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Abstract

Background: The study objectives were to ascertain the efficacy of vitamin D supplementation in rapidly increasing
serum vitamin D and of implementation of a hybrid (virtual and in-person) trial.

Methods: In arandomized triple-blind controlled trial, healthcare workers were allocated to receive an oral bolus of
100,000 IU with 10,000 1U/week of vitamin D5 or placebo. The co-primary outcomes were the change from baseline
in serum 25-hydroxyvitamin D [(A) 25(0OH)D] and proportion with vitamin D sufficiency (25(0OH)D > 75 nmol/L), at
endpoint. Adherence to supplements and procedures as well as adverse event rates were documented.

Results: Thirty-four (19 intervention, 15 control) subjects were randomized, with 28 (41%) virtual visits. After

44.78 £ 11.00 days from baseline, a significant adjusted group difference of 44.2 (34.7, 53.8) nmol/L was observed in
the A 25(0OH)D (95% Cl) in favor of supplementation; 77.8% of intervention, and 13.3% of control, patients were vita-
min D sufficient (OR:6.11, 95% Cl:1.6, 22.9). The adherence to intervention was 94.7% in the intervention and 100% in
the control groups. Irrespective of visit type, high adherence was observed in sampling procedures and completion of
fortnightly online questionnaire. No adverse events attributable to vitamin D were reported.

Conclusion: The vitamin D supplementation rapidly and safely raised 25(OH)D levels to sufficient levels for a biologi-
cal effect. Similarly high adherence to study procedures was observed with virtual and in-person participation.

Trial registration: This trial was registered at https://clinicaltrials.gov on July 23, 2020 (#NCT04483635).
Keywords: Vitamin D, Hybrid study, Healthcare workers, Randomized controlled trial

Background

The global pandemic of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has been regarded
as the largest public health problem in recent decades
[1]. Concurrent with the development of COVID-19 vac-
cines, vitamin D supplementation emerged as a potential
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primary prevention approach to reduce the incidence
and severity of SARS-CoV-2 infection. Indeed, a meta-
analysis of 27 observational studies showed higher odds
of COVID-19-related hospitalization and mortality in
subjects with vitamin D deficiency than their counter-
parts [2]. Several mechanisms support the potential
benefits of vitamin D for COVID-19, particularly via
its immunomodulatory effects that enhance antiviral
immune response and anti-inflammatory properties [3].
A reduced risk of several infections (such as tuberculosis,
influenza, and viral upper respiratory tract illnesses) was
observed with serum 25-hydroxyvitamin D [25(OH)D]
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levels between 75 and 80 nmol/L [4, 5]. Vitamin D tox-
icity is extremely rare, and safety of 10,000 IU/day [6, 7]
or 50,000—-100,000 IU/week [8] was shown in previous
studies. However, the optimal dose of Vitamin D supple-
mentation that can rapidly and safely enhance the serum
25(OH)D to a similar level needs to be determined.

In northern countries with minimal sun exposure,
6—-18 weeks of 1000, 2000, or 4000 IU/day are required
to raise 25(OH)D levels to 75 or 80 nmol/L [9, 10]. A sys-
tematic review of 30 studies showed a rapid increase in
25(OH)D to sufficient levels after single oral bolus doses
of >100,000 IU, with levels peaking after 7 to 30 days
[11]. However, boluses alone failed to sustain 25(OD)
D >75 nmol/L beyond 30 days [12, 13] to three months
[14-17]. Moreover, a previous meta-analysis showed that
compared to daily or weekly vitamin D supplementa-
tion, bolus doses might be less effective for the preven-
tion of acute respiratory tract infection [18]. A previous
trial in preschoolers with asthma showed that a vitamin
D bolus of 100,000 IU followed by 400 IU daily supple-
ments resulted in a rapid rise in total serum 25(OH)D
within 10 days and maintained vitamin D sufficiency at
3 months in 100% of the intervention group [19]. A com-
bination of 100,000 IU bolus with daily or weekly supple-
ments would likely achieve a rapid and sustained 25(OH)
D serum level as shown in pediatrics [19], which could, in
turn, be associated with a rapid protective effect.

The COVID-19 pandemic has interfered with the tra-
ditional execution of clinical trials, based on in-person
research visits. Yet, virtual visits and monitoring could
offer promising advantages such as faster enrolment and
increased participant diversity, while reducing unnec-
essary travel and potential exposure to SARS-CoV-2
[20-22]. However, a virtual trial increases technological
demands on participants and raises specific challenges
about the feasibility of biological sample collection, and
uncertainties about drug and protocol adherence, com-
pared to traditional trials with in-person visits.

Due to the premature termination of our primary pre-
vention trial assessing the impact of vitamin D supple-
mentation on the prevention of COVID-19 in healthcare
workers, in this ancillary study, we focused on the impact
of a large bolus followed by a weekly dose of vitamin D,
on serum vitamin D measured at endpoint. The two co-
primary outcomes were the group differences in the: (i)
change from baseline in serum 25(OH)D levels and (ii)
proportion of subjects achieving vitamin D sufficiency
(25(OH)D>75 nmol/L) at endpoint. In addition, we
aimed to explore the adherence challenges of conducting
a virtual clinical trial, and thus we compared the study
protocol compliance in participants enrolled remotely
vs. in-person. Additional exploratory outcomes included
adherence to intervention, group difference in the change
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from baseline in C-reactive protein (CRP) levels as a
marker of systemic inflammation, adverse event rate,
incidence of laboratory-confirmed COVID-19 infection,
and change from baseline in immunoglobulin G (IgG)
SARS-CoV2 serology conversion in those who received
COVID-19 vaccination during the trial.

Methods

Trial design

We initiated a 16-week randomized, parallel-group,
triple-blinded, multicentre placebo-controlled trial of
vitamin D5 (cholecalciferol) supplementation in health-
care workers as a primary prevention of SARS-CoV2
infection. The study was approved by the research ethics
board (REB) of the Sainte-Justine University Health Cen-
tre (#MP-21-2021-3044), serving as the central Ethics
Board as well as the local REB of all participating insti-
tutions. Written informed consent was obtained from all
participants prior to study participation. This RCT was
registered at https://clinicaltrials.gov (# NCT04483635).
The study recruitment and follow-up was prematurely
terminated due to severe enrolment difficulty as a result
of the rapid vaccine rollout in Canada. This study is
reported according to recommended standards (Addi-
tional file 1).

Participants

Briefly, healthcare workers aged>18 and<70 vyears,
authorized to practice in the Province of Quebec were
eligible if they were expected to work in a setting at high
risk of contact with COVID-19-infected individuals over
the next 16 weeks (i.e., frontline healthcare workers),
resided in the greater Montreal area, were covered by the
public system for medical services and able to communi-
cate electronically. Participants were excluded if they had:
taken greater than 400 IU/day (or 36,000 IU cumulative
dose) in the past 3 months or had the intention of tak-
ing more than 400 IU/day of vitamin D during the study
period; suspected or previously documented COVID-
19 infection; a prior COVID-19 vaccination; a history
of disorder involving calcium or vitamin D metabolism;
active cancer; oral medication interfering with vitamin D
metabolism; anticipated prolonged absence from work or
difficult follow-up; or enrolled in a concurrent interven-
tional trial.

Intervention and randomization

Participants were randomly assigned to the receiv-
ing 100,000 IU oral bolus at randomization followed
by a weekly dose of 10,000 IU of vitamin Dj, or pla-
cebo bolus and weekly supplement of placebo until
the study endpoint. Randomization was implemented
using a computer-generated random list stratified by
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health administrative regions. To maintain blinding, the
intervention and placebo dose were identical in color,
appearance, volume, taste, and packaging. All research
personnel, physicians, nurses, and participants were
blinded to group allocation. The effectiveness of blinding
was assessed at endpoint by independently asking each
participant and associated research coordinator to guess
the participant’s study group assignment (intervention,
control, unable to guess): it was reported as a percentage
of correct guess [23].

Study outcomes and measurements

Our original primary outcome was the incidence of
laboratory-confirmed SARS-CoV2 infection; however,
after premature trial cessation due to difficulty in enroll-
ment in the context of mass COVID-19 vaccination, the
co-primary outcomes were modified post hoc to the
overall change (A) from baseline in total serum 25(OH)
D and proportion of participants with serum 25(OH)
D >75 nmol/L at endpoint, assessed by DiaSorin Liaison
assay. Exploratory outcomes included between group dif-
ferences in: (i) adherence to study supplements (verified
via pill-count method); (ii) adherence to study interven-
tion and procedures (i.e., sample collection, biweekly
electronic questionnaire); (iii) change from baseline in
serum CRP level (measured by enzyme-linked immu-
noassay (ELISA) using a commercial CRP ELISA kit)
as marker of systemic inflammation, (iv) difference in
proportion of subjects with serum CRP levels>5 mg/L
(normal threshold in our laboratory) at the endpoint;
(v) adverse events (participant-reported outcome); (vi)
incidence of laboratory confirmed SARS-CoV2 infec-
tion (nasopharyngeal or salivary samples clinically for
screening or diagnostic purposes throughout the study or
obtained at endpoint, analyzed by RT-qPCR nucleic acid
amplification test, or positive IgG SARS-CoV2 antibody
at endpoint (i.e.,>15 UA on the anti-S SARS-CoV-2 IgG
Diasorin on Liaison XL platform in unvaccinated indi-
viduals or > 1.40 index (S/C) on the anti-N SARS-CoV-2
IgG on ARCHITECT platform in individuals vaccinated
after randomization); (vii) in the subgroup of subjects
vaccinated after randomization, the antibody response to
COVID-19 vaccine, measured by change from baseline in
the anti-S SARS-CoV-2 IgG Diasorin measured on Liai-
son XL platform.

Procedures

Eligible and consenting participants were offered a rand-
omization visit, either in-person or virtual (Fig. 1). Video
demonstration of key procedures (e.g., home blood col-
lection) allowed participants to choose their preferred
type of randomization and end-of-study visits (in-person
vs. virtual). For those selecting the remote approach,
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study materials and supplements were shipped by courier
to participants prior to the virtual visit and participants
were asked to ship collected samples to the coordinating
center. Samples included saliva (for qPRC, with/without
genetic sampling) and venous or capillary blood; capillary
collection was achieved with the TASSO OnDemand SST
device (Tasso Ink, Seattle, WA, United States), aiming
for a volume of 490uL. and 570uL for the randomization
and end-of-study visits, respectively. After randomiza-
tion, participants received electronic notification via
either e-mail or text messages: (i) weekly, to remind them
to take their weekly study supplement and start report-
ing symptoms, if any, on the electronic daily diary, and
(ii) fortnightly, to complete a brief online health ques-
tionnaire. If the health questionnaire was not submitted
within a few days, the research coordinator contacted
patients to ask or assist them in completing the question-
naire; if not completed within 7 days, a second follow-
up was made. Research coordinators were available to
participants by phone and email throughout the study.
Remote or in-person end-of-study visits were offered.

Statistical methods

An intention-to-treat (ITT) analysis was carried out
with all randomized participants included in the analy-
sis. Continuous variables were reported as mean with
standard deviation (SD) and the median with quar-
tiles, respectively. Categorical variables were presented
as proportions. Adjusted mean changes in serum lev-
els of 25(OH)D and CRP were computed using the
analysis of covariance, with values reported with 95%
confidence interval (CI). Potential covariates for the
main outcome (A25(OH)D) included age, sex, baseline
250HD, skin color (types 1-6) [24], weight status (non-
overweight versus overweight/obese (body mass index
(BMI) > 25 kg/m?)), comorbidity (yes/no) and the num-
ber of weekly doses of Study supplement taken through-
out the study. Candidate covariates for the change in CRP
were age, sex, baseline CRP, baseline 25(OH)D, weight
status, and comorbidity status. The Chi-square or Fisher
exact test was used to compare group differences in pro-
portions (e.g., vitamin D sufficiency). Geometric means
served to assess the rise in IgG titers following vaccina-
tion. All tests were 2-sided and P value of less than 0.05
was considered statistically significant. Statistical analysis
was performed with SPSS (version 26.9, Chicago, IL).

Results

From February 8 to May 4, 2021, 551 subjects initiated
the online pre-screening questionnaire. Of these, 424
(77%) were not eligible, primarily because they were not
frontline workers (20%) or had exceeded the maximum
intake of vitamin D in the preceding three months (20%);
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Pre-screening Online Questionnaire

!

Virtual Screening Visit

}

- Socio-demographic data

Inclusion

Randomization (in-person or virtual)

- Medical history
- Saliva samples (Sars-COV-2 infection)

- Serum measures (25(0OH)D, COVID-19
seroconversion, CRP)

Oral bolus of 100,000
1U of Vitamin D3

Oral bolus of placebo

v

weekly 10,000 IU D;

A v

weekly placebo

- Study supplement intake
- Work status/ setting

Fortnightly follow-up questionnaire (online)

- Exposure to COVID-19 confirmed
cases

Follow-Up

A 4
End of Study
(in-person or virtual)

follow-up questionnaire throughout the study

- Adverse events
- Any change in health condition/
medication

- Adverse events

- Saliva samples (Sars-COV-2 infection)
- Serum measures (25(0H)D, COVID-19
seroconversion, CRP)

Fig. 1 Trial flow chart. Interested individuals were invited to complete a pre-screening online questionnaire; if potentially eligible, a brief written
summary of the study intervention and procedures along with the study consent form was provided online; potential eligible subjects were invited
to self-schedule themselves for a virtual screening visit by Zoom teleconferencing, to confirm eligibility with a research coordinator, and confirmed
eligible participants were offered an in-person or remote randomization to be allocated to one of two groups (intervention or placebo). All required
materials as well as study supplements were shipped to participants prior to the remote visit. Participants were asked to complete the fortnightly

149 (35%) did not answer all pre-screening questions
resulting in 127 potentially eligible participants; 58 (46%)
declined participation, prior to the virtual screening visit.
Of 69 individuals attending the virtual screening visit, 30
(43%) were excluded, primarily due to a recent COVID-
19 infection or vaccination with 39 subjects confirmed
eligible; one did not provide consent and four declined
participation due to premature study cessation. Thirty-
four (19 intervention; 15 control) subjects were rand-
omized. With one intervention patient dropping out due
to personal reasons, 33 participants were included in the
analysis of the co-primary outcomes (Fig. 2).

Most participants were female (94%), Caucasian
(70.6%), non-smokers (67.6%), with a mean age of
39.5 years; 88% were not taking any vitamin D supple-
ments (Table 1). The majority (91.1%) of participants
displayed a baseline serum 25(OH)D level < 75 nmol/L
(Table 1). Baseline characteristics were similar between
the two groups, with a slightly greater portion of

subjects with darker skin types (4—6 on Fitzpatrick
scale [24]), normal bodyweight (BMI < 25 kg/m?), and
fewer baseline comorbidities in the intervention versus
the control group.

The average treatment period was comparable
between the two groups (intervention: 43.05+9.01
vs. Control: 46.88 £13.01 days) with a range of 27 to
70 days. Approximatively, 40% of visits were conducted
remotely, including 14 (10 intervention: 4 control) ran-
domization, and 14 (9 intervention: 5 control) end-
of-study visits. After randomization, 5 and 6 subjects
in the intervention and control groups, respectively,
received their first dose of the COVID-19 vaccine
(Pfizer-BioNTech COVID-19 mRNA). There was no
evidence of unblinding among participants or research
coordinators at the end of the study with 30.3% of par-
ticipants (Intervention: 22% vs. Control: 40%, P=0.539)
correctly guessing the assigned cohort arm. Research
coordinators correctly guessed the intervention
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551 started pre-screening online questionnaire 424 Excluded:

-1 Aged <18 or >69 years

- 86 Not frontline health workers

- 48 Outside of targeted geographical area

- 15 Not medically covered by public system
-1 Unable to communicate electronically

- 84 Intake of 2400 IU Vit D/day in past 3 months
- 14 Previous COVID-19 infection

- 7 Excluded health conditions

- 4 Anticipated prolonged absence from work

- 12 Received COVID-19 vaccination

- 3 Other reason

- 149 Incomplete questionnaire

127 Potentially eligible

58 Declined participation:
- 10 Uncomfortable with study procedure

- 3 Intention to take >400 IU vitamin D/day
- 45 Did not schedule appointment

69 Attended virtual screening visit

30 Excluded:
- 3 Not frontline workers

- 4 Intake of 2400 IU Vit D/day in past 3 months
- 15 Vaccinated or positive test for COVID-19
- 8 Screening visit not completed

| 39 Confirmed eligible

5 Not enrolled:

-1 Did not provide consent
-4 Were declined participation due to

| 34 Randomized

| premature study termination

19 Allocated to Intervention 15 Allocated to Placebo

1 Dropped-out

main outcome

18 Analyzed for the 15 Analyzed for the main

outcome

Fig. 2 Participant selection. The flow of participants from screening to analysis

assignment in only 9% of the participants (11.1% vs.
6.7%, P=0.859).

At endpoint, the intervention group reached a
mean=+SD 25(OH)D level of 97.7+27.1 nmol/L com-
pared to 51.5+15.5 nmol/L in the control group
(Fig. 3A). There was a 45.37 (95% CI: 35.7, 55.03) greater
increase from baseline in serum 25(OH)D in the inter-
vention than the control group, after adjusting for skin
color, weight status, comorbidity status, and the number
of weekly doses of study supplement received (Fig. 3B). In
other words, 78% (N=14) participants in the interven-
tion group became vitamin D sufficient (>75 nmol/L)
compared to 13.3% (N=2) subjects in the control group.

The observed adherence to the study bolus admin-
istered at randomization was 100% in both groups;
adherence to weekly supplement was 94.7% in the inter-
vention, (one drop-out at week 2 was assumed to be

non-adherent) and 100% in the control, groups. As for
visit procedures, a sufficient amount of blood was col-
lected from venous or capillary self-collection. Of note,
most patients needed two Tasso SST devices to collect
a sufficient amount of blood at randomization and at
endpoint (Table 2). All saliva samples collected by par-
ticipants throughout the study were acceptable for gPRC
analysis.

Regarding electronic monitoring, nearly half of the
participants (44%) had delayed completion of their first
questionnaire and over 10% had delayed completion
of the second questionnaire by more than a few days,
prompting a contact by the research assistant (Table S1).
Other than time constraints, two problems were rapidly
identified: (1) the first questionnaire link was not sent in a
timely fashion to the virtually enrolled participants due to
a programming error and (2) some participants reopened



Hosseini et al. Trials (2022) 23:1019

Table 1 Baseline characteristics of intention-to-treat participants

Page 6 of 11

Characteristics

Intervention (N=19)

Control (N=15)

Demographics
Age (years) — mean £ SD
Female - n (%)
Body mass index (kg/m?) — median (Q1, Q3)
Weight status'-n (%)
Non-overweight/obese
Overweight/obese
Ethnicity - n (%)
North American origins (non-Aboriginal)
European origins
Caribbean and Pacific Islands origins
African origins
Asian origins
Skin color?-n (%)
1-3
4-6
Smoking status —n (%)
Never smoker
Former smoker
Passive smoker
Active smoker
Work title — n (%)
Nurse/nursing assistant
Technician
Other healthcare professionals
Comorbidity - n (%)
Overall
Chronic hematologic diseases
General disorders

Musculoskeletal and connective tissue disorders

Infections and infestations

Gastrointestinal disorders

Nervous system disorders

Endocrine disorders

Immune system disorders
Vitamin D supplementation (IU/day)*- n (%)

None

<4001IU
Baseline serum laboratory values
C-reactive protein (mg/L) - median (Q1, Q3)
CRP > 5 mg/dL-n (%)
25-hydroxy vitamin D (nmol/L) - mean & SD
25-hydroxy vitamin D status - n (%)

<25 nmol/L

25-49.99 nmol/L

50-75 nmol/L

>75nmol/L

39324+11.59
19 (100.0%)
23.60 (20.80, 29.30)

12 (63.2%)
7 (36.8%)

14 (73.7%)
5(26.3%)

12 (63.2%)
6 (31.5%)
1(5.3%)
0(0.0%)

10 (52.6%)
0 (0.0%)
9 (47.4%)

7 (36.8%)
0 (0.0%)
2(10.5%)
1(5.3%)
1(5.3%)
4(21.1%)
1(5.3%)
2(10.5%)
0 (0.0%)

16 (84.2%)
3(15.8%)

1.00(0.37,2.15)
2(10.5%)
486512619

1(5.3%)
12 (63.2%)
4(21.1%)
2(10.5%)

3964875
13 (86.6%)
23.90 (20.60, 27.60)

8 (53.3%)
7 (46.7%)

7 (46.7%)
5(33.3%)
2 (13.3%)
1(6.7%)
0 (0.0%)

13 (86.7%)
2(13.3%)

1(73.3%)
3 (20.0%)
0 (0.0%)
1(6.7%)

5(33.4%)
3 (20.0%)
7(46.7%)

9 (60.0%)
1(6.7%)
0 (0.0%)
1(6.7%)
2(13.3%)
1(6.7%)
0 (0.0%)
1(6.7%)
3 (20.0%)

14 (93.3%)
1(6.7%)

0.80 (040, 4.50)
3 (20.0%)
48.02+15.16

1(6.7%)
7 (46.7%)
6 (40.0%)
1(6.7%)

! Weight status calculated based on body mass index (BMI) values. Non-overweight: BMI < 25 kg/m? overweight or obese: BMI > 25 kg/m?
2 Ascertained by the 6-point Fitzpatrick’s sun-reactive skin type classification from (1) very light skin to (6) dark skin [24]
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Table 2 Analysis of remote capillary blood collection by visit

Variable Randomization  End of study (n=14)
(n=14)
Target blood volume (uL) 490 570
# Tasso devices needed to collect sufficient blood - n (%)
1 2 (14.3%) 0 (0.0%)
2 10 (71.4%) 9 (64.3%)
3 2 (14.3%) 5(35.7%)
Blood volume collected 22944957 23374671

per Tasso (pL) - mean =+ SD
collected

the link to a previously completed questionnaire instead
of the latest link. Both issues were rapidly resolved by the
CRF programmer or by additional training of the partici-
pants, with minimum need of additional prompting by
the research coordinator, with over 90% spontaneously
timely completion thereafter.

There was no significant group difference in change
from baseline in CRP levels in 29 participants contribut-
ing data to both baseline and end of study measurements
(adjusted mean difference (95% CI): 1.50 mg/L (—1.85,
4.85) after adjusting for baseline CRP, weight status,
and comorbidity status. Yet, significantly fewer subjects
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displayed elevated serum CRP levels (>5 mg/L) at end-
point in the intervention, compared to the control, group
(intervention: 5.5% vs. control: 23.0%) (Figure S1).

Two subjects in the control group (both unvacci-
nated) and none in the intervention became SARS-CoV2
infected during the study period. Of the 11 subjects vac-
cinated after randomization, only 6 (2 intervention; 4
control) subjects were sampled 14 days or more after
immunization, providing insufficient power to explore
any group differences in the rise in IgG.

Overall, eight adverse health events were reported in
8 (2 intervention; 6 control) participants (Table S2). All
were deemed minor and none was attributed to vitamin
D toxicity.

Discussion

In the present study, one bolus of 100,000 IU vitamin Dy
followed by a weekly dose of 10,000 IU vitamin D rapidly
and significantly increased serum 25(OH)D by an average
of 48 nmol/L to an adjusted mean of almost 100 nmol/L,
which is, in the range where protective immunomodu-
latory effects have previously been observed [4, 5]. This
intervention permitted 78% of participants in the inter-
vention to achieve vitamin D sufficiency (>75 nmol/L)
at endpoint, compared to fewer than 15% of controls,
within 27 to 70 days.

Several studies have evaluated the dosage of vitamin D
supplements required to safely attain and maintain the
optimal serum 25(OD)D level in the general population
[16, 19, 25]. Supplementation of 3000 to 5000 IU/day for
6 months can raise 25(OH)D levels to above 75 nmol/L
[9], depending on baseline levels. Conversely, in a system-
atic review of oral vitamin D supplementation, a single
dose of 100,000 IU raised serum 25(OH)D concentra-
tions to above 75 nmol/L; however, it only persisted for
5 to 6 weeks when it was <50 nmol/L and until 3 months
if the baseline was >50 nmol/L [11]. In two pediatric tri-
als, 100,000 IU bolus combined with daily supplement at
age-specific recommended doses of 400 IU achieved a
rapid (10 days) and sustained (3 months) serum 25(OH)D
above 75 nmol/L in all children; but neither boluses alone
nor daily supplementation alone was sufficient to lead to
a rapid and sustained level about 75 nmol/L [16, 19]. Our
findings are in line with the observations from the liter-
ature and confirm the values of combining a bolus with
regular dosing to achieve rapid and sustained vitamin D
sufficiency.

Due to the trial’s premature termination, we were una-
ble to explore the effects of vitamin D supplementation
on COVID-19 infection risk. While numerous studies
explored the potential impact of vitamin D in patients
hospitalized with COVID-19, studies pointing to the
primary prevention remain limited to few observational
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studies [26—28], which provided conflicting results. There
are few trials registered at Clinicaltrials.gov addressing
the effects of vitamin D supplementation on the risk of
COVID-19 infection and completion of these ongo-
ing trials is needed to expand our understanding of the
effects of vitamin D supplementation on preventing
COVID-19.

As one of the potential mechanisms of action of vita-
min D in COVID-19 is via its potential anti-inflammatory
properties, we explored the impact of supplementation
on serum CRP. Indeed, vitamin D supplementation could
suppress the nuclear factor kappa B (NF-kB) pathway,
which in turn may reduce systemic inflammation and
production of CRP [29]. While our observed group differ-
ence of 1.50 mg/L in change from baseline in serum CRP
did not reach statistical significance, fewer subjects had
elevated CRP (>5 mg/L) in the intervention, than in the
control, group at endpoint, after adjusting for baseline
levels and baseline group imbalances. A previous meta-
analysis of 10 trials involving a total of 924 participants
indicated that daily vitamin D supplementation (rang-
ing from 400 to 7143 IU for 8 to 48 weeks) significantly
decreased the circulating CRP level by 1.08 mg/L (95%
CI,—2.13,—0.03), with evidence of significant heteroge-
neity [29]. Additional well-designed RCTs are warranted
to further investigate the role of vitamin D supplementa-
tion in systemic inflammation.

Adherence to the intervention was high in both groups
probably in part due to weekly rather than daily adminis-
tration regimen, coupled with an electronic reminder, as
both techniques have previously been shown to improve
adherence [30-33]. Furthermore, with clear written
instructions, step-by-step video guide, as well as virtual
supervision during sample collection, our participants
demonstrated that they could collect their samples and
shipped it with appropriate packaging, with all samples
received in acceptable condition. Although slightly more
than half of the participants completed the first few fort-
nightly health questionnaires within the requested time-
frame, rapid follow-up of delayed completion identified
errors that were resolved quickly, which resulted in over
90% timely completion of study questionnaires through-
out the trial. Thus, adherence to the protocol should be
closely monitored, which would allow rapid identifica-
tion and correction of relevant errors. Furthermore,
our study population was healthcare workers, given this
cohort’s likely high degree of compliance to study inter-
vention and protocol, the observed adherence in our
study is almost certainly higher than would be expected
in the general public. Moreover, we cannot rule out the
possibility that the adherence could have reduced with
a longer study duration. The literature reports mixed
results regarding the implementation of virtual trials.
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Similar to our findings, some studies showed overall suc-
cess in adherence to intervention and study procedures
[34-36], while others reported higher dropout rates [37,
38]. Conducting a hybrid trial during the COVID-19 pan-
demic has allowed us to conduct research activities, even
during lockdown and curfew periods. With close moni-
toring and supervision, it could be a promising alterna-
tive for in-person visits even after the pandemic.

No adverse health events attributable to vitamin D tox-
icity were reported throughout the study, which is in line
with previous research that reported daily doses of vita-
min D up to 10,000 IU were safe in adult participants [4,
7, 39].

The strengths of this trial include the randomized
controlled design and high retention rate (97%). We
acknowledge several limitations, including the incon-
sistent study duration among the participants, varying
between 27 and 70 days, due to premature study termi-
nation. Nonetheless, the duration was adequate to detect
important between groups differences in serum 25(OH)
D levels. Although data regarding dietary vitamin D
intake or sunlight exposure was not collected throughout
the study; the serum 250HD level remained stable in the
control study, suggesting no meaningful impact of these
factors on study findings.

Our findings can be generalized to both Canadian
adults and healthcare workers. Indeed, our observations
are consistent with a previous study reporting vitamin
D insufficiency in winter and early spring in over 70% of
Canadians, with only one third supplementing their diet,
usually with <400 IU vitamin D/ day [40]. Our findings
are also concordant with a previous systematic literature
review showing that above 92% of nurses and practicing
physicians had serum vitamin D levels <75 nmol/L [41].

Conclusions

In summary, our study indicates that the administra-
tion of an oral bolus of 100,000 IU vitamin D, followed
by a weekly dose of 10,000 IU vitamin D5 was an effec-
tive approach to rapidly and safety raise serum 25(OH)
D in adult healthcare workers. Our study also provided
proof of concept that implementing a hybrid (virtual and
in-person) trial could maintain high adherence to the
study intervention and procedures. Lessons learned from
this study can be used in methods development and the
design of future hybrid trials.
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