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ORIGINAL RESEARCH

Male Sex Is Associated With Cervical Artery 
Dissection in Patients With Fibromuscular 
Dysplasia
Charlotte Arnaud, MD*; Marion Boulanger , PhD*; Aurélien Lorthioir , PhD; Laurence Amar , PhD;  
Arshid Azarine , PhD; Louis Boyer, PhD; Gilles Chatellier, PhD; Silvia Di Monaco, PhD; Xavier Jeunemaitre, PhD; 
Adrian Kastler, PhD; Elie Mousseaux , PhD; Catherine Oppenheim, PhD; Frédéric Thony, PhD;  
Alexandre Persu , PhD*; Jeffrey W. Olin , PhD*; Michel Azizi, PhD*; Emmanuel Touzé , PhD; on behalf of 
the ARCADIA Co- investigators†

BACKGROUND: Cervical artery dissection (CeAD) is a frequent manifestation of fibromuscular dysplasia (FMD). However, risk 
factors for CeAD are unknown. We investigated factors associated with CeAD in the ARCADIA (Assessment of Renal and 
Cervical Artery Dysplasia) registry.

METHODS AND RESULTS: The ARCADIA registry includes women or men aged ≥18 years, with a diagnosis of renal, cervical, 
or intracranial artery FMD, who were prospectively recruited at 16 university hospitals in France and Belgium. Diagnosis of 
acute or past CeAD at inclusion was established on imaging according to standard diagnostic criteria. Associations between 
potential determinants and CeAD were assessed by logistic regression analyses. Among 469 patients (75 men) with FMD, 65 
(13.9%) had CeAD. Patients with CeAD were younger, more likely to be men, have a history of migraine, and less likely to have 
a history of hypertension than patients without CeAD. In the multivariable analysis, male sex (odds ratio [OR], 2.66; 95% CI, 
1.34– 5.25), history of migraine (OR, 1.90; 95% CI, 1.06– 3.39), age ≥50 years (OR, 0.41; 95% CI, 0.23– 0.73), history of hyper-
tension (OR, 0.35; 95% CI, 0.20– 0.64), and involvement of ≥3 vascular beds (OR, 2.49; 95% CI, 1.15– 5.40) were significantly 
associated with CeAD. To validate the association between CeAD and sex, we performed a systematic review. We collected 
additional data on sex from 2 published studies and unpublished data from the US Registry for Fibromuscular Dysplasia and 
the European/International FMD Registry. In the pooled analysis (289 CeAD, 1933 patients), male sex was significantly associ-
ated with CeAD (OR, 2.04; 95% CI, 1.41– 2.95; I2=0%).

CONCLUSIONS: In patients with FMD, male sex and multisite involvement are associated with CeAD, in addition to other previ-
ously known risk factors.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT02884141.
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Fibromuscular dysplasia (FMD) is an idiopathic, sys-
temic, noninflammatory, and nonatherosclerotic 
vascular disease of small to medium- size arteries, 

primarily affecting the renal and cervical arteries.1,2 

Involvement of the cervico- encephalic arteries is now 
considered as frequent as that of renal arteries,3,4 
and the latest international consensus guidelines on 
the diagnosis and management of FMD recommend 
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systematic vascular screening from head to pelvis in 
all patients with FMD.1 Although neurological manifes-
tations of FMD are rare and generally considered as 
benign, severe complications, including ischemic and 
hemorrhagic stroke, may occur.3,5

Symptomatic or asymptomatic cervical (carotid or 
vertebral) artery dissection (CeAD) is a frequent man-
ifestation of FMD. Thus, recent data from the United 
States Registry for Fibromuscular Dysplasia (US FMD 
Registry) show that the prevalence of CeAD is esti-
mated to be 21%, with a higher prevalence of carotid 
(16%) than vertebral (5%) artery dissection. Additionally, 
among patients with a neurological presentation lead-
ing to diagnosis of FMD, the prevalence of CeAD is 
even greater, being 27% in the ARCADIA (Assessment 
of Renal and Cervical Artery Dysplasia) registry.6 In 

addition, cervical arteries remain the main location of 
arterial dissections in FMD. Among patients with FMD 
with an arterial dissection in the US FMD Registry, ca-
rotid artery dissections accounted for 64% of all dis-
sections, and vertebral artery dissections accounted 
for 21% of all dissections. The presence of multiple 
CeADs is not uncommon in patients with FMD and is 
estimated to be up to 37%.4,7 However, in patients with 
FMD, the absolute risk of and risk factors for CeAD 
remain unknown.

In patients with CeAD, the overall prevalence of cer-
vical FMD is estimated to be as high as 15% to 20%,6 
and the diagnosis of FMD is more frequently reported 
in patients with multiple CeAD8 or recurrent CeAD.9 
Several other factors including younger age, migraine 
(especially migraine without aura), mechanical trigger 
events, and infections have been reported to be asso-
ciated with CeAD.10 In contrast, the presence of high 
body mass index or hypercholesterolemia is less com-
monly reported in patients with CeAD compared with 
controls, whereas the association with hypertension 
remains controversial.11

In this study, we aimed to investigate factors as-
sociated with CeAD in patients with renal or cervico- 
encephalic FMD using the ARCADIA French and 
Belgium registries.

METHODS
Any anonymized data not published within the article 
can be shared at the request of other investigators for 
purposes of replicating procedures and results.

The design and methods of the ARCADIA study 
have been published elsewhere.6 In brief, included 
patients were women or men aged ≥18 years diag-
nosed with renal, cervical, or intracranial artery FMD, 
who were prospectively recruited at 16 university hos-
pitals in France and Belgium from 2009 to 2014. The 
diagnosis of FMD had to be established in the vas-
cular bed, where the condition was presumed to be 
symptomatic, by recent (within 2 years before inclu-
sion) computed tomography angiography, magnetic 
resonance angiography, or digital subtraction angi-
ography. FMD was diagnosed as nonatherosclerotic 
arterial encroachment or stenoses affecting the trunk 
or branches of medium- size arteries, in the absence 
of aortic wall thickening, inflammation, and known 
syndromic arterial disease.1,12 Patients with isolated 
artery aneurysms or isolated artery dissections (ie, 
without artery stenosis) were not considered to have 
FMD. Circumstances leading to the diagnosis of FMD 
were either (1) renal presentations including hyper-
tension, acute kidney infarction, and miscellaneous 
conditions leading to renal artery imaging or (2) neu-
rological presentations, among which were acute 
cerebrovascular events (stroke, transient ischemic 

CLINICAL PERSPECTIVE

What Is New?
• Recent data from international registries of pa-

tients with fibromuscular dysplasia show that in-
volvement of the cervico- encephalic arteries is 
as frequent as that of renal arteries. Dissection 
is also a frequent manifestation of fibromuscular 
dysplasia.

• In this prospective international study, the prev-
alence of cervical artery dissection averages 
14% in patients with fibromuscular dysplasia.

• Male sex, age <50  years, history of migraine, 
involvement of ≥3 vascular beds, and absence 
of history of hypertension are independent risk 
factors for cervical artery dissection in fibro-
muscular dysplasia.

What Are the Clinical Implications?
• Demographic characteristics and severity of the 

disease can help stratify patients with fibromus-
cular dysplasia with high risk of cervical artery 
dissection.

• Clinicians should be aware of the increased risk 
of cervical artery dissection in young patients 
and men with fibromuscular dysplasia.

• Neck strain from activities or manipulative 
therapy of the neck should be avoided in these 
high- risk subgroups.

Nonstandard Abbreviations and Acronyms

ARCADIA Assessment of Renal and Cervical 
Artery Dysplasia

CeAD cervical artery dissection
FMD fibromuscular dysplasia
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attack, subarachnoid hemorrhage, and acute CeAD), 
migraine, unruptured intracranial arterial aneurysm, 
and other neurological signs or symptoms, such as 
cervical bruit, cervical pain, nonmigraine headache, 
pulsatile tinnitus, and nonspecific symptoms such as 
dizziness or light- headedness. We collected informa-
tion on sex, age at FMD diagnosis and at inclusion, 
ethnicity, FMD type (multifocal or focal), history of hy-
pertension, diabetes mellitus, migraine, and smok-
ing (former or current smoker), family history of FMD, 
and body mass index. Hypertension was defined as 
known history of hypertension or current use of an-
tihypertensive medication(s), and diabetes mellitus 
was defined as known history of diabetes mellitus 
or current use of antidiabetic medication(s). We used 
a standardized questionnaire to diagnose migraine, 
with or without aura, in accordance with the interna-
tional classification of headaches.13

After inclusion, all patients diagnosed with FMD 
underwent head- to- pelvis vascular imaging; patients 
with renal artery FMD underwent computed tomog-
raphy angiography or magnetic resonance angiogra-
phy from the aortic arch to the intracranial arteries, 
and those with cervical/intracranial FMD underwent 
computed tomography angiography or magnetic 
resonance angiography from the diaphragm to the 
pelvis. Computed tomography angiography was the 
preferred imaging test because of its higher resolution 
when compared with magnetic resonance angiogra-
phy. Images were reviewed by at least 2 readers in 
each participating center, and type of FMD was clas-
sified as focal FMD in case of a single stenosis on 
a given vessel, regardless of its length, or multifocal 
FMD (the string- of- beads pattern) in the presence of 
≥2 stenoses on a given vessel segment, as previously 
reported.12 Patients with focal or multifocal lesions af-
fecting at least 2 of the 4 predefined vascular sites 
(renal, cervical or intracranial, mesenteric/splenic, and 
iliac arteries) were classified as having multisite FMD, 
and the others, irrespective of the presence of unilat-
eral or bilateral FMD lesions of the renal or cervical/in-
tracranial arteries, were classified as single- site FMD. 
The radiological diagnosis of multifocal FMD could be 
asserted by local investigators/radiologists, whereas 
focal FMD had to be confirmed centrally by 2 inde-
pendent investigators before inclusion. All imaging 
studies from patients diagnosed locally with multisite 
FMD were centrally reviewed by a core imaging com-
mittee to confirm multisite status. The protocol was 
approved by the local ethics committee, and all partic-
ipants provided written informed consent. The study 
is registered at Clini calTr ials.gov (URL: http://www.
clini caltr ials.gov. Unique identifier: NCT02884141).

The diagnosis of CeAD was established by stroke 
specialists in each participating center, according 
to standard diagnostic criteria, and at least 1 of the 

following imaging parameters was mandatory: pres-
ence of a mural hematoma, aneurysmal dilation, long 
tapering stenosis, intimal flap, double lumen, or occlu-
sion >2 cm above the carotid bifurcation revealing a 
flame- shaped occlusion, an aneurysm, or a long ta-
pering stenosis after recanalization.14 For the present 
study, patients with an acute symptomatic CeAD and 
those with a past history of CeAD or a typical sequela 
of CeAD (extracranial dissecting aneurysm) on imag-
ing, whether symptomatic or not, were all considered 
as having a CeAD. Patients with intracranial exten-
sion of their CeAD (n=3) were not excluded, and no 
patient with isolated intracranial artery dissection was 
included.

In view of our findings on the association between 
CeAD and sex observed in the ARCADIA registry, we 
undertook a systematic review of studies of patients 
with FMD reporting data on CeAD and sex. We re-
port our study according to the Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses.15 
We used a search strategy using the keyword “fi-
bromuscular dysplasia” in PubMed from inception 
to January 31, 2020. Two reviewers (C.A. and M.B.) 
independently screened all titles and the abstracts, 
and then the full texts of potentially eligible studies to 
extract data on sex and CeAD in patients with FMD. 
If there were multiple publications from a study co-
hort, we included only the publication with the largest 
amount of data relevant to this review. We did not 
restrict inclusion by language of publication or sam-
ple size. We also added unpublished data from the 
European/International FMD Registry (A. Persu, PhD, 
unpublished data, 2019) and US FMD registry (J.W. 
Olin, PhD, unpublished data, 2019). Although there 
was no peer review on the latest data from these 2 
registries, FMD diagnosis and patients’ clinical and 
imaging characteristics were assessed by experi-
enced physicians in both registries.

Two reviewers (C.A. and M.B.) assessed risk of bias 
at the study level on the basis of whether the inclusion 
was prospective or retrospective, the characteristics 
of the population (setting, mean age, race, proportion 
of history of hypertension), and FMD type. We relied 
on the authors’ definition of CeAD. Risk of bias across 
studies was not assessed.

Statistical Analysis
Categorical variables were compared with the 
Pearson χ2 test and continuous variables with 2- tailed 
t tests. Associations between CeAD and potential de-
terminants were assessed by univariate regression 
analysis, and odds ratio and corresponding 95% CI 
were reported. Relevant variables that were associ-
ated with CeAD at a level of P≤0.10 were entered into 
the logistic regression model, and adjusted odds ratio 
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and 95% CI were reported. Accurate information on 
the start of FMD can be challenging to record because 
the disease can remain asymptomatic or diagnosed 
years after the first symptom, and FMD diagnosis 
is often made when patients suffer from complica-
tions (eg, stroke, acute renal infarction). Therefore, 
the age at FMD diagnosis might not be reliable, and 
we thought that the age at inclusion would be more 
relevant. To further minimize the risk of bias, we esti-
mated the dichotomized variable of age ≥50 years at 
inclusion to be the most reliable data.

We used meta- analysis to pool studies’ unadjusted 
summary measures of association between male sex 
and CeAD using the Mantel- Haenszel random- effects 
method, and we reported odds ratios and 95% CIs. 
We quantified statistical heterogeneity between stud-
ies with the χ2 test and inconsistency across studies 
using the I2 statistic that describes the percentage of 
the variability in effect estimates that is caused by het-
erogeneity rather than sampling error.16

All analyses were done using Stata SE 15.0 soft-
ware (StataCorp, College Station, TX).

RESULTS
As previously reported, among the 499 patients re-
cruited in the ARCADIA study, FMD was confirmed in 
469 patients, of whom 75 (16%) were men and 415 (89%) 
were Caucasian (Table 1).6 Circumstances leading to the 
diagnosis of FMD were renal presentations in 304 (65%) 
patients, including 268 with hypertension and 11 with 
acute renal infarction. Neurological presentations oc-
curred in 165 (35%) patients, including 100 patients with 
acute cerebrovascular events (21 with ischemic stroke, 
13 with transient ischemic attack, 21 with SAH, 25 with 
acute isolated CeAD, 10 with acute CeAD with ischemic 
stroke, 9 with acute CeAD with transient ischemic attack, 
1 with acute CeAD and subarachnoid hemorrhage).

Demographics and prior comorbidities were simi-
lar in patients with renal and neurological presenta-
tions except for the prevalence of hypertension, which 
was higher in those with renal presentation (Table 1). 
Presence of intracranial aneurysm was more frequent 
in patients with neurological presentation than in those 
with renal presentation (Table 1).

Table 1. Baseline Characteristics of Patients With FMD in the ARCADIA Registry, Based on Renal or Neurological 
Presentation

All Patients, N=469

Type of FMD Presentation

P ValueRenal, n=304 Neurological, n=165

Demographics

Male sex 75 (16) 47 (15) 28 (17) 0.67

Caucasian 415 (88) 269 (88) 146 (88) 1.00

Mean (SD) age at FMD diagnosis, y 53.1 (13.4) 52.7 (14.0) 53.9 (12.2) 0.36

Mean (SD) age at inclusion, y 53.9 (13.3) 53.5 (13.9) 54.7 (12.0) 0.33

Age ≥50 y at inclusion 293 (62) 183 (60) 110 (67) 0.17

Prior comorbidities

Hypertension 363 (77) 268 (88) 95 (58) <0.001

Diabetes mellitus 19 (4) 15 (5) 4 (2) 0.20

BMI ≥25 kg/m2 161 (34) 110 (36) 51 (31) 0.25

Smoking 199 (42) 126 (41) 33 (20) 0.56

Menopause, in women* 217 (46) 140 (54) 77 (56) 0.90

Migraine† 133 (28) 77 (25) 56 (34) 0.07

Imaging

Multifocal FMD 429 (91) 275 (90) 154 (93) 0.29

Intracranial arterial aneurysm 53 (11) 16 (25) 288 (71) <0.001

Multisite involvement, no. of predefined sites involved 0.036‡

1 244 (52) 168 (55) 76 (43) …

2 154 (33) 98 (32) 56 (34) …

≥3 71 (15) 38 (13) 33 (20) …

Presence of multisite involvement (yes vs no) 225 (48) 136 (45) 89 (54) 0.06

Data are presented as number (%) unless otherwise specified. ARCADIA indicates Assessment of Renal and Cervical Artery Dysplasia; BMI, body mass 
index; and FMD, fibromuscular dysplasia.

*Data missing for 3 patients.
†Data missing 1 patient.
‡ANOVA test. Multisite involvement is defined by the presence of FMD lesions in at least 2 of the 4 predefined sites: renal, cervico- encephalic, mesenteric/

splenic, or iliac arteries.
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Men and women were comparable in terms of age, 
race, and presence of main vascular risk factors except 
for smoking and high body mass index, which were 
higher in men (Table 2). Men were less likely to have 
migraine. The prevalence of multifocal FMD type, mul-
tisite involvement, and intracranial aneurysm did not 
significantly differ between men and women (Table 2).

A total of 65 patients (14%) had at least 1 CeAD, 
with 87 arteries (67 carotid and 20 vertebral) being in-
volved. Among the 65 patents with a CeAD, 49 (75%) 
had a neurological symptom leading to the diagnosis 
of FMD, and 16 (25%) had a renal presentation of FMD 
(Table 3). Of the 65 patients with CeAD, 46 (71%) had 
acute symptomatic CeAD, 4 (5%) had a past history 
of symptomatic CeAD, and 15 (23%) had a typical ar-
terial sequela of CeAD on imaging only. Among the 
46 patients with an acute CeAD, 9 (20%) had multiple 
CeADs, 3 (6%) had intracranial artery extension, and 5 
(11%) had a past history of CeAD.

Compared with patients with FMD and no CeAD, 
those with CeAD were younger, more likely to be men 
and to have a history of migraine, and less likely to 
have a history of hypertension (Table  3). In women, 
those with CeAD were less likely to have gone through 
menopause than those without CeAD (Table 3). There 

was a nonsignificant increased prevalence of multisite 
involvement in patients with CeAD than in those with-
out CeAD (Table 3). There were no statistically signif-
icant differences between FMD type or presence of 
intracranial aneurysm and CeAD (Table 3).

After multivariable adjustment, male sex, history of 
migraine, age ≥50 years at inclusion, absence of history 
of hypertension, and increasing number of FMD sites 
involved (ie, the variable multisite involvement used as 
a continuous variable) remained significantly associ-
ated with CeAD (Table  4). In contrast, there was no 
statistically significant association between Caucasian 
ethnicity or menopause and CeAD, after multivariable 
adjustment (Table 4).

To further investigate the association between sex 
and CeAD in FMD, which has rarely been investigated 
in patients with FMD, we undertook a systematic re-
view. We did not further investigate the association be-
tween other significant factors such as age and history 
of migraine and CeAD, because information on these 
topics has been previously reported and because of 
the risk of selection bias for the diagnosis of migraine 
and the uncertainties with age as previously men-
tioned.7,10,17 Also, we did not assess the association 
between ethnicity and CeAD because the vast majority 

Table 2. Baseline Characteristics of Patients With FMD in the ARCADIA Registry, Stratified by Sex

All Patients, n=469

Sex

P ValueMen, n=75 Women, n=394

Demographics

Caucasian 415 (88) 69 (92) 346 (88) 0.30

Mean (SD) age at FMD diagnosis, y 53.1 (13.4) 55.2 (1.6) 52.7 (0.7) 0.13

Mean (SD) age at inclusion, y 53.9 (13.3) 56.0 (1.6) 53.5 (0.7) 0.12

Age ≥50 y at inclusion 293 (62) 53 (71) 240 (61) 0.11

Prior comorbidities

Hypertension 363 (77) 62 (83) 301 (76) 0.23

Diabetes mellitus 19 (4) 5 (7) 14 (4) 0.21

BMI ≥25 kg/m2 161 (34) 42 (56) 119 (30) 0.005

Smoking 199 (42) 43 (57) 156 (40) 0.004

Migraine* 133 (28) 13 (17) 120 (30) 0.020

Imaging

Multifocal FMD 429 (91) 65 (87) 364 (92) 0.10

Intracranial arterial aneurysm 53 (11) 4 (5) 49 (12) 0.07

Multisite involvement, no. of predefined sites involved 0.42†

1 244 (52) 39 (52) 205 (52) …

2 154 (33) 28 (37) 126 (32) …

≥3 71 (15) 8 (11) 63 (16) …

Presence of multisite involvement (yes vs no) 225 (48) 36 (48) 189 (48) 0.99

Data are presented as number (%) unless otherwise specified. ARCADIA indicates Assessment of Renal and Cervical Artery Dysplasia; BMI, body mass 
index; and FMD, fibromuscular dysplasia.

*Data missing for 1 patient.
†ANOVA test. Multisite involvement is defined by the presence of FMD lesions in at least 2 of the 4 predefined sites: renal, cervico- encephalic, mesenteric/

splenic, or iliac arteries.
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of patients in the 2 largest prospective FMD registries 
(US FMD Registry and European/International FMD 
Registry) are of Caucasian ethnicity, and therefore, the 
expected number of patients of other ethnicity was 
small. Additionally, we estimated the risk of selection 
bias for the association between multisite involvement 
and CeAD in FMD to be high in the literature, because 
the prevalence of multisite involvement is highly depen-
dent of the use of systematic imaging from the brain 
to the pelvis. No valid study has reported reliable data 
on multisite involvement in patients with FMD, stratified 
by presence of CeAD. Our search in PubMed identi-
fied 2707 titles, of which 177 abstracts were screened, 
leading to the assessment of 173 full texts. In addition, 
we added unpublished data on sex and CeAD from the 
US FMD Registry and the European/International FMD 

Registry (2 independent populations) and those from 
ARCADIA. A total of 171 studies were finally excluded, 
leaving 5 independent studies18,19 for inclusion in the 
meta- analysis (Figure  1 and Table  5). Patients were 
predominantly Caucasian in 4 out of the 5 included 
studies6,19 (A. Persu, PhD, unpublished data, 2019; 
J.W. Olin, PhD, unpublished data, 2019), whereas pa-
tients were predominantly Asian in the other study.18 
Recruitment of patients was prospective in 1 study,6 
retrospective in 1 study,18 and both in 3 studies19 (A. 
Persu, PhD, unpublished data, 2019; J.W. Olin, PhD, 
unpublished data, 2019). In the 5 included studies, 
the majority of patients had a multifocal form (Table 5). 
Male sex was significantly associated with CeAD, with 
no heterogeneity across studies (odds ratio, 2.04; 95% 
CI, 1.41– 2.95; P<0.0001; I2, 0%; Figure 2).

Table 3. Baseline Characteristics of Patients With FMD in the ARCADIA Registry, Based on the Presence of Cervical Artery 
Dissection

All Patients, N=469

Cervical Artery Dissection

P Value
Unadjusted OR 

(95% CI)Yes, n=65 No, n=404

Demographics

Male sex 75 (16) 16 (25) 59 (15) 0.04 1.91 (1.02– 3.58)

Caucasian 415 (88) 62 (95) 353 (87) 0.07 2.98 (0.90– 9.70)

Mean (SD) age at FMD 
diagnosis, y

53.1 (13.4) 49.8 (9.9) 53.6 (13.8) 0.03 …

Mean (SD) age at inclusion, y 53.9 (13.3) 50.7 (9.9) 54.4 (13.7) 0.04 …

Age ≥50 y at inclusion 293 (62) 32 (49) 261 (65) 0.02 0.53 (0.31– 0.90)

Type of FMD presentation

Neurological presentation 165 (35) 49 (75) 116 (29) <0.001 7.66 (4.16– 13.90)

Renal presentation 304 (65) 16 (25) 288 (71) …

Prior comorbidities

Hypertension 363 (77) 38 (58) 325 (80) <0.001 0.34 (0.20– 0.59)

Diabetes mellitus 19 (4) 0 (0) 19 (5) 0.07 …

BMI ≥25 (kg/m2) 161 (34) 22 (34) 139 (34) 0.93 0.97 (0.56– 1.70)

Smoking 199 (42) 26 (40) 173 (43) 0.67 0.89 (0.52– 1.52)

Menopause, in women* 217 (46) 18 (28) 199 (49) <0.001 0.39 (0.22– 0.69)

Migraine† 133 (28) 28 (43) 105 (26) 0.005 2.15 (1.25– 3.68)

Imaging

Multifocal FMD 429 (91) 60 (92) 369 (91) 0.80 1.14 (0.43– 3.02)

Intracranial arterial aneurysm 53 (11) 6 (9) 47 (12) 0.57 0.77 (0.32– 1.89)

Multisite involvement, no. of 
predefined sites involved

0.0216‡

1 244 (52) 27 (42) 217 (54) … 1.0

2 154 (33) 23 (35) 131 (79) 1.41 (0.78– 2.56)

≥3 71 (15) 15 (23) 56 (14) 2.15 (1.08– 4.32)

Presence of multisite 
involvement (yes vs no)

225 (48) 38 (58) 187 (46) 0.06 1.63 (0.96– 2.78)

Data are presented as number (%) unless otherwise specified. ARCADIA indicates Assessment of Renal and Cervical Artery Dysplasia; BMI, body mass 
index; FMD, fibromuscular dysplasia; and OR, odds ratio.

*Data missing for 3 patients.
†Data missing for 1 patient. Multisite involvement is defined by the presence of FMD lesions in at least 2 of the 4 predefined sites: renal, cervico- encephalic, 

mesenteric/splenic, or iliac arteries.
‡P for trend.
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DISCUSSION
In this large prospective French– Belgian multicenter 
study on FMD, we found that 13.8% of the patients had 
a CeAD either at the time of the diagnosis of FMD or 

in their past medical history. This finding is consistent 
with those of other studies of patients with FMD, which 
reported a prevalence of CeAD ranging from 12.1% to 
25%.4,7,19,20 The association between CeAD and FMD 
has never been formally demonstrated in case– control 
or cohort studies. However, the high prevalence of 
CeAD in patients with FMD, the high prevalence of cer-
vical FMD in patients with CeAD,3 the association be-
tween FMD and multiple CeAD,8 and the increased risk 
of recurrent CeAD in the presence of FMD,9 altogether 
strongly support that FMD is a risk factor for CeAD, as 
reported for spontaneous coronary dissection.21 In our 
cohort of patients with FMD, we also found that male 
sex, young age, history of migraine, and the extent of 
FMD (number of vascular beds involved) were associ-
ated with an increased risk of CeAD, whereas a history 
of hypertension was associated with a lower risk.

In this study, we found an independent associ-
ation between male sex and CeAD in patients with 
FMD, which was subsequently confirmed in the meta- 
analysis we undertook. Our results are unlikely to be 
explained by a diagnosis or referral bias, because FMD 
is rare in men compared with women, as reported in 
both the European/International FMD Registry and 
the US FMD Registry.1,4 Confounding is also unlikely 
because we adjusted our analyses for several known 
risk factors for CeAD. We did not collect information 

Table 4. Association Between Risk Factors and 
Presence of Cervical Artery Dissection in Patients With 
Fibromuscular Dysplasia

Adjusted OR 
(95% CI)* P Value

Male sex 2.66 (1.34– 5.25) 0.005

History of migraine 1.90 (1.06– 3.39) 0.031

Caucasian 2.11 (0.62– 7.15) 0.23

Age ≥50 y at inclusion 0.41 (0.23– 0.73) 0.003

History of hypertension 0.35 (0.20– 0.64) 0.001

Multisite involvement, no. of 
predefined sites involved

0.020†

≥3 2.49 (1.15– 5.40) 0.021

2 1.48 (0.79– 2.81) 0.23

1 1.0 …

OR indicates odds ratio.
*Adjusted OR for sex, age ≥50  y at inclusion, Caucasian, history of 

migraine, hypertension, and presence of multisite involvement.
†P for trend analysis. Multisite involvement is defined by the presence of 

fibromuscular dysplasia lesions in at least 2 of the 4 predefined sites: renal, 
cervico- encephalic, mesenteric/splenic, or iliac arteries.

Figure 1. Flowchart of the systematic review on male sex and cervical artery dissection in 
patients with FMD.
ARCADIA indicates Assessment of Renal and Cervical Artery Dysplasia; and FMD, fibromuscular 
dysplasia.

Medline search

Titles screened (n=2707)

Abstracts screened (n=177)
- 1 reference from our own registry
(ARCADIA)
- 2 references for which unpublished data
were obtained (the US and the
European/International FMD registry)

Included in the meta-analysis (n=5)

Full text screened (n=173)

Excluded (n=171)
-Outcome did not meet our
inclusion criteria (n=170)

-Duplication=non independant
population (n=1)

Included in the meta-analysis,
from electronic search (n=2)

Excluded (n=4)
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on trauma and infection within the few weeks before 
diagnosis of CeAD; however, there are no data in the 
literature supporting evidence for a difference in the 
prevalence of infection and trauma between men and 
women before CeAD. Although we consider our finding 
to be valid, biological plausibility remains to be found. A 
male predominance has also been reported in several 
studies of patients with CeAD, including those of unse-
lected patients with CeAD.22 In the CADISP (Cervical 
Artery Dissections and Ischemic Stroke Patients) 
genome- wide association study performed in 1393 
unselected CeAD cases and 14  416 controls, male 
sex was predominant (≈68%).22 This is in contrast with 
spontaneous coronary dissection, where cases are 
reported almost exclusively in middle- aged women,23 
especially in the peripartum period.24

Another important finding from our study is the 
association between CeAD and the number of vas-
cular beds involved with FMD, with a significant dose- 
dependent relationship, as also reported in patients 
with spontaneous coronary dissection.25 This result 
supports the hypothesis that the risk of CeAD in-
creases with the vascular extension of FMD, and thus 
the systemic nature of FMD.

In our study of patients with FMD, we identified an 
independent association between absence of history of 
hypertension and CeAD. However, we cannot exclude 
the possibility of selection bias, because hypertension 
was the most frequent manifestation of patients with 
FMD and renal presentations (88%), whereas CeAD 
occurred more frequently in patients with FMD and 
neurological presentations, in whom the prevalence 
of hypertension was lower (58%).6 One small study of 
patients with FMD also found a lower prevalence of 
hypertension in the subgroup with CeAD.19 The rela-
tion between hypertension and CeAD is controversial. 
Several case– control studies have shown an increased 
prevalence of hypertension in patients with CeAD as 
compared with patients with stroke without CeAD or 
healthy controls,26– 28 whereas other smaller studies did 
not.29,30 However, hypertension was not found to be 
associated with CeAD in a systematic review of the risk 
factors for CeAD.11

We also found an independent association be-
tween history of migraine and CeAD in patients with 
FMD. This is consistent with the results of a recent 
meta- analysis of patients with CeAD that reported a 
2- fold increased risk of CeAD with history of migraine, 
with no difference in risk between migraine with and 
without aura.17

Our study has potential limitations. First, despite 
the large number of patients included in the ARCADIA 
study, our analysis was based on a relatively small 
number of patients with CeAD. Also, the number of 
male patients with FMD (with and without CeAD) was 
small, but this corresponds to the epidemiology of Ta
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FMD; thus, other registries and observational studies 
have reported that FMD is much more common in 
women than in men, with estimates being up to 95% 
in women in the US FMD Registry.1,4 In addition, our 
population consisted of a predominantly Caucasian 
population, which will limit the generalizability of the 
findings. However, we found a strong association 
between male sex and CeAD in FMD, which was 
confirmed in the meta- analysis and in studies with a 
higher prevalence of non- Caucasian ethnicity than in 
our study population. Second, we recruited 2 differ-
ent FMD populations (renal presentation and neuro-
logical presentation), and because CeAD was mostly 
observed in patients with neurological presentation, 
we cannot exclude that some differences in patients’ 
characteristics between patients with CeAD and 
without CeAD were because of selection biases. 
However, as discussed above, we consider this po-
tential bias as unlikely for sex. Although the indepen-
dent association between male sex and CeAD, which 
has been found in various populations including pa-
tients without FMD, suggest a genetic predisposi-
tion, and replication in larger studies is required to 
confirm our results. Future studies should also take 
into account genetic factors such as the PHACTR1 
variant,3,22,31,32 or the potential precipitating stress-
ors such as medication/drug use that might differ by 
sex.10 Finally, we undertook a systematic review on 
the association between sex and CeAD in patients 
with FMD based on our findings in the ARCADIA 
study, and did not explore the association with the 
other significant risk factors we identified, because 

these factors are either already well documented in 
patients with CeAD or likely to be subjected to bi-
ases. Finally, we did not screen patients for sponta-
neous coronary artery dissection.

In practice, our findings can help to stratify the risk 
of CeAD in patients with FMD. Although the associa-
tion with multisite involvement can be explained by dis-
ease severity, the association with male sex and CeAD 
needs further investigation.

APPENDIX
Co- Investigators in the ARCADIA 
(Assessment of Renal and Cervical Artery 
Dysplasia) Study
The following investigators (with the number of pa-
tients enrolled given in parentheses) and committee 
participated in the ARCADIA study: Hôpital Européen 
Georges Pompidou, Paris (156): Arshid Azarine, Michel 
Azizi, Gilles Chatellier, Antoine Chedid, Béatrice Fiquet, 
Xavier Jeunemaitre, Elie Mousseaux, Pierre- François 
Plouin; Centre hospitalo- universitaire (CHU) Grenoble 
(140): Jean- Philippe Baguet, Olivier Ormezzano, 
Frédéric Thony; CHU Timone, Marseille (37): François 
Silhol; Centre hospitalier Sainte- Anne (28): Eric 
Bodiguel, Valérie Domigo, Catherine Oppenheim, 
Marta Pasquini, Emmanuel Touzé, Denis Trystram; CHU 
Clermont- Ferrand (28): Louis Boyer, Pierre Clavelou; 
CHU Rangueil, Toulouse (25): Bernard Chamontin, 
Béatrice Duly- Bouhanick; Hôpital Cardiologique, Lille 
(21): Hilde Hénon, Claire Mounier- Vehier; Cliniques 

Figure 2. Pooled analysis of published and unpublished data on the association between male 
sex and cervical artery dissection (CeAD) in patients with fibromuscular dysplasia.
ARCADIA indicates Assessment of Renal and Cervical Artery Dysplasia; European/International 
Registry, European/International FMD Registry; OR, odds ratio; and US FMD Registry, US Registry for 
Fibromuscular Dysplasia.
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Universitaires Saint- Luc, Bruxelles (19): Parla Astarci, 
Pierre Goffette, Frank Hammer, Jean- Philippe Lengelé, 
Alexandre Persu, Francesca Severino, Robert Verhelst; 
CHU de Caen (10): Claire Le Hello; Hôpital Saint André, 
Bordeaux (10): Philippe Gosse; CHU Lariboisière, Paris 
(6): Dominique Hervé; Centre hospitalier de Versailles 
(3): Fernando Pico; CHU de Nancy (2): Michèle Kessler, 
Patrick Rossignol; CHU Pitié Salpêtrière, Paris (2): Yves 
Sanson; Hôpital Saint Joseph, Paris (2): Mathieu Zuber; 
Hopital Bichat, Paris (2): Mikael Mazighi; Hôpital Tenon, 
Paris (1): Sonia Alamowitch.

Imaging Committee: Arshid Azarine, Elie Mousseaux 
[chair], Catherine Oppenheim, Pierre- François Plouin, 
Emmanuel Touzé, Frédéric Thony.
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