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Non-traumatic subarachnoid hemorrhage (SAH) accounts for 3-5% of acute strokes. Intracranial
aneurysm is the most common cause of non-traumatic SAH. Vitamin D influences the cardiovascular
system, including the formation and rupture of cerebral aneurysms. To evaluate the serum vitamin D
level in patients living in the tropical zone who suffered aneurysmal subarachnoid hemorrhage and

its correlation with demographic and neurological characteristics. This is an analytical cross-sectional
study to assess the serum level of vitamin D in a study population of 99 patients treated and diagnosed
with aSAH in a public hospital in Recife-PE over a period of 12 months. In the study sample, composed
of individuals with high sun exposure due to the lifestyle they lead in a tropical region, we observed
hypovitaminosis D (85.9%), with a median of 19.9 ng/ml, although the majority of individuals are

skin with high concentration of melanin (Fitzpatrick skin type IV and V). In addition, rates of sun
exposure are high to all patients (Solar Index 9.03 P50). Most individuals were female (79.8%); there
was no statistical difference in solar exposure/solar index between genders. As for the neurological
repercussions, there was no statistical relevance in the clinical prognostic scales evaluated. As the
sample was composed mainly of individuals whose economic activity is agriculture, the values of solar
index found are vastly higher than those of other studies conducted in high latitude regions. In line
with the literature review, some aspects were raised with the objective of justifying such findings that
go from the base of the poor diet of these individuals, the increase of melanin in the skin and genetic
alterations that directs us to possible mechanisms of natural photoprotection to high sun exposure.
Thus, we had a vast majority (85%) of hypovitaminosis D, which in fact makes us wonder if there is
any influence of calcitriol on vitamin D receptors in vascular walls and in the cardiovascular system

as a whole, which influence bleeding events of this nature. As for the neurological repercussions,
measured using assessment scales (Glasgow coma scale, WFNS scale, Hunt-Hess and Fisher’s
tomographic scale) there was no significant difference in the results. As it is only a descriptive study,
the causal relationship of the facts cannot be established. However, in a population exposed to

high sun exposure and affected by aneurysmal SAH, there is a significant rate of hypovitaminosis D,
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which supports the hypothesis that vitamin D plays a role in vascular pathologies, such as cerebral
aneurysms and SAH.
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Intracranial aneurysms are present in approximately 1-2% of the population, with a rupture incidence of about
2-20 cases per 100,000 individuals per year. The initial hemorrhage causes death in up to 25% of patients before
medical attention. Within 30 days, mortality reaches approximately 50%, and roughly half of the survivors
exhibit severe neurological sequelae that impose significant physical and cognitive limitations. As such, aneu-
rysmal subarachnoid hemorrhage (aSAH) is a significant medical emergency, associated with high morbidity
and mortality’. The formation of intracranial aneurysms, as well as their rupture, depends on various factors,
but the etiology remains incompletely explained*™.

Vitamin D was first discovered in 1916 by Harry Steenbock of the University of Wisconsin in research aimed
at curing rickets’. The endocrinological system of vitamin D encompasses various molecules within the vitamin
D group, comprising secosteroid molecules derived from 7-dehydrocholesterol, both in the main pathway and
in alternative (non-canonical) pathways. This includes the carrier protein (DBP) and its nuclear receptor (VDR).
The primary pathway of vitamin D consists of a cascade of photolytic and enzymatic reactions starting from a
cutaneous precursor derived from cholesterol (7-dehydrocholesterol) present in the deep layers of the epider-
mis (between the bilipidic layers of the stratum basale and spinosum). The active metabolite obtained from this
process is considered a steroid hormone, 1,25-dihydroxyvitamin D. Conceptually, vitamin D is a prohormone,
with its main endogenous source being cutaneous photobiosynthesis, remaining inert until it transforms into its
active form, calcitriol (or 1,25-hydroxyvitamin D). The final reaction in the cascade for the formation of the active
hormone occurs through the hydroxylation of 25-hydroxyvitamin D (calcidiol) by the enzyme 1a-hydroxylase,
primarily taking place in the kidneys.

Recent studies have demonstrated non-canonical pathways of vitamin D activation that bypass the liver and
are transported to organs expressing CYP11A1, including adrenals and other extra-adrenal tissues. In these alter-
native pathways, vitamin D3, lumisterol, tachysterol, and 7DHC serve as substrates for the activity of CYP11Al,
which, either alone or in cooperation with other CYP enzymes, produces the corresponding hydroxyderivatives.
The metabolites produced by non-canonical activation of vitamin D and activation of lumisterol and tachysterol
are biologically active in ex vivo and in vivo experimental models and are non-toxic and non-calcemic at suprap-
harmacological doses. These metabolites can act on the vitamin D receptor (VDR) and on alternative receptors,
including organ receptors. Thus, the fascinating role of CYP11A1 in the production of various hydroxyderiva-
tives is emphasized. These derivatives, identified as biologically active compounds, underscore the complexity
and versatility of vitamin D activation in the body. This implies the dynamic nature of vitamin D activation in
various tissues throughout the body, providing an explanation for the observed pleiotropic effects of the D3
prohormone. They also challenge the current consensus conveyed by most literature that the main biologically
relevant phenotypic effects of D3 can be exclusively attributed to the activation of VDR by 1,25(0H)2D3%1°.

The literature mainly focuses on the role of vitamin D in osteometabolism. However, recent studies emphasize
the importance of vitamin D in other bodily systems. This is justified by the expression of vitamin D receptors
(VDR) in all nucleated cells, including cardiomyocytes, vascular smooth muscle cells, and endothelial cells.
Furthermore, vitamin D affects inflammation, cell proliferation, and differentiation!!1*. Vitamin D receptors
play an important role in the expression of vascular endothelial growth factor and metalloproteinase enzymes
that affect vessel development and remodeling, in addition to having antiproliferative effects on smooth muscle
cells in the arterial wall and a potent anti-inflammatory effect. This makes it crucial for maintaining the proper
functioning and homeostasis of vascular endothelial cells'*"".

Vitamin D deficiency is also associated with increased expression of tumor necrosis factor-alpha (TNF-
a) and hypoxia-inducible factor-1 alpha (HIF-1a), suggesting the protective role of vitamin D in regulating
inflammatory mediators and hypoxia signaling against pathologies in which the inflammatory process plays a
role. Several studies have attempted to correlate vitamin D deficiency with the increased prevalence of vascular
diseases, including the formation and rupture of aneurysms'®-2!.

Studies on the role of vitamin D in the cardiovascular system have intensified since VDRs were found in
cardiomyocytes*>~*, vascular smooth muscle cells*>?¢, endothelial cells?, circulating monocytes, macrophages,
dendritic cells, activated T lymphocytes®, and platelets.” There is a strong association between low vitamin D
levels and arterial disease, independent of traditional cardiovascular risk factors and regardless of the type of
vascular disease, whether occlusive or aneurysmal!>'$30-33,

Regarding the correlation between vitamin D serum levels and intracranial aneurysms, it was only in the
second half of the last decade that studies began to show a high incidence of vitamin D deficiency in patients
undergoing cerebral aneurysm treatment, which persisted even after controlling for cardiovascular risk factors
and smoking*. This study provided additional support for the concept that vitamin D deficiency is a factor to be
considered in relation to the risk of aneurysm growth and rupture. Other studies have also demonstrated a high
incidence of vitamin D deficiency in patients with cerebral aneurysms**-*. Among these, the study conducted
by Randhawa and colleagues (2019) stands out as having the largest sample, confirming this relationship*. This
correlation was questioned after observing the seasonality of serum vitamin D levels and aSAH throughout the
year in some studies. These studies observed both a direct association of low vitamin D levels with hours of sun-
light exposure, with a higher incidence of insufficiency in the winter months, and an independent relationship
between aSAH and cold temperatures®-+.

Regarding the pathophysiology, factors present in the context of hypovitaminosis D, such as pro-oxidative
and pro-inflammatory effects, decrease the immune response and increased blood pressure and endothelial and
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blood-brain barrier dysfunction, which may be the main reasons for the association of hypovitaminosis D with
hemorrhagic stroke*"*2. Although there are limitations in the studies, advances in research show a promising
correlation. More research, both preclinical and clinical in nature, needs to be conducted.

In summary, regarding the relevance of the topics addressed in this research, it is important to note that
between 1922 and August 2023, 41,102 articles mentioning the word "vitamin D" in the title were published on
PubMed. It is noteworthy that 23,999 of these articles were published in the last 10 years, revealing the growing
importance of this topic (PubMed, 2023)*. In a timeline overview, from its discovery in 1916, studies related to
vitamin D sought to detail the role of vitamin D in bodily osteometabolism>**. With the advancement of research
and understanding of the extraskeletal action of this vitamin, research into the role of hypovitaminosis D in the
pathophysiology of extraskeletal diseases, mainly cardiovascular and cerebrovascular diseases, intensified over the
last 3 decades'®!7*>-%, Only in the last decade, and especially in the past 7 years, research attempts have emerged
to correlate vitamin D deficiency with cerebral aneurysms and subarachnoid hemorrhage (SAH)*-"°!. To date,
all studies that correlate hypovitaminosis D with cerebral aneurysms and subarachnoid hemorrhage have been
conducted in temperate climate countries. Therefore, here, we assess serum vitamin D levels in patients with
ruptured cerebral aneurysms in a tropical region at a low latitude with high sunlight exposure (Fig. 1).

Methodology

This is a cross-sectional study conducted with patients diagnosed with aneurysmal subarachnoid hemorrhage
(aSAH) seen at the Neurosurgery Emergency Department of Hospital da Restauragio in Recife, Brazil, from
May 2021 to May 2022. In total, 99 patients were included in the study. The research was initiated and conducted
after approval by the Hospital da Restauragaos Ethics Committee under CAEE (Certificate of Presentation of
Ethical Assessment) number: 26467419.1.0000.5198. All methods were performed in accordance with the rel-
evant guidelines and regulations. This research was performed in accordance with the Declaration of Helsinki.
All our raw data and datasets used and analyzed during the current study are available from the corresponding
author upon reasonable request.

Inclusion criteria

Patients of both genders, aged 18 years or older, who had suffered from aneurysmal subarachnoid hemorrhage
(aSAH), diagnosed through invasive or non-invasive neuroimaging examinations (magnetic resonance angiog-
raphy or angiography) at a major hospital in Recife, Brazil, a reference in Neurosurgery, during the 12-month
study period (May 2021 to May 2022) were included.

Exclusion criteria

Exclusion criteria were as follows: (1) a known family or personal history of spontaneous aSAH or arteriovenous
malformations based on previous imaging examinations; (2) chronic kidney or liver disease; (3) treatment
with vitamin D for any reason; (4) pregnancy at the time of the analysis; (5) previous use of oral or injectable
anticoagulants.
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Figure 1. Low Latitude of Recife, Pernambuco, Demonstrated on the World Map.
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Data collection

Clinical data were collected through patient interviews or with their family members and from medical records
of visits to the Neurosurgery Emergency Department at Hospital da Restauragao, Recife, Brazil, from May 2021
to May 2022. Informed consent was obtained from all subjects and/or their legal guardians in cases where the
patient had an altered level of consciousness.

Peripheral blood samples were collected for laboratory serum 25-hydroxyvitamin D assays. The evaluation
of skin phototypes followed FitzpatricK’s definition®>**, and the analysis of the Solar Index for each individual
was based on the “Modified Rule of 9” described by Barger-Lux and Heaney™*.

The anatomical severity of subarachnoid hemorrhages was characterized according to the Fisher tomographic
scale, and neurological impact and clinical prognosis were assessed using the Glasgow Coma Scale (GCS), World
Federation of Neurological Surgeons (WENS) severity scale, and the Hunt-Hess (HH) scale.

Procedures

Serum vitamin D levels were measured using competitive electrochemiluminescence immunoassay (Liaison®,
DiaSorin, Stillwater, Minnesota, USA), a test that correlates well with Liquid Chromatography coupled to Tandem
Mass Spectrometry (LC-MS/MS), currently considered the gold standard.

Vitamin D measurement

Vitamin D sufficiency was estimated by measuring 25-hydroxyvitamin D (25[OH]D or calcidiol) concentrations.
The ideal serum concentration of 25(OH)D for bone health is controversial, with most experts agreeing that
levels below 20 ng/mL are not ideal for bone health®>>¢. However, ideal serum concentrations of 25(OH)D for
extra-skeletal health have not been well established yet. Given the controversy around ideal serum concentrations
of vitamin D, the definitions of sufficiency, insufficiency, and deficiency of vitamin D are only approximate. In
this study, we followed the Endocrine Society’s 2011 guideline, where circulating concentrations of 25(OH)-D
were divided into three subgroups to categorize vitamin D status in adults: deficient (<20 ng/ml), insufficient
(20-29 ng/ml), and sufficient (=30 ng/ml), encompassing the concept of hypovitaminosis D, which includes
both deficiency and insufficiency.

Results
The clinical and demographic characteristics of the sample are shown in Table 1. A questionnaire was adminis-
tered to 110 patients diagnosed with ruptured intracranial aneurysms. A total of 11 individuals were excluded,
resulting in a sample of 99 patients. Among the excluded individuals, nine were excluded based on the exclusion
criteria, and two were excluded due to centrifugation and storage failure of the biochemical vials for vitamin D
analysis. The majority of individuals were female (79.8%) with a mean age of 53.22 + 14.53 years. Most patients
had a normal body mass index (BMI). Concerning comorbidities and risk factors, 10.1% of the sample had dia-
betes mellitus and 14.1% reported alcohol consumption. Systemic arterial hypertension was present in 54.5% of
patients and 33.3% of the sample smoked.

Regarding skin phototype, it is noteworthy that 60.6% of the sample had skin phototypes ranging from IV
to VI, with skin phototype IV (39.4%) contributing the most, consistent with previous studies conducted on a
similar population in Brazil®.

Indicators Vit D <30.0 ng/ml Vit D>30.0 ng/ml | p value
Demographics

Age (years) 53.85+15.00 (53.00) | 49.43+10.91 (49.50) | p*=0.294
Female, n (%) 71(71.7) 8 (8.08)

Hypertension, n (%) 48 (48.5) 6 (6.06) pi=0.343
Diabetes mellitus, n (%) 8 (8.08) 2(2.02) p=0.630
Smoking, n (%) 28 (28.3) 5 (5.05) p=0.106
Alcohol use, n (%) 11 (11.1) 3(3.03) pe=0413
BMI 25.58+3.83 (25.22) 24.04+3.51 (24.00) p*=0.161
Solar exposure index 10.81+8.68 (8.68) 11.97+7.05 (13.37) p°=0.418
Skin phototype p=0.552
I 3(3.03) -

i 11 (11.1) 2(2.02)

III 22(22.2) 1(1.01)

v 32(32.3) 7 (7.07)

v 14 (14.1) 3(3.03)

VI 3(3.03) 1(1.01)

Table 1. Demographic and clinical characteristics of the sample. *Using the Student’s ¢ test with equal
variances. "Using the Mann-Whitney test. “Using Fisher’s exact test. 4Using Pearson’s chi-square test.
*Statistically significant difference at the 5.0% level.

Scientific Reports |

(2024) 14:3555 |

https://doi.org/10.1038/s41598-024-53676-y nature portfolio



www.nature.com/scientificreports/

Although ideal serum values for vitamin D levels remain controversial, especially when considering different
study populations, we chose a cutoft point for vitamin D sufficiency of serum values > 30 ng/ml, as established
by the Endocrine Society. Hypovitaminosis D was defined as serum values < 30 ng/ml. In our sample, a signifi-
cant portion of individuals had vitamin D hypovitaminosis (85.9%), with a median of 19.9 ng/ml. This finding
is impactful, especially when combined with the fact that most individuals had Fitzpatrick skin type IV or V
and high rates of sun exposure (SI 9.03 P50). There was no difference in the solar index values between genders
(males: 13.26 +10.26; females: 10.39+£7.9; p=0.292).

The neurological characteristics of the sample are presented in Table 2. Regarding neurological prognosis
scales for aSAH, the samples had a mean score of 2.37 £ 0.98 on the HH scale, 2.05 + 1.27 on the WENS scale, and
13.36+2.50 on the GCS. The majority of the sample had a Fisher grade of IV (44.4%) on the cranial computed
tomography, followed by Fisher grade IIT (35.35%).

When comparing the results of these scales and the serum level of vitamin D to assess patient prognosis, there
was no significant correlation. In the prognostic evaluation, there was also no statistically significant correlation
with hypovitaminosis D in relation to the presence of delayed cerebral ischemia (DCI).

Regarding the locations of ruptured aneurysms, the majority were in the internal carotid artery (ICA), fol-
lowed by the anterior cerebral artery (ACA), middle cerebral artery (MCA), and posterior circulation (PC). There
was no difference in the locations between individuals with hypovitaminosis and patients without vitamin D
hypovitaminosis. Patients with hypovitaminosis D (<30 ng/ml) had slightly larger aneurysms, but this finding
was not statistically significant.

Therefore, although the sample comprises a significant portion of individuals with vitamin D hypovitamino-
sis, this status did not appear to impact the degree of clinical or neurological impairment resulting from aSAH.

As an additional finding, it was observed that the initial HH grade correlated with morbidity, being the main
parameter, with the majority of patients with HH < 3 having a favorable outcome (ERm < 3; Table 3).

Three patients in the sample died before the treatment of the ruptured aneurysm. With respect to treatment,
57.57% were treated with microsurgery, with 54 undergoing clipping and three undergoing bypass surgery, and
38 (38.4%) were treated with endovascular intervention (Table 4).

Indicators Vit D<30.0 ng/ml | Vit D>30.0 ng/ml ‘ p value
Neurologics

GCS 13.47+£2.46 (14.00) | 12.71+2.76 (13.50) | p®=0.338
Fisher 3.16+1.03 (3.00) 2.64+1.08 (3.00) pb=0.054
HUNT HESS 2.38+0.98 (2.00) 2.36+1.01 (2.00) Pp°=0.998
WENS 2.02+1.27 (1.00) 2.21+1.31 (2.00) p°=0.580
mRS

<3 44 (44.4) 9 (9.09) p9=0.384
>3 41 (41.4) 5 (5.05)

Delayed cerebral ischemia

Yes 34 (34.3) 6 (6.06) p4=0.840
No 51(51.5) 8(8.08)

Aneurysm location

ICA 48 (48.5) 6 (6.06)

MCA 22(22.2) 4(4.04) p°=0.571
ACA 23(23.2) 4(4.04)

PC 5(5.05) 2(2.02)

Aneurysm size (mm) 6.65+4.41 5.85+2.11 p°=0.898

Table 2. Neurological characteristics of the sample. *Using the Student’s  test with equal variances. *Using
the Mann-Whitney test. “Using Fisher’s exact test. Using Pearson’s chi-square test. “Using Kruskal Wallis test.
*Statistically significant difference at the 5.0% level.

mRS

<3 >3 Total
HuntHess | n (%) n (%) n (%) p value
<3 42 (42.9) | 18(18.4) |60 (61.2)
>3 11(11.2) |27(27.6) |38(38.8) p*<0.001*
Total 53 (54.1) |45 (45.9) |98(100.0)

Table 3. Evaluation of the Hunt Hess score according to the mRS score. *Using Pearson’s chi-square test.
*Statistically significant difference at the 5.0% level.
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Tratamento

Clipping | Coilling Bypass Pre-treatment mortality | Total
Scores n (%) n (%) n (%) n (%) n (%) p value
HuntHess
<3 33 (61.1) 24 (63.2) 1(33.3) 2 (66.7) 60 (61.2) 0859
>3 21 (38.9) 14 (36.8) 2(66.7) 1(33.3) 38 (38.8)
Total | 54(100.0) | 38 (100.0) |3 (100.0) |3 (100.0) 98 (100.0)
mRS
<3 33 (61.1) 17 (43.6) 3(100.0) |- 53 (53.5)
>3 21(38.9) |22(56.4) |- 3(100.0) 46 (46.5) pr=0023
Total 54 (100.0) | 39(100.0) | 3(100.0) | 3(100.0) 99 (100.0)

Table 4. Evaluation of Hunt Hess and mRS scores according to the aneurysm management. *Using Fisher’s
exact test. *Statistically significant difference at the 5.0% level.

Discussion

Several studies in temperate climates have demonstrated both the seasonality of aSAH and vitamin D, which both
show a higher prevalence during colder periods. During colder seasons, there is less sunlight exposure, which
may result in reduced vitamin D activation®’. To date, all studies of sSAH and vitamin D have been conducted in
temperate climate countries. This study is the first to evaluate serum vitamin D levels in patients with ruptured
cerebral aneurysms in a tropical region near the equator, specifically, northeastern Brazil.

Demographic characteristics and endocrinological features

The sample consisted of 99 patients, which is a significant number and indicates a high demand at the hos-
pital over an 12-month period. Most of the patients in the sample were female (79.8%) and middle-aged
(53.22+14.53 years old). These demographics are similar to those commonly described in populations with
ruptured aneurysms**-*¢. Some well-established risk factors for aneurysm formation and rupture, such as smok-
ing and hypertension, were present in a substantial portion of the sample (33.3% and 54.5%, respectively).

The study’s sample was from the state of Pernambuco, located in the northeastern region of Brazil, in a tropical
climate zone at a low latitude (approximately 8° 3’ 15" South). In this region, sunlight strikes the surface almost
directly year-round, resulting in minimal variation in day and night duration. Unlike temperate climates, there
are no well-defined seasons in this area. Therefore, the high levels of ultraviolet (UV) solar radiation (=8) or
extreme (> 11) are a characteristic feature throughout the year.

The Hospital da Restauragdo, where the data was collected, exclusively serves patients from the brazilian
Unified Health System (SUS) and is a state reference center for neurology and neurosurgery, receiving a high
annual volume of patients.

Most of the patients treated come from low-income backgrounds with limited education, many referred from
rural areas where their primary occupation involves outdoor agricultural work, resulting in high sun exposure.
Some studies have evaluated serum vitamin D levels in individuals from different professions, demonstrating that
individuals who work indoors with limited sun exposure are at a higher risk of developing vitamin D deficiency.
This is in contrast to the study’s population, which should have lower risk due to significant sun exposure during
their work®-¢!. Therefore, this study has a unique sample in terms of high solar index (SI) values.

Regarding ethnic characteristics, there was a high prevalence of skin phototypes with a high melanin con-
centration (Fitzpatrick skin type III or higher). This ethnic characteristic, common in northeastern Brazil, dif-
fers significantly from the populations in most previous studies, which were conducted in temperate climate
regions®*~. Several studies have demonstrated that individuals with darker skin generally have lower absolute
levels of vitamin D than Caucasians. Melanin’s interference with vitamin D production activity can contribute to
this phenomenon. Melanin competes for ultraviolet B (UVB) photons (220-390 nm) on the skin, hindering most
of them from being used for the photolysis of 7-dehydrocholesterol (7-DHC) and the subsequent formation of
pro-vitamin D3, the initial reaction of the classical pathway. Individuals with higher melanin concentration in
their skin require longer UVB sun exposure to achieve the same serum level of 25-hydroxyvitamin D [25(OH)
D] compared to those with lower melanin concentration. Some studies show that individuals from South Asia,
who typically have skin phototype V, need long exposure periods (about 25-40 min) with a large area of exposed
skin (35%) to reach average annual serum concentrations of 25 nmol/L, which is similar to natives of England
who achieve such levels with significantly lower solar indexes®?.

Moreover, it is important to note that the majority of vitamin D (about 80%) in the body is produced endog-
enously through sunlight exposure, as described earlier. Foods rich in vitamin D are primarily fatty fish from
cold, deep waters or those containing ergosterol (vitamin D2) present in fungi. Neither form is easily accessible
to the majority of the population, especially the one in this study, which is a predominantly low-income popula-
tion. Furthermore, no patient in the study was using vitamin D supplementation.

Even in areas with high sun exposure, some studies have reported a high prevalence of vitamin D deficiency,
indicating that sunlight exposure alone is insufficient to achieve adequate vitamin D levels in the majority of
individuals®®. Certain genetic variants may lead to different responses of serum 25-OHD to pro-vitamin D. Minor
alleles of CYP2R1 (belonging to the cytochrome P450 subfamily IIR1 and encoding hepatic 25-hydroxylase),
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such as rs10500804, and specific group complement, encoding VDR and DBP, such as rs4588 and rs7041, are
associated with a reduced response of serum 25-OHD to UV radiation. Consequently, there may be lower efficacy
of sunlight exposure in preventing and treating vitamin D deficiency®.

In light of this, our primary hypothesis justifying the substantial prevalence of hypovitaminosis D even in
areas with high sun exposure is the presence of polymorphisms in genes activating 25-OHD, likely constituting
a natural selection characteristic favoring high sun exposure to avoid overproduction or intoxication.

Some studies have observed a high prevalence of vitamin D deficiency even in areas with high sun exposure
and we particularly highlighting the research demonstrating hypovitaminosis D in a population from the same
city with similar demographic characteristics as our current study®. The highlight of our paper is that it revealed
even lower serum vitamin D levels in patients with SAH.

Neurological characteristics

A high rate of hypovitaminosis D was observed in the sample of patients with ruptured aneurysms studied
(85.9%). This finding aligns with recent studies that suggest that vitamin D deficiency could be associated with
cerebral aneurysms®*~¢. A recent controlled study also demonstrated that vitamin D levels are independently
associated with cerebral aneurysms®’. Additionally, another study by the same authors demonstrated an associa-
tion between hypovitaminosis D and aneurysm rupture®.

To characterize the neurological aspects of our sample of patients with aSAH, several classic scales were
applied. The sample had an average score of 2.37 +0.98 on the HH scale, 2.05+1.27 on the WENS scale, and
13.36+2.50 on the GCS. These scales play an important role in the prognosis of patients with aSAH. In our study,
it was observed that the HH grade correlates with morbidity, with statistical significance when compared to the
modified Rankin scale. This finding is consistent with other studies in the literature®”,

Although there seems to be a relationship between hypovitaminosis D and aneurysm formation/rupture,
there are few studies that demonstrate a relationship between the degree of vitamin D deficiency and patient
prognosis. A recent study of 40 patients with aSAH showed a high prevalence of vitamin D deficiency among
them, but no difference in clinical outcomes>°.

In our study, when we compared the results of the prognostic scales for aSAH and the modified Rankin Scale
with the levels of vitamin D deficiency (<20 ng/ml), insufficiency (20 to <30 ng/ml), or sufficiency (=30 ng/ml),
we also did not find a significant correlation with patient prognosis.

Regarding the correlation between the size of the aneurysm and vitamin D deficiency, some epidemiological
studies reported a correlation between the size of extracranial artery dilation, aortic aneurysms, and vitamin D
deficiency®-7%. However, there are no studies yet demonstrating this correlation with cerebral aneurysms. In our
study, we observed that patients with hypovitaminosis D (<30 ng/ml) had slightly larger aneurysms compared
to patients with sufficient vitamin D, but this finding did not reach statistical significance.

Regarding the locations of the ruptured aneurysms, the majority were in the internal carotid artery (ICA),
followed by the anterior cerebral artery (ACA), middle cerebral artery (MCA), and posterior circulation (PC).
There was no difference in the location between individuals with hypovitaminosis and those without hypovita-
minosis D, although a detailed subgroup analysis was not conducted.

As for the presence of DCI, some studies provide evidence of an association between vitamin D deficiency,
the frequency of cerebral vasospasms, and the overall outcome of patients after subarachnoid hemorrhage®®">-7".
Additionally, the therapeutic utility of vitamin D has been demonstrated in animal models, leading to a reduction
in the incidence of DCI, serving as a predictive indicator, a prevention method, and/or a treatment option after
spontaneous SAH. However, these results have not yet been fully investigated in human studies”®”.

In our study, there was no statistically significant correlation between the presence of DCI and hypovitamino-
sis D. Similar results were obtained in a recent study of 33 patients, showing a higher proportion of patients with
aSAH had vitamin D deficiency, but there was no difference in the occurrence of vasospasm or overall outcome?®.

Furthermore, among the patients analyzed, three patients from the sample died before the treatment of the
ruptured aneurysm. Regarding the treatment of the sample, 57.57% underwent microsurgery, with 54 undergo-
ing clipping and 3 undergoing bypass technique, while 38 (38.4%) were treated with endovascular intervention
(coilling). It was also observed that among the patients who underwent microsurgery, there was a better morbid-
ity outcome assessed by the modified Rankin Scale. This could be attributed to the fact that the majority of these
patients had a HH grade < 3, and the patients allocated for endovascular procedures were older.

Study limitations

There are several limitations in our study. The COVID-19 pandemic was a limiting factor, primarily causing
delays in data collection for over a year after approval by the Ethics Committee. Additionally, the pandemic and
home isolation may have directly influenced the sunlight exposure of these patients in the months leading up
to data collection.

The fact that this was an uncontrolled study conducted at a single center is another limitation. However,
it’s important to note that the study’s original objective did not include control groups. On the other hand, this
study’s strength lies in its inclusion of a significant number of individuals (n=99) from a low-latitude region,
unlike most studies that were conducted in temperate climate regions.

To our knowledge, this is the first study to investigate the rate of vitamin D deficiency in patients with rup-
tured aneurysms in a tropical region, specifically in northeastern Brazil.

Conclusion
Since this is only a descriptive study, a causal relationship cannot be established. Nevertheless, a significant
percentage of a population exposed to high levels of sunlight and affected by aSAH had hypovitaminosis D.
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Despite various studies showing a relationship between vitamin D deficiency, ruptured aneurysms, and
delayed cerebral ischemia (DCI) in animals, there is still no scientific evidence justifying vitamin D supplemen-
tation in this patients.

Although recent studies demonstrate a high prevalence of vitamin D deficiency even in areas with high sun
exposure, the highlight of our paper is that it revealed even lower serum vitamin D levels in patients with aSAH.

This is a broad topic, and there are still relatively few studies on it, especially in regions between the tropics.
While there are limitations in the current studies, advances in research show a promising correlation between
hypovitaminosis D and cerebral aneurysms. Therefore, more research should be conducted, both pre-clinical
and clinical, to further investigate this relationship.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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