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ABSTRACT
Objective. To analyse the frequency 
and predictors of new-onset cardiovas-
cular (CV) risk factors in patients with 
anti-neutrophil cytoplasm antibody 
(ANCA)-associated vasculitis (AAV) 
and giant cell arteritis (GCA).
Methods. We analysed the frequency 
and predictors of new-onset hyperten-
sion and/or diabetes mellitus (HTN/
DM) amongst patients with AAV or 
GCA recruited in the Diagnostic and 
&ODVVLÀFDWLRQ� RI� 9DVFXOLWLV� �'&9$6��
study. Patients with pre-existing HTN/
DM were excluded. 
Results. We included 873 patients with 
AAV (506 GPA, 183 MPA, 184 EGPA), 
and 443 with GCA. Patients with GCA 
were more likely female (68% vs. 52%; 
p<0.001) and older (71.33±8.65 vs. 
52.80±16.48; p<0.001) compared to 
patients with AAV. HTN/DM developed 
within 6 months of diagnosis in 9% of 
patients with AAV (6% in GPA, 21% in 
MPA, 3% in EGPA) and 6% of patients 
with GCA, p=0.15. Rise in creatinine/
UHGXFHG�JORPHUXODU�ÀOWUDWLRQ�UDWH�DQG�
or anaemia (OR 3.98, 95% CI 2.09-
7.59, p<0.001) and diagnosis (MPA: 
OR 2.42, 95%CI 1.52-3.83, p<0.001 
and GCA: OR 2.12, 95%CI 1.34-3.38, 
S ������ YV�� *3$�� ZHUH� VLJQLÀFDQWO\�
associated with the occurrence of HTN/
DM after adjusting for age, sex, ethnic-
ity, and smoking status. We developed 
and validated a predictive score to 
discriminate patients according to the 
risk of developing HTN/DM within 6 
months from diagnosis.
Conclusion. Despite different epide-
miological and clinical characteris-
tics, new CV risk factors occur equally 
in the early stages of AAV and GCA. 
Renal function and type of diagnosis 
are associated with the occurrence of 
HTN/DM. We developed a simple pre-
GLFWLYH� VFRUH� IRU� WKH� ULVN�VWUDWLÀFDWLRQ�
of patients.

Introduction
Despite major advances in the manage-
ment and treatment options for systemic 
vasculitides, patients are still exposed 
to excessive cardiovascular (CV) risk 
and related morbidity and mortality (1, 
2). Measures to reduce the risk of car-
diovascular disease (CVD) should be 
part of the routine care of these patients. 
The mechanisms responsible for the in-
creased prevalence of CVD and their 
relationship with disease activity and 
treatment in systemic vasculitis are still 
QRW� ZHOO� GHÀQHG�� 6HYHUDO� K\SRWKHVHV��
LQFOXGLQJ� XQFRQWUROOHG� LQÁDPPDWLRQ��
endothelial dysfunction, and use of high 
dose glucocorticoids (GCs) have been 
proposed. (3) Moreover, the increased 
occurrence of traditional risk factors, 
both disease- and treatment-related, 
such as hypertension (HTN), diabetes 
mellitus (DM), impaired renal func-
tion, and dyslipidaemia may play a piv-
otal role. Damage accrual, including the 
new occurrence of CV risk factors, in 
patients with anti-neutrophil cytoplas-
mic antibodies (ANCA)-associated vas-
culitis (AAV) has been demonstrated to 
accumulate over time, but to be particu-
larly relevant in the early stages of dis-
ease (4). Patients with giant cell arteritis 
�*&$��� GHVSLWH� VLJQLÀFDQW� GLIIHUHQFHV�
in epidemiology and clinical phenotype 
compared to patients with AAV, also ex-
SHULHQFH�VLJQLÀFDQW�&9�EXUGHQ�RYHU�WKH�
course of disease (5, 6).
The aim of this study was to analyse 
and compare the onset and predictors 
of new CV risk factors (HTN and DM) 
amongst patients with AAV and GCA 
recruited into the Diagnostic and Clas-
VLÀFDWLRQ�RI�9DVFXOLWLV� �'&9$6�� VWXG\�
(7). Secondary aims were to assess the 
occurrence of other major CV events 
and CV mortality in this cohort. 

Methods
DCVAS is an international observation-

Early development of new cardiovascular 
risk factors in the systemic vasculitides

S. Monti1-3, J. Robson4, C. Klersy5, A. Craven3, 
C. Montecucco1, R. Watts6, P.A. Merkel7, R. Luqmani3



S-127Clinical and Experimental Rheumatology 2020

New cardiovascular risk factors in vasculitis / S. Monti et al.

al study of newly-diagnosed patients 
with vasculitis and diagnostic mimics 
of vasculitis, with the aim of develop-
LQJ� DQG� YDOLGDWLQJ� QHZ� FODVVLÀFDWLRQ�
and diagnostic criteria for several forms 
of systemic vasculitis (7). Patients 
were selected from those recruited in 
the DCVAS (February 24, 2011, until 
May 25, 2016). The University of Ox-
ford is the sponsor of the DCVAS study 
with overall ethical approval given by 
the UK Berkshire Research Ethics 10/
H0505/19, dated 7 May 2010. The 
study was performed in accordance 
with the 1964 Declaration of Helsinki 
and ethical approval was obtained by 
national and local ethics committees 
in accordance with national legislation. 
Participants consented to the study and 
access to their records was granted. 
For the current study we selected pa-
WLHQWV�ZLWK�D�FRQÀUPHG�ÀQDO�GLDJQRVLV�
of GCA or AAV [granulomatosis with 
polyangiitis (GPA), eosinophilic granu-
lomatosis with polyangiitis (EGPA), or 
microscopic polyangiitis (MPA)]. Pa-
tients with comorbid HTN or DM pre-
ceding the diagnosis of vasculitis were 
excluded from the analysis. The follow-
ing data was used for the analysis: age, 
sex, ethnicity, disease and symptoms 
duration, diagnostic delay from symp-
toms onset, organ systems involved 
at presentation, comorbid conditions, 
smoking status, body mass index 
(BMI), ANCA status (ANCA-PR3, AN-
&$�032�� RU� QHJDWLYH��� LQÁDPPDWRU\�
markers, including C-reactive protein 
(CRP) and erythrocyte sedimentation 
UDWH� �(65��� WKH�SUHVHQFH�RI� VLJQLÀFDQW�
anaemia (haemoglobin level <10 g/dL), 
rise in creatinine values >30% or reduc-
WLRQ�RI�JORPHUXODU�ÀOWUDWLRQ�UDWH��*)5��
>25% at disease onset, proteinuria >1 
g/24 hours, abnormal urinalysis (signif-
icant proteinuria on urine dipstick and/
or haematuria on urine dipstick and/or 
the presence of red cell casts). 
We determined the presence or absence 
of new CV risk factors (diastolic HTN 
and DM) from items recorded in the 
Vasculitis Damage Index (VDI) at the 
��PRQWK� DVVHVVPHQW��'0�ZDV� GHÀQHG�
according to internationally recognised 
GHÀQLWLRQV������:H�DQDO\VHG�WKH�GHYHO-
opment of other major CV events as 
recorded in the VDI at 6 months as fol-

lows: myocardial infarction (MI), sec-
ond MI, cerebrovascular event, second 
cerebrovascular event. We analysed 
survival and frequency of CV causes of 
death. 

Statistical analysis
Analyses were performed with Stata 
15 (StataCorp, College Station, TX, 
USA). A 2-sided p-value <0.05 was 
FRQVLGHUHG�VWDWLVWLFDOO\�VLJQLÀFDQW��:H�
applied the Bonferroni correction for 
post-hoc comparisons. We described 
presenting characteristics with mean 
and standard deviation (SD) or median 
and 25th-75th percentiles if continuous 
and with counts and percent if categori-
cal. We compared diagnostic groups 
with the Kruskall Wallis test and Fish-
er’s exact test.
We used logistic regression to assess the 
association of a series of candidate pre-
dictors with the development of HTN 
and/or DM (HTN/DM) at 6 months. We 
FRPSXWHG� RGGV� UDWLRV� DQG� ���� FRQÀ-
dence intervals (OR, 95%CI) to meas-
ure the strength of association. We cal-
culated Huber-White robust standard 
errors while clustering on countries par-
ticipating in the study. We included the 
following clinically-relevant predictors 
of HTN/DM in a multivariable model: 
age, sex, ethnicity, smoking status, cre-
atinine rise by 30%/GFR reduction by 
25%, anaemia, and diagnostic group. 
We computed the model’s area under 
the receiver operating curve (AUC 
ROC) to assess discriminative ability. 
To generate a parsimonious predictive 
score for HTN/DM (with a minimum 
set of explanatory variables), we ap-
plied backward stepwise selection (p to 
remove 0.2) in a random sample repre-
senting 70% of the cohort. We validated 
the discriminative ability of this model 
in the remaining 30% of the cohort. 
Given the good discrimination (0.72 in 
the testing and 0.74 in the validation co-
hort), we collapsed both samples (AUC 
ROC 0.73; Supplementary Fig. 1). For 
VFRUH�GHÀQLWLRQ�ZH�FRPSXWHG�WKH�OLQHDU�
combination of the logistic regression 
FRHIÀFLHQWV��HDFK�PXOWLSOLHG�E\�����WR�
obtain integers). For practical use, we 
plotted in a nomogram the predicted 
probability of developing HTN/DM at 
6 months given the score. We divided 

WKH�VFRUH�LQWR�WHUWLOHV�WKDW�LGHQWLÀHG�SD-
tients with low, intermediate and high 
risk and computed the associated prob-
ability (95%CI).

Results
At the cut-off date applied, the DCVAS 
GDWDVHW� LQFOXGHG� ����� SDWLHQWV� ZLWK�
AAV (GPA 702, MPA 331, EGPA 245), 
DQG�����SDWLHQWV�ZLWK�*&$��SURYLGLQJ�
D� WRWDO�RI������SDWLHQWV��2I� WKHVH������
patients were excluded from the analy-
sis because they were recorded as hav-
ing HTN or DM prior to the diagnosis 
RI�YDVFXOLWLV��7KH�ÀQDO�SRSXODWLRQ�DQD-
O\VHG�LQ�WKH�VWXG\�LQFOXGHG�����SDWLHQWV�
ZLWK� $$9� ����� ZLWK� *3$�� ���� ZLWK�
03$�� ����ZLWK�(*3$��� DQG� ����ZLWK�
GCA, giving a total of 1316 patients. 

Demographics and general 
characteristics
Table I shows the general characteristics 
RI� WKH� SRSXODWLRQ�� 6LJQLÀFDQWO\�� PRUH�
patients in the group with GCA were 
IHPDOH� ������� ROGHU� DQG� &DXFDVLDQ�
compared to all types of AAV (p<0.001 
for all comparisons). Diagnostic delay 
IURP� V\PSWRP�RQVHW�ZDV� VLJQLÀFDQWO\�
greater in each form of AVV compared 
to GCA, (p<0.001). 
At baseline, CV comorbidities other 
WKDQ�+71�RU�'0��VSHFLÀFDOO\�FRURQDU\�
artery disease, heart failure, peripheral 
vascular disease, or stroke, were report-
ed in a minority of patients with AAV 
(44 patients, 5%) or with GCA (35 pa-
tients, 7.9%), (p ��������%DVHOLQH�G\V-
lipidaemia was more frequent in GCA 
FRPSDUHG� WR� $$9� ������� YV�� ������
p<0.001). 

Presenting clinical features
The prevalence of organ system in-
volvement at disease onset in each 
group is presented in Table II. Systemic 
symptoms were more frequent in AAV 
�������� FRPSDUHG� WR� *&$� ���������
p<0.001. Cardiac manifestations were 
equally distributed, occurring in 13% 
of cases both in GCA and in AAV. 

Laboratory tests 
/DERUDWRU\� WHVWV� ÀQGLQJV� DW� GLVHDVH�
onset are displayed in Table III. The 
proportion of patients with elevated 
&53�ZDV� VLJQLÀFDQWO\� KLJKHU� LQ� *&$�
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�������� FRPSDUHG� WR� $$9� ���������
p<0.001. The proportion of patients 
ZLWK�UDLVHG�(65�ZDV�VLJQLÀFDQWO\�JUHDW-
er in GCA (91.2% vs.���������p<0.001. 
Anaemia was more frequent amongst 
patient with AAV than in GCA (32.4% 
vs. 13.5%; p<0.001). Renal function 
decreased by at least 25% in 26.7% of 
patients with AAV compared with 2% 
of patients with GCA. 

Development of new 
cardiovascular risk factors: 
HTN and DM
Within 6 months from diagnosis, 104 
patients (7.9%, 95%CI 6.5-9.5) de-
veloped HTN/DM. Forty-one (3.6%, 
���&,� ��������� SDWLHQWV� GHYHORSHG�
'0���������������&,����������+71����
(0.5%, 95%CI 0.2-1.1) developed both. 
+71�'0�RFFXUUHG�LQ�����������RI�SD-

WLHQWV�ZLWK�$$9�DQG�LQ�����������ZLWK�
*&$�� ZLWK� QR� VLJQLÀFDQW� GLIIHUHQFHV�
(Table IV). Within AAV, a diagnosis of 
MPA was associated with a 4-fold in-
crease in risk of HTN/DM as compared 
to GPA (OR 4.01; 95%CI 2.90-5.56; 
p<0.001), while patients with EGPA 
had about half the risk of developing 
HTN/DM compared to GPA (OR 0.40; 
95%CI 0.22-0.76; p=0.007).

Table I. Demographics and general characteristics of the study population.

 AAV GPA MPA EGPA GCA p-value Post-hoc comparisons p-value
� Q ��� Q ���� Q ��� Q ��� n=443 

Female n (%) ��������� ��������� ��������� �������� ��������� ������� ��������$$9�vs. GCA)
       <0.001 (GCA vs. GCA; EGPA vs. GCA)
       0.036 (MPA vs. GCA)

Age (years ± SD) min-max ������������ ������������ ������������ ������������ ����������� ������� ��������$$9�vs. GCA)
� ������� ������� ������� ������� (45-90)   <0.001 (GPA vs. GCA; MPA vs. GCA;  
       EGPA vs. GCA; MPA vs. GCA; MPA vs.  
       EGPA)

Ethnicity: Caucasian (n;%) ������������ ������������ ������������ ������������ ������������ ������� ��������$$9�vs. GCA)
       <0.001 (GPA vs. GCA; MPA vs. GCA;  
       EGPA vs. GCA; MPA vs. EGPA)
       0.006 (GPA vs. MPA)

Symptoms duration ����� ����� ����� ������ ����� ������� ��������$$9�vs. GCA)
�PHGLDQ��,45�� ���������������������������������������������������������� �������������� � ������03$�vs. EGPA); <0.001 (GPA vs.  
       GCA); <0.001 (EGPA vs. GCA)
       0.125 (GPA vs. EGPA);

Disease duration  2.53 2.27 3.45 2.66 3.19 0.359 0.679 (AAV vs. GCA)
(median; IQR) months �������������������������������������������������������� ������������� � �������*3$�vs. MPA vs. EGPA vs. GCA)

Diagnostic delay ����� ����� ����� ����� ����� ������� ��������$$9�vs. GCA)
�PHGLDQ��,45��PRQWKV� ��������������������������������������� ��������������� �������������� � �������(*3$�vs. MPA)
       <0.001 (GPA vs. GCA; EGPA vs. GCA;  
       MPA vs. GCA)
       0.12 MPA vs. GPA

BMI (mean ± SD) ����������� ���������� ����������� ����������� ����������� ������ �������$$9�vs. GCA)
       0.024 (GPA vs. EGPA)
       0.011 (MPA vs. GPA);

Cigarette smoking (n;%) 
never 517 (59.22) 291 (57.51) 102 (55.74) 124 (67.39) 227 (51.24) <0.001 <0.0001 (AAV vs. GCA)
FXUUHQW� ����������� ����������� ����������� ��������� ����������� � �������*3$��03$��(*3$�vs. GCA; GPA
SUHYLRXV� ������������ ������������ ����������� ����������� ������������ � vs. EGPA)
       0.024 (MPA vs. EGPA)

No comorbidities (n;%) ������������ ������������ ����������� ����������� ������������ ������� �������$$9�vs. GCA)
       <0.001 (GPA vs. GCA; EGPA vs. GCA;  
       GPA vs. EGPA; MPA vs. EGPA; GPA vs.  
       MPA)

CV comorbidities* (n;%) ������� ���������� ���������� ��������� ��������� ������ �������$$9�vs. GCA)
       0.03 (EGPA vs. MPA; EGPA vs. GCA)

Dyslipidaemia# (n;%) ���������� ���������� ����������� ��������� ����������� ������� ��������$$9�vs. GCA)
       <0.001 (GPA vs. GCA; EGPA vs. GCA;  
       MPA vs. EGPA)
       0.003 (GPA vs. MPA)

AAV: anti-neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis; GPA: granulomatosis with polyangiitis; EGPA: eosinophilic granulomatosis 
with polyangiitis; MPA: microscopic polyangiitis; GCA: giant cell arteritis; BMI: body max index; SD: standard deviation; IQR: interquartile range. 
*CV: cardiovascular comorbidities prior to the diagnosis of vasculitis: coronary artery disease, heart failure, peripheral vascular disease, stroke.
#'\VOLSLGDHPLD�GHÀQHG�E\�WRWDO�FKROHVWHURO��/'/�FKROHVWHURO�RU�WULJO\FHULGH�OHYHOV�DERYH�WKH�XSSHU�QRUPDO�ODERUDWRU\�OLPLW�
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The correlation between type of diag-
nosis and development of a single new 
CV risk factor (either HTN or DM) 
was assessed. Among the 63 patients 
who developed HTN at 6 months, 53 

(6.4%) had AAV as compared to 10 
(2.2%) who had GCA (OR 0.36, 95% 
&,� ����������� p=0.014). Among the 
��� SDWLHQWV� ZKR� GHYHORSHG� '0�� ���
(3.2%) had AAV and 20 (4.5%) had 

*&$� �25� ������ ���&,� �����������
p ��������

Factors associated with HTN/DM
$JH�� VH[�� DQG� %0,� ZHUH� QRW� VLJQLÀ-

Table II. Prevalence of organ system involvement at disease onset in each group.

N (%) AAV GPA MPA EGPA GCA p-value Post-hoc comparisons p-value
� Q ��� Q ���� Q ��� Q ��� n=443   

Systemic symptoms ������������ ��������� ��������� ��������� ������������ ������� �������$$9�vs. GCA)
�Q ����        <0.001(GPA, MPA, EGPA vs. GCA)

Musculoskeletal symptoms ������������ ������������ ����������� ����������� ������������ ������ �������$$9�vs. GCA)
(n=731)       0.102 (GPA, MPA, EGPA vs. GCA)

Cutaneous (n=339) ������������ ������������ ����������� ����������� ���������� ������� ���������$�vs. B)
       <0.001 (GPA vs. GCA); 0.006 (GPA vs.  
       EGPA); 0.006 (MPA vs. EGPA)

Ocular (n=446) ������������ ������������ ����������� ����������� ������������ ������� ��������$$9�vs. GCA)
       <0.0001 (GPA, MPA, EGPA vs. GCA;  
       GPA vs. MPA) 

ENT (n=466) ������������ ������������ ����������� ������������ ������������ ������� ��������$$9�vs. GCA)
       <0.001 (GPA, MPA, EGPA vs. GCA) 

Gastrointestinal ���� ���� ���� ���� ����� ������� ��������$$9�vs. GCA)
� ��������� ���������� ���������� ���������� ���������� � ��������*3$��03$��(*3$�vs. GCA;  
       GPA vs. EGPA) 
       0.012 (MPA vs. EGPA)

Jaw claudication ����������� ����������� ���������� ���������� ������������� ������� ��������$$9�vs. GCA)
       <0.001 (GPA, MPA, EGPA vs. GCA)

Limb claudication 15 (1.72%) 6 (1.19%) 4 (2.19%) 5 (2.72%) 31 (7%) <0.001 <0.001 (AAV vs. GCA)
       <0.001 (GPA vs. GCA)

Pulmonary (n=699) ������������ ������������ ������������ ������������ ����������� ������� ��������$$9�vs. GCA)
       <0.001 (GPA, MPA, EGPA vs. GCA)

Any cardiac manifestation ������������ ���������� ����������� ����������� ����������� ������� ���$$9�vs. GCA) 
(n=171)       <0.001 (GPA, EGPA vs. GCA; GPA vs.  
       EGPA; MPA vs. EGPA)

Cardiac failure (n=42) ���������� ��������� ��������� ����������� �� ������� ��������$$9�vs. GCA)
       0.006 (MPA vs. GCA)
       <0.001 (EGPA vs. GCA; GPA vs. EGPA;  
       MPA vs. EGPA)

Myocardial infarction (n=31) ���������� ��������� ��������� ���������� ��������� ������� �������$$9�vs. GCA)
       <0.001 (EGPA vs. GCA; GPA vs. EGPA)
       0.006 (MPA vs. EGPA) 

Arrhythmia* (n=269) ���������� ��������� ��������� ���������� �������� ������� �������$$9�vs. GCA)
       <0.001 (EGPA vs. GCA; GPA vs. EGPA) 

Neurological (n=693) ������������ ������������ ����������� ������������ ������������ ������� ��������$$9�vs. GCA)
       <0.001 (GPA, MPA, EGPA vs. GCA;  
       GPA vs. EGPA; MPA vs. EGPA) 

TIA (n=13) �������� ��������� ��������� ��������� ��������� ������ �������$$9�vs. GCA)

Stroke (n=11) 6 (0.69) 4 (0.79) 1 (0.55) 1 (0.54) 5 (1.13) 0.523 0.523 (AAV vs. GCA)

Peripheral nervous system ������������ ����������� ����������� ������������ ���������� ������� ��������$$9�vs. GCA) 
(n=246)       <0.001 (GPA, MPA, EGPA vs. GCA;  
       GPA vs. EGPA; MPA vs. EGPA)
       0.024 (GPA vs. MPA) 

AAV: anti-neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis; GPA: granulomatosis with polyangiitis; EGPA: eosinophilic granulomatosis 
with polyangiitis; MPA: microscopic polyangiitis; GCA: giant cell arteritis; ENT: ear, nose, throat; TIA: transient ischaemic attack.
$UUK\WPLD��DQ\�DEQRUPDO�KHDUW�UK\WKP�FRQÀUPHG�E\�DOWHUHG�GLDJQRVWLF�WHVWV��e.g. electrocardiogram) or requiring treatment.
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cantly associated with the development 
of HTN/DM (Table IV). There was a 
higher frequency of HTN/DM within 
WKH�ÀUVW���PRQWKV�RI�GLVHDVH��������RI�
patients developing HTN/DM) com-
pared to 21.2% and 27.9% at 12 and 24 
months from diagnosis, respectively 
(p ��������(WKQLFLW\�LQÁXHQFHG�WKH�RF-
currence of HTN/DM; within the group 
of patients with HTN/DM 64.4% were 
&DXFDVLDQ�FRPSDUHG�WR�����FODVVLÀHG�
as other ethnicity (p<0.001). 
The analysis of type of clinical presen-
tation at disease onset did not demon-
VWUDWH�DQ\�DVVRFLDWLRQ�EHWZHHQ�VSHFLÀF�

organ involvement and the subsequent 
development of HTN/DM. None of the 
CV manifestations analysed in more 
detail were associated with HTN/DM 
(cardiac failure, MI, arrhythmia, peri-
carditis, transient ischaemic attack, 
stroke, gastrointestinal ischaemia, limb 
claudication). By contrast, anaemia 
conferred a 2-fold increase risk of de-
veloping HTN/DM: OR 2.09; 95%CI 
1.07-4.10), p=0.005. 
There was an association between an 
increase in creatinine values by 30% 
or decrease in GFR by 25% and the de-
velopment of HTN (rather than any as-

sociation with DM). Amongst patients 
with an increase in creatinine values, 17 
(36%) had DM compared to 236 (19%) 
of those who did not have DM; howev-
er, the difference in association did not 
UHDFK� VWDWLVWLFDO� VLJQLÀFDQFH� �p ��������
Creatinine rise/GFR reduction remained 
VLJQLÀFDQWO\� DVVRFLDWHG�ZLWK� WKH� VXEVH-
quent development of diastolic HTN: 
41 patients (67.2%) compared to 202 
(17.7%); p<0.001. Rise in creatinine/
*)5�UHGXFWLRQ�FRQIHUUHG�D� VLJQLÀFDQW�
risk for the development of HTN/DM: 
OR 5.55 (95%CI 2.42-12.75).
CRP levels were not associated with 

Table III.�/DERUDWRU\�ÀQGLQJV�DW�GLVHDVH�RQVHW�LQ�HDFK�JURXS�

 AAV GPA MPA EGPA GCA p-value Post-hoc comparisons p-value
� Q ��� Q ���� Q ��� Q ��� n=443 

CRP �PJ�/���PHGLDQ��,45�� ��� ������ ��� ������ ��� ������� �������$$9�vs. GCA)
� ��������� ���������� ���������� �������� ���������� � ��������(*3$�vs. GCA)
       0.002 (EGPA vs. GPA)
       0.006 (EGPA vs. MPA)

High CRP �!���PJ�/�� ������������ ������������ ������������ ������������ ������������ ������� �������$$9�vs. GCA) 
n (%)       <0.001 (GPA, EGPA vs. GCA) 
       0.006 (MPA vs. GCA)

ESR �PP�KRXU�� ����������� ����������� ������������ �������������� ����������� ������� ��������$$9�vs. GCA) 
(median; IQR)       <0.001 (EGPA vs. GCA; EGPA vs. GPA;  
       EGPA vs. MPA)
       0.006 (MPA vs. GPA); 
       0.013 (GPA vs. GCA) 

High ESR �!����PP�KRXU�� ������������ ������������ ������������ ������������ ������������ ������� ���������$$9�vs. GCA) 
n (%)       <0.001 (GPA, MPA, EGPA vs. GCA) 

At least one raised ������������ ������������ ������������ ������������ ������������ ������ ������$$9�vs. GCA) 
LQÁDPPDWRU\�PDUNHU�n (%)       0.002 (EGPA vs. GCA)

Anaemia (< 10 g/L) n (%)  ������������ ������������ ������������ ����������� ����������� ������� ��������$$9�vs. GCA)
       <0.001 (GPA, MPA vs. GCA; GPA vs.  
       EGPA; MPA vs. EGPA; GPA vs. MPA)

c-ANCA (PR3) n (%) ��������� ������������ ���������� ��������� �������� ������� ���������$�vs. B)
       <0.001 (GPA vs. EGPA, GPA vs. MPA)
� � � � � � � �������03$�vs. EGPA) 

p-ANCA (MPO) n (%) ��������� ���������� ������������ ����������� �� ������� ��������$$9�vs. GCA)
       <0.001 (GPA vs. EGPA; MPA vs. EGPA;  
       GPA vs. MPA) 

Rise in creatinine > 30% ������������ ������������ ������������ ���������� ��������� ������� �������$$9�vs. GCA)
or GFR reduction > 25%       <0.001 (GPA, MPA vs. GCA);
n (%)       0.002 (EGPA vs. GCA) <0.001 (GPA,  
       MPA vs. EGPA; GPA vs. MPA) A1, A2 
       vs. A3); <0.001 (A1 vs. A2)

Abnormal urinalysis Q����� ������������ ������������ ������������ ����������� ����������� ������� ��������$$9�vs. GCA)
       <0.001 (GPA, MPA vs. GCA; GPA vs.  
       EGPA; MPA vs. EGPA; GPA vs. MPA)

24 hour urine protein ������������ ����������� ����������� ��������� ��������� ������� �������$$9�vs. GCA) 
excretion > 1 g n (%)       <0.001 (GPA, MPA, EGPA vs. GCA;  
       GPA, MPA vs. EGPA) 

AAV: anti-neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis; GPA: granulomatosis with polyangiitis; EGPA: eosinophilic granulomatosis 
with polyangiitis; MPA: microscopic polyangiitis; GCA: giant cell arteritis; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; IQR: interquar-
tile range; GFR: glomeUXODU�ÀOWUDWLRQ�UDWH��'DWD�ZHUH�FDWHJRULVHG�DFFRUGLQJ�WR�WKH�VSHFLÀHG�FXW�RII�
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Table IV. Univariable logistic regression analysis of factors associated with the development of HTN/DM at 6 months.

 HPT/ DIAB =1 HPT/ DIAB= 0
 (n=104) (n=1215) OR 95%CI p-value (IIHFW�PRGLÀFDWLRQ��
      p for interaction*

AAV   1
GCA ����������� ����������� ����� ���������� ������ QD

Diagnostic groups     <0.0001
GPA 32 (31%) 474 (39%) 1
MPA 39 (37%) 144 (12%) 4.01 2.90-5.56 <0.001 na
EGPA 5 (5%) 179 (15%) 0.40 0.22-0.76 0.007
GCA ��������� ���������� ����� ���������� �����

Gender female (n=760)  53 (51%) ��������� 0.75 0.43-1.31 0.179 0.306

Age (mean ± SD) ����������� ����������� 1 0.99-1.02 0.267 0.313

Disease duration     0.027
6 months �Q ����� ������������ ���������� �
12 months �Q ����� ������������ ������������� ����� ���������� ������ �����
24 months (n=279) ����������� 250 (20.59%) 1.70 0.70-4.12 0.240 

Symptoms duration before 2.34 (0.97; 5.90) ���������������� 0.91 ��������� ������ ����� 
    diagnosis (median; IQR)  

Ethnicity Caucasian (n=1049) 67 (64.42%) ������������ 0.43 0.15-1.19 0.105 0.275

BMI (median; IQR) �������������� �������������� ���� 0.93-1.07 ����� 0.970

Smoke     0.195 
Never � ����� ������������ ������������� �
Current �Q ����� ������������ ������������� ����� ���������� ������ �����
Previous (n=377) 32 (30.77%) ������������ 1.03 0.62-1.74 0.497 

Systemic symptoms �Q ���� 79 (75.96%) ������������ 1.06 ��������� ����� 0.043

Musculoskeletal symptoms (n=733) 53 (50.96%) ������������ ���� 0.60-1.11 0.192 0.06

Pulmonary (n=701) 59 (56.73%) ������������ 0.42 ��������� 0.663 0.002

Any cardiovascular manifestation 7 (6.73%) ������������ 0.20 ��������� 0.075 0.464 
    (n=172)  

Gastrointestinal (n=747) ����������� ������������ 1.09 0.53-2.24 ����� �����

Neurological any (n=696) 49 (47.12%) 647 (53.25%) ���� ��������� 0.494 0.613

Anaemia (n=346) 43 (41.75%) 303 (25.51%) 2.09 1.07-4.10 0.001 0.003

CRP (mg/L); median (IQR) 52 (23;146) 62.90 (21;132) 1.02 0.72-1.46 ����� 0.917

ESR (mm/hour); median (IQR) ����������� 63 (37;90) 1.01 1.01-1.02 <0.001 �����

Rise in creatinine >30%
or GFR reduction > 25% 54 (53.57%) ������������ 5.55 2.42-12.75 <0.001 0.041

c-ANCA (PR3) positive‡ ����������� ������������ ����� ���������� ������ QD

p-ANCA (MPO) positive‡ ����������� ������������ ����� ���������� ������� QD

AAV: anti-neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis; GPA: granulomatosis with polyangiitis; EGPA: eosinophilic granulomatosis 
with polyangiitis; MPA: microscopic polyangiitis; GCA: giant cell arteritis; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; BMI: body max 
LQGH[��6'��VWDQGDUG�GHYLDWLRQ��,45��LQWHUTXDUWLOH�UDQJH��*)5��JORPHUXODU�ÀOWUDWLRQ�UDWH�
*Test for interaction with diagnosis (AAV or GCA). ‡only tested in patients with a diagnosis of ANCA-associated vasculitis.

the occurrence of HTN/DM. MPO-
ANCA was positive in 36 (47.4%) of 
patients with HTN/DM compared to 
172 (21.6%) of those who did not de-
velop HTN/DM, p<0.001. PR3-ANCA 
ZDV�QRW�VLJQLÀFDQWO\�DVVRFLDWHG��������
vs. 37.1%, p=0.112) with HTN/DM. 

Multivariable logistic regression 
RI�IDFWRUV�LQÁXHQFLQJ�WKH�GHYHORSPHQW�
of HTN or DM
Multivariable logistic regression re-
vealed that rise in creatinine or GFR 
reduction/anaemia at presentation and 
diagnosis (MPA and GCA) were signif-

icantly associated with the occurrence 
of HTN/DM within 6 months of the di-
agnosis of vasculitis, after adjusting for 
age, sex, ethnicity, and smoking status 
(Table V). A sensitivity analysis in-
cluding or excluding the effect of BMI 
did not change these results. 
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We derived a predictive score for the 
development of HTN/DM at 6 months, 
as described in the Methods section. 
The results are reported in Figure 1, in-
FOXGLQJ�WKH�FRHIÀFLHQWV�IRU�VFRUH�FRP-
putation, the score limits for the risk-
VWUDWLÀFDWLRQ�RI� SDWLHQWV�� DQG� WKH� DVVR-
ciated probability of developing HTN/
DM. The discrimination ability of the 
predictive score was good (AUC-ROC 
0.72) and the tertiles of its distribution 
allowed us to separate the correspond-
ing probabilities of developing HPT or 
DM (Suppl. Fig. 1).

Development of major 
cardiovascular complications 
and cardiovascular mortality 
MI or stroke developed within 6 months 
RI�GLDJQRVLV�RI�YDVFXOLWLV�LQ����SDWLHQWV�
overall (1.4%): 5 patients had MI, 14 
had a cerebrovascular event. Eleven of 
these cases (61% of all events, 1.3% 
of patients with AAV) were recorded 
amongst patients with AAV. The remain-
ing 7 cases (39% of all events, 1.6% of 
GCA) occurred in patients with GCA, 
p �������2YHUDOO� WKHUH�ZHUH����GHDWKV�

(1.4%). A further twenty-six patients 
were lost to follow-up (1.9%). Median 
follow-up of the patients who died was 
�����������������PRQWKV��7KHUH�ZHUH���
deaths related to CV causes (0.4% of all 
patients, 26% of all deaths). Two fatal 
cases were due to MI (0.15%) and 2 
cases due to stroke (0.1%), all with a di-
agnosis of AAV, compared to no deaths 
due to CV causes in patients with GCA.

Discussion
In this large cohort of vasculitides there 
was a relevant risk of developing new 
CV risk factors within 6 months from 
diagnosis both in patients with AAV 
DQG� *&$�� 7KLV� ZDV� WKH� ÀUVW� VWXG\� WR�
analyse and compare the frequency and 
the predictors of new-onset HTN/DM 
between large-vessel and small-vessel 
vasculitis. We demonstrated that within 
the cohort of patients, the type of diag-
nosis (MPA or GCA, rather than GPA or 
EGPA) and the presence of worsening 
renal function and/or anaemia at dis-
HDVH�RQVHW�VLJQLÀFDQWO\�FRUUHODWHG�ZLWK�
the development of HTN/DM. Identify-
ing the predictors of new CV risk fac-

tors in vasculitides is pivotal to develop 
preventive strategies to improve future 
outcomes for patients with vasculitis. 
Suppiah et al. (9) proposed and vali-
dated a model to predict the 5-year CV 
risk in patients with newly-diagnosed 
GPA and MPA. In Suppiah’s model, 
within 5 years of diagnosis, 14% of pa-
tients developed a CV event. Diastolic 
HTN was one of the major risk factors 
included in the score. By contrast, PR3-
ANCA, appeared to have a protective 
role. In our study, we have found simi-
lar results, shifting the focus to an ear-
lier phase of disease and to the investi-
gation of CV risk factors rather than CV 
events. Interestingly, we demonstrated 
that MPO-ANCA, but not PR-ANCA, 
was associated with the occurrence of 
HTN/DM. 
Our results suggest that increasing ef-
forts should be directed towards more 
effective detection and management of 
CV risk in patients with MPO-ANCA 
SRVLWLYH�03$�ZKR�KDYH�VLJQLÀFDQW�HO-
evation of serum creatinine/GFR re-
duction, because this group of patients 
seems to be the more prone to develop-
ing CV risk factors, and subsequently 
suffering CV events in the following 
5 years (9-11). We have developed a 
predictive score of early HTN/DM oc-
currence; neither sex nor ethnicity were 
associated with the development of new 
CV risk factors. 
In our cohort followed for 6 months 
from diagnosis, HTN/DM occurred in 
��� ����� SDWLHQWV�ZLWK�$$9� DQG� LQ� ���
�����ZLWK�*&$�ZLWKRXW�VLJQLÀFDQW�GLI-
ferences. Indeed, patients with GCA, 
despite being older, with higher rates 
RI�DFWLYH�VPRNHUV��KLJKHU�LQÁDPPDWRU\�
markers, and being more frequently fe-
male, seemed to have a comparable risk 
of developing new CV risk factors and 
a lower CV risk and related mortality 
compared to patients with AAV. A nega-
tive association of pre-existing DM on 
the occurrence of GCA, and a lower in-
cidence of DM in patients with biopsy-
proven GCA has been reported (12-14). 
In our study, the separate analysis on 
the risk of developing DM only did not 
VKRZ� VLJQLÀFDQW� GLIIHUHQFHV� EHWZHHQ�
$$9�� ��� SDWLHQWV� ������� RU� *&$�� ���
(4.5 %), p �������/L�et al. (15) inves-
tigated CV risk factors and outcomes 

Table V. Multivariable logistic regression of variables associated with the development of 
HTN/DM at 6 months. (Model p<0.001, AUC-ROC=0.77).

 OR 95% CI p

Age 1.01 0.99-1.02 0.157

Gender 
Male 1
Female 0.74 0.39-1.41 0.361

Ethnicity 
Other ethnicity 1
Caucasian 0.51 0.23-1.13 0.099

Smoking status  0.70 
Never 1
&XUUHQW� ����� ���������� �����
3UHYLRXV� ���� 0.57-1.34 0.545

Creatinine/anaemia  <0.001
Both absent 1
Only anaemia 0.51 0.23-1.14 0.103
Only creatinine rise* 4.21 1.97-9.01 <0.001
%RWK�SUHVHQW� ���� 2.09-7.59 <0.001

Diagnosis  <0.001
GPA 1
MPA ����� ���������� ������
EGPA ����� ���������� �����
GCA 2.12 ��������� 0.001

ULVH�LQ�FUHDWLQLQH�!�����RU�JORPHUXODU�ÀOWUDWLRQ�UDWH�UHGXFWLRQ�!������������������������������������������������������������������������������������������������������
 AAV: anti-neutrophil cytoplasmic antibodies (ANCA)-associated vasculitis; GPA: granulomatosis with 
polyangiitis; EGPA: eosinophilic granulomatosis with polyangiitis; MPA: microscopic polyangiitis; 
GCA: giant cell arteritis.
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RQ������QHZO\�GLDJQRVHG�SDWLHQWV�ZLWK�
GCA and matched controls from UK-
based Clinical Practice Research Data-
OLQN� �&35'���7KH� DXWKRUV� LGHQWLÀHG� D�
1.4-fold increase risk of incident DM 
after the onset of GCA and a 24% in-
creased risk of developing HTN. We (6) 
LGHQWLÀHG�ROGHU�DJH��PDOH�VH[��DQG�ORZ�
socioeconomic status as risk factors 
for the development of CV disease in 
D�VWXG\�RI������SDWLHQWV�ZLWK�*&$�DQG�
37,000 matched controls.
:H�UHSRUW�D�VLJQLÀFDQW�DVVRFLDWLRQ�EH-
tween type of AAV, namely MPA, and 
development of HTN/DM. We found 
that MPA was mainly associated with 
the development of HTN (OR 4.53 
����� &,� ����������� p<0.001) rather 
WKDQ�'0��25����������&,������������
p=0.013). With multivariable analysis 
03$� UHPDLQHG� VLJQLÀFDQW� DIWHU� FRU-

recting for increased creatinine levels/
UHGXFHG� *)5�� 2XU� ÀQGLQJV� VXJJHVW�
that patients with MPA are at high risk 
of developing HTN regardless of renal 
function. A higher rate of HTN in MPA 
is in keeping with previous reports. 
Robson et al. (4) analysed data from 
several randomised controlled trials 
of MPA and GPA and reported HTN 
in 21.4% of patients with MPA within 
6 months of diagnosis, compared to 
15.2% with GPA. The association be-
tween AAV and increased CV events, 
even at the very early stages of disease, 
is well documented. A recent meta-
analysis of observational studies on 
CV events in AAV comprising 14,000 
patients reported an increase in CV 
risk in patients with AAV of 65%. (16) 
Of all cases of MI and stroke recorded 
in our cohort, 61% had a diagnosis of 

AAV. CV mortality is still one of the 
major issues affecting the prognosis of 
vasculitides. In our cohort, all cases of 
CV mortality occurred in patients with 
AAV. Despite the well-known CV risk 
associated with AAV, it has been re-
ported that the management of associ-
ated factors, particularly HTN and dys-
lipidaemia is still suboptimal in clinical 
practice (17).
Our study has some limitations. Data 
UHJDUGLQJ� VSHFLÀF� WUHDWPHQW� ZLWK� FDU-
dio-protective effects, including aspirin 
or statins were not available. Further-
more, information regarding remission-
induction treatments for vasculitis, in-
cluding data on GCs regimens were not 
available. The short period of observa-
tion related to the DCVAS study design 
might have led to an overestimation of 
the incidence of HTN/DM during the 

Fig. 1. Predictive score for the development of 6-months hypertension and/or diabetes.
����7KH�VFRUH�LV�FRPSXWHG�XVLQJ�WKH�FRHIÀFLHQWV�IURP�WKH�XSSHU�OHIW�SDQHO������7KHQ�WKH�FDWHJRU\�RI�ULVN�LV�VHOHFWHG�IURP�WKH�XSSHU�ULJKW�SDQHO��ORZ�LQWHUPH-
diate/high), where the expected probability of developing hypertension and/or diabetes can be read. (3) The probability of developing hypertension and or 
diabetes at 6 months, given the score, can also be read from the nomogram in the lower right panel. (4) The score is computed for 2 simulated cases in the 
lower left panel. The probability of hypertension/diabetes at 6 months can be read from the nomogram (Case 1: red dashed line; case 2: green dashed line).
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acute phase of disease, whilst patients 
were being treated with the highest 
dosages of GCS. Nevertheless, the fre-
quencies of HPT/DM that we report are 
in keeping with previous studies, if not 
lower. Moreover, it has been demon-
strated that damage, whether it is treat-
ment- or disease-related accumulates 
HDUO\�� E\� �� PRQWKV�� ���� RI� SDWLHQWV�
with AAV have accrued at least 1 VDI 
item of damage, with renal and CV fea-
WXUHV� EHLQJ� WKH�PRVW� UHSUHVHQWHG� ������
DV�FRQÀUPHG�E\�RXU�VWXG\��
One of the main strengths of the cur-
rent study is the large cohort with pro-
spective data collection. Furthermore, 
the comparison between two types 
of systemic vasculitides with differ-
ent size of vessels predominantly in-
volved, clinical manifestations and ep-
idemiologic characteristics allows for 
some interesting speculations on the 
common background factors leading to 
an increased probability of developing 
CV and metabolic complications that 
goes beyond the expected risk associ-
ated with traditional CV risk factors or 
treatment-related complications. 
In conclusion, our study demonstrates 
that new-onset HTN/DM during the 
ÀUVW� IHZ� PRQWKV� IURP� D� GLDJQRVLV� RI�
vasculitis, particularly MPA and GCA, 
should represent a major concern in the 
management of these patients. We pro-
pose a simple score to identify patients 
with vasculitis who are most likely to be 
at risk of developing HTN or DM. Fur-
WKHU� HIIRUWV� VKRXOG� EH� GLUHFWHG� WR�ÀQG-
ing measures to reduce the risk of CV 
disease, to be integrated early into the 
management of systemic vasculitides. 
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