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Abstract
Background: Cavernous malformations (CM) are angio-
graphically occult vascular malformations that may be inci-
dental or present with intracerebral or spinal hemorrhage, 
seizures, or nonhemorrhagic focal neurologic deficit (FND). 
Recently in vitro data have suggested vitamin D may play a 
role in stabilizing CCM2 endothelial cells. Little is known 
about the effect of vitamin D in human CM disease. Meth-
ods: Beginning in 2015, consecutive patients at our institu-
tion with radiologically confirmed CM were recruited to par-
ticipate in a prospective clinical registry as well as 25-hy-
droxy-vitamin D study. A structured interview, survey, and 
examination were performed at baseline. Medical records 
and magnetic resonance imaging studies were reviewed 
and data collected included comorbid conditions, medica-
tion use, and location of CM. Standard definition of clinical 
hemorrhage, FND, and seizures was used. Univariate and 
multivariate logistic regression models were used, and OR, 
95% CIs, and likelihood-ratio p values were calculated to de-

termine the influence of the 25-hydroxy-vitamin D level on 
clinical presentation with hemorrhage. Results: Of 213 pa-
tients enrolled in the clinical registry between January 2015 
and October 2018, 70 participated in the vitamin D study 
(median age: 38.3 years; 51.4% female). Of the 70 partici-
pants, 30 (42.9%) presented with hemorrhage. 25-Hydroxy-
vitamin D levels were performed within 1 year of symptoms 
in 64.1% of patients. Patients presenting with hemorrhage 
had a lower 25-hydroxy-vitamin D level compared to those 
presenting with seizure without hemorrhage, FND, or as an 
incidental finding (median 25.5 ng/mL; range 11–59 hemor-
rhage vs. median 31.0; range 14–60, no hemorrhage; p = 
0.04). After adjusting for age, month of blood draw, and 
body mass index, 25-hydroxy-vitamin D remained a signifi-
cant predictor of hemorrhagic presentation. Brainstem loca-
tion also predicted hemorrhage at presentation. Conclu-
sion: Low 25-hydroxy-vitamin D level was more common in 
patients with CM presenting with hemorrhage. This study 
supports the potential role of modifiable factor in the initial 
clinical presentation of CM. Further study is needed to deter-
mine the role of vitamin D on prospective hemorrhage risk 
and whether supplementation may be beneficial.
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Background

Cavernous malformations (CM) are low flow vascular 
malformations that occur in the brain, spinal cord, and 
rarely the dura. Pathologically, CM consist of endothelial 
lined caverns lacking appropriately formed tight junc-
tions [1]. The vascular leak due to poorly formed tight 
junctions leads to the clinical consequences of the disease. 
Patients may come to medical attention due to intracere-
bral or spinal hemorrhage, seizure, focal neurologic defi-
cit (FND) without overt hemorrhage, or as an incidental 
finding.

Recently, vitamin D has been shown to play a role in 
CM endothelial leakiness in animal and in vitro models 
[2]. Only one study has assessed the influence of 25-hy-
droxy-vitamin D level on the clinical course of patients 
with CM [3]. In that study, lower 25-hydroxy-vitamin D 
was found in CM patients with “chronically aggressive 
disease” defined as one of the following: early age at 
symptom onset, 2 or more symptomatic hemorrhages, or 
high lesion burden. In that study, low 25-hydroxy-vita-
min D did not correlate with hemorrhage alone, although 
small numbers and 25-hydroxy-vitamin D levels drawn 
months to years after presentation may account for such 
findings.

We aimed to assess the influence of 25-hydroxy-vita-
min D level on initial clinical presentation with hemor-
rhage in patients with CM of the brain and spinal cord.

Methods

Patient Selection
IRB and institutional approval was obtained. Adult patients 

(18 years and older) with CM of the brain or spinal cord were re-
cruited to participate in a cavernous malformation clinical and ra-
diologic registry in addition to participating in a vitamin D study. 
Some data from the clinical registry have been presented elsewhere 
[4, 5]. Patients who consented to the vitamin D study were includ-
ed. Patients were excluded if they could not consent or consented, 
but did not complete the study (i.e., undergo the blood draw). 

Clinical Data Collection
Demographic data, medical conditions, medications at diagno-

sis, and type of presentation were collected from in-person inter-
views, medical record review, and an initial questionnaire. Patients 
were presumed to have the familial form of CM if they had a fam-
ily history, CCM gene mutation, or multiple lesions without DVA. 
We defined “clinical presentation” as the first time a patient pre-
sented to medical attention and was diagnosed with a CM. As per 
standard guidelines [6], clinical hemorrhage was defined as a clin-
ical event involving both symptoms (headache, seizure, impaired 
consciousness, new/worsened FND referable to the anatomic loca-
tion of the CM) and radiological, pathological, surgical, or CSF 

evidence of hemorrhage. Nonhemorrhagic FND was defined as a 
new or worsened FND referable to the anatomic location of the 
CM but without obvious evidence of hemorrhage [6]. Patients 
were classified by hemorrhage status: hemorrhagic (with either 
FND or seizure) or nonhemorrhagic with seizures, FND, or inci-
dental.

Radiologic Data Collected
The first magnetic resonance imaging performed diagnosing 

the CM was reviewed by a staff neuroradiologist in addition to the 
lead author (K.D.F.). The magnetic resonance imaging was re-
viewed to determine if acute hemorrhage was present. The number 
of CM was recorded based on hemosiderin-sensitive sequences 
(susceptibility weighted imaging [SWI], gradient recalled echo) 
when available or on T2 if SWI and gradient recalled echo were not 
available. The locations of the cerebral CM were divided into su-
pratentorial-cortical, supratentorial-subcortical, infratentorial-
brainstem, infratentorial-cerebellum, and other. 

Physical Data Collected
Height, weight, and BMI data were collected as obesity can in-

fluence vitamin D level.

Laboratory Data Collected
Blood was collected to assess the 25-hydroxy-vitamin D level. 

Twenty millilitre of blood was collected in 4 standard serum sepa-
rator tubes from each patient. Specimens were allowed to clot at 
4  ° C for 30–60 min and then spun at 1,000 rcf for 10 min in a swing-
ing bucket centrifuge. Serum was then collected from each tube 
and aliquoted into approximately 12 sterile and endotoxin-free 
Eppendorf tubes (∼1 mL per tube) until all serum had been ali-
quoted. Eppendorf tubes were snap-frozen and stored at –80  ° C. 
Containers were then batch shipped to Associated Regional and 
University Pathologists laboratories (Salt Lake City, UT, USA). 
The researcher assessing 25-hydroxy-vitamin D levels and record-
ing them was blinded to the clinical information. 

Data Analysis
Descriptive statistics including means, SDs, and frequencies 

were utilized for patient characteristics and presenting symptoms. 
Univariate and multivariate logistic regression models were used 
assess 25-hydroxy-vitamin D levels and hemorrhagic CM presen-
tation versus other presentation, and we report the OR, 95% CIs, 
and likelihood-ratio p values with statistical significance set at a 
p value of < 0.05. JMP Pro software version 14.1.0 (SAS Institute 
Inc. Cary, NC, USA) was used for analysis.

Results

Of 213 patients consented to participate in a longitudi-
nal survey, 80 patients consented for the vitamin D study 
between January 2015 and October 2018, but only 70 
completed the blood draw and thus were included in this 
study (Fig. 1). Demographic data, comorbid conditions, 
concomitant medication use, radiologic data, and labora-
tory data are reported in Table 1. The median age of pa-
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tients at diagnosis was 38.3 years (range 5.75–70.5) and 
51.4% were female. The majority of patients were white 
(87.1%) and about 1/5 (20.3%) of patients had the familial 
form of CM. Of these, 10 had a family history of CM and 
6 were genotyped (2 CCM1; 4 CCM2). The remainder 
were presumed based on imaging findings. During the 
same time frame, 143 additional patients consented to be 
involved in the clinical cavernous malformation registry, 
but not the vitamin D study. Patients participating in the 
vitamin D part of the study differed from those not par-
ticipating in the vitamin D study in that they were slightly 
younger (38.3 vs. 45.5 years; p = 0.044). There were no dif-
ferences in clinical comorbidities, medication use, pro-
portion of those presenting with hemorrhage, and brain-
stem location (online suppl. Table 1; for all online suppl. 
material, see www.karger.com/doi/10.1159/000507789). 

At first presentation and diagnosis of the CM, the CM 
was felt to be an incidental finding in 26 (37.2%) of pa-
tients. Thirty (42.9%) patients presented with hemor-
rhage, 5 (7.1%) with FND-non-hemorrhagic, 7 (10.0%) 
with seizure (without hemorrhage), and 1 (1.4%) with hy-
drocephalus and 1 (1.4%) with a movement disorder. Sev-

enteen patients were taking vitamin D supplementation, 
but only 12 knew the dose. The median dose was 2,000 
international units daily (range 200–8,000).

CM were located in the supratentorial-cortical loca-
tion 25 (35.7%), supratentorial-subcortical 18 (25.8%), 
infratentorial-brainstem 21 (30.0%), infratentorial-cere-
bellum 1 (1.4%), spinal cord 4 (5.7%), and intraventricu-
lar 1 (1.4%). Patients with a brainstem location CM had a 
higher odds of presenting with hemorrhage (OR 5.67; 
95% CI 1.84–17.45). 

The 25-hydroxy-vitamin D level was drawn within 
1 year of symptom onset in 43 (61.4%) patients (median: 
0.38 years; range 0–28 years; Table 2). The 25-hydroxy-
vitamin D levels drawn in the spring/summer were simi-
lar to those drawn in the fall/winter (31.6 vs. 29.7 ng/mL; 
p = 0.57). The 25-hydroxy-vitamin D level was lower in 
patients presenting with hemorrhage compared to those 
not presenting with hemorrhage (median 25; range 11–
59  ng/mL hemorrhage vs. median 31; range 14–60; no 
hemorrhage, p = 0.038; Fig. 2). For each unit increase in 
25-OH-vitamin D, the odds of presentation with hemor-
rhage were 5% lower (OR 0.95; 95% CI 0.91–0.99). 
There was no relationship of 25-hydroxy-vitamin D level 
and seizure without hemorrhage (29.8 ± 4.3 vs. 30.8 ± 1.4 
ng/mL; p = 0.83) or any related clinical presentation (sei-
zure, FND, hemorrhage) versus incidental finding (28.8 
±1.7 vs. 33.3 ± 2.2 ng/mL; p = 0.13). After controlling for 
age, BMI, and month of biomarker draw (October–March 
vs. April–September), 25-hydroxy-vitamin D level re-
mained significant (Table 3).

Patients with a chronic inflammatory disease not only 
had a higher median 25-hydroxy-vitamin D level (35.2 vs. 
28.2 ng/mL; p = 0.02; online suppl. Table 2) but also re-
ported higher use of vitamin D supplementation (53.0 vs. 
22.9%; p = 0.03). There were no other associations of 
25-hydroxy-vitamin D level and other comorbidities or 
medications, except those reporting use of vitamin D sup-
plementation (mean: 40 ng/mL; range 18–60 reported vi-
tamin D supplementation versus 26 ng/mL; range 11–56 
no supplementation; p ≤ 0.001).

Discussion

In a large, prospective cohort of people with a CM, we 
report a higher likelihood of initial presentation with 
hemorrhage in patients with low 25-hydroxy-vitamin D 
levels (< 30 ng/mL). While vitamin D is one potential in-
fluence on hemorrhage risk, it remains unknown if there 
are differential influences on the familial versus sporadic 

Cavernous malformation
screening

January 2015–October 2018
(n = 313)

Cavernous malformation
registry
Consented
(n = 213)

Cavernous malformation
vitamin D study

Consented (n = 80)
Complete blood draw (n = 70)

Fig. 1. Study screening and enrollment.
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form and whether supplementation could alter the future 
course of disease after presentation.

Ideal 25-hydroxy-vitamin D levels for skeletal health 
have varied across medical societies and foundations with 
some suggesting a level > 20 ng/mL as ideal and others sug-
gesting > 30 ng/mL [7, 8]. There is no known ideal value 
for vascular health. The ideal value being above 30 ng/mL 
correlates closely with the median value of those CM pa-
tients who did not present with hemorrhage (31 ng/mL).

The mechanism of the role of vitamin D role in CM 
has been debated. There may be an effect on inhibiting 
transforming growth factor beta signaling as well as in-

hibition of RHOA [2, 9]. Prior studies have shown that 
when RhoA is activated, there is increased endothelial 
leakiness, and when it is inhibited, there is less CM 
leakiness or disease activity. Vitamin D is also an in-
hibitor of TLR4 [10, 11], which has been recently pro-
posed as a mechanism in CCM formation [12] and 
some have proposed that vitamin D may act as an an-
tioxidant [13].

In an in vitro study by Gibson et al. [2], vitamin D3 
was found to restore structural abnormalities in human 
endothelial cells deficient in CCM2. In a clinical study 
by Girard et al. [3], 43 CM patients underwent labora-

Table 1. Patient characteristics in those with and without clinical hemorrhage at presentation

All patients Presentation 
with hemorrhage

Presentation 
without hemorrhage

p value OR (95% CI)

Number, n (%) 70 30 (42.9) 40 (57.1)
Demographic information

Age, years at diagnosis, median (range) 38.3 (5.75–70.5) 36.1 (17.7–70.5) 44.5 (5.75–63.4) 0.30 0.98 (0.95–1.02)
Gender, female, n (%) 36 (51.4) 16 (53.3) 20 (50.0) 0.78 1.14 (0.44–2.95)
Race (white), n (%) 61 (87.1) 27 (90.0) 34 (87.2) 0.72 1.32 (0.29–6.04)
Familial form, n (%) 14 (20.3) 5 (16.7) 9 (22.5) 0.51 0.67 (0.20–2.25)

Medical history, n (%)
Presentation between October–March 

and April–September1 25/39 (64.1) 16/27 (59.2) 9/12 (75.0) 0.34 0.48 (0.11–2.20)
Chronic inflammatory disease 23 (32.9) 8 (26.7) 15 (37.5) 0.34 0.61 (0.22–1.70)
Inflammatory bowel disease 3 (4.9) 0 3 (7.5) 0.27 –

Medication use at presentation
Propranolol 0 0 0 No data No data
Supplemental vitamin D, n (%) 17 (32.7) 5 (16.7) 12 (30.0) 0.20 0.47 (0.14–1.51)
Statin, n (%) 10 (14.5) 4 (13.3) 6 (15.0) 0.84 0.87 (0.22–3.41)

Radiologic information
Brainstem location, n (%) 21 (30.0) 15 (50.0) 6 (15.0) 0.0016 5.67 (1.84–17.45)
Associated DVA, n (%) 16 (27.1) 6 (24.0) 10 (29.4) 0.70 0.79 (0.24–2.62)
Missing data 11 5 6

1 Only patients with known month of onset of symptoms included in this calculation.
DVA, developmental venous anomaly.

Table 2. Laboratory data in patients with and without hemorrhage at presentation

Clinical and laboratory data All patients Present with 
hemorrhage

Present without 
hemorrhage

p value OR (95% CI)

BMI, kg/m2, median (range) 26.8 (16.7–48.4) 29.8 (17.8–45.6) 26.0 (16.7–48.4) 0.85 1.00 (0.94–1.07)
Biomarker drawn within 1 year of presentation, n (%) 43 (61.4) 20 (66.7) 23 (57.5) 0.44 1.48 (0.55–3.96)
Biomarker drawn October–March, n (%) 39 (55.7) 17 (56.7) 22 (55.0) 0.89 1.07 (0.41–2.78)
25-Hydroxy-vitamin D level, ng/mL, median (range) 29.0 (11–60) 25.5 (11–59) 31.0 (14–60) 0.038 0.95 (0.90–0.99)

BMI, body mass index.
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tory testing to assess 25-hydroxy-vitamin D, approxi-
mately half of whom were familial form. Patients were 
stratified into “acute” and “chronic” aggressiveness. 
Acute aggressiveness was defined as lesional growth or 
symptomatic hemorrhage within the prior year or new 
lesion formation in the prior year in familial cases. 
Chronic aggressiveness was defined as any one of the fol-
lowing: symptom onset prior to age 18, > 25 lesions on 
SWI, history of 2 or more confirmed clinical hemorrhag-
es, or > 5 T2 lesions > 4 mm in size. The authors found 
lower 25-hydroxy-vitamin D levels in chronically ag-
gressive disease, but only when considering the com-
bined chronic aggressiveness outcome, not just hemor-
rhage alone. This study was the first to report on clinical 
vitamin D and CM patients but may have suffered from 
Type II error because of small sample size and timing of 
the vitamin D sample to the time of symptoms. Specifi-
cally, the average age at diagnosis compared to the aver-
age age at blood draw was nearly 10 years different. Our 
study remains small but has 70 patients, 61.4% of whom 

had the biomarker drawn within 1 year of diagnosis 
strengthening the correlation of the level and symptom-
atology.

Since it is known that vitamin D levels can vary season-
ally [14], one might expect a seasonal variation in hemor-
rhagic presentation with CM. Our group previously re-
ported a higher likelihood of hemorrhagic presentation 
during fall and winter months (October–March) in our 
retrospective CM cohort supporting this theory [15]. 
However, we did not see a seasonal variation in the cur-
rent, prospective cohort. We feel this is because the num-
ber of people on vitamin D supplementation during the 
time frame of the prospective cohort (2015–present) is 
likely higher than during our previously reported cohort 
of patients who were diagnosed between 1989 and 1999. 
Between 1999 and 2012, the use of vitamin D supplemen-
tation and fish oil increased in the US adult population 
[16].

Our group has previously reported that chronic in-
flammatory illnesses increase the risk of sporadic CM for-
mation compared to DVA controls [17]. In addition, oth-
ers have suggested inflammation as a trigger for CM le-
sion genesis [12, 13, 18]. We did not see that chronic 
inflammatory disease increased the likelihood of present-
ing to medical attention with hemorrhage, however. This 
may be because patients with chronic inflammatory dis-
ease reported higher likelihood of vitamin D supplemen-
tation than those without chronic inflammatory disease. 
The 25-hydroxy-vitamin D levels were also higher in pa-
tients with chronic inflammatory disease.

Our study has limitations. It is not a population-based 
study, but a prospective cohort from a large academic In-
stitution. In any academic center, there is tertiary referral 
bias. Specifically, our institution may see more patients 
with symptomatic brainstem CM due to the nature of our 
surgical practice. Ascertainment of comorbidities and 
medications is subject to recall bias by patients. For exam-
ple, medications such as supplements may be used inter-
mittently and may not be included in a patient’s medica-
tion list, whereas daily medications may be more accurate-
ly recalled by patients, recorded in the medical record and 
collected. We tried to reduce this bias by thorough medical 
record review in addition to patient surveys. Doses of med-
ications and supplements were not always available or 
readily recalled by patients. Data on vitamin D are limited 
by small numbers, and nearly 40% of patients had their lev-
els assessed > 1 year after clinical diagnosis. Initially, we 
limited the study to only those patients diagnosed within 6 
months to improve correlation with symptomatology, but 
due to slow recruitment, expanded the study to any patient 

Table 3. Multivariate analysis of presentation with hemorrhage ad-
justed for age, BMI, and month of lab draw

Variable OR 95% CI p value

Age, years 0.99 0.95–1.02 0.43
Lab drawn between October and March 0.88 0.81–0.32 0.81
BMI, kg/m2 1.00 0.93–1.07 0.96
25-Hydroxy-vitamin D level 0.95 0.91–1.00 0.049

BMI, body mass index.
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Fig. 2. 25-Hydroxy-vitamin D levels in cavernous malformation 
patients with and without hemorrhage at presentation.
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with CM. Thus, 64.1% of 25-hydroxy-vitamin D levels 
were drawn within 1 year of initial diagnosis. Despite these 
limitations, our study is, to our knowledge, the largest CM 
registry with systematic assessment of the impact of 25-hy-
droxy-vitamin D levels on CM presentation. As such it 
provides novel data on evolution of clinical symptoms and 
factors associated with hemorrhagic presentation.

In conclusion, vitamin D may be a potential disease-
modifying agent. More data are needed to assess whether 
low 25-hydroxy-vitamin D predicts prospective hemor-
rhage risk after initial presentation and whether supple-
mentation modifies risk. We are collecting ongoing pro-
spective data in these same patients. However, given the 
readily available, over-the-counter vitamin D supple-
mentation with limited side effects, such studies might 
prove difficult. Large cohorts of recently diagnosed CM 
patients might be helpful. In addition, as future clinical 
trials assessing medications for hemorrhage prevention 
in patients with CM evolve [19], a 2 × 2 factorial design 
might aid in answering the question whether supplemen-
tation is beneficial.
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