ANCA positivity and biopsy-proven pulmonary 

vasculitis.
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Conclusion: The onset of AAV was influenced by seasonal variations and was less frequently 

observed in autumn. In contrast, the occurrence of PR3-ANCA was not triggered by season, but 

by rural residency.
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Introduction

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a major disease 

entity of systemic necrotizing vasculitis that predominantly affects the small vessels. AAV is 

classified into the following three subtypes: eosinophilic granulomatosis with polyangiitis 

(EGPA), microscopic polyangiitis (MPA), and granulomatosis with polyangiitis (GPA), 

according to the definition by the Chapel Hill Consensus Conference 2012 (CHCC2012) (1). The 

etiology and pathogenesis of AAV are yet to be fully elucidated; however, several environmental 

factors can trigger the formation of neutrophil extracellular traps (NETs), leading to the 

production of autoantibodies against released neutrophil cytoplasmic autoantigens. ANCAs 

against these autoantigens, including myeloperoxidase (MPO) and proteinase 3 (PR3), contribute 

to excessive neutrophil activation and NET formation, resulting in the development of AAV (2). 

One of the well-known triggering environmental factors of AAV is the use of drugs such as 

propylthiouracil (anti-thyroid drug) and hydralazine (anti-hypertensive drug), which induce NET 

formation; therefore, this condition is defined as drug-associated AAV (3).

Furthermore, seasonal influences on AAV development have been investigated. Among the 

seasonality-based cohorts, the four largest case numbers were 138 (AAV, 91; renal limited 

vasculitis, 36; other types of small-vessel vasculitis, 11), 234, 339, and 445 conducted in Örebro, 
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Sweden (4); Catalonia, Spain (5); Scotland, United Kingdom (6); and Hamburg, Germany (7), 

respectively. In Scottish populations with MPA or GPA, the seasonality for the time of diagnosis 

was not observed (6); however, it is difficult to interpret seasonal effect on AAV because AAV 

diagnosis is often challenging and the duration from onset to diagnosis can be influenced by the 

patient’s or doctor’s delay. Additionally, in an investigation targeting a German population with 

GPA, no seasonal variation was observed (7) and the remaining two cohorts suggested that the 

frequency of AAV onset with renal involvement was high in the winter (4,5). In a study conducted 

in Japan, there was only a single cohort regarding the seasonality of AAV, and 56 patients with 

AAV were enrolled; however, this analysis only considered the seasonality of the time of 

diagnosis (8). Furthermore, there are several reports focused on the association of seasons with 

AAV from different points of view. Among them, increased ANCA in autumn was associated 

with the relapse of AAV (9), and the hospitalization of patients with AAV was most observed in 

winter (10).

Additionally, smoking habit or advanced age may influence the incidence of AAV, although it 

is still unclear whether smoking protects against the development of AAV (11,12). Other 

environmental factors such as geographic location may also contribute to the incidence of AAV 

(6,8,13).
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It is important to elucidate environmental effects on the development of AAV to better 

understand the pathogenesis of AAV and prevent its development. Therefore, in this study, we 

analyzed the data collected from a multicenter study conducted in Japan (Japan Collaborative 

Registry of ANCA-Associated Vasculitis [J-CANVAS]) to clarify the seasonal and other 

environmental effects on the onset of AAV.

Methods

Study design

This was a retrospective cohort study using the information collected from J-CANVAS conducted 

at 24 institutions across Japan from the Kyushu area to Hokkaido area. We investigated the 

relationship between environmental factors, including seasonal and geographical variations, and 

clinical characteristics of the patients with AAV, such as the disease type, ANCA serotype, and 

organ involvement.

Patients and definition

Patients who were registered in the J-CANVAS study and had newly developed AAV between 

January 2017 and December 2019 were enrolled in this study. We excluded patients from the 

analyses of seasonality whose information regarding the month of the onset of AAV was not 

available. All patients were aged ≥20 years, and AAV was classified into EGPA, MPA, and GPA 
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based on the definition of CHCC2012 (1). AAV onset was defined as the first awareness of 

general symptoms or organ-specific findings suggesting AAV, such as fever, arthralgia, myalgia, 

weight loss, and abnormalities of the ear, eye, nose, throat, skin, lungs, kidneys, and nerves, based 

on the Birmingham Vasculitis Activity Score version 3 (14).

Data collection

Patient information such as age at the time of diagnosis, the time of onset and diagnosis, biopsy 

results of the kidney or lung, smoking habit status, and ANCA profiles were available. All 

extracted information from medical records were obtained using an electric data capture system, 

Viedoc (PCG Solutions, Uppsala, Sweden).

In the analyses of seasonality, seasons were defined according to the Japanese Meteorological 

Agency (JMA) as spring (March–May), summer (June–August), autumn (September–November), 

and winter (December–February) (15). In geographical analyses, the residential areas of the 

patients were confirmed by postal cord information, and the population density was determined 

according to published data released by the Japanese Ministry of Internal Affairs and 

Communications in 2020 (16). Additionally, rural areas are defined as those with a population 

density of <200 persons per square kilometer and urban areas as ≥200 persons per square 

kilometer. The climatic zones of Japan were classified into the following eleven zones based on 

the definition of the JMA (15): Hokkaido, Tohoku, Kanto/Kosin, Tokai, Hokuriku, Kinki, 
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Chugoku, Shikoku, Kyushu (North), Kyushu (South) and Amami, and Okinawa.

ANCAs were detected by indirect immunofluorescence (IIF) or enzyme immunoassay (EIA). 

In the results of this study, positive results for p-ANCA in IIF and MPO-ANCA in EIA were both 

described as positive for MPO-ANCA. Similarly, c-ANCA and PR3-ANCA were described as 

PR3-ANCA.

This study was approved by the Ethical Committee for Epidemiology of Hiroshima University 

(approval number: E-2021-2465), and performed in accordance with the ethical standards of the 

Helsinki Declaration. The requirement for written consent was waived because of the 

retrospective nature of the study.

Statistical analysis

Descriptive statistics are presented as mean ± standard deviation, or median (interquartile range) 

for continuous variables, and as absolute numbers (percentage) for categorical variables. A non-

parametric Kruskal-Wallis test was applied for the comparison of numerical variables, and the 

Fisher’s exact test or Pearson’s chi-squared test was used for categorical variables in the analyses 

of baseline characteristics. In the seasonal analyses, the seasonal differences were investigated if 

the AAV onset in each season was expected to be 25% using the Pearson’s chi-squared test. The 

analysis for the association of ANCA and environmental factors was performed using the Fisher’s 

exact test. Logistic regression models were used to determine the predictors of organ involvement 
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in patients with biopsy-proven vasculitis, adjusted by patient age and the season of onset. 

Statistical significance was set at p<0.05. All statistical analyses were performed using JMP Pro 

16 (SAS Institute Inc., San Diego, CA, USA).

Results

Baseline characteristics of patients with AAV

A total of 454 patients with new-onset AAV were enrolled in this study. All of the patients were 

of Asian ethnicity. Among these, 74 were classified into EGPA, 291 into MPA, and 89 into GPA, 

with a mean age of 60.7 ± 13.9, 73.6 ± 11.6, and 70.2 ± 13.2 years, and a female proportion of 

55.4%, 55.7%, and 55.1%, respectively, as described in Table 1. The mean duration from the 

onset of EGPA, MPA, and GPA to diagnosis was 51.8 ± 53.0, 82.8 ± 94.3, and 97.7 ± 96.8 days, 

respectively. Table 1 summarizes the detailed characteristics of the three types of AAV. Biopsy-

proven vasculitis of the kidneys was observed in no patients with EGPA, 39.5% with MPA, and 

27.0% with GPA, whereas that of the lungs was observed in 2.7% of patients with EGPA, 1.4% 

with MPA, and 14.6% with GPA. The profiles of smoking habits were comparable among the 

three groups (p=0.66).

Baseline ANCA serotypes of patients with AAV

MPO-ANCA positivity was found in 33.8% of patients with EGPA, 95.9% with MPA, and 57.3% 
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with GPA, whereas that of PR3-ANCA was found in 2.7% of patients with EGPA, 3.1% with 

MPA, and 39.3% with GPA. High prevalence of MPO-ANCA in patients with GPA seems to 

reflect the characteristics of Japanese population with AAV (17).

Seasonal differences of the onset of AAV

Spring onset was observed in 28.4% of the enrolled patients with new-onset AAV, summer in 

28.9%, autumn in 17.2%, and winter in 25.6%. The seasonality of the onset significantly deviated 

(p=0.01) from the expected 25% for each season, as shown in Table 2 and Figure 1A. The 

distributions of seasonal number of patients were comparable between 2017, 2018 and 2019 

(Figure 1B). Subsequently, we analyzed seasonality in terms of disease types (Figure 1C,1D). In 

patients with MPA, it was 31.3%, 27.9%, 15.8%, and 25.1%, in spring, summer, autumn, and 

winter, respectively, and marked seasonality was observed (p<0.001). However, in patients with 

EGPA, spring onset was observed in 28.4%, summer onset in 21.6%, autumn onset in 23.0%, and 

winter onset in 27.0%, and the seasonal difference was not significant (p=0.92). Moreover, it was 

not significant in GPA (27.0%, 23.6%, 16.9%, and 32.6%, in spring, summer, autumn, and winter, 

respectively, p=0.20).

Next, we investigated the seasonality stratified by age (Figure 2). Among the enrolled patients 

with AAV aged ≥65 years, the frequency of autumn onset was low in every disease type, while 
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in those aged <65 years, the frequency of spring onset was high in EGPA or MPA, but not in 

GPA. Moreover, among the three disease types of AAV, significant seasonality was observed in 

patients with MPA aged ≥65 years (p=0.002) and in those aged <65 years (p=0.02) while not in 

EGPA and GPA.

Association between ANCA and other environmental factors

In the results of the seasonal analyses, among patients with MPO-ANCA, 29.3% developed AAV 

in spring, 30.7% in summer, 15.8% in autumn, and 24.2% in winter (Table 2), and the seasonal 

difference was significant (p<0.001). However it was not observed in patients with PR3-ANCA 

(21.7%, 26.1%, 26.1%, and 26.1%, in spring, summer, autumn, and winter, respectively, p=0.97), 

indicating that the onset of AAV in patients with PR3-ANCA was not affected by the season. 

Next, we investigated the triggering factors of AAV, including smoking habits and rurality. We 

obtained information on the smoking status of 432 patients. Among 203 patients who smoked 

(current or past smoker), 153 were positive for MPO-ANCA, 22 were positive for PR3-ANCA, 

and the remaining 28 were negative for ANCA. These proportions were comparable to 229 

patients of never-smokers (184 positive for MPO-ANCA, 22 positive for PR3-ANCA, and 23 

negative for ANCA) (p=0.41). In addition, we performed geographical analyses of 396 patients 

with AAV for whom postal cord information was available. Among 321 patients who lived in 
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urban areas, 254 were positive for MPO-ANCA, 28 were positive for PR3-ANCA, and 39 were 

negative for ANCA. These proportions were significantly different from 75 patients living in rural 

areas (MPO-ANCA, 62; PR3-ANCA, 11; ANCA-negative, 2) (p=0.01), suggesting that the 

presence of PR3-ANCA is associated with rurality.

Association of geographical location with the season of onset and organ involvements in AAV

The climatic zones were classified into the eleven zones based on the definition provided by JMA. 

Of the 403 eligible patients with AAV, eight belonged to Hokkaido, 110 to Kanto/Kosin, five to 

Tokai, 21 to Hokuriku, 137 to Kinki, 66 to Chugoku, 40 to Kyushu (North), 16 to Kyushu (South) 

and Amami zones, and none belonged to Tohoku, Shikoku and Okinawa zones. Of note, autumn 

onset had the lowest incidence in all zones where more than 10 patients of AAV were living 

(Figure 3). Finally, we investigated the association between the geographical location and organ 

involvement in AAV. Among 135 patients who underwent kidney biopsy, the proportion of 

biopsy-proven vasculitis was not different between patients living in rural areas and those living 

in urban areas (91.4% vs. 92.0%, Table 3). However, among the 47 patients who underwent lung 

biopsy, the proportion of biopsy-proven vasculitis in patients living in rural areas was 

significantly different from that in those living in urban areas after adjusting for age and season 

[66.7% vs. 31.6%; odds ratio (95% confidence interval), 10.07 (1.48–68.42); p=0.02].
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Discussion

We conducted this study to identify the environmental factors for the development of AAV or 

ANCA, focusing on seasonal variations in Japan. The results of our study suggest that the onset 

of AAV is less frequently observed in autumn; however, in the analyses by disease subtype, the 

onset of EGPA and GPA was not associated with seasonal changes. In addition, patients with 

PR3-ANCA develop AAV without any relation to seasonal influence, but with rural residency, 

which is associated with the formation of vasculitis in the lungs.

The triggers of AAV may vary by season. For example, they might be bacteria causing 

respiratory infections in winter and antigens causing allergy-related diseases in spring or summer 

(11). Serum levels of vitamin D, whose active form acts as an immunomodulator, are highest in 

late summer and lowest in late winter. A lower incidence of vitamin D deficiency was suggested 

in autumn (9,11). These factors can be related to the lower incidence of AAV in autumn, although 

we do not know why it was especially observed in MPO-ANCA-positive AAV in our study.

Interestingly, the results of our study regarding non-seasonality of the onset of GPA was the 

same as that of the largest previous cohort targeting GPA, reporting that the onset of GPA is not 

associated with seasonal variation (7). This is consistent with our result that PR3-ANCA was not 

associated with seasonality, as most of the patients with PR3-ANCA develop GPA. Japanese 
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patients with MPO-ANCA often develop GPA (17), which may explain why no seasonality was 

clear in patients with PR3-ANCA, but less so with GPA in our study.

In contrast, previous research investigating environmental factors has suggested that exposure 

to specific inhaled antigens such as silica and grain dust may be a risk factor for AAV (18-20). 

GPA predominantly shows involvement of the upper and lower respiratory tracts at diagnosis (21), 

indicating that environmental factors such as inhaled antigens induce the development of 

granuloma and vasculitis through the aberrant activation of neutrophils and NET formation (2). 

This appears to be related to our finding that biopsy-proven pulmonary vasculitis, which is not 

commonly observed in AAV (except GPA or PR3-ANCA-positive AAV), is often observed in 

patients with AAV living in rural areas. In addition, our data revealed that biopsy-proven renal 

vasculitis of AAV was observed equally in both rural and urban areas while it was previously 

considered predominant in rural areas based on the results of data analyses of 33 patients with 

AAV conducted in Canada (13).

There are some limitations associated with our study, because our analyses used the pooled 

cohort data. First, we could not obtain information regarding ANCA titers measured by EIA; 

therefore, analyses of the relationship between ANCA titers and seasonality or living areas could 

not be performed. Besides, information regarding the drug intake of patients before the onset of 

AAV was also not available; therefore, we were not able to investigate the association of the 
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development of AAV and drug exposure. Second, all enrolled patients were of Asian descent; 

however, we could not identify further details (whether or not they were Japanese). The likelihood 

to develop any disease subtype or any ANCA serotype can be influenced by ethnicity (22); 

therefore, its stratification was preferred for the analysis of the association between AAV and 

environmental factors. However, Japan is not originally a multi-ethnic country; therefore, it is 

expected that there were not many people with ethnicities other than Japanese. Third, we found 

an association between inhaled antigens related to rurality and vasculitis formation in patients 

with GPA or PR3-ANCA; however, further exploration of the pathogen cannot be performed due 

to the nature of this study. 

The strength of our study is that it has the largest number of cases of any study in which seasonal 

and other environmental effects on the onset of AAV have been investigated to date.

In conclusion, the development of AAV is influenced by seasonal variations and the seasonality 

depends on the ANCA serotype. Furthermore, the occurrence of PR3-ANCA is not triggered by 

seasonal variations, but by rural residency. 

Acknowledgments

We thank all staff who treated the enrolled patients at the collaborating institutions. We also thank 

S. Masuda and A. Yorishima (Hiroshima Prefectural Hospital, Hiroshima, Japan) for helping us 

Page 22 of 38



For Peer Review

22

collect the information of patients with AAV at our institution. 

Page 23 of 38



For Peer Review

23

References

1. Jennette JC, Falk RJ, Bacon PA, et al. 2012 revised International Chapel Hill Consensus 

Conference Nomenclature of Vasculitides. Arthritis Rheum 2013;65:1-11.

2. Nakazawa D, Masuda S, Tamaru U, Ishizu A. Pathogenesis and therapeutic interventions 

for ANCA-associated vasculitis. Nat Rev Rheumatol 2019;15:91-101.

3. Arneth B, Arneth R. Neutrophil extracellular traps (Nets) and vasculitis. Int J Med Sci 

2021;18:1532-40.

4. Tidman M, Olander R, Svalander C, Danielsson D. Patients hospitalized because of small 

vessel vasculitides with renal involvement in the period 1975-95: organ involvement, 

anti-neutrophil cytoplasmic antibodies patterns, seasonal attack rates and fluctuation of 

annual frequencies. J Intern Med 1998;244:133-41.

5. Draibe J, Rodó X, Fulladosa X, et al. Seasonal variations in the onset of positive and 

negative renal ANCA-associated vasculitis in Spain. Clin Kidney J 2018;11:468-73.

6. Aiyegbusi O, Frleta-Gilchrist M, Traynor JP, et al. ANCA-associated renal vasculitis is 

associated with rurality but not seasonality or deprivation in a complete national cohort 

study. RMD Open 2021;7:e001555.

7. Aries PM, Herlyn K, Reinhold-Keller E, Latza U. No seasonal variation in the onset of 

symptoms of 445 patients with Wegener’s granulomatosis. Arthritis Rheum 2008;59:904.

Page 24 of 38



For Peer Review

24

8. Fujimoto S, Uezono S, Hisanaga S, et al. Incidence of ANCA-associated primary renal 

vasculitis in the Miyazaki Prefecture: the first population-based, retrospective, 

epidemiologic survey in Japan. Clin J Am Soc Nephrol 2006;1:1016-22.

9. Kemna MJ, Cohen Tervaert JW, Broen K, Timmermans SAMEG, van Paassen P, 

Damoiseaux JGMC. Seasonal influence on the risk of relapse at a rise of antineutrophil 

cytoplasmic antibodies in vasculitis patients with renal involvement. J Rheumatol 

2017;44:473-81.

10. Li J, Cui Z, Long JY, Huang W, Wang JW, Wang H. The frequency of ANCA-associated 

vasculitis in a national database of hospitalized patients in China. Arthritis Res Ther 

2018;20:226.

11. Zhao WM, Wang ZJ, Shi R, et al. Environmental factors influencing the risk of ANCA-

associated vasculitis. Front Immunol 2022;13:991256.

12. Maritati F, Peyronel F, Fenaroli P, et al. Occupational Exposures and Smoking in 

Eosinophilic Granulomatosis With Polyangiitis: A Case-Control Study. Arthritis 

Rheumatol 2021;73:1694-702.

13. Anderson K, Klassen J, Stewart SA, Taylor-Gjevre RM. Does geographic location affect 

incidence of ANCA-associated renal vasculitis in northern Saskatchewan, Canada? 

Rheumatology (Oxford) 2013;52:1840-4.

Page 25 of 38



For Peer Review

25

14. Mukhtyar C, Lee R, Brown D, et al. Modification and validation of the Birmingham 

Vasculitis Activity Score (version 3). Ann Rheum Dis 2009;68:1827-32.

15. Overview of Japan’s climate. [Internet. Accessed January 05, 2023] Available from: 

https://www.data.jma.go.jp/gmd/cpd/longfcst/en/tourist_japan.html

16. Statistics of Japan. [Internet. Accessed January 05, 2023] Available from: https://www.e-

stat.go.jp/en/stat-

search/files?page=1&layout=datalist&toukei=00200502&tstat=000001166301&cycle=

0&tclass1=000001166302&cycle_facet=tclass1&tclass2val=0

17. Hara A, Wada T, Sada KE, et al. Risk Factors for Relapse of Antineutrophil Cytoplasmic 

Antibody-associated Vasculitis in Japan: A Nationwide, Prospective Cohort Study. J 

Rheumatol 2018;45:521-8.

18. Lane SE, Watts RA, Bentham G, Innes NJ, Scott DG. Are environmental factors 

important in primary systemic vasculitis? A case-control study. Arthritis Rheum 

2003;48:814-23.

19. Gómez-Puerta JA, Gedmintas L, Costenbader KH. The association between silica 

exposure and development of ANCA-associated vasculitis: systemic review and meta-

analysis. Autoimmunity Rev 2013;12:1129-35.

20. Stamp LK, Chapman PT, Francis J, et al. Association between environmental exposures 

Page 26 of 38



For Peer Review

26

and granulomatosis with polyangiitis in Canterbury, New Zealand. Arthritis Res Ther 

2015;17:333.

21. Abdou NI, Kullman GJ, Hoffman GS, et al. Wegener’s granulomatosis: survey of 701 

patients in North America. Changes in outcome in the 1990s. J Rheumatol 2002;29:309-

16.

22. Trivioli G, Marquez A, Martorana D, et al. Genetics of ANCA-associated vasculitis: role 

in pathogenesis, classification and management. Nat Rev Rheumatol 2022;18:559-74.

Page 27 of 38



For Peer Review

27

Figure Legends

Figure 1

(A) The seasonal variations of the onset of anti-neutrophil cytoplasmic antibody-associated 

vasculitis (AAV). (B) The distribution of seasonal number of patients with AAV in 2017, 2018, 

and 2019. (C) The distribution of seasons of the onset of eosinophilic granulomatosis with 

polyangiitis (EGPA), microscopic polyangiitis (MPA), and granulomatosis with polyangiitis 

(GPA). (D) The distribution of months (JAN: January, FEB: February, MAR: March, APR: 

April, MAY: May, JUN: June, JUL: July, AUG: August, SEP: September, OCT: October, 

NOV: November, DEC: December) of the onset of EGPA, MPA, and GPA.

Figure 2

The seasonal variations of the onset of each anti-neutrophil cytoplasmic antibody-associated 

vasculitis stratified by age (≥65 years or less). The distribution of seasons of the onset of 

eosinophilic granulomatosis with polyangiitis (EGPA), microscopic polyangiitis (MPA), and 

granulomatosis with polyangiitis (GPA).

Figure 3

Classification of the climatic zones of Japan into the following eleven zones based on the 
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definition of the Japanese Meteorological Agency: Hokkaido, Tohoku, Kanto/Kosin, Tokai, 

Hokuriku, Kinki, Chugoku, Shikoku, Kyushu (North), Kyushu (South) and Amami, and Okinawa. 

The seasonality of the onset of anti-neutrophil cytoplasmic antibody-associated vasculitis are 

described only for zones populated by more than 10 patients.
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