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Vitamin D and COVID-19: Partial Evidence

consider findings in the context of the hierarchy of

The COVID-19 pandemic, now in its second year, has

evidence.

created

challenges

for

health

maintenance.

Lockdowns, working from home and social distancing

Vitamin D and Covid - Mechanisms

have all created changes to the way we live,

Technically a hormone rather than a vitamin, vitamin

increasing stress, anxiety and depression and

D can be generated in the skin when light energy is

impacting our lifestyle habits such as diet and exercise

absorbed by the precursor molecule [3]. Vitamin D

[1]. This may be particularly concerning considering

can also be absorbed from food, such as fatty fish and

the association between obesity and adverse

fortified foods [4]. Well known for its role in bone

outcomes

metabolism, vitamin D is also essential for innate

of

COVID

infection

including

hospitalization, invasive ventilation, and death [2].
While vaccines are now available, they were not

immune function [5].
Innate immunity, the body’s initial and

an option earlier in the pandemic, and researchers

immediate response to

and clinicians alike sought interventions to prevent

involves the complement system, and includes

infection and reduce risk of adverse outcomes.

neutrophil and macrophage antimicrobial responses.

Among these are nutrition supplementation with

Monocytes and macrophages can phagocytose

vitamin D. This nutrient plays an important role in
maintaining the integrity of the immune system;
however, it is essential to examine its performance on
a population level to assess its efficacy, and to

pathogens [6].

pathogenic challenge,

Additionally, they can sense

pathogen-associated

molecular

patterns

from

bacteria, parasites, fungi and viruses [7]. Vitamin D
has been shown to enhance innate immunity by
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inducing anti-viral peptides including NOD2/CARD15-

particularly those who live in long-term care facilities,

defensin β2 [8] and cathelicidin [9], which improves

is less than that of other individuals [18].

mucosal defenses.
In addition to the role of vitamin D in innate

Case series and cross-sectional studies

immunity, deficient serum vitamin D is associated

Investigators studied four patients with vitamin D

with both increased autoimmunity [10] and increased

deficiency diagnosed with COVID-19 in April 2020 and

susceptibility to infection [11]. Vitamin D has also

treated them with either low dose (1000 I/U) or high

been shown to inhibit cytokine storms [12].

dose (50,000 I/U) vitamin D for five days. Patients
who received high dose vitamin D achieved

Seasonality

normalization of vitamin D levels, shorter hospital

The seasonal stimulus hypothesis proposes an

stay, lower supplemental oxygen requirement and

explanation for the winter outbreak pattern of

reduced blood markers of inflammation [19]. While

influenza A. According to this theory, influenza A

case series are not actually research (no hypothesis is

outbreaks correspond to seasonal reduction in sun

tested), this encouraging report no doubt encouraged

exposure, leading to a reduction in vitamin D levels,

further research in the use of vitamin D as a

and a suppression of immune response [13]. While

therapeutic in COVID-19.

the seasonality of COVID-19 has not yet been

Cross sectional studies measure exposure and

established, associations with sun exposure have

outcome simultaneously. This study design was ideal

been reported. An ecologic study used proximity to

in the early phase of the COVID-19 pandemic when

the equator as an estimation of mean sun exposure

longitudinal data were not available. In one such

and correlated this to COVID-19 mortality in 88

study,

countries. The association was attributed to

individuals with vitamin D deficiency were 4.6 times

alterations in Vitamin D levels associated with sun

as likely to be positive for COVID-19 as their non-

exposure [14]. This concept is further supported by

vitamin D deficient counterparts. This association

observations regarding increased COVID-19 mortality

persisted after controlling for potential confounders

among individuals with darker skin [15]. Indeed, it has

including age, sex and comorbidities [20] Consistent

been shown that vitamin D deficiency was almost 9

with these findings was a study from China in which

times more prevalent among lower non-Hispanic

vitamin D deficiency, defined as <30 nmol/L,

African Americans than non-Hispanic Caucasians [16].

increased risk of COVID-19 severity by a factor of 2.72.

Among elderly patients, who fared particularly badly

This association remained

during the pandemic, pre-existing, age-associated

controlling for age and sex [21].

investigators

noted

than

hospitalized

robust even after

immune dysregulation coupled with vitamin D

These findings support the notion of an

deficiency were mechanisms proposed to explain the

association between vitamin D deficiency and risk for

increased COVID-19 mortality rates in this group [17].

COVID-19 and disease severity but cannot establish

It is noteworthy that sun exposure among the elderly,

causality. By definition, when exposure and outcome
are

contemporaneously

measured,

temporality
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cannot be established, a prerequisite to determining

Prospective studies

causality.

Prospective studies begin with the exposure, in this
case vitamin D levels, and follow participants forward

Retrospective studies

in time to ascertain outcome. Because they begin

Several retrospective studies have been reported on

with the exposure, temporality can be firmly

the association between vitamin D and COVID-19.

established, permitting determination of causality.

One study compared vitamin D levels in COVID-19

One prospective study of 410 patients admitted

patients by vital status (recovered vs. deceased). An

for COVID-19 categorized vitamin D levels as deficient

overall difference in vitamin D levels were not

(< 20 ng/mL) or not based on blood tests obtained at

identified; however, among individuals with severe

hospital admission. These admission serum vitamin D

COVID-19, vitamin D levels were lower among those

levels did not correlate with inflammatory markers or

who died than among those who ultimately

clinical outcomes, including death [25]. By contrast,

recovered [22]. In a large retrospective study in the

another prospective study found that habitual

US, vitamin D levels ascertained prior to COVID-19

vitamin

testing did not differ between white individuals who

associated with reduced risk of subsequent COVID-19

tested positive or negative for COVID 19; however,

infection; however, blood vitamin D levels and

among Black participants, those with vitamin D levels

genetically predicted blood vitamin D levels were not

< 40 ng/mL were at increased risk of a positive COVID-

associated with COVID-19 risk. It cannot be ruled out

19 test [23]. Another retrospective study conducted

that self-supplementation with vitamin D represents

in individuals enrolled in a New York City Health

some other behavior associated with reduced COVID-

System and positive for COVID-19 found that vitamin

19 risk, because vitamin D levels and predicted

D deficiency, defined as levels < 20 ng/mL, increased

vitamin D levels did not differ by vitamin D

risk for oxygen support therapy, but not for

supplementation [26].

D

supplementation

was

significantly

hospitalization or death [24].
Findings of retrospective studies suggest that

Clinical trials

the association between vitamin D levels and COVID-

Compared to observational studies, clinical trials

19 outcomes are perhaps more nuanced than cross-

provide convincing evidence for the efficacy for

sectional studies might suggest. It becomes clear that

interventions. Randomization to treatment reduces

the association might be conditional on patient

confounding and serves to isolate the influence of the

characteristics such as race. Further, it is important to

exposure, which may be therapeutic or preventive.

remember that retrospective studies look backward

In a clinical trial, 240 individuals were

in time to ascertain exposure status and is thus

randomized to treatment with a single dose of

limited to individuals with a measure of vitamin D

200000 IU of vitamin D3 or placebo. The trial was

status prior to ascertainment of COVID-19 status.

designed to examine the efficacy of this intervention

Such individuals may be at different risk for COVID-19

on duration of hospital stay, defined as the number of

than others due to comorbidities or medical follow-

days from admission to discharge. This outcome did

up. This would impact the external validity of the

not differ by treatment assignment. While vitamin D

findings.

levels increased dramatically in the active treatment
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differences

in
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secondary

Well-designed, adequately powered clinical trials are

endpoints, including mortality, need for mechanical

needed to examine the role of this nutrient in both

ventilation or admission to intensive care unit, did not

prevention and treatment of COVID-19.

differ by vitamin D treatment [27].
In a clinical trial described as a pilot study, 50
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