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Abstract

Background—TFibromuscular Dysplasia (FMD) is an non-atherosclerotic disease associated with
hypertension, headache, dissection, stroke, and aneurysm. The etiology is unknown but
hypothesized to involve genetic and environmental components. Previous studies suggest a
possible overlap of FMD with other connective tissue diseases that present with dissections and
aneurysms. The aim of this study was to investigate the prevalence of connective tissue physical
features in FMD.

Methods and Results—142 FMD patients were consecutively enrolled at a single referral
center (97.9% female, 92.3% had multifocal FMD). Data are reported for 139 female patients.
Moderately severe myopia (29.1%), high palate (33.1%), dental crowding (29.7%), and early onset
arthritis (15.6%) were prevalent features. Classic connective features such as hypertelorism, cleft
palate, and hypermobility were uncommon. Frequency of systemic connective tissue features was
compared between FMD patients with a high vascular risk profile (having had =1 dissection and/or
>2 aneurysms) and those with a standard vascular risk profile. History of spontaneous
pneumothorax (5.9% high risk vs. 0% standard risk) and atrophic scarring (17.3% high risk vs.
6.8% standard risk) were significantly more prevalent in the high risk group, p<0.05. High palate
was observed in 43.1% of the high risk group vs. 27.3% in the standard risk group, p=0.055.

Conclusions—In a cohort of women with FMD, there was a prevalence of moderately severe
myopia, high palate, dental crowding, and early onset osteoarthritis. However, a characteristic
phenotype was not discovered. Several connective tissue features such as high palate and
pneumothorax were more prominent among FMD patients with a high vascular risk profile.
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Introduction

Methods

Fibromuscular dysplasia (FMD) is a non-atherosclerotic, non-inflammatory vascular disease
which causes arterial stenosis, aneurysm, dissection, and/or tortuosity.(1,2) The etiology of
FMD is unknown but hypothesized to involve both genetic and environmental components.
Importantly, >90% of FMD patients are women.(1,3) Male patients with FMD may have a
more aggressive vascular course with high risk of aneurysm and dissection.(4) Previous
studies suggest a possible overlap of FMD with other connective tissue diseases that present
with arterial and aortic dissections and aneurysms such as Marfan syndrome, Loeys-Dietz
syndrome (TGFp pathway disorders), and vascular Ehlers-Danlos syndrome (EDS).(5-8)
Several case reports describe patients presenting with phenotypic connective tissue
abnormalities and vascular lesions consistent with FMD.(5-7) However, the prevalence of
defined genetic mutations associated with connective tissue diseases was negligible in a
cohort of clinically confirmed FMD patients at our institution who underwent genetic
testing.(5) Of interest, two patients in this cohort were found to have novel point mutations
in TGF-f receptor type 1 gene that were classified as variants of undetermined clinical
significance as pathogenicity could not be firmly established.(5) Both of these patients had a
history of arterial dissection and had aortic ectasia or aneurysm. Recently, Ganesh and
Morissette and colleagues described systemic connective tissue features in a small cohort of
47 patients with multifocal FMD.(9) A majority of patients (95.7%) presented with physical
examination findings suggestive of mild connective tissue dysplasia. They also found
elevated secretion of TGF-B1 and TGF-B2 by skin fibroblasts derived from FMD patients as
well as elevated levels of circulating TGF-1 and TGF-B2 compared to age and sex matched
non-FMD controls.(9) However, this relatively small cohort of patients with a high
prevalence of stroke and aneurysm seen at the National Institute on Aging (NIA) may have
been subject to referral bias and may not be reflective of a more generalized FMD patient
population.(1,9)

We sought to characterize and determine the prevalence of systemic connective tissue
physical features among a large and diverse cohort of patients with clinically established
FMD. Secondly, we sought to determine whether systemic connective tissue features were
more prevalent among FMD patients with a high vascular risk profile of arterial aneurysm
and dissection. We hypothesized that FMD patients with a high vascular risk profile would
have more connective tissue physical features compared to FMD patients with a standard
vascular risk profile.

Study Population

Patients with a diagnosis of FMD, as confirmed by a vascular medicine specialist in the
Cleveland Clinic FMD program, and enrolled in an institutional FMD biorepository protocol
were approached for enrollment in this study. Inclusion criteria were: age = 18 years,
confirmed (by imaging) diagnosis of FMD, and ability to undergo a non-invasive biometric
connective tissue physical assessment. Patients were excluded if they had a molecularly
confirmed diagnosis of another connective tissue disorder (i.e., patients with prior genetic
testing confirming a known causative mutation consistent with vascular EDS, Loeys-Dietz
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syndrome/TGFp pathway disorders, or Marfan syndrome). Enrollment began 11/1/2013 and
concluded 7/3/2014 and 91.6% of patients approached consented for enrollment for a total
enrollment of 142 patients. The study was approved by the Cleveland Clinic Institutional
Review Board.

Connective Tissue Physical Feature Assessment

A brief medical history was completed assessing for complications associated with
connective tissue features: history of joint dislocation, non-traumatic bone fracture, hernia,
scoliosis, cleft palate, club foot, moderately severe myopia (defined as diopter correction
greater than —3), early onset arthritis (defined as onset before age 50), and post-partum
hemorrhage requiring blood transfusion. Dental crowding was defined by history of tooth
extraction for crowding excluding wisdom tooth extraction. Height, weight, and body mass
index (BMI) were recorded. A connective tissue physical feature assessment was performed.
To maintain consistency, each connective tissue assessment was performed by the same
examiner (SO) using standardized techniques for morphologic measurements.(10) The
primary connective tissue physical features examined in our cohort were based on selected
components of the systemic score of the revised Ghent Nosology (for Marfan syndrome),
Beighton score of hyperextensibility, and other features identified in connective tissue
disorders with a vascular phenotype similar to FMD.(11,12) Methodology for assessment of
connective tissue parameters and definitions of abnormalities are further outlined in the
Appendix.

FMD and Vascular Risk Profile Assessment

Distribution of vessel involvement with FMD, history of arterial dissection, arterial
aneurysm, and type of FMD (multifocal or focal) were abstracted from the medical record
and medical imaging review and confirmed by an experienced clinician in the Cleveland
Clinic FMD program. High vascular risk profile was defined as a history of >1 arterial
dissection and/or =2 arterial aneurysms. The high risk categorization was defined by the
study investigators based upon clinical experience and reported findings of the United States
FMD Registry(3). The high risk definition of =1 arterial dissection was based on the
previously reported high risk prevalence of arterial dissections (~20%) among the FMD
population and the relatively rare occurrence of dissections in the general population.(3)
Since aortic and arterial aneurysms occur with some frequency in the general population, as
well as up to 20% of patients with FMD, the high risk vascular profile was categorized as =2
arterial aneurysms as this would be an uncommon finding in both the general and FMD
patient population.(3) In addition, modern non-invasive imaging techniques have allowed for
detection of small, asymptomatic aneurysms that may not be of clinical significance.(3,13)

Statistical analysis

Summary statistics are presented as mean (standard deviation) for normally distributed
continuous variables, median (IQR) for nonparametric continuous variables, and number
(%) for categorical variables. Two sample t-tests or nonparametric equivalents were
performed to examine differences in continuous variables; y? testing was used to test
differences in proportions. Historical control data, when available, was abstracted from the
medical literature.(14-21) Given the low number of male patients recruited and potential for
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sex related differences in physical examination features, only data for the female cohort are
presented. A p-value < 0.05 was considered statistically significant. All statistics were
analyzed using JMP Pro 10 and SAS 9.3 (SAS Institute, Inc., Cary, North Carolina).

Results

Baseline characteristics, demographics, and morphology

142 patients were enrolled, 97.9% of whom were female (N=139). Among female patients,
92.1% had multifocal (string of beads type) FMD.(1) Baseline characteristics of the female
cohort (N=139) are displayed in Table 1. Median age of at the time of participation in the
study was 54 years (IQR 47-62 years) and median age at diagnosis was 48 years (IQR 43—
57). All but one patient were within two standard deviations of the average height of the
American population.(22) The majority of patients were of normal BMI (median 23.5 kg/
m?2).(22) All but one patient (99.3%) had undergone both renal and carotid artery imaging
during diagnostic evaluation. Nearly three-quarters of the patients had multi-vessel
involvement with more than one arterial bed involved. Multi-vessel involvement may be
underestimated since not all arterial beds were imaged for every patient. Extracranial carotid
FMD was the most common arterial bed involved followed closely by renal FMD (Table 2).
Fifty one (36.7%) of patients were categorized into the high vascular risk group.

Table 3 displays the frequency of systemic connective tissue features obtained from the
medical history of the FMD cohort compared to controls. Compared to historical control
data derived from populations similar to the study cohort, there were few features that were
more prevalent in the study cohort. Features among the FMD patients more prevalent than
reported among controls included early-onset osteoarthritis (15.6%) and moderately severe
myopia (29.1%). A history of spontaneous pneumothorax was reported in 2.2% of the FMD
cohort. A history of peripartum hemorrhage requiring transfusion occurred in 3.4% of the
FMD cohort.

Table 4 displays the systemic connective tissue features identified on physical examination
of the FMD cohort. Of note, pectus deformity was present in 7.2% of female FMD patients
and equally divided between pectus excavatum and pectus carinatum. Palatal abnormalities
(high palate or tori) were observed in 56.1% with high palate present in one-third of the
cohort. Facial morphologic characteristics were measured. No patients demonstrated
hypertelorism. Median near interpupillary (IP) distance measured 53.8mm (IQR 52.0-56.0)
and median far IP distance was 58.5mm (IQR 57.0-61.0) for the entire study cohort. Median
head circumference measured 55.0cm (IQR 54.0cm-56.25cm). Other physical features
observed in connective tissue disorders such as bifid uvula, cleft palate, or club foot were not
identified. Only one patient had an abnormal uvula, a uvula with a midline raphe. FMD
patients in the cohort did not demonstrate significant hypermobility. Median Beighton score
was 1 (IQR 0-2) and only 4 patients (2.9%) had a Beighton score >5/9. See Figure 1 for
distribution of Beighton scores for the entire cohort. Compared to published studies of the
prevalence of systemic connective tissue features in Marfan syndrome and overlapping
connective tissue disease (OCTD), the FMD cohort had lower prevalence of positive wrist
and thumb sign (arachnodactyly), pectus deformities, skin striae, and pes planus
(Supplemental Table 1).(14) Several physical features were nearly as prevalent in the FMD
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cohort as in published series of Marfan syndrome and OCTD, namely myopia, and high
palate.

Comparison of connective tissue features between high risk and standard vascular risk

profile

The study cohort was divided among high vascular risk (N=51) and standard vascular risk
subjects (N=88) (Table 1).. Age, height, and BMI did not significantly differ between the
groups. Patients in the high risk group were more likely to be white and more likely to have
multifocal FMD than those in the standard risk group. No significant differences were
observed in IP distance between high risk and standard risk groups (near IP distance
53.5mm vs. 54.0mm, p=0.450; far IP distance 58.5mm vs. 59mm, respectively, p=0.693).
No significant difference was observed in median head circumference between high and
standard risk groups (55.0cm vs. 55.0cm, p=0.261).

A comparison of 20 connective tissue features between high risk and standard risk groups is
shown in Table 5. High vascular risk profile was associated with an increased prevalence of
high palate (43.1% high risk vs. 27.3% standard risk, p=0.055). Spontaneous pneumothorax
was observed in three patients in the high risk group and none in the standard risk group
(5.9% high risk vs. 0 standard risk, p=0.049). Atrophic scarring was more prevalent in the
high risk group (17.6% high risk vs. 6.8% standard risk, p=0.047). There was no statistically
significant difference in the percentage of patients with hypermobility (5.9% high risk vs.
1.1% standard risk, p=0.140), the prevalence of pectus deformity (7.8% high risk vs. 6.8%
standard risk, p=1.0), or the prevalence of moderately severe myopia (26.1% high risk vs.
30.9% standard risk, p=0.569), however this study may have been underpowered to detect
small differences between the groups.

There was no significant difference in the distribution of Beighton scores between the high
vascular risk and standard vascular risk group. The median Beighton score was 1 (IQR 0-2)
for the standard risk group and 0.5 (IQR 0-2) for the high risk group. Neither group
demonstrated significant hypermobility.

The median number of connective tissue features/patient (maximum 20) was 2 (IQR 1-3) for
both groups. No significant difference in distribution of connective tissue scores was
observed, p=0.955. 18.7% of the cohort demonstrated a connective tissue phenotype defined
as >4 connective tissue features/patient. There was no difference in prevalence of the
connective tissue phenotype (=4 connective tissue features/patient) between high vascular
risk and standard vascular risk patients (21.6% vs. 17.0% p=0.510).

Discussion

Fibromuscular dysplasia is an arterial disease that may lead to major vascular events
including arterial dissection, symptomatic aneurysm, stroke, and myocardial infarction (due
to coronary artery dissection). It has been hypothesized that FMD represents a systemic
vasculopathy, although the genetic mechanism of this disease and the specific mechanisms
of interaction with environmental factors remains unknown.(1) In our cohort of 139 female
FMD patients, the prevalence of classical features of connective tissue disorders was lower
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than hypothesized. Only 18.7% of patients in our cohort demonstrated a connective tissue
phenotype with =4/20 systemic connective tissue findings among those we assessed. No
patients had a bifid uvula, cleft palate, or club foot deformity. Prevalence of many
connective tissue features among the FMD patients were consistent with those of historical
control series taken from a general female population.

A recent publication from Ganesh and Morissette and colleagues at the NIA suggested a
potential role of the TGF-f signaling pathway in the pathogenesis of FMD.(9) The NIA
study and previously published case reports described systemic connective tissue physical
features among patients with FMD.(6,7,9) These studies report a high prevalence of joint
hypermobility and skeletal abnormalities. Our study identified a lower prevalence of
connective tissue findings. However there were a few features that stood out in our cohort of
women with FMD. First, we identified early onset osteoarthritis (defined as a clinical
diagnosis of arthritis with onset before age 50) in 15.6% of patients in the study cohort, a
finding which is suggestive of a possible association with FMD. However, without a larger
case-control study, true association cannot be proven. More research is needed to determine
the relationship between FMD and early onset osteoarthritis. Early onset osteoarthritis may
be associated with joint hypermobility in youth but may also explain the low Beighton
scores observed in this cohort of middle aged women.(23) We also observed a relatively high
prevalence of moderately severe myopia, defined as diopter correction >-3, (29.1%), dental
crowding (29.7%), pectus deformity (carinatum or excavatum) (7.2%), and high arched
palate (33.1%).

The findings in our FMD cohort contrast somewhat to those of the NIA cohort. Few patients
had an elevated Beighton score (2.9% meeting the criteria for hypermobility) at the time of
the study examination in our cohort whereas 57.4% demonstrated hypermobility in the NIA
cohort(9). Ganesh and Morissette and colleagues found mild connective tissue dysplasia in
95.7% of subjects.(9) Our cohort demonstrated a much lower prevalence of connective tissue
features. Pectus deformity was reported in 40.4% of the NIA cohort compared to 7.2% in
our cohort. Higher prevalence of palate abnormalities (87.2% NIA vs 56.1% our cohort), pes
planus (72.3% NIA vs 12.9% our cohort) and abnormal scars (57.4% NIA vs 17.3% our
cohort) were also reported.(9) The NIA cohort authors do report that most of the physical
exam findings were “mild and subclinical.(9) The discrepancy between the findings of the
NIA cohort and our data may be due to differences in the study populations. The NIA cohort
demonstrated a much higher prevalence of aneurysms and fewer dissections. More than 60%
of the NIA cohort had a history of aneurysm, which is three times the prevalence reported in
the US FMD Registry cohort, and only 4.3% reported history of arterial dissection.(3,9) The
prevalence of stroke/TIA was also very high in the NIA cohort (48.9%).(9) The NIA cohort
may represent a unique subset of FMD patients self-referred to a national research institute
whereas our study presents data derived from a population of women with predominantly
multifocal FMD referred for clinical management. In addition, strict data definitions used for
the physical assessment in our study erred against reporting subclinical findings.

Several connective tissue features tended to be more prevalent in the high vascular risk
group: high palate, spontaneous pneumothorax, and atrophic scarring. Interestingly, some
features classically associated with Loeys-Dietz syndrome/TGFp pathway disorders (uvula
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abnormalities, scoliosis, club foot, and pes planus) were not more prevalent in the high risk
group. More investigation as to the differences in biochemical profiles between those
presenting with high vascular risk profiles and standard vascular risk profiles is needed,
especially given the potential role of abnormal TGF-B signaling in FMD suggested by the
NIA cohort.(9)

The fact that most FMD patients do not present with striking connective tissue
dysmorphology highlights the importance of screening for FMD based on symptoms of
vascular bed involvement rather than connective tissue features. Given the lack of striking
dysmorphology in this FMD cohort, clinical suspicion for a distinct connective tissue
genetic disease (i.e., other than FMD) should be high in a patient presenting with arterial
dissections and aneurysms who demonstrates significant suggestive morphologic features on
physical exam.

This is the largest study investigating systemic connective tissue features among patients
with FMD. Though patients were seen at an expert referral center, the FMD cohort in this
study is representative of a clinical FMD patient population. The vascular bed involvement,
number of dissections, number of aneurysms, and demographic characteristics align closely
with the reported findings of the US Registry for FMD.(3) Patients were only enrolled
within this study after the FMD diagnosis was confirmed by experts in the field of vascular
medicine and FMD. Data definitions, history questionnaire, and physical examination
criteria were meticulously researched and delineated prior to study enrollment. Vascular risk
profiles (higher vs. standard risk) were established a priori. All examinations were
performed by the same study investigator to eliminate variation in examination technique.

The lack of a concurrent non-FMD control population is a significant limitation of this
study. Historical control data from the published literature is imperfect especially since data
definitions may not be consistent between examiners. This is particularly true for studies
investigating qualitative data such as pectus deformity, abnormal scarring, and high palate.
Every effort was made to utilize strict definitions and quantitative measurements when
possible. An ideal control population could not be obtained within the study constraints as
an optimal control population would have required complete vascular imaging to rule out
subclinical and asymptomatic FMD lesions.

Other limitations include reliance on patient reported medical history and the inability to
assess an exhaustive list of potential connective tissue features. A short physical examination
aimed at assessing a diverse range of connective tissue features was developed. Despite best
efforts to assess a broad range of features, it is possible that prevalent connective tissue
features, such as small joint hypermobility, were missed as they were not studied. Finally,
given the relatively uncommon nature of FMD and our subsequent modest sample size, the
study may have been underpowered to detect statistically significant differences among all
comparisons.
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Conclusions

This study demonstrates a low prevalence of traditional connective tissue features in a cohort
of female FMD patients. The prevalence of most connective tissue findings studied was
consistent with published norms for adult females. However, we did identify several features
that were more prevalent in FMD: early-onset osteoarthritis (before age 50), abnormalities of
the palate (especially high arched palate), moderately severe myopia, pectus deformities, and
dental crowding. Large joint hypermobility was not common in this cohort, although
assessment may have been limited by the prevalence of early-onset arthritis.

These findings warrant further exploration and incorporation into genetic and biochemical
analyses to further define the etiology of FMD and the possibility that this arterial disease
represents a distinct connective tissue disorder with variable morphological, clinical, and
vascular phenotypic manifestations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Connective Tissue Physical Feature Assessment — Definitions
1. Hypertelorism: Near interpupillary (IP) distance >65mm or far IP >68mm(29)
2. High arch palate:palatal height > twice the height of canine teeth(10)

3. Abnormal uvula:bifid uvula, uvula with midline raphe, or uvula >twice normal
width

4. Joint hypermobility: passive Beighton score =5/9(30)

5. Beighton Score: maneuvers: passive dorsiflexion of the little fingers beyond 90°, 1
point for each hand; passive apposition of the thumbs to the flexor aspect of the
forearm, 1 point for each hand; hyperextension of the elbows beyond 10°, 1 point
for each elbow; hyperextension of the knees beyond 10°, 1 point for each knee; and
forward flexion of the trunk with knees fully extended so the palms of the hand rest
flat on the floor, 1 point

6. Positive wrist sign (Walker-Murdoch sign): ability of the thumb to cover the entire
fingernail of the fifth finger when wrapped around contralateral wrist with either/
both hands.(31)

7. Positive thumb sign (Steinberg test): ability of entire phalanx of the adducted
thumb to extend beyond the ulnar border of the palm with or without the assistance
of the patient or examiner to achieve maximum adduction with either/both hands.
32)

8. Pectus deformities: protrusion of the sternum (carinatum) or inversion of the
sternum (excavatum).(33)

9. Dystrophic scarring: one or more atrophic or keloid scars.

10. Skin striae: irregular areas of the skin that looked like bands, stripes, or lines, with
an off-color hue; not associated with weight gain, pregnancy, or Cushing syndrome.

11. Pes planus: loss of the normal longitudinal arch of the medial foot, with dorsum
height/foot length ratio <0.182.(34)
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12. Hindfoot deformity (varus or valgus): eversion (valgus) or inversion (varus) of the
calcaneus relative to the tibia was >10°.(35,36)
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Figure 1.
Distribution of Beighton score for hypermobility in cohort of female FMD patients (N=136

patient completing assessment). Median score=1, IQR (0-2). High Beighton consistent with
hypermobility defined as score >5/9
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Figure 2.

Comparison of number of connective tissue features between high risk (gray) and standard
risk (solid) FMD patients. No significant difference, p=0.955. Median High Risk= 2 IQR (1-
3), Median Standard Risk=2 IQR (1-3).
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Table 1

Baseline characteristics of female FMD cohort, N=139 and by high risk and standard risk subsets

Total (N=139) Highrisk (=51)  Standard risk (N=88)

Sex (female) 139 (100.0%) 51 (100%) 88 (100%)
Age (years), median (IQR) 54 (47-62) 51 (46-59) 56 (47-63)
Race (white) 124 (89.2%) 49 (96.1%) 7 75 (85.2%) 7
Height (cm), mean + SD 165.1+7.1 166.2 £ 6.7 164.5+7.2

BMI (kg/m?), median (IQR)  23.5(20.8-28.2) 23.7 (21.6-29.4) 23.4 (20.8-26.7)

FMD type=multifocal 128 (92.1%) 50 (98.0%) * 78 (88.6%) *
History of dissection 44 (31.7%) 44 (86.3%)” 0"
History of aneurysm 30 (21.7%) 14 (28.0%) 16 (18.2%)

High risk group defined as history of arterial dissection and/or 2 or more arterial aneurysms
fp-value high risk vs. standard risk = 0.047
*

p-value high risk vs. standard risk = 0.055

N
p-value high risk vs. standard risk <0.001
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Distribution of vessel involvement“among female cohort, N=139

Renal arteries

Extracranial carotid arteries
Extracranial vertebral arteries
Intracranial arteries
Mesenteric arteries

Aorta?

Lower Extremity

Multi-vessel FMD involvement

92/138 (66.7%)
109/139 (78.4%)
42/110 (38.2%)
20/127 (15.7%)
15/133 (11.3%)
7/92 (7.6%)

19/32 (59.4%)
100/139 (71.9%)

*
Vessel involvement defined as imaging identification of vascular abnormality including typical FMD arterial lesions (multifocal or focal),

aneurysm, and/or dissection

£ . .
Primarily manifest as aortic aneurysm
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Table 3

Prevalence of medical history of systemic connective tissue features in female FMD cohort compared to
historical control data as available.

Categorical Variable FMD % FMD %Historical Controls (Reference)  Available Control Population
patients patients
number/ with
total feature
assessed”™
Nearsightedness 95/138 68.8% 34.2%(17) German female (n=6,897) age 35-74
28.1%(18) years
American females (n=2354) age 40-84
years
Diopters < -3 37/127 29.1% -
Dental crowding 41/138 29.7% 7.1-59.2%(19) Caucasian children age 3.5-16 years
Scoliosis 37/137 27.0% 36%(24) American females age 50-84
Early onset osteoarthritis 21/135 15.6% 5.20%(25) American females 25-74 years,
cumulative prevalence for 25-54 years
with knee OA
Hernia 13/139 9.4% -
Joint dislocation 17/139 12.2% -
Without obvious trauma  8/17 5.7%/ -
Ever broken bone 76/139 54.7% -
Without obvious trauma ~ 8/76 5.7%/ -
Transfusion peripartum 4/117 3.4% 1.4%(26) Premenopausal American females
1.0%(27) N=10,134
N=59,282
Spontaneous pneumothorax ~ 3/138 2.2% -
Club foot 0/139 0.0% 1-2/1000(20) US Live Births 1999-2004
Cleft Palate 0/139 0.0% 6.28%(20) US Live Births 1999-2004

*
Denominator reflects total number assessed. Data was excluded if subjects were unsure of clinical history or unable to perform physical
maneuvers

7‘Percent of the total cohort
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Prevalence of systemic connective tissue features on physical examination in female FMD cohort compared to

historical control data as available.

Categorical Variable FMD patients % FMD %Historical Controls (Reference)  Available Control Population
number/total patients
assessed ™ with feature
High palate 46/139 33.1% --
Tori palatinus 26/139 18.7% 22.8% (white)(15) Skull analysis of Modern Americans,
12.2 (black)(15) n=328
Tori mandibularis 28/139 20.1% 38.8% (white)(15) Skull analysis of Modern Americans,
24.8 (black)(15) n=328
Wrist and Thumb sign ~ 9/139 6.5% --
Wrist sign 24/139 17.3% --
Thumb sign 10/138 7.2% --
Dystrophic scarring 24/139 17.3% -
Keloid 13/139 9.4% -
Atrophic 15/139 10.8% --
Skin striae 8/139 5.8% -
Pes Planus 18/139 12.9% 8%(16) Framingham Foot Substudy Cohort
16.3% (white)(28) (n=2.089) 55% Female, mean age 65 years
38.3% (black)(28) American cohort (n=1691), mean age 69
years, 68% Female, 31% African
American
Hindfoot deformity 13/138 9.4% -
Pectus 10/139 7.2%
Pectus excavatum 5/139 3.6% 1/1000(21) Newborn cohort (n=52,000) 45% white,
47% black
Pectus carinatum 5/139 3.6% 1/1500(21) Newborn cohort (n=52,000) 45% white,
47% black
Uvula abnormality 1/139 0.7% --

*
Denominator reflects total number assessed. Data was excluded if subjects were unsure of clinical history or unable to perform physical

maneuvers
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Comparison of 20 select connective tissue physical features in female FMD cohort by vascular risk profile

Connective Tissue Finding

number/total (%), n=139  Highrisk T, n=51 Standard Risk, n=88  p-value

Nontraumatic joint dislocation
Nontraumatic fracture
Early onset osteoarthritis
Hernia
Scoliosis
Club foot
Cleft palate
Nearsightedness >-3 diopters
Spontaneous pneumothor ax
Peripartum blood transfusion
Dental crowding
Beighton =5/9
Wrist and Thumb sign
Pectus deformity
Dystrophic scarring
Atrophic scarring
Keloid scarring
Hypertelorism
High Palate

Uvula abnormality

Pes planus and/or hindfoot deformity

Skin striae

8/138 (5.8)
8/137 (5.8)
21/135 (15.6)
13/139 (9.4)
37/137 (27.0)
0(0)

0(0)

37/127 (29.1)
3/138(2.2)
41117 (3.4)
41/138 (29.7)
4/139 (2.9)
9/139 (6.5)
10/139 (7.2)
24/139 (17.3)
15/139(10.8)
13/139 (9.4)
0(0)

46/139 (33.1)
1/139 (0.7)
26/139 (18.7)
8/139 (5.8)

3/50 (6.0)
1/49 (2.0)
5/49 (10.2)
6/51 (11.8)
10/50 (20.0)
0(0)

0(0)

12/46 (26.1)
3/51 (5.9)
1/43 (2.3)
13/50 (26.0)
3/51 (5.9)
4/51 (7.8)
4/51 (7.8)
11/51 (21.6)
9/51 (17.6)
4/51 (7.8)
0(0)

22/51 (43.1)
0/51 (0)
11/51 (21.6)
2/51 (3.9)

5/88 (5.7)
7/88 (8.0)
16/86 (18.6)
7/88 (8.0)
27/87 (31.0)
0(0)

0(0)

25/81 (30.9)
0/87 (0)
374 (4.1)
28/88 (31.8)
1/88 (1.1)
5/88 (5.7)
6/88 (6.8)
13/88 (14.8)
6/88 (6.8)
9/88 (10.2)
0(0)

24/88 (27.3)
1/88 (1.1)
15/88 (17.0)
6/88 (6.8)

0.294
0.258
0.200
0.549
0.334

0.055
1.000
0.510
0.710

*
Denominator reflects total number assessed. Data was excluded if subjects were unsure of clinical history or unable to perform physical

maneuvers

ingh risk defined as =1 arterial dissection and/or =2 arterial aneurysms
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