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Abstract

Objective

To explore the possible associations of serum 2Bexyvitamin D concentration [25(OH)D]
with COVID-19 in-hospital mortality and need fovasive mechanical ventilation.
Patientsand M ethods

A retrospective, observational, cohort study wasdcoted at two tertiary academic medical
centers in Boston and New York. Eligible particitsawere hospitalized adult patients with
laboratory-confirmed COVID-19 between 1 Februarg@@nd 15 May 2020. Demographic,
clinical characteristics, comorbidities, medicaipand disease-related outcomes were extracted
from electronic medical records.

Results

The final analysis included 144 patients with conéd COVID-19 (median age: 66 years,
44.4% male). Overall mortality was 18%, while patsswith 25(OH)D level$30 ng/mL had
lower rates of mortality compared to those with@B8}D levels <30 ng/mL (9.2% vs. 25.3%,
P=.02). In the adjusted multivariable analyses, 25 H#H3 a continuous variable was
independently significantly associated with lowahospital mortality (OR, 0.94; 95% CI, 0.90-
0.98;P=.007) and need for invasive mechanical ventilatOR (0.96; 95% CI, 0.93-0.99;
P=.01). Similar data were obtained when 25(OH)D wasistl as a continuous variable after
logarithm transformation and as a dichotomous (gB0h vs.>30ng/mL) or ordinal variable
(quintiles), in the multivariable analyses.

Conclusion

Among patients admitted with laboratory-confirme@WD-19, 25(OH)D levels were inversely

associated with in-hospital mortality and the nEednvasive mechanical ventilation. Further
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observational studies are needed to confirm thadenfys and randomized clinical trials to
assess the role of vitamin D administration in ioyamg the morbidity and mortality of COVID-

19.
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I ntroduction

The coronavirus disease 2019 (COVID-19), causetthdgevere acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), is a globdlliguhealth threat with nearly 27 million
confirmed cases and roughly 900,000 deaths aspé®eer 7, 2026 Recently, the relationship
between vitamin D status and COVID-19 has been lyidiscussed.Vitamin D is a potent
immunomodulator of the innate and adaptive immuyséesns with anti-inflammatory properties
and has previously been associated with an incieé@sleof acute respiratory tract infectidns
and worse clinical outcomes in critically ill patits? > Moreover, vitamin D deficiency is
common and many of the risk factors for severe ADY9 are associated with low levels of
serum 25-hydroxyvitamin D [25(OH)D], including oldage, obesity, cardiovascular disease,
and chronic kidney diseaSe.

However, whether vitamin D deficiency increasesrible of SARS-CoV-2 infection or
more severe clinical outcomes from COVID-19 is kidwn. Cross-sectional reports have
suggested a higher incidence of mortality from CDAB in countries at higher latitudesnd
with lower mean population levels of 25(OHjne early small observational study found an
inverse association between serum 25(OH)D levalsSGDVID-19 infection but did not adjust
for other predictors or potential confound&ta.contrast, two relatively large retrospectiveea
control studies of UK BioBank participants foundassociation between vitamin D status and
incidence of SARS-CoV-2 infectioll; **however, these studies were limited by analysis of
samples that had been collected at least ten peiarso diagnosis. More recently, a
retrospective observational study including 489quais demonstrated an association between

likely vitamin D deficiency and increased risk dD@ID-19 infection®?

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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Our primary objective with this analysis wasnwgastigate whether vitamin D status is
independently associated with worse in-hospitat@uies in patients admitted to two large

tertiary academic medical centers with laborataygfcmed COVID-19.

Patientsand M ethods
Sudy design and patient population

This retrospective, observational, two-center cobbtudy included adult patients from
two tertiary academic medical centers (Beth Istesconess Medical Center in Boston,
Massachusetts, Montefiore Medical Center in thenBrdNew York). All patients admitted to the
hospital that were positive for SARS-CoV-2 on guaive polymerase chain-reaction (PCR)
assays from February 1, 2020, to May 15, 2020 fan@hom the necessary information was
available, were included in the study. We exclupatients that were discharged home directly
from the emergency department. Our study followedStrengthening the Reporting of
Observational Studies in Epidemiology reportingdglines (https://www.equator-
network.org/reporting-guidelines/strobe/). The gtuds approved by the institutional review
boards at Beth Israel Deaconess Medical Cente2@ER2000472) and Albert Einstein College of
Medicine (#2020-11296).
Data Collection

Clinical data were extracted from the electroniadioal record independently by three
researchers at each institution and stored in-@efieed data extraction sheet which was created
for the purpose of this study. The extracted daeeveross-validated and included: baseline

demographic information, clinical characteristigsrtinent home medications, symptomatology

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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since disease onset and on presentation, vitas sigmpresentation, laboratory data on the first
hospital day.

Among the clinical characteristics we examinedghesence of hypertension, diabetes,
hyperlipidemia, coronary artery disease, heartifajlcerebrovascular disease, chronic
obstructive pulmonary disease (COPD), asthma, wtiste sleep apnea, active malignancy,
chronic kidney disease (CKD) or end-stage renaatis (ESRD), liver cirrhosis, and human
immunodeficiency virus infection or acquired immuded&iciency syndrome. The diagnosis of all
the aforementioned disorders and diseases was bagbéd findings after conducting a manual
chart review of all records for the patients inéddn the study. Additionally, hemoglobin Alc,
triglycerides, total cholesterol, low-density anghiidensity lipoprotein cholesterol (if available
within 12 months prior to admission); 25(OH)D comntcation during admission or within 6
months prior to the initiation of the study (if nattained during the hospitalization); mortality
and need for invasive mechanical ventilation @redotracheal intubation). Note, we did not
assess the association between 25(OH)D and needrfonuous positive airway pressure,
bilevel positive airway pressure, or high-flow nasannula. 25(OH)D was measured-at-both the
on-site laboratory of each institutions using fudiytomated electrochemiluminescence assays
with appropriate controls run by hospital persoratekgular intervals® The vitamin D assay
used at each institution (ARCHITECT 25-OH VitamiraDMontefiore and Elecsys Vitamin D
Total Il at Beth Israel Deaconess Medical Centea$ wertified by the Vitamin D
Standardization-Certification Program, which reqaimeeting the performance criterion of +/-
5% mean bias compared to a reference standardnameeeall imprecision of < 10%. The data
were processed and analyzed without any persoaalifetrs to maintain patient confidentiality

as per Health Insurance Portability and AccounitgiAlct.
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Outcomes

The primary outcome of the study was in-hospitattalily. The secondary outcome was
need for invasive mechanical ventilation.
Satistical Analysis

Patients were classified in five quintiles basedga € 50, 51-62, 63-68, 69-76, ard7)
and body mass index (BMIX24.26, 24.27-27.71, 27.72-31.00, 31.01-34.50,8%51).
Moreover, patients were grouped in two categoegsurding 25(OH)D levels, namely <30
ng/mL and>30 ng/mL, based on the mean value of the variaideoa observational and
interventional studies that have demonstrated aiddamcidence of acute respiratory infection and
mortality risk in individuals with 25(OH)D levels30 ng/MI® For descriptive statistics, the
continuous variables are presented as median mighquartile range (IQR) and categorical
variables as absolute numbers and percentageasiwiere assessed for the normality
assumption by using a Shapiro-Wilk test. Differenbetween the two groups based on
25(0OH)D levels were compared with the Mann-Whittesst or independent-samples t-test for
the continuous variables and Chi-square test (Métes’ Continuity Correction, or Fisher’s
Exact test) for the categorical data.

Logistic regression models were used to identifeptial associations between baseline
characteristics and in-hospital mortality and neednvasive mechanical ventilation. We
explored the potential associations of vitamin &t with the primary and secondary endpoints
by including 25(OH)D as a continuous, logarithnaiategorical (<30 ng/mL arel30 ng/mL),
and ordinal variable (based on quintilest5.80, 15.81-23.20, 23.21-31.00, 31.01-45.00,
>45.01). We used logarithmic transformation (basefd025(OH)D levels to approximate a

normal distribution.

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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Multivariable logistic regression models were atofes: model(1) consisted of 25(OH)D
levels, age (quintiles), and BMI (quintiles); mo@lincluded multivariable analysis model(1)
adjusted for the hospital of origin; model(3) indbd multivariable analysis model(2) with the
addition of sex (male), and smoking as regressoostel(4) included multivariable analysis
model(13) with the addition of angiotensin 1l ret@pblocker (ARB), or angiotensin-converting-
enzyme inhibitor (ACEi), in-hospital drug treatmeand C-reactive protein (CRP), which were
considered as important regressors; model(5) iecludultivariable analysis model(3) with the
addition of significant univariable clinical chatadstics: ESRD, COPD, active malignancy,
heart failure, coronary artery disease, diabetgseftension, CRP, and corticosteroids. Models 2
to 5 were adjusted for the hospital of origin irthg a cross comparison on 25(0OH)D
measurement between the two centers by includbigay variable based on the hospital of
origin. Data are presented as odds ratio (OR) &8t €@nfidence interval (95% CI). Model
calibration was assessed using the Hosmer-Lemegbodness of fit test. R > 0.05 indicates a
well-calibrated model. A two tailed value of <0.05 was considered statistically sigaifit.
Statistical analyses were performed using StagisBackage for Social Sciences software,

version 26.0 (IBM, Armonk, NY, US).

Results

Baseline demographic and clinical characteristiessammarized in Table 1. The total
number of patients hospitalized across the twoessewith COVID-19 was 825. The necessary
information was available for 144 patients. Of ndte approximately half of the patients (71

individuals), 25(OH)D levels were measured durimgithospitalization.

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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Therefore, the study population consisted of 14#&pts with PCR-confirmed COVID-

19 (males: 44.4%; median age: 66 years, IQR: 55-A#)roximately 42% of the patients were
non-Hispanic Black, 29% non-Hispanic White, and 23&panic/Latino. The mean 25(OH)D
levels were 30.44 ng/mL (SD: 17.03) and the me@&0 ng/mL (IQR:16.8-39). Approximately
74% of the patients had hypertension, 55% hypeeimia, and 43.8% diabetes mellitus type 2
while 14% and 13% of the patients had a historgapbnary artery disease or cerebrovascular
disease, respectively. Asthma, COPD and obstrusteap apnea were prevalent in 18.1%,
15.3%, and 12.5% of patients, respectively.

The main presenting symptoms and signs, and latrgrahdings are summarized in
Supplementary Table 1. Cough, shortness of bréathr, and malaise were the most prevalent
symptoms (61.1%, 60.4%, 59.7%, and 54.9%, respdg}ivihe majority of the patients (63.9%)
had increased oxygen requirements, 27.1% requinesive mechanical ventilation, and close to
39% of the patients were transferred to the ICUrédwer, 47.2% of the patients experienced
acute kidney injury and 11.1% required renal remtaent therapy. Overall, in-hospital mortality
of the cohort was 18%. Patients with 25(OH)D lew&d® ng/mL had lower rates of mortality
compared to those with <30 ng/mL (9.2% vs. 25.B%.02).

Logistic regression analyses for the primary and secondary outcomes

For both primary and secondary outcomes, 25(OH)P agsessed as a continuous,
logarithmic (base 10, to approximate a normal itistion), dichotomous (<30 ng/mL aad30
ng/mL) and ordinal variable (based on quintie45.80, 15.81-23.20, 23.21-31.00, 31.01-45.00,
>45.01) (Tables 2 and 3, respectively). Potenti@otimodification by timing of 25(OH)D
measurements (prior or during hospitalization) vegsed and no significant interaction was

detected. Moreover, the timing of 25(OH)D measumrmeas examined as a potential covariate.

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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However, no significant association between théntinof 25(OH)D measurement with mortality
and the need for invasive mechanical ventilatios wlaserved in the univariable and
multivariable analyses (data not shown herein).

In the current study, each model's calibration pomes good, according to the Hosmer-
Lemeshow test{ > 0.05).

Primary Outcome: In-hospital mortality

Univariable analyses were performed for all thellalaée variables to determine which
variables were associated with in-hospital mostalit6(OH)D assessed as either a continuous,
logarithmic, dichotomous, or ordinal variable wagndicantly inversely associated with
mortality (OR, 0.96; 95% Cl, 0.93-0.9985.03, OR, 0.12; 95% Cl, 0.02-0.7F+.03, OR, 0.30;
95% ClI, 0.11-0.80P=.02, OR, 0.72; 95% CI, 0.52-0.985.04, respectively). Moreover, ESRD
(OR, 2.98; 95% ClI, 1.05-8.48~.04), COPD (OR, 5.52; 95% CI, 2.05-14.86;.001), active
malignancy (OR, 6.41; 95% ClI, 2.23-18.43;.001), and azithromycin (OR, 3.22; 95% ClI,
1.21-8.60P=.02) were found to have significant associations.

In the multivariable analysis (model 3 5, Table\@jamin D status as a continuous
variable, (OR, 0.91; 95% ClI, 0.85-0.9%.003), age (OR, 1.81; 95% ClI, 1.05-3.FP3;03),
COPD (OR, 6.69; 95% ClI, 1.10-40.8%5.04), and active malignancy (OR, 16.31; 95% ClI,
2.25-118.4P=.01), were found to be significantly associatethvwn-hospital mortality risk.
Likewise, in the multivariable analysis (model bipPlementary Table 2), including the
logarithmic transformation of 25(OH)D, 25(OH)D (O®004; 95% CI, 0.00-0.1®=.001), age
(OR, 1.98; 95% ClI, 1.12-3.5P~.02), COPD (OR, 6.12; 95% CI, 0.99-37.9%;.05), and
active malignancy (OR, 18.09; 95% Cl, 2.36-13®%;01), were also significantly associated

with in-hospital mortality risk. Similar results weeobtained by including 25(0OH)D as a

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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dichotomous and ordinal variable (Supplementaryl@ah In total, significant and consistent
associations were observed between in-hospitalatitgrtisk and 25(OH)D levels (inverse), age
(positive), COPD (positive), and active malignaiggsitive). Moreover, no significant
association of CRP or corticosteroid administratietn mortality was observed. Of note, the
association of 25(OH)D levels remained significamd robust among the multivariable analyses.

Similar findings were obtained by including 25(OHAB a dichotomous variable with a
threshold of 20 (<20 ng/mL arxl20 ng/mL, data not shown herein). Additional sewvisy
analyses excluding the COPD variable resultedmmliai findings (data not shown herein).
Similar results were obtained when the race vagialds added in all multivariable analyses
(data not shown herein).
Secondary Outcome: Need for invasive mechanical ventilation

25(0OH)D as a continuous variable showed a bordedssociation with the need for
invasive mechanical ventilation, while as a lodamic variable this association was significant
(OR, 0.98; 95% ClI, 0.96-1.0€~.09, and OR, 0.20; 95% CI, 0.04-0.93;.04, respectively).
Moreover, azithromycin (OR, 3.07; 95% CI, 1.36-6.83.007), antibiotic administration other
than azithromycin (OR, 5.17; 95% CI, 1.15-23.B6;03), corticosteroids administration (OR,
4.00; 95% ClI, 1.76-9.07; P=.001), CRP levels (OR1195% ClI, 1.01-1.02; P<.001) were
found to have a significant association with thedhéor invasive mechanical ventilation.

In the multivariable analyses (model 4), includ2igfOH)D as either a continuous (Table
3) or logarithmic variable (Supplementary Table2Z5(OH)D levels (OR, 0.93; 95% ClI, 0.90-
0.98;P=.002 and OR, 0.01; 95% CI, 0.001-0.P%.001, respectively), antibiotic administration
other than azithromycin (OR, 7.87; 95% CI, 1.12485.P=.04 and OR, 8.30; 95% CI, 1.10-

62.91;P=.04, respectively), corticosteroid administrati@R|, 4.05; 95% CI, 1.18-13.9P=.03

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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and OR, 3.86; 95% ClI, 1.13-13.1835.03, respectively) and CRP levels (OR,1.01; 95%1I0-
1.02;P=.01 and OR, 1.01; 95% CI, 1.00-1.6%;.01, respectively) were significantly associated
with the need for invasive mechanical ventilatibhe inverse association between 25(OH)D
levels and risk of invasive mechanical ventilatemained significant even when 25(OH)D was
assessed as a dichotomous or ordinal variable ftivamiable logistic regression analysis (model
3) (Table 3 and Supplementary Table 3). Howevespme of the multivariable models a
borderline association was observed between 25(Qéi)&ls and the need for invasive
mechanical ventilation (Table 3 and Supplementaiyld 3).

Similar findings were obtained by including 25(OHaB a dichotomous variable with a
threshold of 20 (<20 ng/mL arxl20 ng/mL, data not shown herein). Additional sewvisy
analyses excluding the COPD variable resultedmmliai findings (data not shown herein).
Similar results were obtained when the race vagialds added in all multivariable analyses

(data not shown herein).

Discussion

In this retrospective, two-center, cohort studwpddlts admitted to the hospital with
laboratory-confirmed COVID-19, 25(OH)D levels weneependently associated with in-
hospital mortality and need for invasive mechamesdtilation. Increasing age, COPD, and
active malignancy were also independently assatiatith in-hospital mortality. Moreover, an
association was observed between ESRD, CRP andasteroid usage with invasive
mechanical ventilation. It seems that corticostisavere more often administered in critically ill

patients needing invasive mechanical ventilatiomjewno causal association can be made based

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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on our study's design. Our study expands uponemte@tbservational cohort study that found a
substantially higher risk of COVID-19 infection jratients with likely vitamin D deficiencl.

Vitamin D deficiency or insufficiency affects artiezated 1 billion people globally and
is more prevalent in individuals of lower socioeconic strata and in Black, Asian, and
Hispanic/Latino populations **Additionally, many of the risk factors that aresasiated with
worse clinical outcomes from COVID-19, such as phlge, obesity, cardiovascular disease, and
chronic kidney disease are associated with lowai$eof 25(OH)DP Thus, we performed
multivariable logistic regression analyses and tbtirat 25(OH)D was strongly and
independently associated with in-hospital mortafy(OH)D was also independently associated
with need for invasive mechanical ventilation, aligh the association was less robust. Both
associations remained significant after adjustrfmmngeveral clinical conditions, including
ESRD, COPD, congestive heart failure, coronaryradesease, and diabetes, CRP, and
administration of corticosteroids.

Vitamin D sufficiency is generally defined as awar25(0OH)D concentration greater
than 20 ng/mL, while insufficiency and deficienag a@efined as 25(OH)D concentrations of 12
to 20 ng/mL and less than 12 ng/mL, respectivEMoreover, observational and interventional
studies have demonstrated that individuals wittO2HD levels <30 ng/mL had a 58% higher
risk of acute respiratory infection and a 10-faidreased mortality risk.

Vitamin D deficiency has previously been associategd an increased risk of acute viral
respiratory tract infectionsacute respiratory distress syndrome (ARDS), piggdnmechanical
ventilation, and increased mortality in criticaillypatients® *® While vitamin D status has
emerged as a potential risk factor for COVID-1%®iifon? *? our study suggests an independent

association between vitamin D status and in-holspitatality. These data support the need for

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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future studies to validate these findings and ramded controlled trials (RCTs) to causally
prove any role of vitamin D in the treatment ofipats with COVID-19.

The clinical presentation of COVID-19 ranges frosyraptomatic infection to life-
threatening multi-organ dysfunction and death. st severe cases are characterized by a
massive pro-inflammatory release of cytokines,(f®/tokine storm”) which may mediate the
diffuse lung inflammation and severe outcomes mespatients with COVID-14’ Vitamin D is
a steroid hormone that exists in two forms (vitaihand vitamin D3), and exerts its biological
effects on various cells and tissues through st with the nuclear vitamin D receptSrAt
higher levels, 25(0OH)D may also display physiolagjeffects similar to those of glucocorticoids
due to interactions with other steroid hormone pemes?* While the mechanisms by which
vitamin D may protect against severe presentatdi@OVID-19 are unclear, vitamin D is
known to suppresses T helper type 1 cell potemtipte-inflammatory cytokines, including
interleukin-6, tumor necrosis factar-and interferorf while enhancing the anti-inflammatory
responses of T helper type 2 cells and T regulatetig* 2> #* 2°|n vitro experiments have also
elucidated possible immunomodulatory responsesapgseveral viral respiratory pathogens,
including rhinovirus, respiratory syncytial viriemd influenz&® Moreover, vitamin D enhances
the activity of the innate immune system by indgdime expression of antimicrobial peptides,
such as cathelicidin and defensfi< % % 3&nd may have antioxidative effects against
COVID-193 Furthermore, evidence supports a potential roldtafmin D in protecting against
acute lung injury (ALI) or ARDS in COVID-19 by taeting the unbalanced renin-angiotensin
system (RAS), including both the expression andtentration of angiotensin-converting

enzymes (ACE and ACEZ§. %>

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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Our study also found that increasing age, COPD,[E3Rd advanced malignancy are
strongly associated with in-hospital mortality. $hdindings are not unexpected given the
numerous observational studies and reports witilaifindings* ** *®In contrast with other
observational studies, there was no associatiomdagt male sex, congestive heart failure,
coronary artery disease, obesity, diabetes, orrtgpsion and in-hospital outcomes in our
cohort. We suspect that the relatively small samse of our population limited our ability to
elucidate all associations between underlying ctiddres and more severe outcomes from
COVID-19.

Our study was strengthened by its two-center desvpich allowed the inclusion of a
diverse patient population in both Boston and NewkYincluding primarily Black and
Hispanic/Latino patients. This increases genetailiita and provides important clinical
information regarding outcomes in underrepresegtedps. Splitting the sample on separate
analysis according to the center of origin reveaiedlar results.

Our study has limitations. First, our sample siaswelatively small; however, it was
sufficient to show significant results that werbust in several models tested herein. Since
CKD/ESRD may result in less conversion of 25(OHyDHe more active form 1-25(0OH)D, we
added sensitivity analysis with and without theatgmts and the results were similar and robust.
Second, approximately half of the patients (51%)rdit have 25(OH)D measurements available
during their hospitalization (instead within 6 mlasprior to the initiation of the study), which
raises the possibility that some of the participanight have received vitamin D
supplementation prior to hospitalization that wasnecorded in the electronic medical record.
Any potential misclassification due to the aboveaisdom and could only have suppressed the

effect estimates and the correspondiplues and would not have led to the statistically

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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significant results reported herein. Third, seakwagdability may affect 25(OH)D concentration,
and the results may be lower in winter months. Hexe25(OH)D measurements both on
admission and prior to admission were associatéddtive outcomes of interest, which provides
reassurance that reverse causality is not confagritie results reported herein. Moreover, all
analyses have been adjusted for center to elimpatntial confounding by any systematic
differences between sites. Finally, the abilitgtaw causal inferences is limited by the
retrospective design of our study. In criticallypétients, vitamin D supplementation has been an
active area of investigation with mixed resultsandomized clinical triald” *® *°Given the lack
of consistent benefit of vitamin D supplementatiomhe critically ill in randomized trials,
observational trials regarding vitamin D status @@NVID-19 outcomes should be interpreted
with caution®”-3*The association of 25(OH)D status with COVID-19esity in observational
trials may be the result of residual confoundingemerse causality. However, these results can
form the basis on which power calculations candxéopmed to design future prospective
observational cohort studies and RCTs to examiaedusal hypotheses raised by our study.
Our study has clinical implications. 25(OH)D suppéntation has previously been
evaluated for the prevention and treatment of acuét respiratory tract infections and as a
potentially beneficial therapy for critically illgtients®” %® 3°A recent meta-analysis showed that
supplementation with 25(OH)D reduces the risk aft@acespiratory infections by 12% in all
participants'® While a benefit of vitamin D supplementation i ttritically has not been
demonstrated, there is biologically plausible ewice to suggest that vitamin D may dampen
inflammatory cascades that mediate severe outctoesCOVID-19. Given the rather safe
profile and low cost, further investigation of vitan D supplementation as a preventive and

therapeutic strategy for COVID-19 with randomizadl$ are warranted.

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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Conclusion

In conclusion, in this two-center observational @alstudy of adults admitted to the
hospital with COVID-19, 25(OH)D levels were indedently associated with in-hospital
mortality and need for invasive mechanical ventiatGiven our findings, larger observational
studies to evaluate the relationship between vitdbnstatus and COVID-19 clinical outcomes
are needed. Furthermore, pilot studies and randmhtiials evaluating the effects of vitamin D

supplementation for the prevention and treatmei@©Y¥1D-19 are warranted.

Acknowledgments

Concept and design: Mantzoros. Acquisition, analysi interpretation of data: Angelidi,
Belanger, Lorinsky, Chamorro-Pareja, Ognibene,iBdilaos, Mantzoros. Drafting of the
manuscript: Angelidi, Belanger, Mantzoros. Critioavision of the manuscript for important
intellectual content: All authors. Statistical fisés: Angelidi, Karamanis, Mantzoros.

Administrative, technical, or material support: Alithors. Supervision: Dr. Mantzoros.

REFERENCES

1. World Health Organization. Coronavirus disease 2019 (COVID-19): Weekly Epidemiological
Update. 2020; https://www.who.int/docs/default-source/coronaviruse/situation-
reports/20200620-covid-19-sitrep-152.pdf?sfvrsn=83aff8ee_4. Accessed September 8, 2020.

2. Chakhtoura M, Napoli N, El Hajj Fuleihan G. Commentary: Myths and facts on vitamin D amidst
the COVID-19 pandemic. Metabolism. 2020;109:154276.
3. Pham H, Rahman A, Majidi A, Waterhouse M, Neale RE. Acute Respiratory Tract Infection and

25-Hydroxyvitamin D Concentration: A Systematic Review and Meta-Analysis. Int J Environ Res
Public Health. 2019;16(17):3020.

4, Ginde AA, Camargo CA, Jr., Shapiro NI. Vitamin D insufficiency and sepsis severity in emergency
department patients with suspected infection. Acad Emerg Med. 2011;18(5):551-554.

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
18



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Mayo Clinic Proceedings
Vitamin D Status and COVID-19 Related Outcomes

Nair P, Venkatesh B, Center JR. Vitamin D deficiency and supplementation in critical illness-the
known knowns and known unknowns. Crit Care. 2018;22(1):276.

Manson JE, Bassuk SS. Commentary. Eliminating Vitamin D Deficiency During the COVID-19
Pandemic: A Call to Action [published online ahead of print July 28, 2020]. Metabolism. 2020;
https://doi.org/10.1016/j.metabol.2020.154322.

Rhodes JM, Subramanian S, Laird E, Kenny RA. Editorial: low population mortality from COVID-
19 in countries south of latitude 35 degrees North supports vitamin D as a factor determining
severity. Aliment Pharmacol Ther. 2020;51(12):1434-1437.

llie PC, Stefanescu S, Smith L. The role of vitamin D in the prevention of coronavirus disease
2019 infection and mortality. Aging Clin Exp Res. 2020;32(7):1195-1198.

D'Avolio A, Avataneo V, Manca A, et al. 25-Hydroxyvitamin D Concentrations Are Lower in
Patients with Positive PCR for SARS-CoV-2. Nutrients. 2020;12(5):1359.

Hastie CE, Mackay DF, Ho F, et al. Vitamin D concentrations and COVID-19 infection in UK
Biobank. Diabetes Metab Syndr. 2020;14(4):561-565.

Raisi-Estabragh Z, McCracken C, Bethell MS, et al. Greater risk of severe COVID-19 in Black, Asian
and Minority Ethnic populations is not explained by cardiometabolic, socioeconomic or
behavioural factors, or by 25(0OH)-vitamin D status: study of 1326 cases from the UK Biobank. J
Public Health (Oxf). 2020;42(3):451-460.

Meltzer DO, Best TJ, Zhang H, Vokes T, Arora V, Solway J. Association of Vitamin D Status and
Other Clinical Characteristics With COVID-19 Test Results. JAMA Netw Open.
2020;3(9):2019722.

Freeman J, Wilson K, Spears R, Shalhoub V, Sibley P. Performance evaluation of four 25-
hydroxyvitamin D assays to measure 25-hydroxyvitamin D2. Clin Biochem. 2015;48(16-17):1097-
1104.

Centers for Disease Control and Prevention. Vitamin D Standardization-Certification Program.
2020; https://www.cdc.gov/labstandards/vdscp_participants.html. Accessed November 23,
2020.

Holick MF, Chen TC. Vitamin D deficiency: a worldwide problem with health consequences. Am J
Clin Nutr. 2008;87(4):1080s-1086s.

Palacios C, Gonzalez L. Is vitamin D deficiency a major global public health problem? J Steroid
Biochem Mol Biol. 2014;144 Pt A:138-145.

Giustina A, Adler RA, Binkley N, et al. Controversies in Vitamin D: Summary Statement From an
International Conference. J Clin Endocrinol Metab. 2019;104(2):234-240.

Dancer RC, Parekh D, Lax S, et al. Vitamin D deficiency contributes directly to the acute
respiratory distress syndrome (ARDS). Thorax. 2015;70(7):617-624.

Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID-19: immunity, inflammation
and intervention. Nat Rev Immunol. 2020;20(6):363-374.

Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treatment, and prevention of
vitamin D deficiency: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab.
2011;96(7):1911-1930.

Demer LL, Hsu JJ, Tintut Y. Steroid Hormone Vitamin D: Implications for Cardiovascular Disease.
Circ Res. 2018;122(11):1576-1585.

Lemire JM, Adams JS, Kermani-Arab V, Bakke AC, Sakai R, Jordan SC. 1,25-Dihydroxyvitamin D3
suppresses human T helper/inducer lymphocyte activity in vitro. J Immunol. 1985;134(5):3032-
3035.

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.

19



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Mayo Clinic Proceedings
Vitamin D Status and COVID-19 Related Outcomes

Cantorna MT, Snyder L, Lin YD, Yang L. Vitamin D and 1,25(0OH)2D regulation of T cells. Nutrients.
2015;7(4):3011-3021.

Jeffery LE, Burke F, Mura M, et al. 1,25-Dihydroxyvitamin D3 and IL-2 combine to inhibit T cell
production of inflammatory cytokines and promote development of regulatory T cells expressing
CTLA-4 and FoxP3. J Immunol. 2009;183(9):5458-5467.

Grant WB, Lahore H, McDonnell SL, et al. Evidence that Vitamin D Supplementation Could
Reduce Risk of Influenza and COVID-19 Infections and Deaths. Nutrients. 2020;12(4).

Greiller CL, Martineau AR. Modulation of the immune response to respiratory viruses by vitamin
D. Nutrients. 2015;7(6):4240-4270.

Liu PT, Stenger S, Li H, et al. Toll-like receptor triggering of a vitamin D-mediated human
antimicrobial response. Science. 2006;311(5768):1770-1773.

Adams JS, Ren S, Liu PT, et al. Vitamin d-directed rheostatic regulation of monocyte antibacterial
responses. J Immunol. 2009;182(7):4289-4295.

Laaksi I. Vitamin D and respiratory infection in adults. Proc Nutr Soc. 2012;71(1):90-97.

Herr C, Shaykhiev R, Bals R. The role of cathelicidin and defensins in pulmonary inflammatory
diseases. Expert Opin Biol Ther. 2007;7(9):1449-1461.

Martin Giménez VM, Inserra F, Tajer CD, et al. Lungs as target of COVID-19 infection: Protective
common molecular mechanisms of vitamin D and melatonin as a new potential synergistic
treatment. Life Sci. 2020;254:117808.

Malek Mahdavi A. A brief review of interplay between vitamin D and angiotensin-converting
enzyme 2: Implications for a potential treatment for COVID-19 [published online ahead of print
June 25, 2020]. Rev Med Virol. 2020; https://doi.org/10.1002/rmv.2119.

Rhodes JM, Subramanian S, Laird E, Griffin G, Kenny RA. Perspective: Vitamin D deficiency and
COVID-19 severity - plausibly linked by latitude, ethnicity, impacts on cytokines, ACE2, and
thrombosis [published online ahead of print July 2, 2020]. J Intern Med. 2020;
https://doi.org/10.1111/joim.13149.

Wu Z, McGoogan JM. Characteristics of and Important Lessons From the Coronavirus Disease
2019 (COVID-19) Outbreak in China: Summary of a Report of 72314 Cases From the Chinese
Center for Disease Control and Prevention. JAMA. 2020;323(13):1239-1242.

Docherty AB, Harrison EM, Green CA, et al. Features of 20 133 UK patients in hospital with
covid-19 using the ISARIC WHO Clinical Characterisation Protocol: prospective observational
cohort study. BMJ. 2020;369:m1985.

Palaiodimos L, Kokkinidis DG, Li W, et al. Severe obesity, increasing age and male sex are
independently associated with worse in-hospital outcomes, and higher in-hospital mortality, in a
cohort of patients with COVID-19 in the Bronx, New York. Metabolism. 2020;108:154262.
Langlois PL, Szwec C, D'Aragon F, Heyland DK, Manzanares W. Vitamin D supplementation in the
critically ill: A systematic review and meta-analysis. Clin Nutr. 2018;37(4):1238-1246.

Putzu A, Belletti A, Cassina T, et al. Vitamin D and outcomes in adult critically ill patients. A
systematic review and meta-analysis of randomized trials. J Crit Care. 2017;38:109-114.

Ginde AA, Brower RG, Caterino JM, et al. Early High-Dose Vitamin D3 for Critically Ill, Vitamin D-
Deficient Patients. N Engl J Med. 2019;381(26):2529-2540.

Martineau AR, Jolliffe DA, Hooper RL, et al. Vitamin D supplementation to prevent acute
respiratory tract infections: systematic review and meta-analysis of individual participant data.
BMJ. 2017;356:i6583.

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.

20



Mayo Clinic Proceedings

Vitamin D Status and COVID-19 Related Outcomes

Table 1. Baseline demographic and clinical charesties

All patients | 25(OH)D<30 ng/mL 25(OH)D>30 ng/mL
Characteristic P value
(N=144) (N=79) (N=65)
Age, median (IQR), years| 66 (55-74) 60 (48-72) 68 (63.5-76.0) <.001
Male sex 64 (44.4) 41 (51.9) 23 (35.4) .69
Residence status 51
SNF resident 35(24.3) 17 (21.5) 18 (27.7)
Community-based 109 (75.7) 62 (78.5) 47 (72.3)
Race/Ethnicity A3
Non-Hispanic Black 60 (41.7) 30 (38.0) 30 (46.2)
Non-Hispanic White 42 (29.2) 23 (29.1) 19 (29.2)
Non-Hispanic Asian 4 (2.8) 2(2.5) 2(3.1)
Hispanic/Latino 33 (22.9) 23 (29.1) 10 (15.4)
Other/multiracial 3(2.1) 0(0.0) 3 (4.6)
Unknown 2(1.4) 1(1.3) 1(1.5)
BMI, median (IQR), kg/f| 29 (25.2-33.3 30 (26.3-34.7) 28 (24.6-32.3) .05
Smoking 23 (16.0) 13 (16.5) 10 (15.4) > .99
Alcohol 22 (15.3) 14 (17.7) 8 (12.3) 51
Coexisting disorder
Any 131 (91.0) 69 (52.7) 62 (47.3) 17
Hypertension 106 (73.6) 58 (73.4) 48 (73.8) > .99
Diabetes 63 (43.8) 37 (46.8) 26 (40.0) 51

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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Hyperlipidemia 79 (54.9) 37 (46.8) 42 (64.6) .06
Coronary artery disease 20 (13.9) 8 (10.1) 12 {18.5 23
All patients | 25(OH)D<30 ng/mL 25(OH)D>30 ng/mL
Characteristic P value
(N=144) (N=79) (N=65)

Cerebrovascular disease 19 (13.2 10 (12.7) 9)13.8 > .99

Heart failure 26 (18.1) 14 (17.7) 12 (18.5) > .9

Asthma 26 (18.1) 11 (13.9) 15 (23.1) .23

COPD 22 (15.3) 13 (16.5) 9 (13.8) .84

Obstructive Sleep Apnea 18 (12.5) 11 (13.9) 7 (10.8 75

CKD 51 (35.4) 29 (36.7) 22 (33.8) .53

ESRD 20 (13.9) 12 (15.2) 8 (12.3) .80

Active malignancy 18 (12.5) 11 (13.9) 7 (10.8) .75

Liver cirrhosis 7(4.9) 4 (5.1) 3(4.6) > .99

HIV/AIDS 4 (2.8) 1(1.3) 3 (4.6) .33

Drugs (pre-admission)

ACEi or ARB 42 (29.2) 24 (30.4) 18 (27.7) .87
ACEi 22 (15.3) 15 (19.0) 7 (10.8) .26
ARB 20 (13.9) 9(11.4) 11 (16.9) 48

Immunosuppressive 22 (15.3) 9(11.4) 13 (20.0) 28

Drugs (in-hospital)

Antiviral(s) 15 (10.4) 8 (10.1) 7 (10.8) > .99
Lopinavir/Ritonavir 7 (4.9 5(6.3) 2(3.1) 458
Remdesivir 9 (6.3) 4(5.1) 5(7.7) 732

© 2021 Mayo Foundation for Medical Education and Research. Mayo Clin Proc. 2021;96(x):xx-xx.
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Corticosteroids 34 (23.6) 14 (17.7) 20 (30.8) .10
Azithromycin 80 (55.6) 46 (58.2) 34 (52.3) .59

Antibiotic(s) (except

azithromycin) 103 (71.5) 57 (72.2) 46 (70.8) .80

Hydroxychloroquine 64 (44.4) 34 (43.0) 30 (46.2) 9.8

Length of hospital stay | 10.0 (5.25-18 10 (6-17) 10 (5-21) .95
(days)

Data are presented as absolute numbers and peagesiitdo. (%)] of patients unless otherwise
indicated;P values refer to Chi-square test (with Yates’ CantinCorrection) or Fisher’'s Exact

Test for categorical independent variables, andriviitney U Test for continuous variables.

Abbreviations and symbols: ACEi, angiotensin-cotimgrenzyme inhibitor; AIDS, acquired
immunodeficiency syndrome; ARB, angiotensin receptocker; BMI, body mass index
(calculated as weight in kilograms divided by heighmeters squared); COPD, chronic
obstructive pulmonary disease; CKD, chronic kiddegase; ESRD, end-stage renal disease;
HIV, human immunodeficiency virus; IQR, interquiatiange; kg, kilogram; m, meter; No and

N, number; SNF, skilled nursing facility; 25(OH)B5-hydroxyvitamin D.
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Variable

Univariable

Multivariable

OR (95% CI)P value

1)

OR (95% CI)P value

@)

OR (95% CIp value

@)

OR (95% CIp value

(4)

OR (95% CIp value

©)

OR (95% CIp value

25(0OH)D
(continuous)

Age (quintiles)
BMI (quintiles)
Male sex
Smoking

Heart failure
Coronary artery
disease

ESRD

COPD

Diabetes

Active malignancy
Hypertension
ACEIl or ARB use
prior to admission

Antiviral

0.96 (0.93-0.996p=.03

1.24 (0.91-1.6%=.18
1.04 (0.77-1.419=.79
1.09 (0.46-2.59)% .85
1.77 (0.62-5.09)= 29
1.47 (0.52-4.1B= 46

1.16 (0.35-3.81p=.81

2.98 (1.05-8.4%)=.04
5.52 (2.05-14.86)=.001
1.36 (0.58-3.19) 48
6.41 (2.23-18.4B¥.001
1.63 (0.57-4.6B} .36

0.68 (0.25-1.84p= 45

12.6 (0.80-8.29P=0.11

0.95 (0.92-0.9%=.01

1.41 (1.01-1.979=.04

1.02 (0.74-1.409=.92

0.953 (0.92 -0.99=.01

1.42 (1.01-1.999=.04

1.02 (0.74-1.419=.91
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0.96 (0.92-0.9%=.01

1.43 (1.01-2.0H=.04
1.02 (0.72-1.4%=.92
1.04 (0.40-2.74)=.93

2.24 (0.68-7.3H)=.18

0.94 (0.90-0.98y=.01

1.72 (1.10-2.68p=.02

1.05 (0.65-1.719=.84

1.07 (0.28-4.12p=.92

3.19 (0.76-13.469=.11

0.69 (0.18-2.50)=.57

2.42 (0.35-16.54%.37

0.91 (0.85-0.979=.003

1.81 (1.05-3.13=.03
1.16 (0.68-1.9%=.58
2.00 (0.47-8.63)=.35
1.26 (0.23-7.0H=.79
2.47 (0.43-14.3%)=.31

0.29 (0.02-3.64)=.34

5.49 (0.79-38.05)=.09
6.69 (1.10-40.8%=.04
0.49 (0.11-2.09)=.33

16.31 (2.25-118.#=.01

0.84 (0.15-4.73)=.84




Azithromycin
Antibiotic (except
azithromycin)
Hydroxychloroquine
Corticosteroids

C-reactive protein

3.22 (1.21-8.6(=.02

1.71 (0.46-6.29p= 42

0.73 (0.31-1.78F .48
1.97 (0.78-4.98¥.15

1.00 (0.995-1.07%.98

Mayo Clinic Proceedings

1.34 (0.30-6.1(=.70

0.91 (0.14-6.1H=.93

0.79 (0.18-3.49)=.76
3.25 (0.88-12.06)=.08

1.00 (0.99-1.0B=.68

Vitamin D Status and COVID-19 Related Outcomes

4.00 (0.80-19.99)=.09

1.00 (0.99-1.019=.83

Model(1): Multivariable analysis with 25(OH)D (ascontinuous), age (analyzed in quintiles), BMIalgmed in quintiles); Model(2):
Multivariable analysis model(1) adjusted for thespital of origin; Model(3): Multivariable analysisodel(2) with addition of male,
smoking as regressors; Model(4): Multivariable gsial model(3) with addition of ARB or ACEI, in-hasgd drug treatment and C-
reactive protein; Model(5): Multivariable analysmdel(3) with addition of statistically significamariables of the univariable
analysis and heart failure, coronary artery disedisbetes, hypertension, C-reactive protein, amtioosteroids. Age in years, BMI

in kg/nf, 25(0OH)D levels in ng/mL, C-reactive protein in fulig.

Abbreviations: ACEi, angiotensin-converting-enzymigbitor; ARB, angiotensin Il receptor blocker; BMbody mass index; Cl,
confidence interval; COPD, chronic obstructive poirary disease; CKD, chronic kidney disease; ESRD;stage renal disease;

OR, odds ratio; 25(0OH)D, 25-hydroxyvitamin D.
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Table 3. Univariable and multivariable logistic regsion analyses for receiving invasive mechawieatilation

Variable

Univariable

Multivariable

OR (95% CI)P value

1)

OR (95% CI)P value

@)

OR (95% CIp value

@)

OR (95% CIp value

(4)

OR (95% CIp value

©)

OR (95% CIp value

25(OH)D
(continuous)
Age (quintiles)
BMI (quintiles)
Male sex
Smoking
Heart failure
Coronary artery
disease
ESRD
COPD
Diabetes
Active malignancy
Hypertension
ACEIl or ARB use
prior to admission

Antiviral

0.98 (0.96-1.00pP=.09

1.03 (0.79-1.3P= .85
1.14 (0.87-1.48)=.35
1.10 (0.53-2.30%=.80
1.53 (0.59-3.96)=38
0.77 (0.29-2.09= .61

0.43 (0.12-1.56p= .20

1.55 (0.57-4.28=.39
0.76 (0.26-2.23)= 62
1.52 (0.73-3.18% 27
0.74 (0.23-2.4PF .62
1.06 (0.46-2.4B% .90

1.11 (0.50-2.48p=.80

1.94 (0.64-5.86P=.24

0.98 (0.95-1.009=.10

1.11 (0.84-1.47p=.45

1.11 (0.84-1.479=.48

0.97 (0.95-0.999=.05

1.10 (0.82-1.4M=.52

1.10 (0.83-1.469=.53
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0.97 (0.95-1.00=.05

1.11 (0.83-1.4%=.48
1.12 (0.83-1.519=.45
1.26 (0.55-2.9H=.59

1.10 (0.39-3.1()=.85

0.93 (0.90-0.98y=.002

1.10 (0.71-1.69=.67

1.10 (0.69-1.76)=.68

1.45 (0.38-5.59p=.58

0.89 (0.21-3.869=.88

1.16 (0.31-4.26)=.83

5.20 (0.67-40.4P=.12

0.94 (0.91-0.98)=.004

1.29 (0.84-1.989=.25
1.19 (0.78-1.8(=.42
0.90 (0.27-2.97)=.86
1.50 (0.36-6.38)=.58
2.14 (0.42-10.8P=.36

0.23 (0.03-2.08)=.19

8.38 (1.31-53.48)=.025
1.01 (0.20-5.189>.99
0.62 (0.19-2.0B=.42
0.18 (0.02-1.3H=.10

0.67 (0.18-2.49)=.55




Azithromycin
Antibiotic (except
azithromycin)
Hydroxychloroquine
Corticosteroids

C-reactive protein

3.07 (1.36-6.93)=.01

5.17 (1.15-23.36p=.03

0.81 (0.39-1.7BF.58
4.00 (1.76-9.0P¥.001

1.01 (1.01-1.09%.001
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1.84 (0.49-6.8M=.37

7.87 (1.12-55.48)=.04

2.23 (0.54-9.26)=.27
4.05(1.18-13.9P=.03  4.24 (1.22-14.6P=.02

1.01 (1.00-1.0B=.01  1.02 (1.01-1.029<0.01

Model(1): Multivariable analysis with 25(OH)D (ascontinuous), age (analyzed in quintiles), BMlalgmed in quintiles); Model(2):

Multivariable analysis model(1) adjusted for thespital of origin; Model(3): Multivariable analysisodel(2) with addition of male,

smoking as regressors; Model(4): Multivariable gsial model(3) with addition of C-reactive protedRB or ACEi and in-hospital

drug treatment; Model(5): Multivariable analysisaet{3) with addition of statistically significanawiables of the univariable

analysis and heart failure, coronary artery disedisdetes, hypertension, C-reactive protein, amtoosteroids. Age in years, BMI

in kg/nf, vitamin levels in ng/mL, C-reactive protein in fug.

Abbreviations: ACEi, angiotensin-converting-enzymigibitor; ARB, angiotensin Il receptor blocker; BMbody mass index; Cl,

confidence interval; COPD, chronic obstructive poivary disease; CKD, chronic kidney disease; ESRD;stage renal disease;

OR, odds ratio; 25(0OH)D, 25-hydroxyvitamin D.
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All patients
Characteristics (N=144) 25(OH)D<30 ng/ml. - 25(0H)D=30 ng/mL P value
(N=79) (N=65)
Symptoms, No. (%)
Fever 86 (59.7) 52 (65.8) 34 (52.3) .25
Cough 88 (61.1) 50 (63.3) 38 (58.5) .68
Shortness of breath 87 (60.4) 44 (55.7) 43 (66.2) 27 .
Malaise 79 (54.9) 45 (57.0) 34 (52.3) .63
Diarrhea 32 (22.2) 21 (26.6) 11 (16.9) .26
Myalgia 36 (25.0) 24 (30.4) 12 (18.5) 15
Sputum production 29 (20.1) 18 (22.8) 11 (16.9) 5
Headache 23 (16.0) 19 (24.1) 4 (6.2) .00
Nasal congestion or rhinorrhea 8 (5.6) 3(3.8) B)(7
Nausea or vomiting 28 (19.4) 19 (24.1) 9 (13.8) A1
Sore throat 11 (7.6) 7 (8.9) 4 (6.2) 75
Signs
SpG on room air median(IQR),% 95 (91-97) 95 (91-97) 94.5 (91-98) .96
Temperature, mean (SD), °C 37.6 (1.9) 37.6 (1.9) .6 8I.9) .95
HR, mean (SD), beats/min 94.0 (17.5) 94.3 (16.8) .7 983.5) .86
SBP, mean (SD), mmHg 124 (22.3) 123 (22.9) 1250(22. 75
DBP, mean (SD), mmHg 72 (60-81) 72 (61-82) 71.586pD .67

Laboratory results, median

(IQR)
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White-cell count, per TouL 6.7 (4.6-9.5) 6.7 (4.2-9.5) 6.7 (5.1-9.8) .62
Lymphocyte count, per 2QiL 0.90 (0.7-1.3) 0.90 (0.7-1.3) 0.90 (0.7-1.3) 3.9
Hemoglobin, g/dL 12.2 (10.3-14) 12.5 (10.3-14.2) .81(110.4-13.3) 13
Platelets, per 10/uL 197 (153-260 195 (148-259) 1 AB0-265) 27
Creatinine, mg/dL 1.2 (0.8-1.9) 1.1 (0.9-2.1) 103B(1.8) .70
AST, U/L 33 (23-60) 38 (25-72) 31 (23-51) 16
ALT, U/L 23.5 (16-38) 29 (16-45) 21 (15-29) .02
CK, U/L 161 (74-341) 148 (70-424) 169 (75-299) .86
Troponin T, ng/mL 0.01 (0.01-0.04 0.01 (0.01-0.04)  0.01 (0.01-0.04) 64
LDH, U/L 340 (248-468) 377 (281-491) 305 (238-448) | .85
CRP, mg/dL 55 (9.8-151) 25 (7.2-100) 76 (12.3-197)| .03
D-dimer, ug/mL 1077 (553-2240 1191 (611-2769) 1(B82-2048) 67
Ferritin, ng/mL 619 (283-1300 754 (381-1552) 5897-1030) 14
IL-6, ng/mL 79.4 (46.9-168) 82.5 (55-149) 79.4 @314) .98
Glu, mg/dL 122 (97-163) 125 (98-148) 122 (95-170) 78 .
HbAlc, % 6.3 (5.6-8.1) 6.4 (5.7-7.8) 6.2 (5.4-8.1) 63
Cholesterol, mg/dL 154 (122-186 152 (118-195) (E36-183) .60
LDL, mg/dL 79 (61-99) 79 (58-116) 79 (62-98) .88
HDL, mg/dL 48 (37-55) 46 (36-59.5) 49 (39-54) 62
Triglycerides, mg/dL 125 (85-193) 125 (86.5-186) 2181.3-197) .97

Note: For the descriptive statistics, the normdlktributed continuous variables are presented as
mean (standard deviation), while the non-normaiyrdbuted continuous variables as median

with interquatrtile range (IQR); categorical variebhlre described as absolute numbers and
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percentages [No. (%)R values refer to Chi-square test (with Yates’ CamtinCorrection) or
Fisher's Exact Test for categorical independeniabées, and Mann-Whitney U Test or

independent-samples t-test for continuous variables

Sl conversion factors: To convert total cholestaridL-C, and LDL-C levels to mmol/L,
multiply values by 0.0259; triglyceride values tonol/L, multiply by 0.0113; D-dimer values to
nmol/L, multiply values by 5.476; CRP values to mghultiply by 10, Creatine levels to

pmol/L, multiply values by 76.25.

Abbreviations and symbols: ALT, alanine aminotrana$e; AST, aspartate aminotransferase;
CK, creatine kinase; CRP, C-reactive protein; D&@Rstolic blood pressure; Glu, glucose;
HbAlc, hemoglobin Alc; HDL, high-density lipopratezholesterol; HR, heart rate; IL-6,
interleukin-6; LDH, lactate dehydrogenase; LDL, {density lipoprotein cholesterol; No and N,
number; SBP, systolic blood pressure; gpiygen saturation; 25(0OH)D, 25-hydroxyvitamin

D.
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Supplementary Table 2. Multivariable logistic resgien analyses for in-hospital mortality

Variable Multivariable
@) @ @) 4 ®)

OR (95% CI)P value OR (95% CIp value OR (95% CIp value OR (95% CIP value OR (95% CIp value
25(0OH)D (log10) 0.06 (0.01-0.4P=.01  0.06 (0.01-0.48=01  0.07 (0.01-0.58=.01 0.02 (0.002-0.3P=.01 0.004 (0.00-0.13=.001
Age (quintiles) 1.44 (1.03-2.09=.04  1.45(1.03-2.09=.03  1.46(1.03-2.08=.03  1.79 (1.14-2.8H=.01  1.98 (1.12-3.519=.02
BMI (quintiles) 1.03 (0.74-1.419=.88 1.03(0.74-1.419=88  1.03(0.73-1.49)=.89  1.06 (0.66-1.73=.80 1.14 (0.67-1.949=.64
Male sex 1.03(0.39-2.7@F.96  1.01 (0.26-3.93=.99  1.78 (0.42-7.6M=.44
Smoking 2.12 (0.65-6.9%)=.22 2.89(0.70-12.0P=.14  1.47 (0.27-8.09)=.66
Heart failure 2.30 (0.40-13.3B¥.35
Coronary artery 0.28 (0.02-3.41pp=.32
disease
ESRD 4.84 (0.68-34.6P-.12
COPD 6.12 (0.99-37.96)%.05
Diabetes 0.56 (0.13-2.3B¥.42
Active malignancy 18.09 (2.36-138FH3.01
Hypertension 0.73 (0.13-4.1B¥.72
ACEI or ARB use 0.62 (0.16-2.38p=.48
prior to admission
Antiviral 1.99 (0.30-13.23p=.48
Azithromycin 1.29 (0.28-5.8H=.75
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0.87 (0.13-5.96p=.88

0.71 (0.16-3.1P¥.65
3.16 (0.85-11.68%.09

1.00 (0.99-1.(23.63

3.62 (0.71-18.59)=.12

1.00 (0.99-1.019=.92

25(0OH)D £&30ng/mL)
Age (quintiles)
BMI (quintiles)
Male sex
Smoking

Heart failure
Coronary artery
disease

ESRD

COPD

Diabetes

Active malignancy
Hypertension
ACEIl or ARB use

prior to admission

0.22 (0.08-0.63)=.01
1.45 (1.03-2.09=0.03

1.07 (0.77-1.489=.69

0.23 (0.08-0.64)=.01
1.45 (1.03-2.09=.03

1.07 (0.77-1.489=.69

0.23 (0.08-0.6)=.01
1.46 (1.03-2.069=.03
1.07 (0.76-1.50=.71
1.08 (0.41-2.79).88

1.94 (0.60-6.2P=.27
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0.14 (0.03-0.5%=.01
1.73 (1.12-2.6M=.01
1.16 (0.72-1.8=.55

1.16 (0.32-4.18)=.83

0.56 (0.15-2.04p=.38

0.12 (0.02-0.6(=.01
1.80 (1.06-3.0M=.03
1.22 (0.72-2.0M=.46
1.70 (0.42-6.8(=.45
1.20 (0.23-6.319=.83
1.90 (0.35-10.4B¥ .46

0.25 (0.02-2.66p=.25

4.31 (0.70-26.40)k.11
5.08 (0.996-25.88).05
0.54 (0.14-2.1B¥.38
10.28 (1.77-59.723.01

0.79 (0.15-4.38%.79
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Antiviral 2.87 (0.44-18.61p=.27

Azithromycin
Antibiotic (except
azithromycin)
Hydroxychloroquine
Corticosteroids

C-reactive protein

1.72 (0.39-7.6B=.48

0.92 (0.14-5.91p=.93

0.66 (0.15-2.7B%.57
3.27 (0.90-11.983.07

1.00 (0.995-1.073.45

3.52 (0.78-15.8%)=.10

1.00 (0.99-1.09=.57

25(OH)D (quintiles)
Age (quintiles)
BMI (quintiles)
Male sex
Smoking

Heart failure
Coronary artery
disease

ESRD

COPD

Diabetes

Active malignancy

Hypertension

0.65 (0.46-0.9PF.02
1.39 (0.996-1.98F.05

1.02 (0.74-1.419=.89

0.65 (0.46-0.99=.02
1.39 (1.00-1.99=.05

1.03 (0.74-1.419=.88

0.66 (0.47-0.949=0.02
1.41 (1.00-1.99=0.05
1.03 (0.73-1.49)=0.87
1.08 (0.41-2.8P=0.88

2.13 (0.66-6.9B9=0.21
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0.53 (0.34-0.84)=.01
1.71 (1.10-2.68=.02
1.03 (0.63-1.68)=.91
1.038 (0.27-4.05)=.96

2.95 (0.71-12.2%)=.14

0.39 (0.22-0.719=.002
1.79 (1.04-3.09=.04
1.09 (0.64-1.8H)=.76
1.81 (0.42-7.8F=.43
1.64 (0.31-8.75)=.56
1.96 (0.35-11.0B¥.44

0.30 (0.03-3.27p=.32

4.36 (0.64-29.59k.13

6.44 (1.07-38.66).04
0.58 (0.14-2.3B¥.45

16.47 (2.33-11683.01

0.86 (0.16-4.77%.86
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ACEIl or ARB use 0.70 (0.18-2.63p=.59

prior to admission

Antiviral 2.15(0.33-14.02p=.42
Azithromycin 1.25 (0.28-5.58)=.78
Antibiotic (except 0.96 (0.14-6.62p=.97

azithromycin)

Hydroxychloroquine 0.69 (0.16-2.98¥.62
Corticosteroids 3.21(0.88-11.7@>.08  3.74 (0.77-18.2H=.10
C-reactive protein 1.00 (0.99-1.(23.63 1.00 (0.99-1.019=.82

Model(1): Multivariable analysis with 25(OH)D (ascontinuous), age (analyzed in quintiles), BMIalgmed in quintiles); Model(2):
Multivariable analysis model(1) adjusted for thespital of origin; Model(3): Multivariable analysisodel(2) with addition of male,
smoking as regressors; Model(4): Multivariable gsial model(3) with addition of ARB or ACEI, in-hasgd drug treatment and C-
reactive protein; Model(5): Multivariable analysmdel(3) with addition of statistically significamariables of the univariable
analysis and heart failure, coronary artery disedisdetes, hypertension, C-reactive protein, amtioosteroids. Age in years, BMI

in kg/m2, 25(OH)D levels in ng/mL, C-reactive prioten mg/dL.
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Abbreviations: ACEi, angiotensin-converting-enzymigibitor; ARB, angiotensin Il receptor blocker; BMbody mass index; Cl,
confidence interval; COPD, chronic obstructive poirary disease; CKD, chronic kidney disease; ESRD;stage renal disease;

OR, odds ratio; 25(0OH)D, 25-hydroxyvitamin D.
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Supplementary Table 3. Multivariable logistic reggien analyses for receiving invasive mechanicatilaion

Variable

Multivariable

OR (95% CI)P value OR (95% CIp value

®) (4)

OR (95% CIp value OR (95% CIP value

©)

OR (95% CIp value

25(0OH)D (log10)
Age (quintiles)
BMI (quintiles)
Male sex
Smoking
Heart failure
Coronary artery
disease
ESRD
COPD
Diabetes
Active malignancy
Hypertension
ACEIl or ARB use
prior to admission
Antiviral

Azithromycin

0.17 (0.03-0.91) P=.04 _ 0.12 (0.08%) P=.02

1.15(0.86-1.53) P=.34  1.13 (0.882) P=.41

1.10 (0.83-1.45) P=50  1.10 (0.828) P=.53

0.13(0.02-0.76) P=.02 _ 0.01 (0.001-0P=p01
1.14 (0.84-154) P=.39  1.17 (0.75-1F82)9
1.12 (0.83-151) P=47  1.11 (0.68-1PFAp8
1.22 (0.53-2.85) P=.64  1.41 (0.36-5RH2

1.04 (0.37-2.95) P=.94  0.83 (0.19-3.68pP

1.05 (0.27-4.05) P=.95

4.39 (0.53-36.39) P=.17

1.63 (0.43-6.22) P=.48
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0.01 (0.001-0.19) P=.00
1.40 (0.89-2.20) P=.15
1.18 (0.77-1.80) P=.46
0.88 (0.261-2.93) P=.83
1.38 (0.32-5.94) P=.67
1.89 (0.36-9.94) P=.45

0.24 (0.03-2.07) P=.20

9.61 (1.40-66.18) P=.02
1.00 (0.18-5.5) P>.99
0.599 (0.177-2.03) P=.4
0.18 (0.02-1.43) P=.1(

0.60 (0.15-2.33) P=.44
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Antibiotic (except 8.30 (1.10-62.91) P=.04

azithromycin)

Hydroxychloroquine 2.11 (0.52-8.61) P=.30

Corticosteroids 3.86 (1.13-13.13) P=.03 4.179114.66) P=.03
C-reactive protein

1.01 (1.00-1.02) P=.01  1DP1-1.02) P<.001

25(0OH)D &30ng/mL)
Age (quintiles)
BMI (quintiles)
Male sex
Smoking
Heart failure
Coronary artery
disease
ESRD
COPD
Diabetes
Active malignancy
Hypertension
ACEIl or ARB use

prior to admission

0.78 (0.36-1.71) P=.54
1.09 (0.82-1.44) P=.57

1.14 (0.87-1.50) P=.34

0.64 (0.28-1.44PB=
1.08 (0.845) P=.60

1.13 (0.884) P=.39

0.65 (0.28-1.48) P=.30
1.10 (0.82-1.47) P=.55
1.16 (0.87-1.55) P=.32
1.32 (0.58-3.04) P=.51

1.02 (0.37-2.79) P=.98
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0.15 (0.04-0.60) P=.01
1.16 (0.77-1:818
1.18 (0.76-1FB5)16
1.48 (0.43-5P553

0.83 (0.21-3.28yP

1.27 (0.36-4.42) P=.71

22(0.06-0.78) P=.02
1.37 (0.89-2.10) P=.15
1.22 (0.81-1.83) P=.35
0.91 (0.29-2.88) P=.87
1.51 (0.36-6.29) P=0.57
2.30 (0.46-11.53) P=.3

0.18 (0.02-1.48) P=.11

7.55 (1.27-44.78) P=.03
0.75 (0.15-3.65) P=.72
0.70 (0.22-2.22) P=55
0.20 (0.03-1.44) P=.11

0.62 (0.17-2.32) P=.44




Antiviral
Azithromycin
Antibiotic (except
azithromycin)
Hydroxychloroquine
Corticosteroids

C-reactive protein
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4.49 (0.61-32.84) P=.14
2.09 (0.58-7.54) P=.26

7.00 (1.06-46.41) P=.04

2.33 (0.57-9.55) P=.24
3.76 (1.13-12.57) P=.03

1.01 (1.00-1.02) P=.01

3.406111.49) P=.04

1DP1-1.02) P<.001

25(OH)D (quintiles)
Age (quintiles)
BMI (quintiles)
Male sex
Smoking
Heart failure
Coronary artery
disease
ESRD
COPD
Diabetes
Active malignancy

Hypertension

0.81 (0.61-1.07) P=.14
1.11 (0.84-1.47) P=.46

1.11 (0.84-1.46) P=.47

0.75@1.02) P=.07
1.09 (0.826) P=.55

1.10 (0.83) P=.52

0.78 (0.58-1.04) P=.09
1.11 (0.82-1.48) P=.51
1.12 (0.84-1.51) P=.44
1.28 (0.55-2.95) P=.57

1.06 (0.38-2.94) P=.92
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0.50 (0.3®)P=.003
1.12 (0.73-1P2250
1.09 (0.68-1.73y®
1.49 (0.40-55455

0.91 (0.21-3.868P

0.54 (0.35-0.84) P=.01]
1.32 (0.85-2.03) P=.21
1.14 (0.75-1.72) P=.55
0.91 (0.28-2.98) P=.88
1.63 (0.38-6.89) P=.51
1.93 (0.38-9.73) P=.42

0.21 (0.03-1.72) P=.15

7.63 (1.23-47.50) P=.03
0.96 (0.19-4.88) P=.96
0.71 (0.22-2.28) P=.51
0.21 (0.03-1.50) P=.12

0.65 (0.18-2.44) P=.53
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ACEIl or ARB use 1.21 (0.33-4.42) P=.77

prior to admission

Antiviral 4.24 (0.52-34.38) P=.18
Azithromycin 1.61 (0.44-5.94) P=.48
Antibiotic (except 8.42 (1.17-60.58) P=.03

azithromycin)

Hydroxychloroquine 1.93 (0.48-7.73) P=.36
Corticosteroids 3.83 (1.15-12.80) P=.03 3.793112.58) P=.03
C-reactive protein 1.01 (1.00-1.02) P=.01 10P1-1.02) P<0.001,

Model(1): Multivariable analysis with 25(OH)D (ascontinuous), age (analyzed in quintiles), BMlalgmed in quintiles); Model(2):
Multivariable analysis model(1) adjusted for thespital of origin; Model(3): Multivariable analysisodel(2) with addition of male,
smoking as regressors; Model(4): Multivariable gsial model(3) with addition of C-reactive prote®RB or ACEi and in-hospital
drug treatment; Model(5): Multivariable analysisaet{3) with addition of statistically significanawiables of the univariable
analysis and heart failure, coronary artery disedisdetes, hypertension, C-reactive protein, amtoosteroids. Age in years, BMI

in kg/m2, vitamin levels in ng/mL, C-reactive pnotén mg/dL.
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Abbreviations: ACEi, angiotensin-converting-enzymigbitor; ARB, angiotensin Il receptor blocker; BMbody mass index; Cl,
confidence interval; COPD, chronic obstructive poirary disease; CKD, chronic kidney disease; ESRD;stage renal disease;

OR, odds ratio; 25(0OH)D, 25-hydroxyvitamin D.
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