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Abstract (250 words)

Objective: To determine the association between vitaminalustand morbidity and
mortality in adult hospitalized COVID-19 patients

Methods: We performed a retrospective chart review stmd@©OVID-19 patients agel8
years old hospitalized at Boston University MediCahter between March 1 — August 4,
2020. All studied patients were tested positiveG@VID-19 and had serum levels of 25-
hydroxyvitamin D results measured within one yea#ordo the date of positive tests.
Medical information was retrieved from the electoomedical record and were analyzed to

determine the association between vitamin D statashospital morbidity and mortality.

Results: Among the 287 patients, 100 (36%) patients wésemin D-sufficient [25(OH)D

>30 ng/mL] and 41 (14%) patients died during theditalization. Multivariate analysis in
patients aged65 years old revealed that vitamin D sufficiency(@H)D >30 ng/mL] was
statistically significantly associated with decreé®dds of death (adjusted OR 0.33, 95%Cl,
0.12-0.94), acute respiratory distress syndromegteti OR 0.22, 95%CI, 0.05-0.96), and
severe sepsis/septic shock (adjusted OR 0.26, 950413-0.88), after adjustement for
potential confounders. Among patients with body sriadex <30 kg/r vitamin D

sufficiency was statistically significantly assdeid with a decreased odds of death (adjusted
OR 0.18, 95%CIl, 0.04-0.84). No significant assaamtvas found in the subgroups of
patients aged <65 years old or BY¥BO kg/nf.

Conclusion: We revealed an independent association betwéamivi D sufficiency defined
by serum 25(OH)D>-30 ng/mL and decreased risk of mortality from COMI®in elderly

patients and patients without obesity.

Keywords:. Vitamin D, 25-hydroxyvitamin D, COVID-19, MorbidityMortality, Acute

respiratory distress syndrome
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Introduction

Vitamin D is recognized not only for its importdaonctions on calcium and phosphate
metabolism but also for its biologic actions on ioma modulation. This is due to the
presence of the vitamin D receptor in most typesetis including the immune cells and
endothelial cells (1-3). Once synthesized by the skingested, circulating vitamin D is
metabolized into 25-hydroxyvitamin D [25(OH)D] Wyt liver, which is the major
circulating metabolite of vitamin D that is clinlgameasured for determining vitamin D
status (2, 4). Circulating 25(OH)D is then furtheetabolized byhe enzyme d-hydroxylase
(CYP27B1) at the kidneys into the active form 1¢g@bydroxyvitamin D [1,25(OH)D]. In
addition, CYP27BL1 is expressed by many other tssineluding activated macrophages,
parathyroid glands, microglia, breast, colon, aedlinocytes where 1,25(0O#) is

produced and exerts its tissue-specific autocnmeparacrine functions (1, 2).

Coronavirus disease 2019 (COVID-19), caused bgélvere acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), disproportionately affethe elderly, African Americans,
those with obesity, and institutionalized indivitRignursing home residents) (5, 6), all of
which are also identified as a high-risk populationvitamin D deficiency (2-4, 7). This
association could potentially contribute to hige€VID-19 morbidity and mortality rates

appreciated in this population.

Several mechanisms have been proposed to suppgrotantial protective role of vitamin D
against morbidity and mortality of COVID-19. Fir4t25(OH)D induces the macrophage
production of the endogenous antimicrobial pept@akhelicidin LL-37, which acts against
invading respiratory viruses by disrupting viralelopes and altering viability of host target
cells (8, 9). Second, 1,25(04D) alters the expression of angiotensin convertimgyme-2,
which serves as the host cell receptor that megliafection by SARS-CoV-2 (10, 11).
Third, 1,25(0OH)D alters the activity of different types of lymplybes. It promotes a shift
from T helper 1 and T helper 17 to T helper 2 immprofile and promotes differentiation of
regulatory T cells (12-14). This action is thoughteduce the severity of cytokine storm,
thereby alleviating systemic inflammatory respodse to viral infection. Finally,
experimental studies have shown that vitamin Dienohetabolites modulate endothelial
function and vascular permeability via multiple gamc and extra-genomic pathways (15,

16). The effects might be of clinical benefit irp8e patients with hemodynamic instability.
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Although there is evidence on the protective rdleitamin D for other respiratory viral
infections or critical illness (17, 18), given thewness of COVID-19, little is known about
the direct association between vitamin D statusthadeverity of COVID-19. Using
information from the electronic medical recordle Boston University Medical Center, we
aimed to investigate the association between vitddnstatus and hospital morbidity and

mortality in adult hospitalized COVID-19 patients.
Methods
Sudy population

This study was a retrospective chart review cressi@nal study in adult COVID-19 patients
aged>18 years old who were hospitalized at Boston UsieMedical Center (latitude 42°
21' N) between March 1, 2020 and August 4, 202Dpatients included in this study tested
positive for SARS-CoV-2 nucleic acid testing and lsarum levels of 25-hydroxyvitamin D
results measured within one year prior to the dapositive COVID-19 tests. The study
protocol was approved lilge Boston University Medical Campus InstitutioRaview Board
(H-40341)

Sudy measurements

Characteristics of patients were extracted fromBbston University Medical Center hospital
database. The following patient baseline charatites were extracted: age, sex, race,
insurance type, latest body mass index (BMI), smgkiistory, alcohol use, homelessness,
receipt of prescription for vitaminand vitamin B supplementation, in-hospital treatment
for COVID-19 (i.e., azithromycin, hydroxychloroq@ncolchicine, corticosteroids,
interleukin-6 antibodies and interleukin-1 recemntagonists) and presence of underlying
comorbidities, including type 2 diabetes mellitagpertension, dyslipidemia, coronary heart
disease, heart failure, cerebrovascular diseagenaschronic obstructive pulmonary disease
(COPD), chronic kidney disease (CKD), end-stagalrdisease (ESRD), malignancy and

human immunodeficiency virus (HIV) infection.

Total serum 25(0OH)D [25(OH)Pand 25(OH)Q] levels were measured by the in-house
chemiluminescent immunoassay (Abbott Architect)e Thtoff level of serum total
25(0OH)D of 30 ng/mL was used for the definitiorvitimin D sufficiency based on the
Endocrine Society Clinical Practice Guidelines atamin D that defined vitamin D

insufficiency and vitamin D deficiency as a cirduig level of 25(OH)D of 20 to 29 ng/mL
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and less than 20 ng/mL, respectively (4). Laboyatesults measured at the time of
hospitalization or as soon thereafter as possibihifi 48 hours after admission) were
extracted from the hospital database. These indladenplete blood count, complete
metabolic profile, creatinine, blood glucose, Ceteee protein, D-dimer, erythrocyte

sedimentation rate, ferritin and lactate dehydragen

The primary outcome of this study was in-hospititth. Secondary outcomes included
intensive care unit (ICU) admission, need for imtiidin, hospital length of stay, hypoxemia
(O, saturation <90%) and diagnosis of acute respyatimstress syndrome (ARDS),
myocardial infarction, acute kidney injury, sevespsis/septic shock, deep venous
thrombosis and pulmonary embolism. All outcomesenextracted from the hospital

database and validated by manual chart review.
Satistical analysis

Continuous variables were reported as arithmet@nmmevith standard deviation (SD)
Categorical variables were reported as number tiéqia with percentage. Comparison of
baseline characteristics and laboratory measurena@mdng patients with vitamin D
sufficiency [25(OH)D>30 ng/mL], patients with vitamin D insufficiency§@H)D 20 - <30
ng/mL] and patients with vitamin D deficiency [2540D <30 ng/mL] was performed the
analysis of variance (ANOVA), independent samglest-or Mann Whitney-U test for
continuous data, and Chi-square or Fischer’s eratfor categorical data. Multivariate
logistic regression was used to determine oddss@#®R) and 95% confidence interval (Cl)
to compare mortality and morbidities between pasigvith vitamin D sufficiency [25(OH)D
>30 ng/mL] and patients with vitamin D insufficieddgficiency [25(OH)D <30 ng/mL].
This model was adjusted for potential confoundiagables, including age, sex, BMI,
insurance, race, smoking, alcohol drinking, typidbetes, hypertension, dyslipidemia,
coronary heart disease, cerebrovascular diseafeDC&thma, CKD, ESRD, malignancy,

HIV infection and heart failure.

Since COVID-19 specifically affects older individe&19) and those with obesity (20) and
vitamin D is expected to distribute and modulatenutne function differently among those
with obesity and lean patients (21, 22), we exmktitat age and BMI may be effect
modifiers of the association between vitamin Dugtand hospital outcomes. Therefore,
subgroup analyses in patients aged <65>#&dyears old and patients with BMI <30 and
30 kg/nf were conducted. The cut-off value for age was dasethe World Health



153  Organization’s definition of the elderly (23). Thet-off value for BMI was based on the
154  Centers for Disease Control and Prevention’s défimiof obesity (24). Statistical

155  significance was defined as p-value of <0.05. SAS$Sion 23 (SPSS Inc., Chicago, IL) was
156  used to perform all statistical analyses.

157 Resaults

158  We identified 1,478 COVID-19 patients who were htajzed at the Boston University

159  Medical Center between March 1, 2020 and Augu2020. A total of 287 (19%) patients
160 had available serum 25(OH)D level within 1 yeaopto hospitalization and were included
161 in this study, with 100 (35%), 91 (32%) and 96 (33P4tients being vitamin D-sufficient
162  [25(OH)D >30 ng/mL], vitamin D-insufficient [25(O) 20-<30 ng/mL] and vitamin D-
163  deficient [25(OH)D <20 ng/mL], respectively. Ovdrdl (14%) patients died during the
164  hospitalization. Baseline characteristics of pasemwe shown iff able 1. Vitamin D-

165  sufficient patients were significantly older thatamin D insufficient/deficient patients and
166  had higher rates of hypertension, dyslipidemiartf@dure and cerebrovascular disease (all
167  p <0.05). Among patients age@5 years old, vitamin D-deficient patients werdistzally
168  significantly younger and had lower rate of hypesien (both p <0.05).

169  Comparison of laboratory results among vitamin Eisent, vitamin D-insufficient and

170  vitamin D-deficient patients is demonstrated able 2. Serum albumin was statistically

171 significantly higher in vitamin D-sufficient patien(both p<0.05) than the rest of the patients
172 in both age groups of <65 years old &t years old. Among patients agegb years old, in
173 addition, vitamin D-sufficient patients had statiatly significantly lower plasma ferritin and

174  higher oxygen saturation than vitamin D-deficiamlLifficient patients.

175  Hospital outcomes stratified by age and vitamint&@us are shown iable 3. Among

176  patients aged65 years old, vitamin D-sufficient patients hadistecally significantly lower
177  rates of death (12% vs. 32%), ICU admission (21%88%0), intubation (11% vs. 28%),

178 ARDS (5% vs. 19%) and severe sepsis/septic sh@okv@® 30%) compared with vitamin D-
179  deficient/insufficient patients (all p<0.05). Nasstically significant difference among the

180  groups was found among patients aged <65 years old.

181  Adjusted association between vitamin D sufficieaog hospital outcomes in all patients,
182  patients aged65 years old and patients with BMI <30 kg/are shown iFigures 1, 2, and
183 3, respectively. Among all patientBigure 1), vitamin D sufficiency was statistically

184  significantly associated with a decreased oddewér® sepsis/septic shock (adjusted OR
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0.43, 95%ClI, 0.20 — 0.89). In the subgroup of pasi@aged65 years oldKigure 2),

vitamin D sufficiency was statistically significdyssociated with decreased odds of death
(adjusted OR 0.33, 95%Cl, 0.12 — 0.94), ARDS (adi©R 0.22, 95%ClI, 0.05 — 0.96) and
severe sepsis/septic shock (adjusted OR 0.26, 950403 — 0.88). In the subgroup of

patients with BMI <30 kg/rf vitamin D sufficiency was statistically significdy associated
with a decreased odds of death (adjusted OR 05P8C9, 0.04 — 0.84). No statistically
significant association between vitamin D suffidgmand any hospital outcomes was found
among patients aged <65 years old and among patietit BMI>30 kg/nf. All effect

estimates were adjusted for age, sex, BMI, inswarace, smoking, alcohol drinking, type 2
diabetes, hypertension, dyslipidemia, coronarytiiiaease, cerebrovascular disease, COPD,

asthma, CKD, ESRD, malignancy, HIV infection andtéailure.

Given the significant results in patients a@® years old, we performed additional univariate
subgroup analyses in patients agé8 years old with BMI <30 kg/frand>30 kg/nf, which
were shown ifT able 4. Among the patients age®5 years old with BMI <30 kg/fnvitamin
D-sufficient patients had a statistically signifitly lower rate of death compared with
vitamin D-insufficient or deficient patients (8%.\20%, p = 0.011). Among patients aged
>65 years old with BMP30 kg/n?, although with limited sample size, vitamin D-scifint
patients had a statistically significantly loweteraf severe sepsis/septic shock compared
with vitamin D-insufficient or deficient patient8% vs. 29%, p = 0.029).

Discussion

The present cross-sectional study in 287 COVID-4t8epts hospitalized at the Boston
University Medical Center found that, among 136qrds aged65 years old, vitamin D
sufficiency [25(OH)D >30 ng/mL] was associated wathtistically significantly decreased
rates of death, ICU admission, intubation, ARDS| severe sepsis/septic shock. After
adjustment for potential confounders, the assaridietween vitamin D sufficiency and
death, ARDS and severe sepsis/septic shock remsiatstically significant, while none of
the associations were observed among the youngeng{sa This is likely because of the
higher inflammatory burden of COVID-19 in older igats, thereby amplifying the
immunological effects of vitamin D observed in 8tady. This observation is supported by
the observed significantly lower levels of the amfimatory marker ferritin and higher oxygen
saturation on admission in vitamin D-sufficientipats among older patients but not younger

patients. Moreover, the absolute rates of morbialitgt mortality in the younger patients was
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relatively low, which most likely compromised thatsstical power to determine the

association. Interestingly, there was a statidticajnificantly deceased odds of death in
vitamin D-sufficient patients among those with B&¥BO kg/nf, but not those with BM+30
kg/m?. This reinforces that vitamin D is distributedfdiently and may influence immune

function differently among those with and witholiesity.

In fact, there is promising evidence of the conloecbetween vitamin D status and risk of
incident COVID-19 infection. For example, Kaufmarak (25) investigated the likelihood of
a positive test for COVID-19 in a national clinidaboratory database of 191,779 patients
and found that SARS-CoV-2 positivity is stronglydanversely associated with circulating
25(0OH)D levels, a relationship that persists actastides, races/ethnicities, both sexes, and
age ranges. The result was in line with that ahgls-center, retrospective cohort study by
Meltzer et al. (26) showing that deficient vitanDrstatus was associated with an increased
risk of testing positive for COVID-19 (RR 1.77, 958, 1.12 — 2.81) after adjustment in a
multivariate analysis compared with likely suffictevitamin D status.

Nevertheless, the relationship between vitamindustand morbidity and mortality
outcomes seems to be relatively unclear. Maghla@ll. (27) reported in a cross-sectional
study of 235 hospitalized COVID-19 patients that9®.of 206 patients older than 40 years
who were vitamin D-sufficient succumbed to the atilen compared to 20% who were
vitamin D-insufficient or deficient [25(OH)D <30 hAgL]. In addition, vitamin D sufficiency
was found to be independently associated with éseckdisease severity according to the
CDC criteria, after adjusting for potential confa@ns. Radujkovic et al. (28) demonstrated
in a retrospective cohort study of 185 patients$ sleaum 25(OH)D level of <12 ng/mL was
associated with higher risk of invasive mechanesttilation (adjusted HR 6.12, 95% CI
2.79 — 13.42) and death (adjusted HR 14.73, 95% 18 — 52.19), after adjusting for age,
sex and comorbidities. Hars et al.(29) used datib6felderly inpatients from the
COVIDAge study and showed that vitamin D was inchej@ntly associated with in-hospital
mortality risk in men (adjusted HR 2.47, 95%CI 1-03.97) but not in women, after
adjustment for age, comorbidities, C-reactive prolievel, and frailty status). On the other
hand, Hernandez et al.(30) reported in a case-aim@itrdy of 216 COVID-19 patients and
197 controls that although serum 25(OH)D levels sigsificantly lower in COVID-19
patients versus controls, the authors suggestédhi@ was causal relationship between

vitamin D deficiency and COVID-19 severity.
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Given the potential benefit of vitamin D in previentof COVID-19 and reduction of its
severity, multiple ongoing clinical trials are carotled with the aim to identify the impact of
different forms of vitamin D supplements on riskdaeverity of COVID-19. A pilot
randomized clinical trial that gave vitamin D sugplent in the form of 25-hydroxyvitamin
D3 (calcifediol) or placebo to 76 COVID-19 patientowed that the treatment group had a

reduced rate of ICU admission (31).

Despite the limited evidence on the potential bieéfvitamin D supplementation for this
specific disease, it is reasonable to believettainin D could lessen the risk of acquiring
respiratory viral infection and alleviate systenmftammation according to the evidence
from previous clinical trials conducted in otheseses with similar pathogenesis. For
instance, a meta-analysis of 25 randomized coettdtials showed that supplementation of
vitamin D, or D; protects against the development of acute respyratact infection

compared with placebo (odds ratio 0.88, 95% CI16-8.96) (17). In addition, a randomized
controlled trial giving enteral 540,000 IUs of vitan D; followed by monthly 90,000 IU for

5 months or placebo to 475 vitamin D-deficient RB)D <20 ng/mL] critically ill patients
observed a significant decrease in hospital moytadia subgroup of 200 patients with severe
vitamin D deficiency defined by serum 25(OH)D <IgmL (HR 0.56, 95% CI, 0.35 — 0.90)
(32). Based on the results of this study along witters, it is therefore advisable to have
sensible sunlight exposure and/or increase vitdnimake to maintain serum 25(OH)D at
least 30 ng/mL and preferably at 40—60 ng/mL taeaehthe optimal overall health benefits
of vitamin D and to reduce the risk of developiegere COVID-19.

It is of particular interest that vitamin D-sufiérit patients had statistically significantly
higher levels of serum albumin on admission thaanvin D-insufficient and vitamin D-
deficient patients. The association between vitamstatus and serum albumin is likely
bidirectional. On one hand, low serum 25(OH)D lanaly be causative for more severe
systemic inflammation and therefore albumin, as@ative acute phase reactant and an
indicator for vascular leakage (33), is expectadkioin patients with low level of serum
25(0OH)D. On the other hand, 15% of 25(OH)D is botmdlbumin (34); therefore, low level
of albumin at baseline may contribute to low levktotal serum 25(0OH)D.

The present study carries a number of strengthlkjdimg 1.) inclusion of multiple hospital
morbidities, 2.) extensive adjustment for possdadafounders in multivariate analysis, and
3.) subgroup analysis by age and BMI which helpsigg more insight into the influence of
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these factors on the effect estimation. Nevertisekbere are certain limitations that should
be acknowledged. First, this study is cross-seatiby design; therefore, causal relationship
could not be determined with certainty. Secondepé who had serum 25(OH)D levels
measured were selectively included into this st&&rum 25(0OH)D measurement is not
routine and is primarily indicated for patientshwiusceptibility to low level of serum 25-
hydroxyvitamin D. These patients might have hated#nt characteristics from the rest of the
population and therefore the results may have dédhgeneralizability. Third, we used data of
serum 25(0OH)D level measured up to 1 year pridraspitalization. Since there is seasonal
variation of serum 25(OH)D level (35), discrepasdietween the month of the year for each
25(0OH)D measurement in patients may compromis@dharacy of ascertainment of vitamin
D status in our study. Furthermore, it is probdbbg patients who were found to have
vitamin D deficiency prior to the infection woul@dVe been treated for vitamin D deficiency
and became vitamin D repleted by the time they wdeseted. This may indicate that there
might be the legacy effect of being vitamin D-stifnt and that raising serum 25(OH)D
concentrations over a short period of time migtitbeas beneficial as maintaining serum
25(0OH)D concentrations in a preferred range overldhg term. Further studies are required
to investigate the short-term and long-term effe¢tsising serum 25(OH)D level. It should
also be noted that we used data of patients whe haspitalized between March and August
2020. Therefore, as shown in Table 1, the treatrsteategy in our study may not be
representative of the most updated standard treatimeCOVID-19. Finally, the number of
patients in this study is relatively low. Furthéudies with a larger sample size should be

conducted to confirm our findings.
Conclusion

We demonstrated an independent association betvitaamin D sufficiency defined by

serum 25(0OH)D> 30 ng/mL and risk of morbidity and mortality fro@OVID-19 stratified

by age group and BMI status. Among agé® years old, vitamin D sufficiency was
associated with statistically significantly decregsates of death, ICU admission, intubation,
ARDS, and severe sepsis/septic shock. After adgstiior potential confounders, the
association between vitamin D sufficiency and deARDS and severe sepsis/septic shock
remained statistically significant. We also foumdcang patients ageeb5 years old
significantly lower levels of the inflammatory markferritin and higher oxygen saturation on
admission in vitamin D-sufficient patients compavdgth vitamin D-insufficient or deficient

patients. In addition, we found a statisticallyngigantly deceased odds of death in vitamin
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D-sufficient patients among those with BMI <30 k§/ffhe results support the potential
benefit of raising serum level of serum 25(OH)atdeast 30 ng/mL to reduce the risk of
morbidity and mortality of COVID-19. Further clirattrials are required to determine the
benefit of vitamin D supplementation for this puspo
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402  Figurelegend

403  Figurel. Adjusted association between serum 25-hydroxyvitddw30 ng/mL and hospital
404  outcomes in all COVID-19 patients

405 Note: Effect estimates were adjusted for age, lsesty mass index, insurance, race, smoking,
406  alcohol drinking, type 2 diabetes, hypertensiorsligyjdemia, coronary heart disease,
407  cerebrovascular disease, COPD, asthma, CKD, ESRIgmancy, HIV infection and heart
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failure.

Figure 2. Adjusted association between serum 25-hydroxyvitad®30 ng/mL and hospital
outcomes in COVID-19 patients age@b years old

Note: Effect estimates were adjusted for age, lsedy mass index, insurance, race, smoking,
alcohol drinking, type 2 diabetes, hypertensiorsligijdemia, coronary heart disease,
cerebrovascular disease, COPD, asthma, CKD, ESRIigmancy, HIV infection and heart
failure.

Figure 3. Adjusted association between serum 25-hydroxyvitad®30 ng/mL and hospital
outcomes in COVID-19 patients with body mass ind@® kg/nf

Note: Effect estimates were adjusted for age, lsedy mass index, insurance, race, smoking,
alcohol drinking, type 2 diabetes, hypertensiorsligijdemia, coronary heart disease,
cerebrovascular disease, COPD, asthma, CKD, ESRIigmancy, HIV infection and heart
failure.



Table 1. Baseline characteristics of patients witserum 25-hydroxyvitamin D <20, 20 — <30 ang30 ng/mL

Characteristics

All patients (N = 287)

Age <65 years old (N = 151)

Age>65 years old (N=136)

25(0OH)D 25(0H)D 20 - 25(0OH)D>30 p-value 25(0H)D 25(0OH)D 20 - | 25(OH)D>30 p-value 25(0OH)D 25(0OH)D 20 - 25(0OH)D>30 p-value
<20 ng/mL <30 ng/mL ng/mL <20 ng/mL <30 ng/mL ng/mL <20 ng/mL <30 ng/mL ng/mL
(N =96) (N=91) (N =100) (N =62) (N = 46) (N =43) (N =34) (N = 45) (N=57)
Age (years old) 55.9 +15.8 63.7 +14.3 66.2+15.F <0.001 | 47.6+12.3 52.5+10.3 52.3+11.6 0.037] 71.9+6.8 74.8+7.2 76.9+8.1 0.012
Female sex 43 (44.8%) 42 (46.2%) 51 (51.0% 0.658 1 (58.0%) 20 (43.5%) 19 (44.2%) 0.754 12 (35.3%) (489%) 32 (56.1%) 0.157
BMI (kg/m?) 30.8+8.8 30.2+8.7 29.3+10.1 0.541 32.65:9. 31.5+10.1 32.5+13.0 0.872 27.3+6.7 28.89% 6 26.9+6.4 0.337
BMI >30 kg/nt 44 (45.8%) 43 (47.3%) 38 (38.0%) 0.375] 33 (53.2%) 26 (56.5%) 20 (46.5%) 0.629 11 (32.4% 17 (37.8%), 8 (31.6%) 0.788
Race
White 31 (32.3%) 28 (30.8%) 26 (26.0%) 0.634 231%9) 18 (39.1%) 15 (34.9%) 0.673 8 (23.5% 10 (29.2 11 (19.3%) 0.823
Black 60 (62.5%) 61 (67.0%) 71 (71.0%) 36 (58.1%) 28 (60.9%) 26 (60.5%) 24 (70.6%) 33 (73.3%) 45978
Other 5 (5.2%) 2 (2.2%) 3 (3.0%) 3 (4.8%) 0 (0.0%) 2 (4.2%) 2 (5.9%) 2 (4.4%) 1 (1.8%)
History of smoking 42 (43.8%) 45 (49.5%) 47 (47.0%) 0.735 23 (37.1%) 24 (52.2%) 18 (41.9% 0.289 B9%) 21 (46.7%) 29 (50.9%) 0.719
Alcohol use 40 (41.7%) 30 (33.0%) 30 (30.0% 0.208 23 (37.1%) 18 (39.1%) 16 (37.2%) 0.973 17 (50.0%) 2 (26.7%) 14 (24.6%) 0.028
Homeless 7 (7.3%) 9 (9.9%) 7 (7.0%) 0.72§ 4 (6.5% 8 (17.4%) 5 (11.6%) 0.205 3 (8.8%) 1 (2.2%) 2 (3.5% 0.334
Underlying diseases
Type 2 diabetes 53 (55.2%) 47 (51.6%) 61 (61.0%) 419. 31 (50.0%) 15 (32.6%) 22 (51.2%) 0.126 22 @).7 32 (71.1%) 39 (68.4%) 0.832
Hypertension 64 (66.7%) 75 (82.4%) 90 (90.0% <0.0q 35 (56.5%) 34 (73.9%) 36 (83.7%) 0.009]| 29 (85.3%) 41 (91.1%) 54 (94.7%) 0.307
Dyslipidemia 45 (46.9%) 55 (60.4%) 67 (67.0%) 0.015 26 (41.9%) 19 (41.3%) 22 (51.2%) 0.569 19 (55.9%) 36 (80.0%) 45 (78.9%) 0.026
Coronary heart disease 12 (12.5% 17 (18.7% 1 D%y 0.488 4 (6.5%) 6 (13.0%) 6 (14.0%) 0.382] 8 (23.5%) 11 (24.4%) 11 (19.3%) 0.801
Heart failure 18 (18.8%) 15 (16.5%) 28 (28.0% 6.11 7 (11.3%) 3 (6.5%) 8 (18.6%) 0.209 11 (32.4%) (2827%) 20 (35.1%) 0.658
Cerebrovascular disease 4 (4.2%) 6 (6.6%) 12 (1.0% 0.107 2 (3.2%) 2 (4.3%) 2 (4.7%) 0.923 2 (5.9% (84%) 10 (17.5%) 0.190
Asthma 21 (21.9%) 19 (20.9%) 19 (19.0%) 0.88( 130%) 12 (26.1%) 9 (20.9%) 0.785 8 (23.5% 7 (15.6% 10 (17.5%) 0.648
COPD 7 (7.3%) 9 (9.9%) 13 (13.0%) 0.414 1(1.6% (8.2%) 4 (9.3%) 0.169 6 (17.6%) 5 (11.1%) 9 (15.8%) 0.687
CKD 27 (28.1%) 42 (46.2%) 39 (39.0%) 0.037] 13 (21.0%) 15 (32.6%) 15 (34.9%) 0.227 14 (41.2%) 27 (60.0%) 24 (42.1%) 0.134
ESRD 9 (9.4%) 14 (15.4%) 10 (10.0%) 0.369 6 (9.7% 9 (17.4%) 7 (16.3%) 0.450 3 (8.8%) 6 (13.3%) 3%9.3 0.361
Malignancy 18 (18.8%) 21 (23.1%) 23 (23.0%) 0.701 (1B9%) 7 (15.2%) 8 (18.6%) 0.726 10 (29.4%) 1M 1%) 15 (26.3%) 0.863
HIV infection 11 (11.5%) 7 (7.7%) 3 (3.0%) 0.074 (1®.1%) 4 (8.7%) 2 (4.7%) 0.151 1 (2.9%) 3 (6.7%) 1 (1.8%) 0.410
Receipt of prescription for vitamin [
supplementation
Vitamin D, >2,000 IUs/d 55 (57.3%) 46 (50.5%) 35 (35.0% 0:006 41 (66.1%) 26 (56.5%) 20 (46.5%) 0.133 14 (41.2%) 20 (44.4%) 15 (26.3%) 0.128
Vitamin D; >2,000 IUs/d 5 (5.2%) 12 (13.2%) 21 (21.0%) 000§ 2 (3.2%) 8 (17.4%) 10 (23.3%) 0.007 3 (8.8%) 4 (8.9%) 11 (19.3%) 0.208
In-hospital medical therapy for
COVID-19
Azithromycin 38 (39.6%) 46 (50.5%) 50 (50.0%) 0.231 23 (37.1%) 18 (39.1%) 23 (53.5%) 0.214 15 (44.1%) 28 (62.2%) 27 (47.4%) 0.202
Colchicine 12 (12.5%) 5 (5.5%) 17 (17.0%) 0.047] 9 (14.5%) 4 (8.7%) 8 (18.6%) 0.396 3 (8.8%) 1982 9 (15.8%) 0.068
Hydroxychloroquine 42 (43.8%) 45 (49.5%) 57 (57.0%) 0.177 27 (43.5%) 21 (45.7%) 29 (67.4% 0.038] 15 (44.1%) 24 (53.3%) 28 (49.1%) 0.719
Corticosteroids 18 (18.8%) 17 (18.7%) 10 (10.0% 150. 10 (16.1%) 6 (13.0%) 8 (18.6%) 0.772 1(2.9% (4.2%) 0 (0.0%) 0.299
IL-6 antibodies 12 (12.5%) 12 (13.2%) 31 (31.0% 00@ 5 (8.1%) 6 (13.0%) 17 (39.5%) <0.001| 7 (20.6%) 6 (13.3%) 14 (24.6%) 0.366
IL-1 receptor antagonists 3 (3.1%) 4 (4.4%) 7 (7.0% 0438 1 (1.6%) 2 (4.3%) 5 (11.6%) 0.074 2 (5.9% (4.2%) 2(3.5%) 0..867
Remdesivir 7 (7.3%) 8 (8.8%) 2 (2.0%) 0.109 3 (4.8% 5 (10.9%) 1 (2.3%) 0.209 4 (11.8%) 3 (6.7%) BYA) 0.140

Note: “*” denotes p <0.05. Data were expressed eamx SD or number of patients (%). Abbreviatidigtl: Body Mass Index; COPD: Chronic Obstructive
Pulmonary Disease; CKD: Chronic Kidney Disease; BSBEnd-Stage Renal Disease; HIV: Human Immunodeaficy Virus; IL-1: Interleukin-1; IL-6:

Interleukin-6



Inflammatory markers and Age <65 years old (N = 151) Age>65 years old (N = 136)
biochemical profile 25(0OH)D 25(0OH)D 25(0OH)D p-valué | p-valu@ | 25(0OH)D 25(0OH)D 25(OH)D | p-valué | p-valu@
<20 ng/mL | 20 -<30 ng/mL| >30 ng/mL <20 ng/mL | 20 -<30 ng/mL| >30 ng/mL
(N =62) (N = 46) (N =43) (N =34) (N = 45) (N =57)
Albumin (g/dL) 3.5+0.6 3.7+05 3.8+0.4 0.007 0.014 34+04 35+0.6 3.7+0.4 0.009 0.004
Bicarbonate (mmol/L) 22.7+3.4 22.4+5.2 24.0.24| 0.625 0.192 22.6 £ 5.3 23.6 £5.3 22.8+4/0 88.1 0.772
Corrected Calcium (mg/dL) 9.2+0.7 9.1+0.9 96.% 0.103 0.271 9.3+0.5 9.6 +0.7 9.6+1.0 B8.51 0.186
Creatinine (mg/dL) 1.9+17 28+5.1 1.6+1.2 33X 0.418 27+23 26+26 2.1+2.0 0.1§7 0.058
C-reactive protein (mg/L) 81.1+111 60.2+53.0 .5/262.6 0.889 0.295 110 + 89. 117 £89.1 11809| 0.480 0.861
D-dimer (ng/mL FEU) 1424 + 6350 3136 + 10232 617148 0.669 0.103| 1084 +1319 777 + 860 957 + 1155 .2610 0.618
Erythrocyte Sedimentation Rate 73.9 + 35.9 66.9 + 30.4 72.5+62.7 0.825 0.295 82.4 +31 85.2+37p 498.0 0.641 0.865
(mm/hr)
Ferritin (ng/mL) 939 + 2663 755 + 1059 924 + 1272 .09D 0.285 | 1611+212B 1765+ 3564 803 + 1040 0.8840.022
Lactate dehydrogenase (U/L 357 £ 196 340 + 14) 3322 0.779 0.636 382 + 149 402 + 250 413 +241 770 0.862
Glucose (mg/dL) 171 +116 131 +70.8 173 £ 202 .78 0.509 205 + 206 188 + 115 183 + 142 0.256 0.387
Oxygen saturation (%) 96.6 + 3.9 96.9 + 3.1 96 0.005 0.613 92.9+5.6 95.5+3.5 95.8+4.2 0.690 0.009
Hemoglobin (g/dL) 11.7+2.2 12.1+2.1 125+1.8 0.581 0.054 11.7+2.1 11.7+2.6 12.1+20 0.117 0.297
WBC (10/fL) 8.3+5.8 7.2+3.1 7.0+4.0 0.467 0.244 8.6.8 7.1+3.2 8.4+4.4 0.303 0.271
Absolute(lngg;:{r;)phll count 59+55 504+3.1 51+£35 0.361 0.771 6.7+£6.5 52+3.1 6.6 £4.1 0.462 0.207
Absolute(li/gl?gocyte count 14+08 13407 1.2+0.8 0.642 0.155 1.1+0.6 1.2+0.8 1.1+0.p 0.414 0.801
Platelet count (10fL) 254 + 130 227 + 157 214 + 87 0.33] 0.33L 2106 240 + 151 244 + 109 0.267% 0.126

Table 2 Inflammatory markers and biochemical profile of patients with serum 25-hydroxyvitamin D <20, @ — <30 and>30 ng/mL

“*” denotes p <0.05.

p-valué€ was determined by the analysis variance of oveetliveen-group difference.
p-valu@ was determined by the analysis of comparison betwegients with 25-hydroxyvitamin D levels 80 vs. patients with 25-hydroxyvitamin D levels

<30 ng/mL.

Data were expressed as mean * SD.
Abbreviation: FEU: Fibrinogen Equivalent Unit



Hospital outcomes Age <65 years old (N = 151) Age>65 years old (N = 136)
25(0OH)D 25(0OH)D 25(0OH)D | p-valué | p-valu@ | 25(0OH)D 25(0OH)D 25(0OH)D p-valué | p-valué
<20 ng/mL | 20-<30 ng/mL| >30 ng/mL <20 ng/mL| 20-<30 ng/mL | >30 ng/mL
(N =62) (N = 46) (N =43) (N = 34) (N = 45) (N =57)
Death 3 (4.8%) 1 (2.2%) 5 (11.6%) 0.151 0.119 DIAD) 14 (31.1%) 7 (12.3%) 0.031| 0.009
ICU admission 14 (22.6% 12 (26.1% 13 (31.0p0) 0.63 0.389 12 (35.3% 18 (40.0%) 12 (21.1%) 0.098 B5.03
Intubation 7 (11.3%) 5 (10.9%) 8 (18.6%) 0.471 0.22] 11 (32.4%)| 11 (24.4%) 6 (10.5% 0.033] 0.014
Hospital length of stay (days) 10.4 +16.2 8.5&8.| 10.4+12.6 0.738 0.303 10.2+13.0 155+17/3 .61910.0 0.145 0.392
Hypoxemia (Q saturation <90%) 3 (4.9%) 1 (2.2%) 3 (7.0%) 0.558 0.409 2 (5.9%) 9 (20.0%) 5 (8.8%) 0.102 0.357
ARDS 3 (4.8%) 5 (10.9%) 7 (16.3%) 0.151 0.100 7.§20) 8 (17.8%) 3 (5.3%) 0.062 0.022
Myocardial infarction 4 (6.5%) 5 (10.9%) 3(7.0%) .606 1.000 3 (8.8%) 8 (17.8%) 5 (8.8% 0.310 0.427
Acute kidney injury 26 (41.9% 18 (39.1%) 21 (48)8P6 0.635 0.364 19 (55.9%) 29 (64.4%) 32 (56.190) 5.64 0.589
Severe sepsis/Septic shock 6 (9.7%) 9 (19.6%) @B | 0.282 0.467 8 (23.5% 16 (35.6% 5 (8.8%) 0.00] 0.002
Deep venous thrombosis 6 (9.7% 1(2.2% 2 (4.7%) .24D 1.000 3 (8.8%) 2 (4.4%) 3 (5.3% 0.691 1.000
Pulmonary embolism 4 (6.5%) 1 (2.2%) 0 (0.0%) 0.168 0.322 2 (5.9%) 2 (4.4%) 2 (3.5%) 0.867 1.000

Table 3. Hospital outcomes of patients with serum3hydroxyvitamin D <20, 20 — <30 an&30 ng/mL

“*” denotes p <0.05.

p-valué€ was determined by the analysis of overall betwgrenip difference.

p-valu@ was determined by the analysis of comparison betwegents with 25-hydroxyvitamin D levels 80 vs. patients with 25-hydroxyvitamin D levels
<30 ng/mL.

Data were expressed as mean + SD. Deceased patenatexcluded in the analysis for hospital lergjtbtay.

Abbreviation: 25(OH)D: 25-hydroxyvitamin D; ARDS:cAte Respiratory Distress Syndrome; ICU: Inten§iaee Unit



Table 4. Hospital outcomes of patients ageeb5 years old with serum 25-hydroxyvitamin D <20, 26- <30 and>30 ng/mL stratified by body mass

Hospital outcomes Age65 years old, BMI <30 kg/fm(N = 90) Age>65 years old, BMP30 kg/nf (N = 41)
25(0OH)D 25(0OH)D 25(0OH)D | p-valué | p-valu@ | 25(0OH)D 25(0OH)D 25(0OH)D p-valué | p-valué
<20 ng/mL | 20-<30 ng/mL| >30 ng/mL <20 ng/mL| 20-<30 ng/mL | >30 ng/mL
(N =23) (N =28) (N =39) (N=9) (N =15) (N=17)
Death 7 (30.4%) 8 (28.6%) 3(7.7% 0.038 0.011 4 (44.4%) 6 (40.0%) 4 (23.5% 0.471 0.3211
ICU admission 9 (39.1%) 12 (42.9% 9 (23.1%) 0.189 0.071 3 (33.3%) 5 (33.3%) 3 (17.6%) 0.536 0.309
Intubation 8 (34.8%) 6 (21.4%) 5 (12.8%) 0.123 0.12] 3(33.3%) 5 (33.3%) 1 (5.9%) 0.112 0.05p
Hospital length of stay (days)
Hypoxemia (Q saturation <90%) 1 (4.3%) 4 (14.3%) 4 (10.3%0) 0.49 1.000 1(11.1%) 5 (33.3%) 1 (5.9% 0.104 0.207
ARDS 5 (21.7%) 4 (14.3%) 2 (5.1% 0.144 0.10% 2793 4 (26.7%) 1 (5.9%) 0.266 0.207
Myocardial infarction 2 (8.7%) 4 (14.3%) 3 (7.7% .685 0.726 1(11.1% 4 (26.7%) 1(5.9% 0.238 0.373
Acute kidney injury 12 (52.2% 19 (67.9%) 21 (53)8p6 0.425 0.527 6 (66.7% 9 (60.0%) 10 (58.8%0) 0.92P 1.000
Severe sepsis/Septic shock 3 (13.0%) 7 (25.0%) T34)7 0.135 0.138 3(33.3% 4 (26.7%) 0 (0.0%) 0.046 0.029
Deep venous thrombosis 2 (8.7% 1(3.6% 3(7.7%) .72 1.000 1(11.1% 1 (6.7%) 0 (0.0% 0.421 0.502
Pulmonary embolism 1 (4.3%) 2 (7.1%) 2 (5.1%) 0.899 1.000 1(11.1%) 0 (0.0%) 0 (0.0% 0.162 1.000

index

“*” denotes p <0.05.

p-valué was determined by the analysis of overall betwgrenp difference.

p-valu@ was determined by the analysis of comparison betweagients with 25-hydroxyvitamin D levels 80 vs. patients with 25-hydroxyvitamin D levels

<30 ng/mL.

Data were expressed as mean = SD. Deceased patenat€xcluded in the analysis for hospital lergjthtay.
Abbreviation: 25(0OH)D: 25-hydroxyvitamin D; ARDS:cite Respiratory Distress Syndrome; BMI: Body Mastex; ICU: Intensive Care Unit



All patients

Outcomes

Death

ICU admission

Intubation

Hypoxemia

ARDS

Myocardial infarction

Acute Kidney Injury

Severe sepsis/septic shock
Deep venous thrombosis

Pulmonary embolism

m

OR

1.00

10.00

Adjusted OR (95%Cl)
0.62 (0.28, 1.41
0.70(0.38,1.31
0.58 (0.27,1.24
0.88 (0.31, 2.48

)
)
)
)
0.58 (0.24, 1.38)
0.46 (0.17, 1.26)
1.11 (0.61, 1.99)
0.43 (0.20, 0.89)
0.73(0.21, 2.57)

)

0.15 (0.02, 1.51



Age 265 years

Adjusted OR (95%Cl)

Death ——i 0.33 (0.12, 0.94)

ICU admission —— 0.47 (0.18, 1.18)

Intubation P 0.38 (0.11, 1.28)

Hypoxemia —_— 0.85 (0.21, 3.53)

g ARDS —_— 0.22 (0.05, 0.96)

§ Myocardial infarction Tt 0.67 (0.12, 3.84)

Acute Kidney Injury —_ 0.76 (0.31, 1.85)

Severe sepsis/septic shock — 0.26 (0.08, 0.88)
Deep venous thrombosis 1.38(0.15, 13.02)
Pulmonary embolism B * 1 0.08 (0.002, 3.82)

0ot o0 100 1.000 10.000 100.000



BMI <30 kg/m?

Death

ICU admission
Intubation
Hypoxemia

ARDS

Outcomes

Myocardial infarction

Acute Kidney Injury

Severe sepsis/septic shock
Deep venous thrombosis

Pulmonary embolism

o

010

OR

1.000

10.000

100.000

Adjusted OR (95%Cl)
0.18 (0.04, 0.84
0.47 (0.19,1.14
0.80(0.28, 2.30
0.93 (0.20, 4.29

)
)
)
)
0.57 (0.13, 2.48)
0.42 (0.09, 2.11)
0.82 (0.37, 1.80)
0.39 (0.14, 1.10)
1.29 (0.30, 5.45)

0.12 (0.001, 15.01)



Highlights

« It has been proposed that vitamin D is an immunomodul atory agent that is protective
against severity of COVID-19.

« Wefound an independent association between serum 25-hydroxyvitamin D >30
ng/mL and decreased risk of mortality from COVID-19 in elderly patients and
patients without obesity.

« Itisadvisableto maintain serum 25-hydroxyvitamin D at least 30 ng/mL to reduce the
risk of developing severe COVID-109.
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