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The implications of vitamin D deficiency on COVID-19 for at-risk

populations

Rosemary Deluccia, Deborah Clegg, and Deeptha Sukumar

Novel coronavirus disease 2019 (COVID-19) has spread to > 10 000 000 individuals
in a short time. With no pharmacological agents successfully implemented to con-
trol the outbreak, the use of less invasive nonpharmacological agents, such as
vitamin D, are increasingly being studied. This purpose of this article is to determine
the current knowledge about the risk of COVID-19 development for populations at
risk for vitamin D deficiency, including individuals living with overweight and obe-
sity, those of older age, and racial or ethnic minorities. Despite the documented im-
pact of vitamin D on viral disease prevention, many subgroups at risk for contract-
ing COVID-19 are also known to have increased rates of vitaminD deficiency.
Because vitamin D is most commonly obtained from sunlight, when interpreted
alongside the stay-at-home orders, the importance of identifying safe approaches
to obtain sufficient vitamin D is apparent. Furthermore, elucidating the cause-and-
effect relationship between vitamin D and COVID-19, including optimal dosing for

COVID-19 outcomes, is also warranted for immediate investigation.

INTRODUCTION

The novel virus severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2), known colloquially as coro-
navirus disease 2019 (COVID-19), has rapidly spread
from its outbreak location in Wuhan, China, to > 195
counties and 10 000 000 individuals in a short time."?
Recent data have shown that the disease disproportion-
ally affects specific subgroups of individuals, such as the
elderly, those living with overweight and obesity, racial
and ethnic minority groups, and those with various
obesity-related comorbidities and other chronic dis-
eases.' It is also known that many of these at-risk sub-
groups are also disproportionally affected by poor
vitamin D status, likely due to limited sun exposure and
reduced ability to synthesize vitamin D in the skin; the

prevalence of overall deficiency is estimated to be ap-
proximately 40%.’° Because of past research support-
ing the role of vitaminD in immune function,
particularly for improving viral-related disease out-
comes, the implications of the stay-at-home orders on
the ability to achieve sufficient vitamin D, particularly
in at risk individuals, are unclear and are discussed in
this narrative review article.

COVID-19 BACKGROUND

COVID-19 is largely spread through respiratory drop-
lets exchanged during close person-to-person contact,
though recent reports suggest that spread via infected
surfaces and community spread are sustainable means
of transmission.”” Once infected, individuals may

Affiliation: R. DeLuccia and D. Sukumar are with the Department of Nutrition Sciences, College of Nursing and Health Professions, Drexel
University, Philadelphia, Pennsylvania, USA. D. Clegg is with the College of Nursing and Health Professions, Drexel University, Philadelphia,

Pennsylvania, USA

Correspondence: D. Sukumar, Department of Nutrition Sciences, College of Nursing and Health Professions, Drexel University, 1601 Cherry
St., Room 392, Philadelphia, PA 19102, USA. E-mail: deeptha.sukumar@drexel.edu.

Key words: COVID-19, nutrition, obesity, viral diseases, vitamin D.

©The Author(s) 2020. Published by Oxford University Press on behalf of the International Life Sciences Institute.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

doi: 10.1093/nutrit/nuaa092

Nutrition Reviews® Vol. 00(0):1-8



experience a range of disease severity signs and symp-
toms, including being asymptomatic; or having mild
flu-like symptoms, including dry cough, fever, and
alterations to taste and smell; or development of
disease-induced pneumonia and respiratory failure, re-
quiring ventilator-based therapy; and death."*” The
mortality rate reported by the World Health
Organization on June 29, 2020, was 5.0%, and the mor-
tality rate in the United States is also 5.0%, though the
situation continues to evolve daily around the globe."

GROUPS AT RISK FOR COVID-19 INFECTION

Individuals considered at higher risk for contracting
COVID-19 include individuals age 65 years or older, es-
pecially those living in a nursing home or community
long-term care facility; individuals with pre-established
respiratory conditions such as chronic lung disease or
asthma, or those who smoke; and individuals with
weakened immune systems, including those undergoing
cancer treatment or organ transplant, those with HIV
or AIDS, or those who have a prolonged use of systemic
corticosteroids or other medications that may affect the
immune system."*® Individuals with excess weight, es-
pecially those falling into the severe obesity category
(body mass index >40kg/m?), as well as those who
have been diagnosed with weight-related comorbidities,
including diabetes, kidney or liver diseases, or heart
conditions, are also at increased risk to contract
COVID-19 after exposure.”” Last, information on the
effect of COVID-19 on different racial and ethnic mi-
nority groups suggests there is a disproportionate rate
of infection and death compared with the White
population.

Methods to reduce the risk of contracting COVID-
19 include limiting exposure to the virus by social dis-
tancing, avoiding large crowds, staying inside as much
as possible, and avoiding unnecessary travel."*’ In ad-
dition, practicing good hygiene can help prevent spread
of the virus, including washing hands often, using hand
sanitizer if hand washing is not available, cleaning and
disinfecting frequently touched surfaces, and avoiding
other individuals if feeling sick."*” Although multiple
pharmacological agents are undergoing clinical testing
as treatment options, no vaccine has been successfully
implemented at present, highlighting the need for test-
ing of nonpharmacological alternative treatments, such
as vitamin D, for their impact on COVID-19 risk and

. 12,7
disease-related outcomes.

VITAMIN D DEFICIENCY AND COVID-19
Vitamin D metabolism

Vitamin D is a secosteroid, primarily functioning to aid
in calcium absorption and use in the body.” It can be
obtained through dietary intake and supplements, as
well as sunlight exposure, with endogenous synthesis in
the body occurring with the latter.””"" When sun expo-
sure at ultraviolet B radiation of 290-315nm occurs,
the vitamin D precursor 7-dehydrocholestrol, which is
found in the skin, is converted to previtamin D;.°'!
Through an isomerization process, previtamin D; can
be converted to vitamin Ds, or cholecalciferol, which
can then be transported by a carrier protein,
vitamin D-binding protein, to the liver.””'* Once in the
liver, vitamin Dj is converted to 25-hydroxyvitamin D
(250HD), or calcidiol, through the addition of a hy-
droxyl group and remains in circulation in this form for
10-50 days, making it a strong indicator of overall
vitamin D status.'®"'* When active vitamin D is needed
for functioning, 250HD is again transported by
vitamin D-binding protein to the kidneys, where it is
converted to the biologically active form 1,25-dihydrox-
yvitamin D, or calcitriol, which functions through the
nuclear receptor vitaminD receptor.”'""'>'> Both the
enzyme that activates 1,25(OH),D, 1-a-hydroxylase,
and vitamin D receptor are expressed in other tissues
outside of the kidneys, such as within the respiratory
epithelial cells and other immune cells, suggesting other

locations for vitamin D activation and subsequent ac-
: 11-13,16-2
tion,'! 71310720

Vitamin D function in COVID-19

Vitamin D’s functions in the body can be separated into
calcemic effects, such as those mitigating the regulation
of calcium and phosphorus absorption, and noncalce-
mic effects (Figure 1).>'° Researchers have also sug-
gested that vitamin D may act as a nonpharmacological
treatment for COVID-19 because vitamin D can benefi-
cially affect immune functioning of the host against
other known viral infections, such as the influenza virus
(season flu) the rhinovirus (common cold), and HIV."
In a recent observational study comparing plasma 25-
hydroxyvitamin D concentrations in patients testing
positive for COVID-19 infection with those testing neg-
ative, significantly lower concentrations of 25-hydroxy-
vitamin D (11.1 ng/mL) were found in those positive
for COVID-19 compared with the negative group
(24.6 ng/mL), further substantiating this claim."?
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Figure 1 Vitamin D metabolism and functions in relation to viral infections. Abbreviations: 1,25(0H),D, 1,25-dihydroxyvitamin D; 250HD,
25-hydroxyvitamin D; DBP, Vitamin D Binding Protein; RANKL, receptor activator of nuclear factor-xB ligand.

Vitamin D’s mechanism of effect in relation to
these viruses is multifaceted. First, vitamin D can regu-
late the antimicrobial peptides f-defensin and cathelici-
din, which can directly inactivate viral pathogens or
inhibit replication."*™'” Second, vitamin D increases re-
cruitment of phagocytes, thus acting as a defense for the
respiratory system."*"'® Finally, vitamin D also mediates
production of proinflammatory cytokines and T-
helper-17 cells, which frequently have been noted in
the literature to suppress inflammation and help main-
tain healthy immune functioning in the lungs and other
body systems'®?'COVID-19 infection is associated
with increased numbers of proinflammatory cytokines
and risk of pneumonia, sepsis, and acute respiratory
distress.”>”** The combination of the mechanistic effects
of vitamin D related to these characteristics of COVID-
19 help elucidate how a sufficient vitamin D status of
the virus’ host may help support optimal immunoregu-
latory functioning in response to respiratory-based viral
infections such as COVID-19 by improving clearance of
the viral species, as well as by decreasing inflammatory

15,17,18,22
responses. >17.18
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POPULATIONS AT RISK FOR COVID-19 AND VITAMIN D
DEFICIENCY

Certain subgroups of individuals are considered at
greater risk of COVID-19 infection (Figure 2).2%
Interestingly, many of these subgroups also have higher
risk of vitamin D deficiency, highlighting additional evi-
dence of vitamin D’s potential role in COVID-19 inci-
dence and disease-related outcomes.*

Overweight and obesity

A disproportionate number of individuals diagnosed
with COVID-19 have underlying conditions, including
obesity and weight-related comorbidities including hy-
pertension, cardiovascular diseases, and diabetes.”” It
also is known that individuals with overweight and obe-
sity exhibit increased shedding of the virus after expo-
sure, which may be related to increased exposure for
individuals in close contact.”®

It is suspected that excess weight can result in poor
COVID-19 outcomes due to the impact of overweight
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Figure 2 Concurrent low vitamin D levels and COVID-19 risk experienced by individuals with overweight and obesity, the elderly, and ethnic
and racial minorities. Abbreviations: ACE2, angiotensin-converting enzyme 2; COVID-19, coronavirus disease 2019.

on cardiorespiratory and lung functioning, as well as on
immune dysfunction from the overall proinflammatory
state that can eventually result in organ failure.® From
a cardiorespiratory standpoint, obesity can also influ-
ence the development of hypertension, diabetes, stroke,
atrial fibrillation, kidney and liver diseases, and overall
heart failure.”® These comorbidities cause physical man-
ifestations in the body such as reduced pulmonary func-
tion, functional capacity, and respiratory system
compliance, along with reduced f-cell functioning and
increased insulin resistance, all of which can limit
proper immune responses to viral exposures and in-
crease a patient’s difficulty responding to common
COVID-19 therapy such as ventilatory support.”**’
Vitamin D deficiency is also more prevalent in
individuals living with overweight and obesity

compared with individuals of normal weight, with some
research suggesting that deficiency prevalence is 25%-
35% with overweight and obesity.>® Multiple factors
are considered to lead to vitamin D deficiency in indi-
viduals with overweight and obesity, including reduced
synthesis from sun exposure, sequestering of vitamin D
in excess adipocyte cells, impaired activation in the
body due to fatty liver, altered parathyroid hormone
concentrations and signaling, and lifestyle factors.”* '
In addition, pharmacological agents such as antibiotics,
anti-inflammatory agents, antihypertensive medica-
tions, antiretroviral drugs, endocrine drugs, and herbal
medications commonly taken in response to weight-
related comorbidities can affect sunlight synthesis of vi-
tamin D3 and reduce serum 250HD concentrations
available for activation in the body.***
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Age

Older adults are especially at risk for COVID-19, with
the greatest incidence of disease spread occurring in
nursing homes or community long-term care
facilities.”’ Angiotensin-converting enzyme 2, a receptor
for SARS-COV-2, which causes COVID-19, exists in
higher concentrations in older adults compared with
younger individuals, which may be a cause for the in-
creased disease spread in the former.”> Other factors
that also may be related to the increased risk of
COVID-19 include the impact of noncommunicable
diseases that develop with age, such as heart diseases,
cancers, and metabolic diseases, as well as the treat-
ments for these diseases, which may lower immune re-
sponse, particularly to highly infectious diseases such as
COVID-19.> Finally, the increased incidence of
COVID-19 among elderly individuals may also be due
to sarcopenia (the decreased muscle mass and increased
fat mass common with advanced age), because of its re-
lation to a proinflammatory state, along with the altered
cardiorespiratory and lung functioning, as well as the
immune dysregulation that is seen with overweight and
obesity.*®

Vitamin D deficiency is highly prevalent in elderly
individuals. In their study of vitamin D concentrations
in 125 adults aged 75 years or older, researchers
Kweder and Eidi** found that 85% of the sample had
some degree of vitamin D deficiency and 43% had se-
vere or very severe deficiency. Some of the key reasons
that may result in vitamin D deficiency in this popula-
tion include overall lack of sun exposure; reduced ca-
pacity to synthesize vitaminD from the sun, due to
reduced 7-dehydrocholsterol in the skin; reduced renal
functioning; and various surgeries and medications
commonly used to control age-related comorbidities.”*
It also has been reported that vitamin D supplementa-
tion is not necessarily commonly prescribed for the el-
derly by medical professionals to combat vitaminD
deficiency. Kweder and Eidi** also noted that 78% of
the patient sample were not prescribed a vitamin D sup-
plement treatment in the prior 3 years, and 90% were
not taking any supplement at the time of study partici-
pation. It is possible that this may be due to decreased
clinical practice of prescribing vitamin D supplements
to elderly individuals because of the known increased
risk of falls that may occur with high-dose
supplements.”>>°

Race and ethnicity
Recent reports suggest that racial and ethnic minorities

have experienced both an increased rate of infection as
well as a disproportionate amount of negative COVID-
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19-related outcomes compared with White individu-
als.’”® The racial and ethnic minorities considered the
most at risk within the United States include Black,
Latino, American Indian, Alaska Native, and Pacific
Islander minorities.”” The increased risk of COVID-19
transmission continues to highlight the health dispar-
ities experienced by these minority groups and can be
related to social determinants of health, socioeconomic,
and educational input; health care access; racial dis-
crimination; and biological factors.””*® Biologically, ra-
cial and ethnic minorities experience a higher rate of
comorbidities that may negatively affect COVID-19
outcomes, including morbid obesity, cardiovascular dis-
eases, diabetes, liver and kidney diseases, HIV, and re-
spiratory issues including asthma and chronic
obstructive respiratory disease.”” Socially, racial and
ethnic minorities disproportionately live in urban envi-
ronments where crowded conditions, substandard air
quality, and public services such as transportation and
essential work limit social distancing.37 In addition,
lower socioeconomic status and less education can re-
sult in loss of work, loss of health insurance, limited ac-
cess to adequate health resources, food insecurity, and
house insecurity, further exacerbating risk of COVID-
19.37,38

Race and ethnicity are considered strong predictors
of 250HD concentrations. In a recent study, authors
found that when comparing Black vs White individuals,
Black individuals had lower 250HD concentrations and
a higher proportion of Black individuals were consid-
ered vitamin D deficient.”® Factors that may cause dis-
proportionate vitamin D deficiency in darker-skinned
individuals include reduced ability to synthesize
vitamin D from the skin, because of the darker pigmen-
tation, as well as reduced levels of vitamin D-binding
protein, which transports vitamin D in the body for ac-
tivation and functioning.*>*' Racial and ethnic minori-
ties also experience a disproportionate rate of
comorbidities, including obesity, cardiovascular dis-
eases, diabetes, and liver and kidney diseases, which can
reduce the amount of vitaminD available for active
functioning.”” Finally, cultural dietary habits are sug-
gested to reduce vitaminD intake from foods, and re-
duced use of supplementation in ethnic minorities is
also common.*!

IMPACT OF STAY-AT-HOME ORDERS ON VITAMIN D
STATUS

Despite plentiful research documenting the impact of
vitamin D on various facets of health, many subgroups,
including elderly individuals, racial and ethnic minori-
ties, individuals with overweight and obesity, and indi-
viduals with other chronic diseases such as diabetes,



cancer, and heart diseases, have high deficiency preva-
lences.*® The recommended daily allowance for
vitamin D to maintain a sufficient status for proper
functioning and to potentially affect viral disease out-
comes is 600IU for adults 18-70years of age and
800 IU for adults > 70 years of age.*” Because vitamin D
is not found naturally in many foods, the process of
obtaining enough vitamin D through diet alone is chal-
lenging. Foods considered good sources of vitamin D,
such as cod liver oil, fatty fish, egg yolks, and fortified
dairy products, among others, are not often being con-
sumed in high amounts,”'***~**

When dietary intake of vitamin D is lacking, syn-
thesis can occur in the body from sunlight exposure.**~
* The optimal time to achieve sufficient vitamin D
from sunlight exposure occurs between 10:00 aMm and
3:00pM in spring, summer, and fall months, and the
limited vitaminD synthesis that occurs in winter
months is suggested to be a reason for the peak in viral
infections such as influenza at a coinciding time of
year.”>*>* In as short a period as 20 minutes, adults
wearing a bathing suit or other attire exposing much of
their legs and arms can synthesize approximately
15 000-20 000 IU of vitamin D; though the subsequent
increase in 250HD concentrations in the blood occurs
more gradually than if the same amount of vitamin D
was given orally.*>*® One study of Hawaiian surfers
found that continuous sunlight exposure over 3 months
could increase serum 250HD concentrations from
11 ng/mL, a deficient status, to 71 ng/mL, a highly suffi-
cient status, but when sunlight exposure does not occur
daily, 250HD concentrations can be expected to de-
crease according to the half-life of serum 250HD,
which is approximately 10-50 days.*****” And although
250HD is a marker of exposure to vitamin D via recent
sunlight or supplementation, it is not indicative of the
total amount of vitaminD stored in adipose tissue,
which is difficult to measure, or of the actual bioavail-
ability of stored vitamin D in the case of sequestering.*

The complications of obtaining sufficient
vitamin D are further exacerbated in subgroups at risk
for COVID-19; the complications include the global
quarantine, isolation, and stay-at-home orders that have
been given to individuals who have been officially diag-
nosed with COVID-19, believe they have contracted
COVID-19, and who are taking measures to reduce
their risk of exposure."”” For many, especially older
individuals in nursing homes or community long-term
care facilities, as well as for ethnic minorities who more
commonly live in densely populated areas, these meas-
ures include little or no movement outside their
home."* Major implications of limited or no time spent
outdoors are the reduced synthesis of vitaminD from
sunlight exposure and the increased risk of vitamin D

deficiency development. There also is a link to increased
rates of anxiety and depression, which could exacerbate
risk of COVID-19 and slow immune defense.***
Unfortunately, sunlight that passes through materials
such as glass or plastic, polluted air, sunscreen, or cloth-
ing results in little to no vitamin D production in the
skin, affecting the ability to synthesize vitaminD from
sunlight penetrating indoors through windows.”® When
combined with the typical Western diet high in proc-
essed foods that lack vitamin D, quarantine, isolation,
and stay-at-home orders can impair one’s ability to ob-
tain sufficient vitamin D needed to maintain or boost
immune functioning.'**>**>">% This, in turn, could
reduce the ability to prevent or fight COVID-19 in sus-
ceptible individuals.

CONCLUSION

At a time when vaccines or other drug treatments for
COVID-19 are not yet developed, the hypothesis that
vitamin D supplementation or exposure is a nonphar-
macological means to reduce COVID-19 incidence and
prevalence is supported in mechanistic and viral-related
outcomes literature!*!>17:22 Furthermore, it is sug-
gested that daily doses of vitamin D vs bolus adminis-
tration may be more effective for treating viral
infections, and vitamin D administration in this way
may be an effective approach to addressing COVID-
19.%

Because of the limitations of the major form of
obtaining vitamin D—sunlight exposure—for many
subgroups at risk, such as older people, those with
darker skin tones, and those with excess fat mass, the
quarantine, isolation, and stay-at-home orders in place
globally at this time have made evident the cyclic rela-
tionship between decreasing vitaminD status and in-
creasing risk of COVID-19.">** On a practical level,
proposed actions for susceptible individuals trying to
reduce their risk for COVID-19 include identifying safe
locations to obtain direct sunlight exposure regularly
(ie, not through glass, plastic, pollution, or sunscreen),
as well as identifying nonsunlight-based approaches to
obtaining sufficient vitamin D, such as through modify-
ing dietary intake to include shelf-stable or frozen foods
that contain vitamin D, or using vitamin D supplemen-
tation.”'**>**°% Because high doses of vitamin D sup-
plementation are associated with negative outcomes,
particularly in elderly individuals, the use of lower doses
in combination with other dietary components that
may enhance their effect (eg, combined with calcium,
magnesium, and dietary fats) may be war-
ranted 2235:36:54-56

From a research perspective, interventional trials
are needed to investigate the impact of vitaminD
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supplementation or adequate sunlight exposure, as well

as of other antioxidant micronutrients such as
vitamin C, iron, and zinc, on COVID-19 risk and
disease-related outcomes in healthy individuals as well
as in those subgroups identified to be at a greater risk
for COVID-19."* Furthermore, consideration of a more
homogenous spread of study designs and of dosing reg-
imens is imperative to be able to fully elucidate the
effects of nonpharmacological vitamins and minerals
against respiratory viral infections, as well as the ability
to improve outcomes of these diseases while research is
ongoing to develop a vaccine or other drug agent to re-
duce COVID-19

mortality.

incidence and disease-related
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