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CHAPTER 7

Abstract 

Objective: Patients with ANCA-associated vasculitis (AAV) are at increased risk of cardiovascular 
(CV) disease. The aim of the present study was to determine the prevalence of CV risk factors 
in patients with AAV and to evaluate the management of CV risk factors according to current 
guidelines.

Methods: A cross-sectional study was performed in patients with AAV in the Netherlands and 
Canada. Information on traditional CV risk factors, as well as markers of inflammation and 
kidney function, were collected. Their prevalence and treatment were studied and compared 
with recommendations in current guidelines. 

Results: A total of 144 consecutive patients with AAV were included (71 from the Netherlands; 73 
from Canada).  Mean age was 62 ± 15 years, and 56% were male. The mean disease duration 
was 7.0 ± 6.6 years; 69% had granulomatosis with polyangiitis, 17% microscopic polyangiitis 
and 14% eosinophilic granulomatosis with polyangiitis. Mean body mass index was 28 ± 6 kg/
m2 and 65 patients (45%) had an estimated glomerular filtration rate <60 ml/min. The mean 
C-reactive protein was 6.5 ± 12.3 mg/l. Dyslipidemia was present in 69% and hypertension in 
72%. In 36% and 25% of the included patients, blood pressure and dyslipidemia, respectively, 
were not managed in accordance with national guidelines.

Conclusion: Patients with AAV have a high prevalence of traditional CV risk factors. Whether 
past or persistent inflammation and chronic kidney disease further increases the CV risk remains 
to be studied. Strict adherence to CV risk management guidelines should be encouraged.  
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Introduction

Several studies have reported that patients with ANCA-associated vasculitis (AAV) are at 
increased risk of accelerated atherosclerosis and cardiovascular (CV) events.(1-3) From the 
second year of diagnosis onwards, CV disease is the leading cause of death.(4) Therefore, 
the European League Against Rheumatism (EULAR) and the Canadian Vasculitis research 
network (CanVasc) guideline for AAV recommend annual review of traditional CV risk factors 
in AAV.(5, 6) Although the prevalence and management of traditional CV risk factors in other 
autoimmune diseases, such as rheumatoid arthritis and systemic lupus erythematosus are 
widely studied(7-9), little is known of their prevalence and management in AAV. 

Traditional risk factors, as incorporated in the Framingham risk score and the Systematic 
Coronary Risk Evaluation (SCORE), include age, sex, smoking, lipid levels and blood pressure.
(10, 11) In addition, evidence for the role of inflammation in atherosclerosis is accumulating 
and many auto-inflammatory diseases predispose to atherosclerosis.(12, 13) Furthermore, 
chronic kidney disease (CKD) and albuminuria occur frequently in patients with AAV and are 
both independently related with CV events.(14, 15) Therefore systemic inflammation and CKD 
may further increase the burden of CV events in patients with AAV. 

Awareness of the prevalence of CV risk factors in AAV, including markers for inflammation and 
CKD, and their optimal management may improve the outcomes of patients with AAV. The aim 
of the present study was to determine the prevalence of CV risk factors in patients with AAV and 
to evaluate adherence to current CV risk management guidelines.

Methods 

Study design
Between October 2016 and May 2017, a cross-sectional study was performed in Northwest 
Clinics in Den Helder and Alkmaar, a community hospital and a teaching hospital, respectively, in 
the Netherlands, and between July and October 2018 in the Mount Sinai Hospital Vasculitis Clinic, 
a tertiary referral centre in Toronto, Canada. All prevalent patients ≥ 18 years old, diagnosed with 
AAV for at least 3 months in accordance with the Chapel Hill Consensus Conference Guidelines 
(CHCC)(16) and seen during the aforementioned time periods were eligible for participation in 
this study. Pregnancy was an exclusion criterion. The study was approved by the Medical Ethical 
Committee in both countries and performed in accordance with the Declaration of Helsinki. All 
patients included in the study gave written informed consent. 

Data collection
Demographic and, disease characteristics (age, sex, disease duration, disease activity and 
disease damage) and immunosuppressive therapy at the time of the study were collected. 
Patients were classified as granulomatosis with polyangiitis (GPA), microscopic polyangiitis 
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(MPA), or eosinophilic granulomatosis with polyangiitis (EGPA) according to the treating 
physician’s diagnosis, which had to satisfy the European Medicines Agency algorithm.(17) 
Disease activity at the time of the study was assessed with the Birmingham Vasculitis Activity 
Score (BVAS) version 3.(18) Disease damage was assessed with the Vasculitis Damage Index 
(VDI), a checklist in which damage from vasculitis and/or its treatment are recorded.(19) 

A comprehensive CV risk assessment was performed in all patients and included height, 
weight, waist and hip circumference measurements, previous and present smoking status, a 
history of diabetes mellitus, a history of CV disease and family history of CV disease, including 
myocardial infarction, stroke and/or arterial revascularization procedures. Blood pressure was 
recorded non-invasively in the left arm, in a sitting position, and was repeated after 5 minutes. 
The mean of both values was calculated. Data on antihypertensive and lipid lowering treatments 
were collected. Hypertension was defined as a blood pressure >140/90 mmHg and/or the use 
of antihypertensive therapy. Dyslipidemia was defined as low-density lipoprotein cholesterol 
(LDL-C) levels > 2.5 mmol/l and/or the use of lipid lowering therapy.

Laboratory tests that were collected included immunoassays for the detection of antibodies 
to proteinase-3 (anti-PR3) and myeloperoxidase (anti-MPO) ANCA, C-reactive protein (CRP), 
serum creatinine, total cholesterol, high-density lipoprotein cholesterol (HDL) and triglycerides. 
LDL-C was calculated using the Friedewald Formula if triglycerides were < 4.5 mmol/l. Estimated 
glomerular filtration rate (eGFR) was calculated with the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation.(20) 

Guidelines for the management of CV risk factors
No specific target levels for cholesterol and blood pressure have been defined in current 
AAV guidelines. Therefore clinicians depend on target levels as defined in general population 
guidelines in which patients are stratified based on their Framingham or SCORE risk.(21-23) 
Alternative target levels may be defined for patients with comorbidities such as diabetes mellitus, 
chronic kidney disease (CKD) or a previous CV event. Table 1 provides a summary of target 
values for LDL-C and blood pressure in national guidelines that were applicable at the time of 
the data collection. In the present study, adherence to these national treatment guidelines(21-23) 
was studied in the Netherlands and Canada. Furthermore, treatment at several target levels for 
blood pressure (≤ 140/90, ≤ 130/80 and ≤ 120/80  mm Hg) and LDL-C (≤ 2.5, ≤ 2.0 and ≤ 1.8 
mmol/l) was determined among patients with and without comorbidities. 
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Guideline Blood pressure target LDL-C target level
Dutch multidisciplinary 
guideline on 
cardiovascular risk 
management 2011(21)

If SCORE risk ≥20% or ≥10% and 
<20%  with additional risk factor(s)a or 
a previous CV event:
SBP ≤140 mm Hg

If SCORE risk ≥20% or ≥10% 
and <20%  with additional risk 
factor(s)a or a previous CV event:
LDL-C ≤2.5 mmol/l

Hypertension Canada’s 
2018 guidelines 
for diagnosis, risk 
assessment, prevention, 
and treatment of 
hypertension in adults and 
children(22)

Low riske: initiate therapy if ≥160/100 
mm Hg, target <140/90 mm Hg
High riskf: initiate therapy if SBP ≥130 
mm Hg, target SBP <120 mm Hg
In patients with DM, target <130/80 
mm Hg
All others: target <140/90 mm Hg

n/a

2016 Canadian 
Cardiovascular 
Society guidelines 
for the management 
of dyslipidemia for 
the prevention of 
cardiovascular disease in 
the adult(23)

n/a If Framingham risk ≥ 20% or if 
Framingham risk is 10-19% with 
additional risk factor(s)b, CKDc, 
DMd, clinical atherosclerosis: 
LDL-C <2.0 mmol/l or >50% 
reduction of LDL-C

Table 1. National guidelines in which target levels of blood pressure and LDL-C were defined at the 
time of obtaining data in the Netherlands and Canada. 
A) body mass index, CKD, sedentary lifestyle, family history of CV event. B) LDL-C ≥ 3.5 mmol/L, Non-HDL 
≥ 4.3 mmol/L, Apo B ≥ 1.2 g/L, Men ≥ 50 and women ≥ 60 years and one additional risk factor. C) Age 
≥ 50 and eGFR < 60 mL/min/1.73m2 or albumin creatinine ratio > 3 mg/mmol. D) DM ≥40 years or 15 
years duration for age ≥30 years or microvascular disease. E) no target organ damage or CV risk factors 
F) Previous subclinical or clinical CV disease, age, CKD, Framingham risk ≥ 15%. CKD = chronic kidney 
disease, CV = cardiovascular, DM = diabetes mellitus, LDL-C = low-density lipoprotein cholesterol, SCORE 
= Systematic Coronary Risk Evaluation SBP = systolic blood pressure 

Statistical analysis
Patient characteristics were reported as numbers and percentages and mean ± standard 
deviation (sd). The analyses were performed using Statistical Package for Social Sciences 
(SPSS®) version 21.0.
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Results

Patient characteristics
A total of 144 AAV patients were included (71 from the Netherlands and 73 from Canada) 
with a mean age of 62 ± 15 years at enrolment (Table 2). The majority were male (56%) with 
a mean disease duration of 7.0 ± 6.6 years. Most patients were classified into GPA (69%) 
and less frequently into MPA (17%) or EGPA (14%). The clinical diagnoses satisfied with the 
European Medicines Agency algorithm. Current treatment regimens included prednisone 
monotherapy in 17%, combined with azathioprine in 23%, azathioprine monotherapy in 11%, 
methotrexate in 8%, rituximab in 8% and other in 10%. Twenty-three percent of patients were not 
on immunosuppressive therapy at the time of the study. Most patients were in clinical remission, 
as indicated by a mean BVAS of 2 ± 3. The mean CRP was 6.5 ± 12.3mg/l. 

Prevalence of cardiovascular risk factors 
Dyslipidemia was present in 69% of patients and hypertension was present in 72% of patients 
(Table 2). The mean blood pressure was 135/80 ± 18/11 mm Hg and the mean LDL-C was 2.7 
± 0.9 mmol/l. Half of patients (51%) were former smokers with 21 ± 19 pack-years. Abdominal 
obesity was common with a mean waist circumference of 97 ± 15 centimetres. Many patients 
(43%) had chronic kidney disease, defined as an eGFR <60 ml/min. The mean eGFR was 63 
± 32 ml/min. 
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All patients
n = 144

Mount Sinai 
Hospital
n = 73

Northwest 
Clinics
n = 71

Demographics
Age in years, mean ± sd 62 ± 15 57 ± 17 67 ± 10
Male sex, no (%) 81 (56) 30 (41) 51 (72)
Caucasian 117 (81) 47 (64) 70 (99)
Disease characteristics 
GPA, no (%) 99 (69) 46 (63) 53 (75)
MPA, no (%) 25 (17) 12 (16) 13 (18)
EGPA, no (%) 20 (14) 15 (21) 5 (7)
Disease duration in years, mean ± sd 7.0 ± 6.6 7.0 ±  7.6 7.0 ±  5.4
ANCA positivity at the time of the study, no (%)
PR3
MPO 

54 (38)
19 (13)

27 (37)
6 (8)

27 (38)
13 (18)

BVAS, mean ± sd 2 ± 3 1 ± 3 3 ± 4
VDI, mean ± sd 3 ± 2 2 ± 1 4 ± 3
Currently on prednisone, no (%) 83 (58) 37 (51) 46 (65)
Current prednisone dose in mg, mean ± sd 5 ± 7 5 ± 8 5 ± 5
CV risk factors
History of a CV event, no(%) 29 (20) 12 (16) 17 (24)
History of diabetes mellitus, no(%) 16 (11) 7 (10) 9 (13)
Current smoker, no(%) 4 (3) 3 (4) 1 (1)
Former smoker, no(%) 74 (51) 28 (38) 46 (65)
BMI kg/m2, mean ± sd 28 ± 6 28 ± 7 27 ± 5
Waist to hip circumference, mean ± sd 0.94 ± 0.12 0.91 ± 0.13 0.97 ± 0.10
Hypertension, no(%) 103 (72) 45 (62) 58 (82)
Dyslipidemia, no(%) 100 (69) 46 (63) 54 (76)
Serum creatinine µmol/l, mean ± sd 144 ± 191 122 ± 147 167 ± 227
eGFR a 30-60 ml/min, no (%)
eGFR  <30 ml/min, no (%)

42 (29)
23 (16)

12 (16)
9 (12)

30 (42)
14 (19)

Albumin to creatinine ratio mg/mmol, mean ± sd 38 ± 105 33 ± 72 42 ± 126
Albumin to creatinine ratio ≥ 3.5 mg/mol, no (%) 50 (35) 24 (33) 26 (37)
C-reactive protein  mg/l, mean ± sd) 6.5 ± 12.3 6.4 ± 11.8 6.6 ± 12.9
10-year CV risk based on Framingham, mean ± sd 19 ± 15 11 ± 10 25 ± 17

Table 2. Disease characteristics of 144 patients with ANCA-associated vasculitis and the prevalence 
of cardiovascular risk factors.  A) eGFR measured with the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation.(20) BMI = body mass index, BVAS = Birmingham Vasculitis Activity 
Score version 3, CV = cardiovascular, EGPA = eosinophilic granulomatosis with polyangiitis, GPA = 
granulomatosis with polyangiitis, MPA = microscopic polyangiitis, MPO = anti-myeloperoxidase,  PR3= 
anti-proteinase 3, VDI = Vasculitis Damage Index. 
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Treatment of cardiovascular risk
The majority (62%) of patients were treated with blood pressure lowering therapy and 33% of the 
patients were treated with lipid lowering therapy, most often statins. Among the 71 patients in the 
Dutch cohort, 42 (59%) had an indication for blood pressure management based on the national 
guideline. Among the 73 patients in the Canadian cohort, 36 (49%) had an indication for blood 
pressure management based on a high CV risk in accordance with the national guideline. There 
were no additional patients with an indication for blood pressure lowering based on a very high 
blood pressure ≥160/100 mm Hg. At the time of study assessment, 36% of patients were either 
not treated or not on target levels as defined in the national guidelines. In the Dutch cohort 42 
(59%) patients had an indication for the management of dyslipidemia. In the Canadian cohort 17 
(23%) patients had an indication for the management of dyslipidemia. Twenty-five percent of the 
patients had an indication for lipid lowering therapy, but were either not treated or not at target 
levels as defined in the national applicable guidelines (Table 3).  

cholesterol Blood pressure
No treatment indication 85 (59%) 66 (46%)
Treatment indication, no treatment started 29 (20%) 14 (10%)
Treatment indication, treatment not at target levels 7 (5%) 37 (26%)
Treatment indication, at target levels 22 (15%) 27 (19%)

Table 3 guideline adherence in accordance with national guidelines for the management of blood 
pressure and dyslipidemia. Guidelines include: Dutch multidisciplinary guideline on cardiovascular 
risk management 2011(20), 2016 Canadian Cardiovascular Society guidelines for the management of 
dyslipidemia for the prevention of cardiovascular disease in the adult(21) and the Hypertension Canada’s 
2018 guidelines for diagnosis, risk assessment, prevention, and treatment of hypertension in adults and 
children(19). In one patient LDL could not be calculated because of high triglycerides. 

Table 4 summarises treatment at several target levels for blood pressure (4A) and LDL-C (4B) in 
patients with and without comorbidities, including a previous CV event, DM, and CKD. Patients 
with these comorbidities appeared to be more frequently on antihypertensive and/or lipid 
lowering therapy. 

Treatment of blood pressure at target levels in patients with ANCA-associated vasculitis and 
comorbidities

All previous CV event DM CKD
No, % 144 (100) 29 (20) 16 (11) 62 (43)
Antihypertensive therapy 89 (62) 26 (90) 12 (75) 49 (79)
Blood pressure in mm Hg, 
mean ± sd

135/80 ± 18/11 135/79 ± 19/11 143/80 ± 21/10 139/82 ± 18/13

Blood pressure ≤ 140/90 mm Hg 84 (58) 17 (59) 9 (56) 30 (48)
Blood pressure ≤ 130/80 mm Hg 47 (33) 8 (28) 2 (13) 15 (24)
Blood pressure ≤ 120/80 mm Hg 25 (18) 5 (17) 2 (13) 7 (11)

Table 4A
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Treatment of dyslipidemia at target levels in patients with ANCA-associated vasculitis and 
comorbidities

All previous CV event DM CKD
No, % 144 (100) 29 (20) 16 (11) 62 (43)
Lipid lowering therapy 48 (33) 15 (52) 9 (56) 28 (45)
LDL-C in mmol/l, mean ± sd 2.7 ± 0.9 2.2 ± 0.9 2.3 ± 0.8 2.6 ± 0.8
LDL-C ≤ 2.5 mmol/l 61 (42) 20 (69) 9 (56) 30 (48)
LDL-C ≤ 2.0 mmol/l 31 (22) 12 (41) 3 (19) 15 (24)
LDL ≤ 1.8 mmol/l 19 (13) 11 (38) 3 (19) 8 (13)

Table 4B

Table 4A and 4B. Treatment of cardiovascular risk factors in patients with ANCA-associated vasculitis, 
stratified for estimated risk of cardiovascular disease and comorbidity. 3A treatment of blood pressure 
at different target values. 3B treatment of dyslipidemia at different target values. Data are shown as number 
(no) and percentage (%), unless otherwise stated. CV = cardiovascular, CKD = chronic kidney disease, 
defined as eGFR <60 ml/min, DM = diabetes mellitus

Discussion

To our knowledge, the current study is the first cross-sectional study to investigate the burden 
of CV risk factors and their treatment in patients with AAV. The prevalence of CV risk factors was 
high. We found that dyslipidemia was present in 69% of patients and hypertension in 72% of 
patients. The mean estimated 10-year Framingham risk of CV disease was 19%. In 36% of the 
included patients hypertension was not managed in line with national guidelines. Dyslipidemia 
was not managed in accordance with guidelines in 25% of patients. 

So far, only few studies have addressed the prevalence of CV risk factors and their treatment in 
patients with AAV. These studies were in line with the present data. A previous study evaluated 
the metabolic syndrome in 91 patients with AAV as compared to 89 healthy controls.(24) In that 
study, 43% of the patients fulfilled the criteria for metabolic syndrome as compared to 25% of the 
controls. In the patients with AAV, mean LDL-C levels were 3.7 (percentiles 2.8 – 4.3) mmol/l and 
66% percent of patients were hypertensive (office blood pressure > 135/85 mm Hg). Overall, 
only 26% of the patients with AAV received drug treatment for hypertension, dyslipidemia and/
or diabetes mellitus. Another study retrospectively analysed 53 patients with AAV and found 
that only 10% of patients with an indication for lipid-lowering therapy (in accordance with the 
European Society of Cardiology and European Atherosclerosis Society guidelines)(25) reached 
the LDL-C target. Moreover, adequate blood pressure was reached in 53% of patients that had 
an indication for antihypertensive therapy (in accordance with the Kidney Disease: Improving 
Global Outcomes Guidelines for the Management of Blood Pressure in CKD).(26) Although the 
latter study was limited by missing data due to its retrospective design, the guideline adherence 
rates appeared to be slightly lower than in our cohort. 

Both European and Canadian guidelines on the management of AAV recommend annual 
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assessment of CV risk factors.(5, 6) However, no specific target levels for cholesterol and blood 
pressure have been defined for patients with AAV. For patients with a high Framingham or SCORE 
risk or comorbidities such as diabetes mellitus or chronic kidney disease, treatment targets are 
well defined.(21-23, 27, 28) In the present study, patients with these comorbidities appeared 
to be more frequently on antihypertensive or lipid lowering therapy. For patients without these 
conditions, available risk scores will most likely underestimate CV risk in AAV patients. Previous 
studies have shown that the excessive CV risk in AAV appears to be within the same range as in 
rheumatoid arthritis.(2, 29) CV risk prediction models for patients with rheumatoid arthritis apply 
a 1,5 multiplication factor for CV risk.(30) Whether this factor is appropriate for patients with AAV 
warrants future study.

Importantly, it is conceivable that the estimated 10-year CV risk of 19%, found in the present study 
using the Framingham risk assessment, is a significant underestimation of the actual CV risk in 
AAV.(2, 31) In particular, the presence of impaired kidney function and ongoing inflammation in 
many of our patients, as indicated by the elevated CRP levels, may in part be responsible for this 
elevated risk.(32) In the present study the mean CRP was 6.5 mg/l, which in clinical practice will 
be considered as low and reflects AAV in remission. However, in healthy individuals CRP levels 
are generally lower. In healthy men that participated in the ‘Physicians Health Study’, the highest 
quartile in baseline CRP was >2.11 mg/l, which was highly predictive of subsequent CV disease 
(relative risk 2.9). Thus, although a CRP of 6.5 mg/l may reflect remission in patients with AAV, 
this level of low-grade inflammation may still predispose for CV disease. 

Whether pathophysiological mechanisms of systemic inflammation in vasculitis and 
atherosclerosis share similarities is uncertain. However, the involvement of inflammation in CV 
events was highlighted by the recent observation that a monoclonal antibody targeting interleukin 
(IL)-1β can decrease the number of CV events in patients with previous myocardial infarction 
and a high C-reactive protein level.(33) IL-1β has been implicated in both the pathogenesis of 
AAV and coronary atherosclerotic lesions.(33-35) Indeed, anti-MPO antibodies result in IL-1β 
formation in monocytes and IL-1β generation plays a critical role in a mouse model of necrotizing 
crescentic glomerulonephritis.(34, 35) IL-1β was also found to be associated with development 
of CV events in men(33, 36), thus suggesting the possibility of an effect of ANCA-associated 
IL-1β-mediated inflammation in atherosclerotic events in patients with AAV. The possible role for 
inflammation in the increased CV risk is further supported by the recent finding that the BVAS, 
an index for disease activity, was found to be predictive for CV disease in patients with AAV.(37) 

This study has several strengths and limitations. Generalisability of the results was increased by 
including patients from three different hospitals: a community hospital and a teaching hospital in 
the Netherlands, and a tertiary referral centre in Canada. Since target levels may differ with each 
guideline, over time and per country, the implementation of CV risk management at multiple 
target levels was evaluated. However, in a subset of patients multiple guidelines with different 
target values may apply at the same time. The CanVasc and the EULAR guideline were both 
published in 2016. The Canadian hypertension guideline was published early 2018. Although 
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the latter guideline was published before the data collection started in Canada, it is conceivable 
that awareness of new target values for blood pressure had not reached a high level at the time 
of the study.

In conclusion, this study shows a high prevalence of traditional CV risk factors in patients with 
AAV and that management of CV risk factors within this high-risk population can be improved. 
The presence of ongoing inflammation and CKD likely contributes to the increased risk 
for CV disease in AAV. Therefore, the use of only traditional score systems may lead to an 
underestimation of the CV risk. Long-term follow-up studies are needed in order to identify the 
importance of single CV risk factors and interventional studies are needed to determine the 
effect of treatment of CV risk factors on patient outcomes. In the meantime adequate control of 
traditional CV risk factors should be the initial goal.  
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