
Page 1/10

Vitamin D De�ciency is Associated with Increased
COVID-19 Severity: Prospective Screening of At-Risk
Groups is Medically Indicated
Samuel H Pepkowitz MD  (  Samuel.Pepkowitz@cshs.org )

Cedars-Sinai Medical Center https://orcid.org/0000-0002-8384-3227
Calvin J Hobel MD 

Cedars-Sinai Medical Center
James M Mirocha MS 

Cedars-Sinai Medical Center
Kimia.Sobhani PhD 

Cedars-Sinai Medical Center
Carissa A Huynh BS 

Cedars-Sinai Medical Center
Harneet Jawanda MD 

Cedars-Sinai Medical Center
Wohaib Hasan PhD 

Cedars-Sinai Medical Cente

Research Article

Keywords: COVID-19, Vitamin D De�ciency, Pulmonary In�ammation, ICU Care

Posted Date: September 29th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-83262/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-83262/v1
mailto:Samuel.Pepkowitz@cshs.org
https://orcid.org/0000-0002-8384-3227
https://doi.org/10.21203/rs.3.rs-83262/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/10

Abstract
Non-classical actions of Vitamin D are involved in regulation of the immune system including a role in
mitigation of excessive in�ammation. We hypothesized that vitamin D de�ciency existing prior to SARS-
CoV-2 infection could contribute to patients developing severe pulmonary compromise as a result of
dysfunctional hyperin�ammation. Serum vitamin D concentrations of patients experiencing such severe
COVID-19 manifestations that they required ICU care at any point of their hospitalization were compared
to serum vitamin D concentrations of patients achieving discharge without the need for any ICU care.
Having serum vitamin D < 20 ng/mL was signi�cantly associated with increased COVID-19 severity,
p=0.001. It is conjectured that population groups know to have low serum vitamin D should be
prospectively screened for de�ciency and if found emergently treated. Such action could both decrease
the maximum severity suffered by infected individuals and lessen the strain on medical resources by
decreasing the percentage of COVID-19 hospital admissions requiring ICU care.

Background
SARS-CoV-2 infection (COVID-19) manifests itself on a clinical spectrum ranging from asymptomatic
carriage to life-threatening disease with catastrophic compromise often due to a hyperin�ammatory
necrotizing pneumonitis [1,2].  African Americans, Native Americans, Hispanic Americans, obese
individuals and the elderly are among groups experiencing disproportionately high levels of severe
disease compared a to younger, normal Body Mass Index (BMI), Caucasian control population [3,4,5,6,7].
 However, instead of attributing these discrepancies to genetic susceptibility or unavoidable effects of
aging  there is an evolving recognition that asymmetries of socioeconomic status , chronic stress, the
availability of routine and acute medical care, and exposure to toxic environmental factors may be
primarily responsible for the increased morbidity being suffered by these groups [3,8].  These same
groups are also known to be disproportionately 25-hydroxyvitamin D (25VD) insu�cient (serum levels of
20-30 ng/dL) or de�cient (serum levels<20 ng/dL) [9,10,11].  While the etiology of the necrotizing
pulmonary process is no doubt multifactorial, vitamin D de�ciency has been targeted as is a candidate
factor for abetting some of the dysfunctional hyperin�ammation [12,13] occurring in these patients.
 Vitamin D de�ciency affects various macrophage populations generally leading to a dampening of local
production of 1,25-dihydroxyvitamin D (1,25VD), the effector molecule of intracrine, autocrine and
paracrine actions of vitamin D [14]. Speci�cally, vitamin D de�ciency has been found to increase the
concentration of in�ammatory mediators at the sites of viral infection while decreasing the population of
adjacent regulatory T-cells [14].  This regulation of immune-mediated in�ammation is partially dependent
on the circulating level of 25VD, the predominant analyte measured with routine Vitamin D testing.
Notable, the circulating level of 1,25VD which is mainly of renal origin and functions as the active vitamin
D moiety involved in calcium homeostasis and bone health is not responsible for these in-situ actions.

CONCEPTUAL FRAMEWORK
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Current therapeutic interventions for COVID-19 patients have already focused on decreasing or controlling
excessive in�ammation [15] but few studies have examined the role of vitamin D insu�ciency as an
independent factor contributing to clinical disease severity, presumably through its effect on
in�ammation and more broadly on the multifaceted relationship of vitamin D su�ciency with
maintenance of a well-functioning immune system [16,17].   Vitamin D is also involved in neutrophil
production of cathelicidins which have both anti-bacterial and anti-viral activity [18] such that decreased
cathelicidin production accompanying 25VD de�ciency has been proposed to increase the severity of
viral and bacterial pulmonary infections [19,20].  Therefore, prompted by these physiologic and
epidemiologic considerations, the possibility that de�cient VD would be associated with more severe
COVID-19 led us to compare 25VD levels of hospitalized COVID-19 patients requiring any days of ICU
admission (a more severe “ICU” group) with the levels of COVID-19 patients able to achieve hospital
discharge without the need for any ICU care (a less severe “Floor” group).

Methods
Our Biobank stores remnant EDTA plasma samples on SARS-CoV-2 PCR-positive patients. Because
patient consent is obtained on hospital admission sample bias due to ordering patterns based on disease
progression was not felt to be a confounding factor.  Specimens for testing were randomly selected from
each severity group while aiming for an approximately even split, in this case 20 ICU and 17 Floor
subjects in this pilot study (N=37).   Expedited IRB approval, which obviated the need for patient consent,
was given to assay 25(OH)VD by standard laboratory means and collect data on sex, race, age and BMI
while maintaining patient anonymity.   ICU patients were comprised of 4 females and 16 males; Floor
patients were 8 females and 9 males.   Of the 25 men there were 17 Caucasians, 6 African Americans,
and 2 Asians, and of the 12 women there were 8 Caucasians, 3 African Americans, and 1 Asian.
Admissions occurred during April and May of 2020.  Vitamin D de�ciency was de�ned as 25(OH)VD<20
(ng/mL) and obesity as a Body Mass Index (BMI) >30.

Results
Race and sex were statistically similar in ICU and Floor patients. ICU patients were younger, with a mean
age of 67.8 ± 10.4 v 76.4 ± 17.3 years (Wilcoxon rank sum test p=0.026). ICU patients had higher mean
BMI, 28.3 ± 7.4 v 22.9 ± 4.4 (Wilcoxon p=0.017) and lower 25(OH)VD, 21.3 ± 12.2 v 32.4 ± 15.4 (Wilcoxon
p=0.002). African Americans had lower mean 25(OH)VD than others, 16.8 ± 5.0 v 29.5 ± 15.4 (Wilcoxon
p=0.010). Eleven of 13 (84.6%) patients with vitamin D de�ciency versus 9/24 (37.5%) with adequate
25(OH)VD required ICU treatment (Fig. 1), relative risk (RR) = 2.26, 95% con�dence interval (CI) = 1.28 –
3.97 (Fisher p = 0.014).   A logistic regression model demonstrated that for patients having either
25(OH)VD<20 ng/mL or BMI>30, 16 of 20 ICU patients had one or both parameters versus 2 of 17 for
Floor-only admission (P < 0.0001).  For the same BMI, higher VD appeared protective against ICU
admission with an Odds Ratio = 0.68 for a 5 ng/mL increase. For subjects with the same VD, higher BMI
associated with a higher rate of ICU admission with Odds Ratio = 2.27 for a 5-unit increase in BMI.
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Conclusions
Our �ndings strongly suggest that pre-existing VD de�ciency is at least in part responsible for increased
COVID-19 severity and acts synergistically with, but also independently of obesity.  Graphic representation
of our results are shown in Figures 1, 2, 3 and 4.

Although we are reporting on only 37 patients they were all from one institution, were admitted in a
restricted time-window to limit the effect of changing therapy on disease evolution, and were under the
care of a limited staff of Acute-Care/Pulmonary specialists all using the same criteria for ICU admission
and the same standards-of-care for hospitalized  COVID-19 patients.  This uniformity of evaluation and
treatment lends an added level of con�dence to our statistical analysis.   Our conclusion supports and
expands that of a recent study by De Smet et al from Belgium [21] demonstrating that vitamin D
de�ciency (also using at a cut-off of 20 ng/mL) is associated with more advanced COVID-19 related
pulmonary disease as determined by chest CT.  Appraising our �ndings in conjunction with those of De
Smet it is compelling to conclude that the clinically severe physiologic compromise necessitating ICU
care of our 25VD de�cient patients is a direct manifestation of the disease process re�ected in their
radiologic �ndings and that preexisting vitamin D de�ciency is  very likely an easily remediable factor
contributing to increased disease severity.  Additional investigation is needed to determine whether 25VD
de�cient patients already infected with SARS-CoV-2 would bene�t from correction of their de�ciency.     

A recent advisory from Public Health England of 06/29/2020 [22] states there is “no evidence to support
taking vitamin D supplements to speci�cally prevent of treat COVID-19”.  The ‘Joint Statement on Vitamin
D in the Era of COVID-19’ released 07/09/2020 by the Endocrine Society and �ve other organizations [23]
stresses the need for individuals to maintain sun exposure and to supplement with 400-1000 IU of
vitamin D daily. Our conclusions are not at odds with these two statements but rather addresses the need
for prompt anticipatory evaluation of serum 25VD for members of groups known to be at increased risk
for 25VD de�ciency. Unfortunately, routine vitamin D supplementation is often ineffective [24] for older
individuals such that follow-up monitoring is required to assure that su�cient serum levels are attained.
This need to evaluate the outcome of supplementation should probably apply to all individuals being
urgently screened for 25VD de�ciency.  If ongoing patient follow-up studies demonstrate that signi�cant
multi-system complications result from even mild-to-moderate COVID-19 [25,26] universal prospective
vitamin D screening should become a standard component of preventative medical care.                             
 

Our recommendation is to expeditiously screen groups known to have both disproportionately high rates
of severe COVID-19 relative to their population percentages and vitamin D de�ciency.  Up to 40% of
African Americans are suspected to be vitamin D de�cient at random seasonal testing [10] but this
percentage that may reach 65 % in winter months [27].   Native Americans have been infrequently
evaluated for their 25VD status but a report from Oklahoma found that two-thirds of apparently healthy
individuals had 25VD below 20 ng/dL [9]. Nursing home residents not taking vitamin D supplementation
may have a de�ciency rate over 60%; even with standard supplementation up to 16% remain de�cient
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[28].  Profound vitamin D de�ciency, though of variable percentage depending on the country of origin,
has been substantiated in recent immigrants to Minnesota, Calgary, and Amsterdam [29,30,31].  Pregnant
women and obese individuals are two additional population groups of concern.  Evaluating healthy
pregnant women from Pennsylvania in 2007 Bodnar et al [32] found 29% of black women and 5% of
white women were 25VD de�cient at delivery.  By 2015 the obstetric situation was minimally changed:
healthy women from the state of Washington, assessed at various times in pregnancy, were studied by
Flood-Nichols et al [33] who found 19% of black women and 7% of white women to be vitamin D
de�cient.   In light of an MMWR comment of 8/27/20  [34] suggesting that SARS-CoV-2 infected pregnant
women “are more likely to be hospitalized and are at increased risk for ICU admission and receipt of
mechanical ventilation than nonpregnant women”  pregnancy does not appear to be a condition in which
 vitamin D de�ciency should be neglected as part of routine care.    Increasing obesity correlates with
decreasing serum 25VD but total-body de�ciency is rarely encountered due to modi�ed distribution into
differentially increased volumes of various tissues [35].  However, as mentioned in our RESULTS section,
for the same BMI a higher 25VD was mildly protective of ICU admission suggesting that attempting
correction of a recognized de�ciency may be indicated. 

NEW CONTRIBUTION to the LITERATURE         

Prospective screening and remediation of vitamin D de�ciency in groups at high-risk for severe COVID-19
disease is likely to attenuate an individual patient’s peak physiologic compromise from subsequent
SARS-CoV-2 infection.  From a Public Health and medical-systems perspective the percentage of COVID-
19 patients requiring ICU care would be diminished. Though relying predominantly on North American
data to reach our conclusions, the testing  implications apply to the many vitamin D de�cient people
throughout the world.

Declarations
ACKNOWLEDGMENTS

The authors thank Mr. Jagjit Jutla for his excellent help in preparing the manuscript.  Funding for
laboratory testing and specimen retrieval was provided by the Department of Pathology and Laboratory
Medicine, Cedars-Sinai Medical Center as Project # 229154.

References
1. Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, in�ammation and

intervention. Nat Rev Immunol 20, 363–374 (2020). https://doi.org/10.1038/s41577-020-0311-8

2. Vabret, G.J. Britton, C. Gruber, et al.Immunology of COVID-19: current state of the
science Immunity, 52 (2020), pp. 910-
941, 10.1016/j.immuni.2020.05.002                                                        



Page 6/10

3. Price-Haywood EG, Burton J, Fort D, Seoane L. Hospitalization and Mortality among Black Patients
and White Patients with Covid-19. N Engl J Med. 2020;382(26):2534-2543.
doi:10.1056/NEJMsa2011686            

4. Hatcher SM, Agnew-Brune C, Anderson M, et al. COVID-19 Among American Indian and Alaska Native
Persons — 23 States, January 31–July 3, 2020. MMWR Morb Mortal Wkly Rep. ePub: 19 August
2020. DOI: http://dx.doi.org/10.15585/mmwr.mm6934e1external icon.                     

5. Webb Hooper M, Nápoles AM, Pérez-Stable EJ. COVID-19 and Racial/Ethnic Disparities [published
online ahead of print, 2020 May 11]. JAMA. 2020;10.1001/jama.2020.8598.
doi:10.1001/jama.2020.8598          

�. Kalligeros M, Shehadeh F, Mylona EK, et al. Association of Obesity with Disease Severity Among
Patients with Coronavirus Disease 2019. Obesity (Silver Spring). 2020;28(7):1200-1204.
doi:10.1002/oby.22859

7. Nikolich-Zugich J, Knox KS, Rios CT, Natt B, Bhattacharya D, Fain MJ. Correction to: SARS-CoV-2 and
COVID-19 in older adults: what we may expect regarding pathogenesis, immune responses, and
outcomes. Geroscience. 2020;42(3):1013. doi:10.1007/s11357-020-00193-1                

�. Chowkwanyun M, Reed AL Jr. Racial Health Disparities and Covid-19 - Caution and Context. N Engl J
Med. 2020;383(3):201-203. doi:10.1056/NEJMp2012910       

9. Ritterhouse LL, Lu R, Shah HB, et al. Vitamin d de�ciency in a multiethnic healthy control cohort and
altered immune response in vitamin D de�cient European-American healthy controls. PLoS One.
2014;9(4):e94500. Published 2014 Apr 11. doi:10.1371/journal.pone.0094500                   

10. Parva NR, Tadepalli S, Singh P, et al. Prevalence of Vitamin D De�ciency and Associated Risk Factors
in the US Population (2011-2012). Cureus. 2018;10(6):e2741. Published 2018 Jun 5.
doi:10.7759/cureus.2741                                 

11. Toren-Wielema M, Veenhuizen R, Kappelle JW, Veeger N, van Roon E. E�cacy of a Standardized Oral
Vitamin D Dosing Regimen in Nursing Home Residents. Drugs Aging. 2018;35(12):1079-1087.
doi:10.1007/s40266-018-0601-z                                                                                               

12. Colotta F, Jansson B, Bonelli F. Modulation of in�ammatory and immune responses by vitamin D. J
Autoimmun. 2017;85:78-97. doi:10.1016/j.jaut.2017.07.007

13. Zhang Y, Leung DY, Richers BN, et al. Vitamin D inhibits monocyte/macrophage proin�ammatory
cytokine production by targeting MAPK phosphatase-1. J Immunol. 2012;188(5):2127-2135.
doi:10.4049/jimmunol.1102412

14. Chun RF, Shieh A, Gottlieb C, et al. Vitamin D Binding Protein and the Biological Activity of Vitamin
D. Front Endocrinol (Lausanne). 2019;10:718. Published 2019 Oct 24.
doi:10.3389/fendo.2019.00718

15. RECOVERY Collaborative Group, Horby P, Lim WS, et al. Dexamethasone in Hospitalized Patients with
Covid-19 - Preliminary Report [published online ahead of print, 2020 Jul 17]. N Engl J Med.
2020;NEJMoa2021436. doi:10.1056/NEJMoa2021436                                      



Page 7/10

1�. Jakovac H. COVID-19 and vitamin D-Is there a link and an opportunity for intervention?. Am J Physiol
Endocrinol Metab. 2020;318(5):E589. doi:10.1152/ajpendo.00138.2020

17. Facchiano A, Facchiano A, Bartoli M, Ricci A, Facchiano F. Reply to Jakovac: About COVID-19 and
vitamin D. Am J Physiol Endocrinol Metab. 2020;318(6):E838. doi:10.1152/ajpendo.00185.2020      

1�. Gombart AF, Borregaard N, Koe�er HP. Human cathelicidin antimicrobial peptide (CAMP) gene is a
direct target of the vitamin D receptor and is strongly up-regulated in myeloid cells by 1,25-
dihydroxyvitamin D3. FASEB J. 2005;19(9):1067-1077. doi:10.1096/fj.04-3284com

19. Currie SM, Gwyer Findlay E, McFarlane AJ, et al. Cathelicidins Have Direct Antiviral Activity against
Respiratory Syncytial Virus In Vitro and Protective Function In Vivo in Mice and Humans. J Immunol.
2016;196(6):2699-2710. doi:10.4049/jimmunol.1502478

20. Sousa FH, Casanova V, Findlay F, et al. Cathelicidins display conserved direct antiviral activity
towards rhinovirus. Peptides. 2017;95:76-83. doi:10.1016/j.peptides.2017.07.013

21. De Smet D, De Smet K, Herroelen P,, et al. Vitamin D de�ciency as a risk factor for severe COVID-19: a
convergence of two pandemics. medRXiv 2020.05.01.20079376; doi:
https://doi.org/10.1101/2020.05.01.20079376             

22. National Institute for Health and Care Excellence. COVID-19 rapid evidence summary: vitamin D for
COVID-19 (online publication 29 June 2020). Available at: www.nice.org.uk/guidance/es28 Accessed
July 16,2020.                                                                                                                 

23. Endocrine Society Press Release. Joint guidance on vitamin D in the era of COVID-19. (online
publication 9 July 2020). Avaiable at www.endocrine.org/news-and-advocacy/news-
room/2020/joint-guidance-on-vitamin-d  Accessed July 16, 2020.       

24. Hamid Z, Riggs A, Spencer T, Redman C, Bodenner D. Vitamin D de�ciency in residents of academic
long-term care facilities despite having been prescribed vitamin D. J Am Med Dir Assoc. 2007;8(2):71-
75. doi:10.1016/j.jamda.2006.07.005                

25. Gentile F, Aimo A, Forfori F, et al. COVID-19 and risk of pulmonary �brosis: the importance of planning
ahead. Eur J Prev Cardiol. 2020;27(13):1442-1446. doi:10.1177/2047487320932695

2�. Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-19 Virus Targeting the CNS: Tissue
Distribution, Host-Virus Interaction, and Proposed Neurotropic Mechanisms. ACS Chem Neurosci.
2020;11(7):995-998. doi:10.1021/acschemneuro.0c00122               

27. Taksler GB, Cutler DM, Giovannucci E, Keating NL. Vitamin D de�ciency in minority
populations. Public Health Nutr. 2015;18(3):379-391. doi:10.1017/S1368980014000457

2�. Hamid Z, Riggs A, Spencer T, Redman C, Bodenner D. Vitamin D de�ciency in residents of academic
long-term care facilities despite having been prescribed vitamin D. J Am Med Dir Assoc. 2007;8(2):71-
75. doi:10.1016/j.jamda.2006.07.005                               

29. Vitamin D De�ciency in Refugees State WIC Staff Memo March 23, 2016. Online: Accessed July 16,
2020.                                                                                                           

30. Aucoin M, Weaver R, Thomas R, Jones L. Vitamin D status of refugees arriving in Canada: �ndings
from the Calgary Refugee Health Program. Can Fam Physician. 2013;59(4):e188-e194. 



Page 8/10

31. Lips P, de Jongh RT. Vitamin D de�ciency in immigrants. Bone Rep. 2018;9:37-41. Published 2018
Jun 11. doi:10.1016/j.bonr.2018.06.001

32. Bodnar LM, Simhan HN, Powers RW, Frank MP, Cooperstein E, Roberts JM. High prevalence of
vitamin D insu�ciency in black and white pregnant women residing in the northern United States
and their neonates. J Nutr. 2007;137(2):447-452. doi:10.1093/jn/137.2.447

33. Flood-Nichols SK, Tinnemore D, Huang RR, Napolitano PG, Ippolito DL. Vitamin D de�ciency in early
pregnancy. PLoS One. 2015;10(4):e0123763. Published 2015 Apr 21.
doi:10.1371/journal.pone.0123763

34. https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/special-populations/pregnancy-data-
on-covid-19.html Online: Accessed August 28,2020.

35. Vranić L, Mikolašević I, Milić S. Vitamin D De�ciency: Consequence or Cause of  Obesity?. Medicina
(Kaunas). 2019;55(9):541. Published 2019 Aug 28.
doi:10.3390/medicina55090541                                                                                                     

Figures

Figure 1

Of the 13 patients with 25(OH)VD < 20 ng/mL 11 required ICU admission.
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Figure 2

Patients with 25(OH)VD < 20 ng/mL had BMI from 17 to 40 (red box). In all cases BMI appears unrelated
to 25(OH)VD level.

Figure 3
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Of 20 patients requiring ICU care only 3 (blue box) did not have 25(OH)VD < 20 ng/mL or BMI > 30.

Figure 4

Of 17 patients not requiring ICU care only 2 had 25(OH)VD < 20 ng/dL.


