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ABSTRACT

Background: Recognition of the role of vitamin D in immune function has led to interest in its relationship with SARS-CoV-2 infection.
Although clinical studies to date have had conflicting results, many individuals currently take high doses of vitamin D to prevent infection.
Objective: The goal of this study was to investigate the relationship between serum 25-hydroxyvitamin D (250HD) and vitamin D sup-
plement use with incident SARS-CoV-2 infection.

Methods: In this prospective cohort study, 250 health care workers were enrolled at a single institution and observed for 15 mo. Partic-
ipants completed questionnaires every 3 mo regarding new SARS-CoV-2 infection, vaccination, and supplement use. Serum was drawn at
baseline, 6, and 12 mo for 250HD and SARS-CoV-2 nucleocapsid antibodies.

Results: The mean age of the participants was 40 y, BMI 26 kg/mz, 71% were Caucasian, and 78% female. Over 15 mo, 56 participants
(22%) developed incident SARS-CoV-2 infections. At baseline, ~50% reported using vitamin D supplements (mean daily dose 2250 units).
Mean serum 250HD was 38 ng/mL. Baseline 250HD did not predict incident SARS-CoV-2 infection (OR: 0.98; 95% CI: 0.80, 1.20). Neither
the use of vitamin D supplements (OR: 1.18; 95% CI: 0.65, 2.14) or supplement dose was associated with incident infection (OR: 1.01 per
100-units increase; 95% CI: 0.99, 1.02).

Conclusion: In this prospective study of health care workers, neither serum 250HD nor the use of vitamin D supplements was associated
with the incident SARS-CoV-2 infection. Our findings argue against the common practice of consuming high-dose vitamin D supplements for
the presumed prevention of COVID-19.

Keywords: Vitamin D, SARS-CoV-2 infection, COVID-19

Introduction interest in the link between vitamin D and susceptibility to, and
severity of, infection with SARS-CoV-2 [4, 5]. Vitamin D has

The COVID-19 pandemic, caused by the SARS-CoV-2, has been reported to regulate innate immunity by increased pro-
resulted in morbidity and mortality throughout the world that duction of peptides such as cathelidicin and p-defensin-2, sub-
are unprecedented in modern times [1]. Given the continued sequently blocking the viral entry into cells and suppressing
high prevalence of COVID-19, it is important to identify modi- replication [6, 7]. Vitamin D also promotes autophagy and the
fiable factors that decrease the risk and severity of infection. generation of nitric oxide, both important in the cellular

Vitamin D plays a key role in both innate and adaptive im- response to infection [8, 9]. The biologically active metabolite of
munity [2, 3]; for this reason, there has been a great deal of Vitamin D, 1,25 dihydroxy vitamin D, exerts anti-inflammatory

Abbreviations: 250HD, serum 25-hydroxyvitamin D; ACE2, angiotensin-converting enzyme 2; MS, liquid chromatography/tandem mass spectrometry; RCT, ran-
domized controlled trial.
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action on the adaptive immune system via the nuclear vitamin D
receptor expressed in antigen-presenting cells and activated T
cells [10]. Vitamin D may be particularly important in resistance
to respiratory infections, because it also helps to maintain the
physical epithelial barrier [11, 12]. In some clinical studies,
vitamin D supplementation lowered the risk of respiratory in-
fections [13-15]; however, this finding is not uniform [16].
Vitamin D also influences the proliferation of immune cells, their
maturation to plasma cells, and production of immunoglobulins.
An inverse relationship between serum 25-hydroxy vitamin D
(250HD) and total immunoglobulin levels has been reported,
suggesting that low 250HD may be linked to immune dysregu-
lation [17, 18]. Vitamin D may block cellular entry of
SARS-CoV-2 as vitamin D-inducible peptide human p defensin
has been shown to bind to the SARS-CoV-2-receptor-binding
domain, angiotensin-converting enzyme 2 (ACE2) [19].
Vitamin D may also lower the risk of COVID-19 related cytokine
storm by lowering interleukin-6 levels [20, 21]. For the above
reasons, it has been hypothesized that vitamin D may protect
against SARS-CoV-2 infection and disease severity by blocking
cellular entry of the virus, promoting viral clearance, and
reducing the systemic inflammatory response [22].

Although the threshold that denotes vitamin D deficiency is
debated in the field, most organizations and studies have defined
deficiency as either below 20 or 30 ng/mL [23, 24]. According to
these definitions, vitamin D deficiency is prevalent, with esti-
mates of at least 40% in the general population [25, 26]. Serum
250HD levels have been shown to be even lower among health
care workers, particularly those working in hospitals [27]. As
vitamin D deficiency is easily modifiable, identification of low
vitamin D as a risk factor for COVID-19 would directly foster
simple repletion strategies to reduce the risk of infection. Since
the onset of the pandemic, the use of supplements believed to
improve immunity has burgeoned [28]. Despite a lack of evi-
dence, a recent study found that nearly 70% of health care
workers reported recommending vitamin D supplements to their
patients for the prevention of COVID-19, regardless of the pa-
tients’ baseline 250HD level [29]. Given the widespread use of
vitamin D supplements for COVID-19 prevention as well as
increasing evidence of potential harms of high-dose vitamin D
[30-32], it is critical to investigate whether and to what extent
vitamin D status and supplement use relate to infection risk
among healthy individuals.

We began this prospective study in May of 2020, early in the
COVID-19 pandemic, to investigate the relationship between
vitamin D status and supplemented use with incident SARS-CoV-
2 infection in a cohort of health care workers. Based upon data
linking vitamin D deficiency to the risk of other respiratory in-
fections, we hypothesized that individuals with low 250HD
levels would have an increased incidence of infection with SARS-
CoV-2.

Methods

Study population

We recruited 250 health care workers at our institution and
observed them for up to 15 mo between May 2020 to April
2022. This study was approved by the institutional review
board at the Hospital for Special Surgery. Informed consent
was signed by all the participants. Individuals over age 18
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were eligible for enrollment, regardless of whether their job
involved direct patient care. We excluded participants with a
previous established diagnosis of COVID-19 (clinical infection,
positive viral PCR, or antibodies) or any respiratory illness
with new-onset fever, cough, or dyspnea within 14 d of
enrollment. (enrollment flowchart in supplementary file). Most
participants (96%) were enrolled between May and November
2020 before COVID-19 vaccines became available in the United
States. One participant received the COVID-19 vaccine before
enrollment.

Study design

In this prospective cohort study, participants completed
questionnaires every 3 mo regarding new SARS-CoV-2 infection,
vaccination, medical history, and supplement use, including
vitamin D2, vitamin D3, and multivitamins. We considered that
vitamin D from food sources would have a minimal contribution
to the overall intake and therefore did not have a specific ques-
tionnaire to collect this data to minimize the participant burden.
Serum samples were obtained at baseline, 6 mo, and 12-month
follow-up for measurement of 250HD and SARS-CoV-2 nucleo-
capsid antibodies. As 250HD does not vary by recency of food
intake or have a diurnal variation, random blood samples were
obtained for serum 250HD and not required to be performed
fasting or at a specific time of day [33]. Serum 250HD was
measured by chemiluminescent microparticle immunoassay
(Abbott Diagnostics, Abbott Park, IL). Anti-nucleocapsid anti-
bodies to SARS-CoV-2 were measured by chemiluminescent
microparticle immunoassay (Abbott Diagnostics, Abbott Park,
IL). IgA, IgM, and IgG were measured by quantitative rate
nephelometry (IMMAGE Immunochemistry System, Beckman
Coulter).

Statistical analysis

All analyses were carried out in SAS v 13.2. P values < 0.05
were considered statistically significant. Data that were not
normally distributed (immunoglobulins) were log-transformed
before analysis. Associations between serum 250HD and age,
BMI, and immunoglobulins were assessed using Spearman rank
correlations. ORs were calculated to estimate the likelihood of
SARS-Cov-2 infection as a function of baseline serum 250HD and
vitamin D supplement use when levels were dichotomized
(250HD level <30 ng/dL or >30 ng/dL and supplement use yes/
no). Logistic regression was used to calculate the likelihood of
SARS-Cov-2 infection for each 10 ng/mL decrease in baseline
250HD level and 100 IU decrease in baseline vitamin D sup-
plement dosage. T-tests were used to assess distributional dif-
ferences in person characteristics when classified by baseline
vitamin D level <30 ng/dL or >30 ng/dL.

Sample size calculations were performed assuming 90%
power and two-tailed alpha of 1% to detect a difference in rates
of SARS-CoV-2 infection between individual baseline serum
250HD less than and levels >30 ng/mL. From the literature
available at the time the study was designed, we assumed an
overall infection rate of 25% and that ~40% of participants
would have serum 250HD levels <30 ng/mL [25, 26]. According
to our calculations, 250 participants, with a relative risk of
infection of 2.00, would imply that 35% of those with 250HD
<30 ng/mL and 18% of those with 250HD >30 ng/mL would
have incident infections.
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Results

Baseline characteristics of the participants

A total of 250 participants were enrolled in this study. The
baseline characteristics of the study population are detailed in
Table 1. Mean age was 40 y, and 78% were female. Most par-
ticipants (71%) were White, 12% were African American, 12%
Asian, and 5% identified as from another racial group; 17% were
Hispanic. The mean BMI was 26 kg/m?. Most participants (85%)
had never smoked. Chronic medical conditions reported by the
participants included asthma (11%), hypertension (10%), and
diabetes mellitus (4%).

Serum 250HD levels and vitamin D supplement use

At baseline, the mean 250HD was 38 + 15 ng/mL. Twenty-
eight percent of participants had serum 250HD levels <30 ng/
mL. Participants with 250HD <30 ng/mL were younger (37 vs.
41, P = 0.01) and had higher BMIs than participants with higher
250HD levels (28 + 7 vs 25 + 5, P =0.01). Half of the partici-
pants reported using vitamin D supplements at baseline, with an
average dose of 2250 IU per day (range from 250 IU to 7742 IU).
The daily dose of vitamin D was >2000 IU in 26% of the par-
ticipants and >4000 IU in 12% participants. Baseline vitamin D
supplement users averaged 43 + 13 y old, whereas supplement
non-users averaged 37 + 12 y of age (P < 0.0001). A greater
frequency of supplement use was reported by participants with
250HD >30 ng/mL (57% compared with 29% in participants
with baseline 250HD<30 ng/mL (P < 0.0001).Variability in
250HD levels over the study duration was <5%.

Incident SARS-CoV-2 infection

Fifty-six participants (22%) became infected with SARS-CoV-
2 during the study follow-up period (Figure 1). Among the
infected participants, 55% were symptomatic; the most common
symptoms were cough, sore throat, and loss of taste or smell.
Nine participants (16%) sought medical care for COVID-19
symptoms. None of the participants were admitted to the hos-
pital for COVID-19. One participant had positive antibodies at
baseline, and 2 participants had SARS-CoV-2 infection twice. As
described above, 249 of 250 participants were not vaccinated at
study entry; however, all participants were vaccinated over the
course of the study as this was a requirement of continued
employment at our institution. The mean time between study
enrollment and vaccination was 5 mo. Of the total number of
SARS-CoV-2 infections, 41 were breakthrough infections that
occurred after participants had been fully vaccinated.

TABLE 1
Baseline characteristics of the study population
Overall

Age (y) mean + SD) 40 + 13
Race (White, n, %) 174, 71%
Sex (Female, n, %) 193, 78%
BMI (kg/m?, mean + SD) 26 + 6
Tobacco use (never, n, %) 213, 86%
Alcohol use (yes, n, %) 188, 75%
Calcium supplement use (yes, n, %) 71, 28%
Calcium supplement dose (mg/d, mean + SD) 434 + 471
Vitamin D supplement use (n, %) 124, 50%
Vitamin D supplement dose (IU/d, mean =+ SD) 2250 + 1776
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FIGURE 1. Incidence of SARS-CoV-2 infections during the study
follow-up. Predominant variants of each time period are denoted.

Serum 250HD and SARS-CoV-2 infection

Baseline serum 250HD did not predict SARS-CoV-2 infection,
either when assessed using serum 250HD as a continuous vari-
able, (OR: 0.98; 95% CI: 0.80, 1.20), or using 30 ng/mL as a
threshold, (OR: 1.02, 95% CI: 0.83, 1.25; Figure 2). Additional
cut-points in increments of 10 ng/mL between 10 and 70 ng/mL
were also investigated, and no significant relationship between
250HD and incident infection was observed. Further, serum
250HD did not predict breakthrough SARS-CoV-2 infection after
full vaccination (OR: 0.99; 95% CI: 0.97, 1.02). Among the
participants who were infected, there was no association be-
tween the presence of symptoms and baseline 250HD level. The
relationship between 250HD and incident infection was further
examined in the subgroups according to age, sex, race and
ethnicity, BMIL, and use of supplemental vitamin D. We found no
evidence of a relationship between baseline serum 250HD and
incident infection among any of these subgroups. Furthermore, a
multivariate model that adjusted for age, sex, BMI, race,
ethnicity, and season was performed. There was no evidence of a

1.0

== 250HD=30ng/ml
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250HD<30ng/ml

Incident Cases

Follow-up months

FIGURE 2. Incident cases of SARS-CoV-2 infection according to
baseline serum 250HD. Participants with 250HD <30 ng/mL shown
in grey and those with 250HD >30 ng/mL shown in black. Baseline
250HD did not predict SARS-CoV-2 infection (OR: 1.02; 95% CI:
0.83, 1.25).
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relationship between serum 250HD and infection. Analyses
were similarly unchanged when we excluded the 1 participant
who was vaccinated before study entry, and the 1 participant
who was found to have had positive antibodies at baseline when
the serum was later analyzed in a batch.

Vitamin D supplement use and SARS-CoV-2
infection

The use of vitamin D supplements at baseline was not asso-
ciated with SARS-CoV-2 infection. Supplement use was evalu-
ated both as a categorical variable (OR: 1.18; 95% CI: 0.65, 2.14;
Figure 3) and according to dose (OR: 1.007 per 100-IU increase;
95% CI: 0.99, 1.02). Moreover, the dose of vitamin D supple-
ments did not relate to the incident infection when calculated in
thresholds as <2000 (OR: 1.48; 95% CI: 0.74, 2.96) and 4000 IU
daily (OR: 1.37; 95% CI: 0.50, 3.79).

Vitamin D level, circulating antibodies, and COVID-
19 infection

At baseline, IgG, IgA, and IgM were within the normal range:
IgG 1063 + 299 (ref, 751-1560 mg/dL), IgA 212 + 103 (ref,
82-453 mg/dL) and IgM 115 + 63 (ref, 46-304 mg/dL). There
was no association between baseline 250HD level and IgG, IgA,
and IgM levels. Furthermore, baseline levels of immunoglobulins
were not related to the incident infection.

Discussion

This prospective study investigated the relationship between
serum 250HD, vitamin D supplement use, and incident SARS-CoV-
2 infection among healthy individuals observed over multiple
waves of viral variants in the United States. We found no associ-
ation between baseline serum 250HD and incident SARS-CoV-2
infection overall or with breakthrough infections after full vacci-
nation. Further, we found no association between the use of
vitamin D supplements, or supplement dose and incident SARS-
CoV-2 infection.

1.0

=@  Taking Vitamin D Supplements
== No Vitamin D Supplements

0.5

Incident Cases

Follow up months

FIGURE 3. Incident cases of SARS-CoV-2 infection according to vitamin
D supplement use. Participants who reported using vitamin D supple-
ments shown with the dashed black line and those who reported no use
shown with the solid grey line. Use of vitamin D supplements was not
associated with incident SARS-CoV-2 infection (OR: 1.18; 95% CIL
0.65, 2.14).
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Previous work investigating the relationship between serum
250HD and SARS-Cov-2 infection has yielded conflicting results.
Most previous studies with positive findings were retrospective
[22, 34-39], raising the possibility that their findings may have
been influenced by selection bias or confounding. Many studies
have focused on hospitalized patients who had more severe in-
fections [22, 34-39]. Low 250HD in these populations may reflect
poor general health or chronic disease burden, rather than being
an independent risk factor for infection. A recent meta-analysis
found an increased risk of SARS-CoV-2 infection in subjects with
lower 250HD [40]. However, the studies included were retro-
spective and heterogeneous in terms of study design, enrollment
period, geographic area, and confounding risk factors [40].
Consistent with the findings of our longitudinal study, large
cross-sectional studies have not found evidence of a relationship
[41, 42]. A UK Biobank study, which included 417,342 individuals
found that baseline serum 250HD was not associated with
SARS-CoV-2 infection after adjusting for confounding factors [43].
In a US cohort, low 250HD levels were not independently asso-
ciated with the risk of seropositivity [42]. Interestingly, a recent
investigation using a national cohort of 158,835 patients with
confirmed COVID-19 found that vitamin D treatment was para-
doxically associated with greater odds of extended hospitalization,
mechanical ventilation/extracorporeal membrane oxygenation,
hospice referral, or death among patients with severe disease [44].
However, it is possible that vitamin D may have been used as a
treatment more frequently for those patients who were most
severely ill.

Participants in our study were observed through multiple
waves of viral variants in New York. Many of the infections that
we observed were during the Omicron wave, which may have
been a reflection of the high infectivity of this viral strain but also
may have been related to waning antibody levels from the time
since vaccination. Although it is conceivable that our sample size
was too small to detect a relationship between 250HD and
infection risk, the observed rate of infection we observed was
greater than we predicted in our a previousi power calculation,
suggesting that the null finding of our study was unlikely to be
due to a small sample size. Although we investigated several cut-
points for 250HD, it is conceivable that a non-linear relationship
exists between serum 250HD and incident infection which we
were not able to detect in our analyses.

We did not find that use of vitamin D supplements lowered the
risk of incident SARS-CoV-2 infection nor did we find a relationship
between the dosage of supplements and incident infection. In our
study, about half of the participants took vitamin D supplements at
baseline. Our findings are consistent with those of a recent meta-
analysis that included 1 randomized controlled trial (RCT) and 3
cohort studies in which vitamin D supplementation did not
significantly reduce the risk of COVID-19 [45]. In a study from the
United Kingdom Biobank, the use of vitamin D supplements was
associated with a 34% reduced risk of COVID-19. As only in-
dividuals who had clinical COVID-19 tests were included, these
findings may not have reflected relationships with asymptomatic
disease in the general population. Furthermore, the information
about vitamin D supplement use was collected a median of 10 y
before the COVID-19 tests, so may not have reflected participants’
supplementation use at the time of testing [46].

A few early RCTs among non-vaccinated health care workers
investigated the relationship between vitamin D supplement use
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and the risk of SARS-CoV-2 infection with conflicting results. The
findings of these trials are limited by their short durations, focus
on high doses of vitamin D, and high rates of drop-out and cross-
over between groups. In 1 study of frontline Mexican health care
workers, rates of SARS-CoV-2 infection were lower in those who
received 4000 IU of vitamin D daily for 30 d than placebo.
However, the drop-out rate in this study was nearly 50%, making
it challenging to generalize these results [47]. In contrast, an
RCT conducted in Russia found no difference in SARS-CoV-2
morbidity among health care workers who received high - dose
vitamin D supplements (50,000 units per week for 2 wk followed
by 5,000 units per d) versus low - dose vitamin D supplements
(2000 units per d) for 3 mo [48].

Two large RCTs studying vitamin D supplementation and
COVID-19 infection have recently been published. A phase 3
pragmatic randomised controlled trial (CORONAVIT) RCT ran-
domized 2958 participants with 250HD below 75 nmol/L (~30
ng/mL) to 800 IU or 3200 IU daily for 6 mo. The investigators
found no association between vitamin D supplement use or dose
and SARS-CoV-2 infections [49]. A large RCT from Norway
similarly found no effect of vitamin D supplementation for 6 mo
given as cod liver oil (400 IU per d) on incident infections [50].
Both studies relied on self-reports of infection. Although our
study was observational, our null findings are similar to those of
the above RCTs. Our study extends those findings by including a
more racially and ethnically diverse population, as most partic-
ipants in those trials were White. In addition, we observed sub-
jects for over a year, through multiple waves of the pandemic,
whereas these trials had a shorter duration of follow-up. Finally,
we were able to detect both symptomatic and asymptomatic
infections with our use of antibodies to detect seroconversion
among our participants and confirm that the participants did not
have a history of asymptomatic infection before study entry.

Despite a lack of data to support the role of vitamin D in
COVID-19 prevention, the fear of contracting infection and easy
access to over-the-counter supplements has led to high rates of
supplement use to boost immunity across the worldwide [28].
Although many health care practitioners recommend prophy-
lactic vitamin D supplements to their patients for the prevention
of COVID-19 [29], our results suggest that there is not sufficient
evidence for this practice. Further, mounting evidence of the
risks of high-dose vitamin D supplementation suggests that there
may be risks associated with this practice [30, 32, 51].

Our work had several limitations. This was a single-center
study. Vaccination became available mid-way during our study
and may have modified the relationship between vitamin D status
and infection. It is possible that the study included an entirely un-
vaccinated population, we might have found different results.
However, it is the strength of our study that we included a relatively
long follow-up of our patients both before and after vaccination.
Although we did screen participants for asymptomatic infections
through the development of new nucleocapsid antibodies, we did
not perform polymerase chain reaction tests for surveillance and
only measured antibody levels every 6 mo. As a result, we may have
missed patients whose antibodies waned within this period. As the
timing of vaccination as well as most breakthrough infections
occurred during a similar timeframe for our participants, the lack of
variability limited our ability to test the relationships between
vitamin D status, COVID waves, and timing of vaccination. Further,
although we observed that 250HD levels were relatively stable

1424

The Journal of Nutrition 153 (2023) 1420-1426

throughout the study follow-up, we were only able to detect fluc-
tuations in levels every 6 mo. We did not collect data on several
factors that are known to influence 250HD, including sun expo-
sure. However, the summed contributions of these many factors are
reflected in the baseline and follow-up 250HD levels of our cohort.
Another limitation is that we did not perform liquid chromatog-
raphy/tandem mass spectrometry (MS) for 250HD measurements.
Previous work has demonstrated high variability between different
250HD assays [52]. While MS could measure 250HD2 indepen-
dently, our chemiluminescent measurement did not and may have
detected 250HD2 less well than 250HD3, leading to an underes-
timation of the total 250HD in those patients using ergocalciferol
supplements [53]. In addition, the observed prevalence of vitamin
D deficiency (28%) was lower than we assumed in our sample size
calculation (40%), it is possible therefore hat the results might be
different in populations with more severe vitamin D deficiency.
Finally, participants in our cohort were relatively young and in
good general health, it is uncertain whether our findings in this
cohort are generalizable to an older population with more chronic
illness [54]. None of our participants developed severe infections
requiring hospitalization. As a result, we were not able to evaluate
the relationships between disease severity, serum 250HD, and
vitamin supplement use in our cohort.

In conclusion, our study found that neither vitamin D status
nor the use of vitamin D supplements was associated with the
incident SARS-CoV-2 infection in a cohort of individuals in good
general health. Our results suggest that 250HD is related to
COVID-19 infection in previous retrospective and cross-sectional
work because it is a marker for poor health rather than an in-
dependent risk factor for infection. These findings argue against
the common practice of high-dose vitamin D supplements for the
presumed prevention of COVID-19.
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