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Summary

Background: This study was aimed to explore the associa-
tion of vitamin D in the risk of coagulopathy in coronavirus
disease-19 (COVID-19).

Methods: Clinical and laboratory findings were obtained
from 50 confirmed COVID-19 patients hospitalized in
Saiful Anwar General Hospital, Malang, Indonesia, from
September to November 2020. Thrombotic events during
hospitalization were recorded, and the ISTH disseminated
intravascular coagulation (DIC) score was used to classify
overt DIC. Hypovitaminosis D was defined by serum vita-
min D level <49.92 nmol/L.

Results: Among 50 patients, 42 (84%) had hypovitaminosis
D, and 6 (12%) developed thrombotic events. Vitamin D
levels were lower in patients with thrombotic events
(p=0.015), D-dimer >2 mg/L (p=0.006), ISTH DIC score
>5 (p=0.020), admitted on ICU (p=0.002), and non-sur-
vivor groups (p=0.007). Multivariate analysis for the risk in
increased D-dimer levels showed low vitamin D as the only
significant risk factor with OR 1.8 (1.2-4.4), p=0.034.
Low vitamin D also increased the risk for developing overt
DIC with OR. 5.4 (1.0-30.2), p=0.039. Vitamin D level
had negative correlations with ferritin (R=-0.316,
p=0.044) and CRP (R=-0.530, p=0.000).
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Kratak sadrzaj

Uvod: Cilj ove studije je bio da istraZi povezanost vitamina
D sa rizikom od koagulopatije kod koronavirusne bolesti
2019 (COVID-19).

Metode: Klini¢ki i laboratorijski nalazi dobijeni su od 50
potvrdenih pacijenata sa COVID-19 hospitalizovanih u
ops$toj bolnici Saiful Anvar u Malangu u Indoneziji, od
septembra do novembra 2020. Zabelezeni su tromboti¢ni
dogadaji tokom hospitalizacije, a rezultati ISTH disemino-
vane intravaskularne koagulacije (DIC) koriséeni su za
klasifikaciju ocigledne DIC. Hipovitaminoza D je definisana
nivoom vitamina D u serumu <49,92 nmol/L.

Rezultati: Od 50 pacijenata, 42 (84%) je imalo hipo-
vitaminozu D, a 6 (12%) je razvilo tromboti¢ke dogadaje.
Nivoi vitamina D su bili nizi kod pacijenata sa trombotickim
dogadajima (p=0,015), D-dimerom >2 mg/L (p=0,006),
ISTH DIC rezultatima >5 (p=0,020), primljenih na
intenzivnu negu (p=0,002), i grupa koje nisu prezivele
(p=0,007). Multivarijantna analiza rizika za povecane
nivoe D-dimera pokazala je nizak nivo vitamina D kao jedini
znacajni faktor rizika sa OR 1,8 (1,2-4,4), p=0,034. Nizak
nivo vitamina D je takode povecao rizik od razvoja
ociglednog DIC-a sa OR 5,4 (1,0-30,2), p=0,039. Nivo
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Conclusions: In conclusion, a low level of vitamin D was
found in most hospitalized COVID-19 patients and might
be associated with the development of coagulopathy.

Keywords: vitamin D, COVID-19, coagulopathy

Introduction

The novel coronavirus, severe acute respiratory
syndrome coronavirus 2 (SARS-Cov-2) emerged first
in Wuhan, China, at the end of 2019 and caused
pandemic that is still ongoing. It causes a disease
called coronavirus disease 2019 (COVID-19) and has
affected more than 60 million people worldwide until
November 2020 (1). Reported cases of COVID-19
show that this disease ranges from asymptomatic or
mild infection to multi-organ failure and death (2).
COVID-19 is a systemic disease that affects not only
the respiratory tract but also other system organs.
Coagulopathy is one of the most common complica-
tions reported in several studies, which can be mani-
fested as venous or arterial thromboembolism (3). A
marker of a fibrinogen degradation product, D-dimer,
also increases in 3.75-68.0% of COVID-19 patients
and elevates the D-dimer level >2 mg/L at admission
which predicts more severe and higher mortality of
the disease (4, 5).

International Society of Thrombosis and Hemo-
stasis (ISTH) develops a new guideline for managing
coagulopathy in COVID-19. Anticoagulant prophylax-
is should be given to all COVID-19 patients with
markedly increased coagulation markers, including
D-dimer (6). The coagulopathy mechanism in
COVID-19 has not been established yet. However, it
may overlap with bacteria-induced septic coagulopa-
thy or disseminated intravascular coagulation (DIC).
Proinflammatory conditions in COVID-19 through
cytokine storm, complement activation, increased
damage-associated molecular pattern, and vascular
endothelial damage is significant factors that lead to
thrombosis (7, 8). A previous study also showed that
this novel coronavirus could also induce secondary
anti-phospholipid syndrome (APS) by promoting the
production of anti-phospholipid antibodies (APL-Abs)
(9). Xiao et al. (10) also support this study, which
found that 47% of patients with COVID-19 in the
intensive unit were positive for APL-Abs. However, it is
still unclear whether these antibodies are associated
with thrombosis in these patients.

Another novel proposed mechanisms of coagu-
lopathy in COVID-19 is the role of vitamin D in the
coagulation system (11). The effect of vitamin D
metabolites through vitamin D receptor (VDR) ligands
can be attributed to the anti-thrombotic effects. VDR
knockout mice have been shown to have a significant
association with the presence of thrombosis in several
organs (12). Moreover, Khamdevatani et al. (13)

vitamina D je imao negativne korelacije sa feritinom (R=-
0,316, p=0,044) i CRP-om (R=-0,530, p=0,000).
Zaklju¢ak: Na kraju, kod vedine hospitalizovanih pacijenata
sa COVID-19 utvrden je nizak nivo vitamina D koji bi
mogao biti povezan sa razvojem koagulopatije.

Kljuéne reéi: vitamin D, COVID-19, koagulopatija

have described that a low level of vitamin D is associ-
ated with lower limb deep vein thrombosis (DVT). The
role of vitamin D has already been mentioned before
in COVID-19 (14, 15) but rarely reported in COVID-
19 coagulopathy. Therefore, this study was aimed to
examine the association of serum vitamin D levels in
the presence of COVID-19 coagulopathy. This study
also compared the role of vitamin D in coagulopathy
with other surrogate markers reported previously
associated with COVID-19 severity, such as ferritin,
lactate dehydrogenase (LDH), neutrophil-lymphocyte
ratio (NLR), CRP and APL-Abs.

Materials and Methods
Study Design and Participants

This study was a cross-sectional approach done
from September 8 until November 4, 2020. All study
participants had a confirmed case of COVID-19 and
were hospitalized in Saiful Anwar General Hospital,
Malang, Indonesia. A confirmed case was defined
according to the case definition provided by WHO
with positive results of SARS-Cov-2 from the respira-
tory specimen by real-time reverse transcription-poly-
merase chain reaction (RT-PCR) (16). The ethical
committee of Saiful Anwar General Hospital, Malang,
Indonesia, approved this study (ethical number
400/194/K.3/302/2020). Oral consent was obtained
from the patient or their relatives if the patients were
unable to communicate. Subjects who got vitamin D
supplementation in the last two years were excluded
from the study.

Data Collection

Data were obtained from the patient’s medical
records, including early signs and symptoms, underly-
ing comorbidities, admission to intensive care unit
(ICU), treatment, and outcome of the patient.
Thrombotic events were defined as the presence of
arterial or venous thromboembolism, such as deep
vein thrombosis (DVT), acute coronary syndrome
(ACS), cerebrovascular accident (CVA), and pul-
monary embolism (PE). The appropriate examination
evaluated subjects clinically suspected with thrombot-
ic events to establish the diagnosis (compression
ultrasound for DVT, head CT-scan for CVA, electrocar-
diography (ECG) and cardiac enzyme for ACS ECG,
thorax plain radiograph, and CT-scan for PE).
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Several routine laboratory examinations also
measured at first-time patient admitted to the hospi-
tal, including haemoglobin, leukocyte, thrombocyte,
prothrombin time (PT), activated partial thromboplas-
tin time (APTT), D-dimer, fibrinogen, lactate dehydro-
genase (LDH), alanine aminotransferase, aspartate
aminotransferase, urea, and creatinine. Neutrophil
lymphocyte ratio (NLR) was measured by the fraction
of total neutrophil and lymphocyte count. C-reactive
protein (CRP) and ferritin were measured by
Chemiluminescent immunoassay (Cobas e411). The
anti-phospholipid antibody, including IgM anti-beta2-
glycoprotein and IgM anti-cardiolipin, were measured
by ELISA (Orgentec Diagnostika GmbH). Serum vita-
min D (25-Hydroxyvitamin D3) was obtained on the
first-day patient admitted and measured by ELISA
(Elabscience).

Vitamin D deficiency was defined by serum vita-
min D levels below 49.92 nmol/L (17). The ISTH cri-
teria for DIC were used to assess the probability of
overt DIC from the study participants. ISTH DIC
scores >5 were classified as an overt DIC (18).
According to previous research regarding the proba-
bility of D-dimer in predicting the COVID-19 progno-
sis, we also grouped the subjects by D-dimer level. D-
dimer >2 mg/mL was classified by a higher risk of
developing thrombotic events (5).

Statistical Analysis

Categorical variables were described as frequen-
cy rates and percentages. Continuous variables were
described using mean, median, and interquartile
range (IQR) values. Normally distributed data were
compared using a t-test; otherwise, the Mann-
Whitney test was used. The proportion for categorical
variables was compared using the chi-square test and
the Fisher exact test when data were limited. Bivariate
and multivariate logistic regression models were used
to explore the risk factor associated with coagulopa-
thy. All statistical analyses were performed using SPSS
version 17.0.

Results

Clinical and Laboratory Characteristics of the
Subjects According to Vitamin D Levels

According to the inclusion and exclusion criteria,
50 COVID-19 patients were included in this study,
from September 8 until November 4, 2020. There
were 42 patients (84%) who had deficient levels of
serum vitamin D (<49.92 nmol/L), while only eight
patients (16%) had >49.92 nmol/L. Clinical compari-
son between the COVID-19 patients with normal to
insufficient and deficient vitamin D is shown in Table .
Both groups’ mean age was similar, with a mean 58.5
+ 13.5 and 52.5 = 14.5 years old (p=0.283). There
was also no statistical difference in sex and comorbidi-

Table I Clinical Characteristics of the Subjects According to

Vitamin D Status.

Vitamin D Vitamin D
>49.92 nmol/L | <49.92 nmol/L| p
(n=8) (n=42)

(e ey 58.5 + 135 | 52.5+ 145 |0.283
Sex, n (%)
Female 2 (25.0) 21 (50.0) 0.183
Male 6 (75.0) 21 (50.0)
Sign and symptoms, n (%)
Fever 2 (25.0) 28 (66.6) 0.047
Dry cough 5 (62.5) 27 (64.3) 0.923
Shortness of 5 (62.5) 26 (61.9) |0.975
Diarrhea 0 (0) 9 (21.4) 0.345
Nausea vomiting 1(12.5) 14 (33.3) 0.239
Headache 1(12.5) 9 (21.4) 0.563
Anosmia 2 (25.0) 8 (19.5) 0.700
Hemiparesis 0 (0) 3(7.1) 0.436
Chest pain 0 (0) 4 (9.5) 0.363
Comorbidities, n (%)
Diabetes mellitus 5 (62.5) 20 (47.6) |0.440
Hypertension 1(12.5) 16 (38.1) 0.054
Malignancy 0 (0) 2 (4.8) 0.529
Cardiovascular 1(12.5) 15 (35.7) |0.381
Chronic kidney 2 (25.0) 6(143) |0.449
HIV infection 1 (25.0) 1(2.4) 0.181
Admission, n (%)
Non-ICU 8 (100) 34 (80.9) |0.080
ICU 0(0) 8 (19.5)
Thrombosis Manifestations, n (%)
Acute coronary 0(0) 2(48)  [0529
syndrome
Cerebrovascular 0 (0) 3(7.1)  |0.436
pop vein 0(0) 124 [0.659
In-Hospital Mortality, n (%)
Survivor 8 (100) 33(78.6) |0.148
Non-survivor 0 (0) 9 (21.4)
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Table Il Comparison of Laboratory Findings according to Vitamin D Levels.

Median (IQR)
N\Zﬁreal Vitamin D Vitamin D p
>49.92 nmol/L <49.92 nmol/L
(n=8) (n=42)
Complete blood counts
Hemoglobin (g/L) 134-177 135 (121-138) 128 (114-139) 0.397
Leukocyte (x10%/L) 4.3-10.3 7.6 (5.8-8.1) 10.8 (7.4-15.7) 0.948
Thrombocyte (x10%/L) 142-424 276 (251.5-351.0) 275.0 (236.0-329.0) 0.490
Neutrophil/Lymphocyte ratio (NLR) <313 4.9 (3.8-5.2) 7.2 (5.5-10.2) 0.668
Hemostatic functions
PPT (s) 9.4-11.3 10.8 (10.6-10.9) 10.9 (10.5-11.9) 0.990
INR <1.5 1.0 (1.0-1.1) 1.1(1.0-1.2) 0.990
APTT (s) 24.6-30.6 26.0 (25.1-29.6) 29.4 (25.5-33.9) 0.866
D-dimer (mg/L) 0.5 0.6 (0.4-1.3) 2.2 (1.1-4.8) 0.001
Fibrinogen (g/L) 4.54-11.70 7.61 (7.15-9.60) 8.85 (8.21-10.90) 0.490
Liver function test
Alanine aminotransferase (U/L) 0-41 56.0 (37.5-69.0) 55.0 (31.0-99.0) 0.850
Aspartate aminotransferase (U/L) 0-40 29.0 (27.5-47.5) 28.5 (51.5-69.0) 1.000
Renal function test
Urea (mmol/L) 2.7-8.0 2.8(2.7-3.7) 5.5 (3.6-14.1) 0.140
Creatinine (mmol/L) <0.106 0.097 (0.079-0.097) 0.088 (0.061-0.132) 0.698
e 73 12y >60 83.0 (73.5-90.0) 76.0 (40.5-96.5) 0.469
Inflammatory markers
Lactate dehydrogenase (U/L) 240-480 373.0 (354.5-502.5) 707.5 (539.0-1039.0) 0.556
Ferritin (ug/L) 30-400 (1424248992 (4098 5.75334.5) 0.028
C-reactive protein (mg/L) <3.0 5(3-7) 46 (18-99) 0.048
Anti-Phospholipid Antibody, n (%)
Pt o a2 e 00 1es | oss
Positive IgM anti-cardiolipin Ii%gﬂri/v:ﬂi_f 0 (0) 4 (9.5) 0.363
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ties between these two groups. According to the sign
and symptoms presented at the first time patient came
to the hospital, patient with deficient levels of vitamin D
had a statistically higher frequency of fever compared
to the other group (66.6% vs. 25%, p=0.047), yet no
other differences were found in the other signs and
symptoms between two groups.

There were eight patients admitted to the ICU
because of respiratory failure and the need for a ven-
tilator. All of them had low levels of vitamin D
(<49.92 nmol/L); on the other hand, no patient was
admitted to ICU from the group of patients with vita-
min D levels >49.92 nmol/L (p=0.080). We found 6
out of 50 patients (12%) had thrombosis manifesta-
tions: 2 (4%) had acute coronary syndrome, 3 (6%)
had CVA thrombosis, and 1 (2%) had DVT. They were
from the groups of patients with vitamin D levels
<49.92 nmol/L (p=0.254). Among 50 subjects
included in this study, nine patients (18%) died during
treatment, and all of them had vitamin D levels
<49.92 nmol/L.

Comeparison of laboratory findings of patients
according to the vitamin D levels was shown in Table
Il. There was no statistical difference in the laboratory
parameters from complete blood counts, liver, and
renal function tests from both groups. Subjects with
vitamin D levels <49.92 nmol/L had significantly
higher D-dimer levels compared to the other group
(median 4.4 (2.2-9.8) vs. 1.2 (0.8-2.6) mg FEU/L,
p=0.001), but there is no difference in PPT, INR,

APTT, or fibrinogen levels between these two groups.
Patients with vitamin D levels <49.92 nmol/L also
showed higher levels of inflammatory markers, such
as CRP (median 4.6 (1.8-9.9) vs. 0.5 (0.3-0.7)
mg/L, p=0.048) and Ferritin (median 8045.0
(4098.5-13334.5) vs. 2603.0 (1424.2-4499.2)
ng/L, p=0.028) compared to the patients with vita-
min D levels >49.92 nmol/L. However, no statistical
difference was shown from LDH between the two
groups. Five patients were found to be positive for
APL-Abs: 1 (2%) patient had positive IgM anti-beta2
glycoprotein, and 4 (8%) patients had positive IgM
anti-cardiolipin. All of them were from the groups of
patients with vitamin D levels <49.92 nmol/L.

Comparison of Vitamin D Levels According to
Clinical Status of the COVID-19 Patients

Patients were grouped according to the severity
of coagulopathy and COVID-19 (D-dimer >2 mg/L,
the presence of thrombotic events, ISTH DIC score,
ICU admission, and in-hospital mortality). Vitamin D
level was compared between these grouped parame-
ters (shown in Figure 7). Patient with D-dimer levels
>2 mg/L had significantly lower vitamin D levels
(median 18.22 (8.74-23.21) vs. 26.71 (16.97-
53.91), p=0.006). The lower level of vitamin D also
showed in the group of patients who developed
thrombotic events (median 8.99 (7.74-18.72) vs.
22.21 (15.72-36.19); p=0.015). We also grouped

A) D-Dimer Status B) Thrombotic Event Q) ISTH DIC Score
120.004 120.004 120.004
100.004 100.004 100.001
)
S
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2 60.004 60.00+ 60.001
>
i
A 40.001 40.001 40.001
{=]
€ 4 1 ]
< 20.00 20.00 20.00
£ a == ;
.007 .001 .001
D-Dimer < 2mg FEU/L D-Dimer > 2mg FEU/L Without thrombotic event  Without thrombotic event 1-4 >4
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= -
= =
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Figure 1 Comparison of Vitamin D Levels According to Clinical Status.
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these patients based on ISTH DIC score; overt DIC
was categorized by ISTH DIC score >5 based on PPT,
thrombocyte, D-dimer, and fibrinogen levels. We
found that 29 patients (58%) had ISTH DIC score >5
with significantly lower vitamin D levels (median
18.72 (8.99-24.46) vs. 26.96 (17.22-52.92),
p=0.020) compared to the patients with ISTH DIC
score 1-4. The patients admitted in ICU and those
belonging to non-survivor groups of COVID-19
patients also consistently had significantly lower vita-
min D levels.

Risk Factors Associated with Coagulopathy
among COVID-19 Patients

Clinical manifestations of coagulopathy in
COVID-19 were presented as arterial or venous
thrombosis as seen in our six patients. However,
because of limitations of the numbers who developed
the thrombosis, direct analysis for observing factors
associated with thrombosis might be inconclusive.
Therefore, we analysed the risk of COVID-19 coagu-
lopathy by assessing the increased number of D-
dimer (>2 mg/L) and ISTH score >5. Bivariate and
multivariate model analysis for risk factors associated

Table Il Factors Affecting the Increase of D-Dimer (>2 mg/L) from Subjects.

Bivariate Analysis Multivariate Analysis

OR (95% Cl) p OR (95% Cl) p
Age >60 years old 1.3 (0.3-3.0) 0.832 - -
Female 0.7 (0.2-2.2) 0.586 - -
Diabetes mellitus 1.4 (0.5-4.2) 0.571 - -
Hypertension 6.5 (1.7-24.6) 0.004 0.2 (0.1-1.1) 0.067
Cardiovascular disease 2.4 (0.7-8.1) 0.159 - -
Chronic kidney disease 1.1 (0. -4.9) 0.902 - -
Anemia 1.4 (0.4-4.2) 0.571 - -
Leukocyte >12.0 x10%/L 2.3 (0.7-7.5) 0.164 - -
Thrombocyte <150 x10%/L 6.6 (0.7-61.1) 0.056 - -
NLR >3.13 0.4 (0.1-1.4) 0.138 - -
INR >1.5 2.3 (0.2-26.8) 0.502 - -
APTT ratio >1.3 1.6 (0.5-5.4) 0.423 - -
ALT >41 U/L 1.3 (0.4-4.3) 0.641 - -
AST >40 U/L 0.5 (0.2-1.7) 0.294 - -
Urea >8.3 mmol/L 8.4 (1.9-75.1) 0.023 0.4 (0.1-3.2) 0.456
Creatinine >0.106 mmol/L 3.0 (0.8-11.4) 0.102 - -
eGFR <60 mL/min/1.73 m? 3.2 (0.6-13.5) 0.103 - -
LDH >480 U/L 0.7 (0.2-3.1) 0.634 - -
Ferritin >400 pg/L 1.1 (0.2-4.9) 0.897 - -
CRP >0.3 mg/L 0.8 (0.2-3.9) 0.826 - -
Vitamin D <49.92 nmol/L 6.2 (1.1-34.2) 0.021 1.8 (1.2-4.4) 0.034
Positive IgM anti-cardiolipin 1.1 (0.1-8.4) 0.933 - -
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Table IV Factors Affecting the ISTH DIC Score >5 among
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Correlation of Vitamin D Levels with Other
Inflammatory Markers in COVID-19 Patients

To observe the possible mechanisms of low vita-
min D levels among COVID-19 patients, the correla-
tion analysis between serum vitamin D levels with
other inflammatory markers, such as CRP ferritin,
LDH, and NLR, was also done. Figure 2 showed the
correlation analysis between these variables. Ferritin
and CRP levels were negatively correlated with vita-
min D levels (R=-0.316, p=0.044, and R=-0.530,
p=0.000, respectively). On the other hand, LDH and
NLR were not correlated statistically (R=-0.130,
p=0.443, and R=-0.034, p=0.815, respectively).

Discussion

The high mortality and its relationship with coag-
ulopathy in COVID-19 have increasingly attracted
attention. An increased incidence of arterial or venous
thrombosis such as stroke and acute coronary syn-
dromes has been reported in COVID-19 previously
(19, 20). In this study, among 50 patients confirmed
with COVID-19, 12% of patients developed thrombo-
sis, including DVT, stroke, and acute coronary syn-
drome. Several mechanisms of COVID-19 coagulopa-
thy have been proposed; one that is exclusively being
discussed is the role of vitamin D. Our present study
showed that 84% of hospitalized patients with COVID-
19 had vitamin D deficiency (<49.92 nmol/L). Low
serum vitamin D levels have also been reported in
other viral diseases, such as HIV and hepatitis infec-
tions (21, 22). Recently, Radujkovic et al. (23) similarly
showed that 64% of patients of COVID-19 had vita-
min D levels <49.92 nmol/L and were associated with
poor prognosis. Carpargano et al. (24) also observed
that 81% of COVID-19 patients with acute respiratory
failure treated in ICU had hypovitaminosis D.

In our report, a lower level of vitamin D was
found in COVID-19 patients with thrombotic events,
increased levels of D-dimer, and patients with overt
DIC showed by the ISTH DIC score. Vitamin D level
<49.92 nmol/L was also associated with elevated D-
dimer level (>2 mg/L). ISTH DIC score >5 indicated
that low vitamin D level was an independent risk fac-
tor for the coagulopathy in COVID-19. The role of
vitamin D on the coagulation pathway has been doc-
umented before. Khademvatani et al. (13) showed
that lower vitamin D level was associated with idio-
pathic lower-extremity DVT. In a population-based
study in Iran, low vitamin D levels were detected in a
patient with venous thromboembolism (25). The anti-
thrombotic properties of vitamin D were believed to
be through the activation of VDR. VDR knockout
mice exhibited an enhanced platelet aggregation and
promoted tissue thrombosis (12). Another study also
showed that vitamin D could improve endothelial
function and reduce the production of proinflamma-
tory cytokines, leading to inhibition of platelet aggre-
gation (26).

The mechanisms of low vitamin D in COVID-19
is still not exact. Lack of published evidence con-
tributes to the difficulty of answering this question. We
found that vitamin D level was correlated with the
inflammation markers CRP and ferritin. CRP and fer-
ritin are acute phase reactants that have been estab-
lished to be the biomarkers of hyper inflammation
condition in COVID-19 (27, 28). The correlation of
vitamin D with these markers may explain that inflam-
matory conditions in COVID-19 can be attributed to
the low level of vitamin D in these patients. Hyper-
inflammation in COVID-19, also described as a
cytokine storm, is characterized by increased proin-
flammatory cytokines, such as IL-6 and TNF-a (29).
In another study, Xiong et al. (30) described TNF-a
inhibiting the VDR expression in a dose and time-de-
pendent manner on cultured proximal tubular epithe-
lial cells. Meanwhile, Manion et al. (31) showed that
deficiency of vitamin D among HIV patients was asso-
ciated with high IL-6 levels similar to COVID-19.

Although several reports have shown the rela-
tionship between vitamin D and coagulopathy, there
is still a lack of published data regarding the connec-
tion between vitamin D and coagulopathy in COVID-
19. Besides, there is still a lack of guideline that rec-
ommends using vitamin D in COVID-19 until now.
The clinical trial for the use of vitamin D supplemen-
tation in COVID-19 patients is also still ongoing
research. Therefore, this study might help to be a pre-
liminary study to provide a novel insight into the role
of vitamin D in the COVID-19 coagulopathy. Our
research is still limited to the small population size
and restricted only to hospitalized patients. In the
future, a multi-centre study with a larger size humber
or a population-based study can be performed to pro-
vide a better result.

In conclusion, we found that most hospitalized
patients with confirmed COVID-19 had hypovita-
minosis D. Deficient levels of vitamin D were indepen-
dently associated with coagulopathy in COVID-19
patients. Low vitamin D levels might be associated
with a hyperinflammatory condition in COVID-19
patients. The role of vitamin D deficiency in COVID-
19 coagulopathy should be further evaluated and
considered as a possible target for intervention.
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