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CHAPTER 6

Abstract

Objective: Patients with ANCA-associated vasculitis are at increased risk of cardiovascular 
events. The aim of the present study was to assess predictors of cardiovascular events in 
patients with granulomatosis with polyangiitis or eosinophilic granulomatosis with polyangiitis.

Methods: This retrospective cohort study included patients from the Canadian Vasculitis 
Research Network cohort in Toronto. Characteristics at diagnosis were collected. During follow-
up, non-fatal cardiovascular events were determined from the Vasculitis Damage Index; mortality 
and causes of death were recorded. Cox regression models were developed to determine 
predictors of cardiovascular events, defined as stroke or myocardial infarction.

Results: A total of 336 patients were included (231 (69%) granulomatosis with polyangiitis; 
105 (31%) eosinophilic granulomatosis with polyangiitis). The mean age at diagnosis was 44 
(± 18) years and 44% were male. The incidence rate for the combined outcome of all fatal and 
nonfatal events was 7.2 events per 1000 patient years. In a multivariate model, family history 
of cardiovascular events and a higher Birmingham Vasculitis Activity Score at diagnosis were 
predictive of cardiovascular events (hazard ratio and 95% confidence interval 3.46 (1.06–11.28)
and 1.09 (1.02–1.16) respectively). In a subgroup analysis there was no association between 
cardiovascular or disease-specific characteristics and cardiovascular events in eosinophilic 
granulomatosis with polyangiitis.

Conclusions: In this cohort of patients with granulomatosis with polyangiitis and eosinophilic 
granulomatosis with polyangiitis, both traditional and disease related risk factors were predictive 
of cardiovascular events. Further prospective studies should elucidate the impact of these and 
other modifiable risk factors on cardiovascular risk in ANCA-associated vasculitis.
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Introduction 

The ANCA-associated vasculitides (AAV) include granulomatosis with polyangiitis (GPA), 
microscopic polyangiitis (MPA) and eosinophilic granulomatosis with polyangiitis (EGPA).(1) 
Despite improvement in survival, patients remain at high risk of mortality and damage related to 
the disease and its therapy, including diabetes, osteoporosis, malignancy and renal insufficiency.
(2;3) There is accumulating evidence that cardiovascular (CV) disease accounts for a large 
proportion of the total burden of damage and partially explains the excess in mortality.(4) In a 
recent meta-analysis, the risk for CV events in AAV in comparison with the general population 
was found to be increased by approximately 65%.(5) 

Previous studies performed in Europe and China have assessed predictors for CV events in AAV.
(6-8) Differences have been reported in the validity of traditional risk models between European 
and North American countries.(9-11) It is therefore unknown whether these risk models for CV 
disease in AAV can be extrapolated to a North American population. Furthermore, previous 
studies on risk factors for CV events included patients with GPA and MPA, but excluded 
patients with EGPA. Patients with GPA and EGPA frequently have cardiac involvement which 
has previously been shown to be associated with CV mortality.(12) Furthermore ear, nose, and 
throat (ENT) involvement, a frequent feature in GPA and EGPA has been shown to be protective 
of CV disease, leading to the hypothesis that CV risk may be driven by other risk factors in these 
AAV subtypes.(6) The aim of the present study was to assess the incidence rate of CV events 
in a large Canadian cohort of patients with GPA and EGPA and identify predictors of CV events 
in GPA and EGPA. 

Methods

All GPA and EGPA patients who were enrolled in the Canadian Vasculitis Research Network 
(CanVasc) cohort at Mount Sinai Hospital in Toronto, Canada as of June 2018 were included. 
The study was approved by the Research Ethics Board of Mount Sinai Hospital, and all patients 
included in the study gave written informed consent. The study was performed in accordance 
with the Declaration of Helsinki.  

Demographic and disease characteristics as well as CV risk factors at diagnosis were collected, 
including smoking status, obesity, history of diabetes mellitus, dyslipidemia, hypertension and 
history of a CV event in a first-degree relative. Obesity was defined as a body mass index of 30 
kg/m² and above. Dyslipidemia was determined by the treating physician and was either based 
on lipid-lowering medication and/or laboratory lipid levels. Hypertension was determined by 
the treating physician and was either based on anti/hypertensive therapy or a blood pressure 
> 140/90 mmHg. Organ involvement and disease activity at diagnosis were scored using the 
Birmingham Vasculitis Activity Score (BVAS version 3).(13) If patients were diagnosed before 
enrolment in the cohort, the BVAS at diagnosis was retrospectively determined through chart 



541921-L-bw-Houben541921-L-bw-Houben541921-L-bw-Houben541921-L-bw-Houben
Processed on: 25-8-2020Processed on: 25-8-2020Processed on: 25-8-2020Processed on: 25-8-2020 PDF page: 80PDF page: 80PDF page: 80PDF page: 80

80

CHAPTER 6

review. During follow-up the Vasculitis Damage Index (VDI), mortality and causes of death were 
recorded in the database.

The outcome of interest was the occurrence of one or more CV events following the diagnosis 
of GPA or EGPA, including all non-fatal and fatal myocardial infarctions and strokes. During 
follow-up, non-fatal CV events were defined as the presence of myocardial infarction and/
or cerebrovascular accident items as recorded in the VDI. A detailed chart review was then 
conducted to confirm the date and validate all CV events. 

Statistical analysis
During the follow-up period, fatal and non-fatal CV events were recorded and incidence rates 
per 1000 person-years were calculated individually and as a combined outcome. 

Univariate and multivariate Cox regression models were developed to determine predictors 
of CV events. Potential risk factors included traditional CV risk factors (age, gender, smoking, 
dyslipidemia, hypertension, diabetes mellitus, obesity, and a family history of a CV event) and 
disease-related factors including BVAS at diagnosis, ANCA status, and AAV subtype.  The 
outcome of interest for the cox regression analysis was the occurrence of the first fatal or non-
fatal CV event. Patients were followed until the first CV event, death or lost to follow-up, whichever 
came first. Risk factors for CV events were selected using a forward selection procedure with the 
inclusion of variables with a p-value <0.20 in the univariate analysis. A two-sided p-value ≤0.05 
was considered statistically significant. Statistical analyses were conducted using Statistical 
Package for Social Sciences (SPSS®) version 20.0.

A sensitivity analysis was performed in which the analysis was repeated for GPA and EGPA 
separately. A second sensitivity analysis was performed in which the BVAS was recalculated 
by subtracting scores for stroke and ischaemic cardiac pain, in order to exclude potential 
confounding of scores for CV events that were present at diagnosis.  

Results

A total of 336 patients were included, of which 231 (69%) had GPA and 105 (31%) EGPA. The 
mean age at diagnosis was 44 (standard deviation (SD), 18) years and 44% were male. The 
mean BVAS at diagnosis was 16 (SD, 7). At enrollment, diabetes mellitus was present in 35 
(10%) patients and 20 (6%) patients were current smokers. A total of 68% of patients were 
positive for either anti-MPO or anti-PR3, including 31% of the EGPA patients and 85% of the GPA 
patients. As expected in GPA and EGPA, the majority of patients (74%) had ENT involvement. 
Cardiac involvement at diagnosis was present in 8 patients (3%) with GPA and 27 patients (26%) 
with EGPA (p < 0.001). Cardiac involvement included cardiomyopathy (n=23; 19 in EGPA (18%) 
and 4 in GPA (2%)), congestive heart failure (n=18; 15 in EGPA (14%) and 3 in GPA (2%)), 
pericarditis (n=13; 10 in EGPA (10%) and 3 in GPA (1%)) and ischemic cardiac pain (n=4; 2 
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in EGPA (2%) and 2 in GPA (1%)).  The baseline characteristics of patients with and without CV 
events are summarised in Table 1. 

All 
N= 336

Patient without a CVE
n=318

Patients with a CVE
n=18

Age, mean ± sd 44 ± 18 44 ±18 45 ± 16
Female sex 186 (56%) 178 (56) 8 (44)
AAV subtype
GPA
EGPA

231 (69)
105 (31)

219 (69)
99 (31)

12 (67)
6 (33)

ANCA positivity
PR3 
MPO 

230 (68)
182 (54)
48  (14)

221 (69)
176 (55)
45 (14)

9 (50)
6 (33)
3 (17)

Disease manifestations at diagnosis
Fever 86 (26) 81 (25) 5 (28)
Musculoskeletal 148 (44) 141 (44) 7 (39)
Cutaneous 73 (22) 69 (22) 4 (22)
Mucous membranes / eyes 65 (19) 62 (19) 3 (17)
Ear nose throat 248 (74) 236 (74) 12 (67)
Lung 214 (64) 202 (64) 12 (67)
Cardiac involvement 35 (10) 26 (8) 9 (50)
Gastro-intestinal 20 (6) 19 (6) 1 (6)
Kidney involvement 90 (27) 87 (27) 3 (17)
Nervous system involvement 84 (25) 79 (25) 5 (28)
BVAS, mean ± sd 16 ± 7 16 ± 7 20 ± 6
CV risk factors
Current smoker 20 (6) 20 (6) 0 (0)
Former smoker 88 (26) 84 (26) 4 (22)
Obesity 22 (7) 20 (6) 2 (11)
Dyslipidemia 50 (15) 44 (14) 6 (33)
Hypertension 96 (29) 87 (27) 9 (50)
Diabetes mellitus 35 (10) 33 (10) 2 (11)
Family history of cardiovascular events 41 (12) 33 (10) 5 (28)

Table 1. characteristics of patients with GPA and EGPA with and without cardiovascular events. 
Data are presented as n (%), unless otherwise stated. BVAS = Birmingham Vasculitis Activity Score, CV 
= cardiovascular, EGPA = eosinophilic granulomatosis with polyangiitis, GPA= granulomatosis with 
polyangiitis, MPO = myeloperoxidase, PR3 = proteinase 3 

Cardiovascular events
During a mean follow-up of 8 (SD, 8) years from diagnosis (2903 patient-years), 20 non-fatal and 
3 fatal CV events were observed in 19 patients (5%). After review of these charts, 2 events were 
excluded because these patients were found to have vasculitis-related cardiomyopathy with no 
evidence of coronary artery disease or ischemia. The remaining 18 non-fatal and 3 fatal events 
in 18 patients were included in the analysis. 
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The incidence rates for CV events were 3.4 strokes per 1000 patient-years and 3.8 myocardial 
infarctions per 1000 patient-years. The incidence rate for the combined outcome of all fatal and 
nonfatal events was 7.2 events per 1000 patient-years for all patients, 7.4 per 1000 patient-years 
for patients with GPA, and 6.8 per 1000 patient-years for patients with EGPA. Of the fatal and 
non-fatal CV events, 7 (5 strokes and 2 myocardial infarctions) occurred during active disease, 
either at diagnosis or during a disease flare.  
 
In the univariate analysis, dyslipidemia (hazard ratio (HR) 3.37, 95% confidence interval (CI) 
1.25 – 9.05), a family history of CV events (HR 4.68, 95% CI 1.58 – 13.86) and a higher BVAS 
(HR 1.09, 95% CI 1.03 – 1.16) were predictive of CV events (Table 2). BVAS remained predictive 
of CV events after adjustment for stroke and ischemic cardiac pain at diagnosis (HR 1.06, 95% 
CI 1.00 -  1.13). In the multivariate model, a family history for cardiovascular events and a higher 
BVAS were predictive for cardiovascular events (HR 3.46, 95% CI 1.06 – 11.28and HR 1.09, 95% 
CI 1.02 – 1.16 respectively).

Univariable analysis, HR 
(95% CI)

p-value Multivariable analysis HR 
(95% CI)

p-value

Female sex 0.60 (0.24 – 1.51) 0.28

Age at diagnosis (OR per year) 1.02 (0.99 – 1.05) 0.15 1.00 (0.97 – 1.04) 0.97

Dyslipidemia 3.37 (1.25 – 9.05) 0.02 1.61 (0.50 – 5.18) 0.43

Ever smoker 0.97 (0.35 – 2.74) 0.96

Hypertension 2.31 (0.92 – 5.86) 0.08 1.89 (0.69 – 5.12) 0.21

Diabetes 1.25 (0.29 – 5.47) 0.76

Obesity 1.41 (0.32 – 6.19) 0.65

Family history of CV events 4.68 (1.58 – 13.86) 0.01 3.46 (1.06 – 11.28) 0.04

GPA versus EGPA 0.85 (0.32 – 2.25) 0.74

MPO versus PR3 0.44 (0.10 – 1.82) 0.26

ANCA+ versus ANCA- 0.47 (0.19 – 1.19) 0.11 0.54 (0.21 - 1.40) 0.21

BVAS (OR per 1 point) 1.09 (1.03 – 1.16) 0.01 1.09 (1.02 – 1.16) 0.02

Table 2. Univariable and multivariable analysis for the association between traditional and disease 
related risk factors and cardiovascular events. BVAS = Birmingham Vasculitis Activity Score, CI = 
confidence interval, EGPA = eosinophilic granulomatosis with polyangiitis, GPA= granulomatosis with 
polyangiitis, MPO = myeloperoxidase, OR = odds ratio, PR3 = proteinase 3

The multivariate analyses were repeated for the GPA and EGPA population separately. In 
patients with GPA, a higher BVAS was predictive of CV events (HR 1.13, 95% CI 1.04 – 1.23 
respectively) whereas ANCA positivity was protective for CV events (HR 0.22, 95% CI 0.06 – 
0.77). In patients with EGPA we did not find an association between CV risk factors or disease 
characteristics and CV events. A sensitivity analysis was performed with the BVAS adjusted for 
ischemic cardiac pain and stroke at diagnosis, in which a family history of CV events, but not 
the BVAS, remained predictive of CV events (HR 3.32, 95% CI 1.05 – 10.58 and HR 1.04, 95% 
CI 0.98 – 1.11, respectively). 
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Discussion

To our knowledge, this is the first North American study identifying the incidence rate and 
predictors for CV events in patients with GPA and EGPA. The incidence rate for the combined 
outcome of all fatal and nonfatal events was 7.2 events per 1000 patient years. In a multivariate 
analysis, a family history for CV disease as well as the disease-specific activity score BVAS were 
predictive of CV disease. In patients with GPA a higher BVAS was predictive of CV events. In 
addition, a positive ANCA was protective of CV events. In patients with EGPA we did not find a 
relationship between CV risk factors or disease-specific characteristics and CV events.  

Our study confirms the high incidence of CV events in patients with AAV. In a previous general 
population study from the same geographic area as our patient population, the incidence rate 
was calculated for fatal and non-fatal ischemic heart disease and stroke between 2008 and 2012. 
Although subjects in that study were older, aged 40 to 79 (mean 55, n= 5544), the incidence rate 
was markedly lower (3.2 – 3.5 events per 1000 patient years in the Greater Toronto Area and 4.1 
events per 1000 patients years in Ontario) than in our patients with a mean age of 44 years.(14) 

However, the incidence rate of CV events in our study was lower than in previous AAV reports. 
In a Canadian study by Avinia-Zubieta et al(15), 41 events occurred in 1897 GPA patient years 
(incidence rate 21.6 per 1000 patient years), and a recent French study found an incidence rate 
of 27.8 per 1000 person-years in GPA and MPA.(7) In a recent population based study of 58 AAV 
patients in Olmsted County, United States, an incidence of 5.0 per 100 patient years was found.
(16) This markedly exceeds the incidence rate of CV events in our study. Notably, the incidence 
rate for CV events in the background population of the latter study was 2.0 per 100 patients 
years, which is much higher than the reported incidence in Ontario, as previously described.
(14) Furthermore, our population was younger (mean age at diagnosis 44 years) compared 
to previous cohorts (mean ages ranging from 57 to 62 years).  Prior studies have shown that 
ENT flares and anti-PR3-ANCA positivity were protective of CV events.(6;7) Our data did not 
confirm this observation, but our study included EGPA and GPA patients, whilst comparable 
studies included GPA and MPA. Of note, despite a significantly increased prevalence of cardiac 
involvement from vasculitis among EGPA patients compared to GPA patients in this and prior 
studies(12), we found that EGPA was not associated with an increased risk of future CV events 
compared to GPA. This could potentially be explained by closer cardiology follow-up from the 
beginning and/or better management of CV risk factors, an interesting question that requires 
further study. 

In the multivariate analysis, every point increase in the disease specific BVAS increases the risk 
for a CV event by 9%. Furthermore, in patients with GPA, a positive ANCA was protective of 
CV events. These findings highlight that cardiovascular events in GPA and EGPA are not only 
driven by traditional CV risk factors, but also by disease-specific factors. A high BVAS reflects 
systemic organ involvement, thus may indirectly reflect a higher level of  inflammation, which is 
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a well-known risk factor for CV events.(17) A previous study in patients with AAV found a high 
prevalence of not only traditional risk factors such as hypertension and dyslipidemia, but also 
non-traditional risk factors such as chronic inflammation.(18) Previous studies on the predictive 
role of the BVAS in CV events were contradictive. In a Chinese cohort of 554 patients with AAV 
the BVAS was found to be predictive of CV events.(8) However in a recent North American study 
in 58 AAV patients, the BVAS/WG was not predictive of CV events.(16) Whether the possible 
predictive value of the BVAS in CV events is mediated by high levels of inflammation remains 
to be studied. Nevertheless, our findings might suggest that early disease control may improve 
CV outcomes in patients with GPA and EGPA. Of note, no associations were found between 
CV outcomes in EGPA and CV risk factors or disease characteristics. Although this may be 
secondary to the limited number of events in this group, future research should further elucidate 
risk factors for CV events in EGPA. 

The Toronto CanVasc cohort is a large cohort of patients with GPA and EGPA. However, this 
cohort was not designed for the evaluation of CV risk and therefore we cannot rule out the 
possibility of under-ascertainment of CV events and CV risk factors. Furthermore, cumulative use 
of glucocorticoids, a potentially strong CV risk factor in AAV, information on platelet aggregation 
inhibitors, statins or specific antihypertensive medications and data on CV events prior to the 
onset of AAV were not available in the database. Finally, the Toronto CanVasc cohort includes 
patients with GPA, EGPA and MPA. For logistic reasons, data for patients with MPA were not 
available in the database.  

In conclusion, in this large Canadian cohort of patients with GPA and EGPA, we found a high 
incidence of myocardial infarction and stroke. The relatively young age of subjects in our cohort 
emphasises the importance of CV risk and CV risk management in all age categories in GPA and 
EGPA. The increased cardiovascular risk can be explained through a combination of traditional 
and disease related risk factors. Future prospective studies are needed to elucidate the impact 
of these and other potentially modifiable risk factors on cardiovascular risk in all types of AAV. 
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