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We aimed to investigate the preventive effect of vitamin D2 on COVID-19 and the improvement of
symptoms after COVID-19 infection. The study recruited 228 health care workers who tested negative
PCR or antigen for COVID-19. Subjects were randomly allocated to vitamin D2 or non-intervention at a
ratio 1:1. Subjects recorded PCR or antigen tests and the symptoms of COVID-19 twice a week during
the follow-up visit. The concentration of serum 25-hydroxyvitamin D (25(OH)D), C-reaction protein
(CRP), complement component C1q and inflammatory cytokines were measured. The rates of COVID-
19 infection were 50.5% in the vitamin D2 group and 52.4% in the non-intervention group (P =0.785).
There was no difference in the COVID-19 symptoms between the two groups. The mean 25(0H)D

level significantly increased from 14.1 to 31.1 ng/mL after administration (P <0.001). The difference
between the two groups was not significant for the concentrations of CRP, C1q and inflammatory
cytokines on the thirtieth day of the trial. According to the second level of vitamin D, there was a
14.3% difference in positive infection rates between the vitamin D adequate (>30 ng/mL) and deficient
groups (<20 ng/mL). Adequate vitamin D had a tendency to prevent COVID-19.

Trial registration: ClinicalTrials.gov NCT05673980, dated: 12/2022.
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The coronavirus disease 2019 (COVID-19) pandemic spread rapidly worldwide, affecting the quality of life
of hundreds of millions of people and causing the deaths of hundreds of thousands of people. COVID-19 has
already had a huge impact on human health and the economy around the world'. At present, there is currently
a lack of effective measures to prevent COVID-19, and even vaccines cannot completely protect against rapidly
mutating virus variants. The results of a systematic review showed that vaccine effectiveness against COVID-
19 infection decreased by 21% from 1 to 6 months after full vaccination among people of all ages®. During the
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COVID-19 pandemic, health care workers have been highly exposed, and the infection rate in hospitals is
extremely high®*. In addition, health care workers may have also faced high work pressure, physical exhaus-
tion, and other threats during the COVID-19 pandemic’. It is crucial to prioritize the prevention of COVID-19
among health care workers.

Vitamin D is a nutrient element that is important for bone health, and it acts by promoting the absorption
of calcium by the small intestinal mucosa and the deposition of calcium at the site of new bone formation®”.
Vitamin D also plays an important role in regulating immune function®®. Vitamin D can modulate immunity;
on the one hand, vitamin D can activate non-specific immunity and enhance the body’s antiviral ability'’
on the other hand, vitamin D can inhibit the inflammatory response and prevent the occurrence of cytokine
storms'!2. At present, there is still a great deal of controversy about the preventive and treatment effect of vita-
min D on COVID-19. A randomized controlled clinical trial (RCT) showed that high-dose vitamin D reduced
the proportion of hospitalized COVID-19 patients admitted to the ICU". In an observational study of 4599 US
military veterans, the hospitalization rate due to COVID-19 infection decreased from 24.1 to 18.7% (P =0.009)
when the patients’ serum 25(OH)D levels increased from 15 to 60 ng/ml, and the death rate decreased from
10.4 to 5.7% (P=0.001)". Vitamin D deficiency and insufficiency were associated with increased severity and
unfavorable outcome after 28 days'. However, some clinical trials have shown that vitamin D does not prevent
or treat COVID-19. A trial showed that a single high dose of vitamin D did not significantly reduce the length
of hospital stay for COVID-19 patients'®.

Whether vitamin D can prevent COVID-19 and improve symptomatic COVID-19 remains unknown. There is
still a need for more RCT studies to support the role of vitamin D in the prevention and treatment of COVID-19.
The objective of this multicenter randomized clinical trial was to investigate the preventive effect of vitamin D2
on COVID-19 and the improvement of symptoms after COVID-19 infection in health care workers.

Methods

Study objectives

To investigate the preventive effect of vitamin D2 on COVID-19 and the improvement of symptoms after
COVID-19 infection in health care workers.

Study design

This was a multicenter, open-label, randomized controlled trial. The subjects provided written informed consent
before participation. They were randomly assigned to receive 200,000 IU vitamin D2 fortnightly or no interven-
tion. This study was conducted on December 23, 2022 and was closed to recruitment on December 26, 2022, and
a total of 262 participants were enrolled. The trial protocol is available in See supplement file 2.

Ethical approval

This study has been registered in a clinical trial registry (clinicaltrial.gov, ID: NNCT05673980 on 22/12/2022).
This study protocol was reviewed and approved by the Peking University Third Hospital Medical Science Research
Ethics Committee, approval number was M2022828. This manuscript was written in accordance with the CON-
SORT 2010 guidelines for reporting randomized controlled trials. Signed informed consent must be obtained
from participants before any operational procedures related to clinical trials. The informed consent was dated
and signed by the subjects.

Patient and public involvement
Patient or the public did not be involved in the design, conduct, reporting, or dissemination plans of this study.

Participants

The study included 248 health care workers from Peking University Third Hospital, Beijing Haidian Hospital,
Chongli Hospital and Yanqing Hospital. All subjects were off vitamin D or received only preventive doses before
signing the informed consent. The inclusion criteria consisted of having a negative PCR or antigen test and
being asymptomatic for COVID-19. The exclusion criteria consisted of pregnant and lactating women, long-
term vegetarians, and a history of serious concomitant diseases, chronic diarrhea, subtotal gastrectomy, biliary
obstruction, and pancreatic disease.

All the subjects followed up regularly by PCR or antigen test for COVID-19 infection and completed seven
electronic questionnaires during this trial. The information collected included the name, age, height, weight,
vaccine, antigen or PCR test results, the time of positive PCR test or antigen test, the time of positive to negative
PCR test or antigen test, the extent and duration of COVID-19 symptoms (fever, cough, sore throat, headache,
joint pain, diarrhea, and vomiting), concomitant diseases, and smoking history of subjects.

Randomization and study interventions
The subjects were randomly allocated into different groups by local investigators using a randomization envelope,
which concealed the allocation sequence. The random sequence was generated with the SAS 9.4 procedure using
a size block of 4, and the ratio between the two groups was 1:1.

Subjects in the vitamin D2 group were given 200,000 IU containing 5 mg of calciferol orally on the first day
and the fourteenth day after enrollment, while the other group subjects received no intervention during the
whole trial.

Scientific Reports |

(2024) 14:20519 | https://doi.org/10.1038/s41598-024-66267-8 nature portfolio



www.nature.com/scientificreports/

Outcome assessment

The primary outcome was the incidence of COVID-19 infection as detected by laboratory PCR or antigen test
within one month. The secondary outcomes were the duration of a positive to negative PCR or antigen test after
COVID-19 infection, the duration of fever, cough, runny nose, stuffy nose, sore throat, headache, fatigue, muscle
aches, joint aches, loss of taste or smell, vomiting, diarrhea and other symptoms after COVID-19 infection, the
proportion of subjects whose COVID-19 infection symptoms were confirmed by PCR or antigen testing for
more than 7 days, the proportion of subjects who tested positive by PCR or antigen test but had no symptoms of
COVID-19, the proportion of subjects with mild, moderate and severe COVID-19 symptoms, and the change
in 25(OH)D concentration.

At baseline, serum 25(OH)D, CRP, complement component C1q and inflammatory cytokines (IL-1f, IFN-a,
IFN-y, TNF-a, MCP-1, IL-6, IL-8, IL-10, IL-12, IL-17A, IL-18, IL-23, and IL-33) were measured in a group of
214 subjects, and subsequently, on the thirtieth day of the study, the subjects completed the second laboratory
assessment. All the blood samples were analyzed at the Peking University Third Hospital. Seven follow-up visits
were conducted during the trial.

Blinding

This was a open-label controlled trial, the blinding method was not applicable.

Sample size calculation and power

The primary objective of the study was to compare the incidences of COVID-19 infection in the two groups.
According to our preliminary study, the expected incidence of COVID-19 infection was 60.0% in the treatment
group and 70.0% in the control group. Given an o of 0.05 and P of 0.2 (i.e., statistical power of 80%), a total of
103 subjects per group (total sample size: 206 subjects) was needed. Assuming a dropout rate of 5%, 218 patients
were required for screening to provide an adequate sample size.

Statistical analysis

The statistician who conducted the analysis was blinded to group allocation. Primary and secondary outcomes
were analyzed according to an intention-to-treat (ITT) principle in the ITT dataset. The per-protocol (PP) sets
were used for sensitivity analysis. The safety analysis sets included all enrolled subjects who received treatment
and were evaluated for safety. Primary analyses were conducted using multiple imputation methods for missing
observations based on the baseline, post-intervention and follow-up, assuming that missing data were missing
at random.

For the primary outcome and categorical secondary outcomes, the chi-square test or Fisher’s exact test was
used to detect the differences between groups. The Kaplan-Meier survival curve and log-rank test were used to
analyze the primary outcome as supplements. The generalized linear mixed model (GLMM) was used to control
the baseline imbalance and central effect, and the different centers were set as fixed effects.

For continuous secondary outcomes, normally distributed data were presented as the means with standard
deviations and compared between groups using the independent t test, while non-normally distributed variables
were presented as medians with interquartile ranges (IQRs) and compared using the Mann-Whitney U test. For
secondary outcomes and subgroup analyses, the analyses were performed as exploratory tests.

All the statistical analyses were conducted using Statistical Product and Service Solutions 26.0 (SPSS 26.0,
IBM, Armonk, NY, USA, http://www.ibm.com/spss) and R 4.2.2 software (http://www.r-project.org). The statisti-
cal significance was defined as P <0.05 with two-sided testing.

Results

Baseline characteristics and follow-up

Of a total of 214 subjects who signed informed consent forms, 99 subjects were randomly assigned to receive
vitamin D2, 103 subjects were assigned to the non-intervention, and 193 subjects completed the trial. The
follow-up visit occurred one month later. A total of 4.5% of subjects were lost to follow-up, and the loss rate of
the vitamin D2 group was lower than that of the non-intervention group (1% in the vitamin D2 group vs. 7.6% in
the no intervention group). All the subjects in the vitamin D2 group received 200,000 IU vitamin D2 fortnightly.
The subjects in the non-intervention group who took additional vitamin D2 or vitamin D3 were recorded using
electronic questionnaires during the trial. Efficacy analyses were performed on the ITT population (202 subjects).
The flow chart for this trial is shown in Fig. 1.

The baseline demographic and clinical characteristics were similar in the two groups, with 17.3% of the
subjects having 25(OH)D concentrations greater than 20 ng/mL and only 4.9% of the subjects having adequate
25(OH)D concentrations (greater than 30 ng/mL). The median age was 36.5 years old in this population. There
were few concomitant diseases in this population. The results are presented in Table 1. A total of 1518 electronic
questionnaires were received. The questions on the self-assessment of COVID-19 symptoms are shown in See
supplementary filel S1 Table 1.

Primary outcome

Since there were differences between the two groups in the ages and BMIs of the subjects at baseline, we adopted
GLMM to regulate the age and BMI as covariables. A total of 104 subjects tested positive for COVID-19 dur-
ing the follow-up period. The infection rates are shown in See supplementary filel S1 Table 2. Vitamin D2 was
associated with a COVID-19 infection rate of 50.5% (95% CI, 40.7 to 60.4) compared with 52.4% (95% CI,
42.8 to 62.1) in the no intervention group according to the ITT dataset (P =0.785). The primary outcome was
subgroup-analyzed by age, sex and 25(OH)D level, and no statistical significance was found for the COVID-19
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Figure 1. Flow of subjects in the study on the role of high-dose vitamin D2 for preventing COVID-19 in health
care workers, including screening, randomization, and follow-up during the whole trial.

infection rate. The COVID-19 infection rate was very similar in the ITT and PP subjects. The Kaplan—Meier
survival curve of COVID-19 infection is shown in Fig. 2.

Secondary outcomes

No statistically significant effect between the two groups was observed on the proportion of subjects whose
COVID-19 infection symptoms were confirmed by PCR or antigen testing for more than 7 days (17.1% in the
vitamin D2 group vs. 16.5% in the non-intervention group). There were no significant differences between the
vitamin D2 group and the non-intervention group in the duration of COVID-19 symptoms. The rates of asymp-
tomatic, mild, moderate and severe symptoms (fever, cough, runny nose, stuffy nose, sore throat, headache,
fatigue, muscle aches, joint aches, loss of taste or smell, vomiting, diarrhea and other symptoms) of COVID-19
were not significantly different between the two groups. The duration of PCR or antigen testing from positive
to negative after COVID-19 infection was similar over the two groups (6.6 days in the vitamin D2 group vs.
7.4 days in the non-intervention group). No subjects required hospitalization or died in either group. The results
are shown in Table 2.

The level of mean serum 25(OH)D was significantly increased from baseline to after two doses of vitamin D2
administration (from 14.1 to 31.1 ng/mL, P <0.001) compared with the non-intervention group (from 14.4 to
15.3 ng/mL). After receiving 200,000 IU vitamin D2, 87 of 99 subjects (87.9%) had serum 25(OH)D levels greater
than 20 ng/mL in the vitamin D2 group, compared with 21 of 102 subjects (20.6%) in the non-intervention
group. The result is shown in Fig. 3.
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Vitamin D2 Non-intervention | P

Age (years) 36.76+£9.99 40.38+11.52 0.018
Gender 0.974
Female 79 (79.8) 82 (79.61)

Male 20 (20.2) 21 (20.39)

BMI (kg/mz) 22.51+£2.79 23.63+£3.06 0.007
Serum 25(OH)D (ng/mL) 14.1(10.7,17.3) | 14.4(11.6, 18.3) 0.892
CRP (mg/dL) 0.27 (0.05, 0.9) 0.46 (0.09, 1.48) 0.089
Clq (mg/L) 174 (163, 215) 182 (163, 219) 0.501
COVID-19 vaccines 0.482
0 3(3.03) 1(0.97)

1 0(0) 1(0.97)

2 1(1.01) 4(3.88)

3 63 (63.64) 65 (63.11)

4 32(32.32) 32 (31.07)

Smoking 0.724
No 89 (89.9) 91 (88.35)

Yes 10 (10.1) 12 (11.65)

Hypertension 0.432
No 94 (94.95) 95 (92.23)

Yes 5 (5.05) 8(7.77)

Diabetes >0.999
No 97 (97.98) 100 (97.09)

Yes 2(2.02) 3(2.91)

Coronary heart disease 0.49
No 98 (98.99) 103 (100)

Yes 1(1.01) 0(0)

COPD 0.49
No 98 (98.99) 103 (100)

Yes 1(1.01) 0(0)
Asthma 0.616
No 97 (97.98) 102 (99.03)

Yes 2(2.02) 1(0.97)
Takes extra vitamin D 0.850
No 92 (92.93) 95 (92.23)

Yes 7 (7.07) 8(7.77)

Table 1. Baseline characteristics of participants (ITT).

There was no significant difference in the levels of inflammatory cytokines at baseline and on the thirtieth
day of the trial in the vitamin D2 and non-intervention groups. The result is shown in Supplementary Fig. 2.

Subgroup analysis

According to the second level of vitamin D, subjects with serum 25(OH)D group with less than 20 ng/mL (group
A, n=85) had a positive infection rate of 58.9% , the serum 25(OH)D group between 20 and 30 ng/mL (group B,
n=44) had a positive infection rate of 52.4%, and the serum 25(OH)D greater than 30 ng/mL (group C, n=44)
had a positive infection rate of 44.6%. The results of the survival analysis are shown in Supplementary Fig. 1.
There was a 14.3% difference in positive infection rates between the vitamin D-adequate and deficient groups.
During the first ten days of the trial, the infection rates of subjects in the three groups were rapid. However, group
A and B tended to be stable after the tenth day of the trial. The infection rate of subjects with 25(OH)D greater
than 20 ng/mL was still more serious, and the infection rate was still increasing on the twentieth day during the
trial period. The subgroup analysis showed that the 25(OH)D level was not significantly associated with COVID-
19 symptoms, including the period of symptoms, the number of symptoms and the extent of the symptoms.

Adverse events

The administration of 200,000 IU vitamin D2 was well tolerated by the subjects, and no severe adverse events
occurred during the trial, with only 1 subject who experienced nausea, 3 subjects who vomited and 1 subject who
was constipated after vitamin D2 administration. During the follow-up visit, the nausea and vomiting symptoms
in the above subjects occurred after the emergence of COVID-19 symptoms and disappeared with the negative
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ITT PP
Vitamin D2 Non-intervention | P Vitamin D2 Non-intervention | P
Serum 25(0OH)D (ng/ml) | 31.10 (27.70, 36.50) | 1530 (12.60,19.60) | <0.001 | 31.25(27.70,36.50) | 15 (12.50, 19.20) <0.001
Fever 0.967 0.935
Asymptomatic 12 (12.12) 10 (9.71) 12 (12.24) 9(9.47)
Mild 57 (57.58) 61 (59.22) 56 (57.14) 54 (56.84)
Moderate 25 (25.25) 27 (26.21) 25 (25.51) 27 (28.42)
Severe 5(5.05) 5 (4.85) 5(5.1) 5(5.26)
Sore throat 0.246 0.320
Asymptomatic 19 (19.19) 23 (22.33) 19 (19.39) 22 (23.16)
Mild 55 (55.56) 63 (61.17) 54 (55.1) 56 (58.95)
Moderate 17 (17.17) 8(7.77) 17 (17.35) 8(8.42)
Severe 8 (8.08) 9 (8.74) 8(8.16) 9(9.47)
Runny or stuffy nose 0.447 0.422
Asymptomatic 23(23.23) 16 (15.53) 23 (23.47) 15 (15.79)
Mild 55 (55.56) 61 (59.22) 54 (55.1) 54 (56.84)
Moderate 16 (16.16) 17 (16.5) 16 (16.33) 17 (17.89)
Severe 5(5.05) 9 (8.74) 5(5.1) 9(9.47)
Diarrhea 0.351 0.481
Asymptomatic 12 (12.12) 8(7.77) 12 (12.24) 8 (8.42)
Mild 87 (87.88) 93 (90.29) 86 (87.76) 85 (89.47)
Moderate 0(0) 1(0.97) 0(0) 1(1.05)
Severe 0(0) 1(0.97) 0(0) 1(1.05)
Vomiting 0.299 0.460
Asymptomatic 11(11.11) 7 (6.8) 11(11.22) 7(7.37)
Mild 87 (87.88) 95 (92.23) 86 (87.76) 87 (91.58)
Moderate 1(1.01) 0(0) 1(1.02) 0(0)
Severe 0(0) 1(0.97) 0(0) 1(1.05)
Cough 0.926 0.915
Asymptomatic 17 (17.17) 16 (15.53) 17 (17.35) 15 (15.79)
Mild 53 (53.54) 58 (56.31) 52 (53.06) 52 (54.74)
Moderate 19 (19.19) 17 (16.5) 19 (19.39) 16 (16.84)
Severe 10 (10.1) 12 (11.65) 10 (10.2) 12 (12.63)
Muscle or joint aches 0.281 0.261
Asymptomatic 14 (14.14) 14 (13.59) 14 (14.29) 13 (13.68)
Mild 59 (59.6) 61 (59.22) 58 (59.18) 54 (56.84)
Moderate 18 (18.18) 12 (11.65) 18 (18.37) 12 (12.63)
Severe 8 (8.08) 16 (15.53) 8 (8.16) 16 (16.84)
Loss of taste or smell 0.372 0.369
Asymptomatic 10 (10.1) 19 (18.45) 10 (10.2) 18 (18.95)
Mild 75 (75.76) 72 (69.9) 74 (75.51) 66 (69.47)
Moderate 11(11.11) 10 (9.71) 11(11.22) 9(9.47)
Severe 3(3.03) 2(1.94) 3 (3.06) 2(2.11)

Table 2. The secondary outcomes of this trial between the two groups.

PCR or antigen test. Therefore, the above nausea and vomiting were not considered to be adverse events caused
by vitamin D. No subjects stopped the trial because of adverse events in the vitamin D2 group.

Discussion

Here, we found that 200,000 IU vitamin D2 administration did not significantly prevent COVID-19 infection
or improve COVID-19 symptoms among health care workers. Some benefits were also found that the positive
infection rate of VD-sufficient (less than 20 ng/mL) subjects was 14.3% lower than that of VD-deficient (greater
than 30 ng/mL) subjects.

Vitamin D deficiency has become an "epidemic” and is common in all age groups’. In 2011, the US Endocrine
Society together with other scientific societies upgraded their standards to indicate that thresholds of vitamin
D and serum 25(OH)D levels of less than 20 ng/ml were defined as vitamin D deficiency, 20 ng/mL to 30 ng/
mL were insufficient, and greater than 30 ng/ml was adequate'®. Our study showed that the total proportion of
serum 25(OH)D deficiency (82.7%) and insufficiency (12.4%) in 202 subjects was 92.0%, the ratio of vitamin D
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Figure 2. The Kaplan-Meier survival curve of COVID-19 infection between the vitamin D2 group and the

non-intervention group (a) intention-to-treat (ITT) dataset and (b) per-protocol (PP) dataset; the shadow of the
above curve represents the confidence interval).
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Figure 3. Serum 25(OH)D concentration in the vitamin D2 group and non-intervention group. Serum 25(OH)
D concentrations were measured at baseline (first) and on the thirtieth day of the trial (second).

sufficiency was only 4.9%, and severe vitamin D deficiency with serum 25(OH)D of less than 10 ng/ml accounted
for 13.9%. The heavy workload of the majority of health care workers in first-class hospitals, especially the high
frequency of night work and long-term indoor work, leads to a general lack of exercise and sunlight exposure, and
night work also changes their normal eating habits, resulting in insufficient vitamin D synthesis. Current studies
have found that vitamin D deficiency is closely related to bone diseases!?, immune diseases?, cardiovascular
diseases?!, tumors?, diabetes?, obesity?*, chronic kidney disease? and others. The benefit-risk ratio of vitamin
D supplementation is higher, and vitamin D safety is better. Vitamin D supplementation at 100,000 IU/month
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did not increase kidney stone risk or serum calcium in 5110 participants®. Therefore, it is necessary to increase
the level of active vitamin D through sunshine, dietary and drug supplementation.

As an immunomodulator, vitamin D can inhibit the excessive production of reactive oxygen species in vivo,
increase the glutathione level in cells, and thus inhibit the expression of the NF-kB and p38 MAPK kinases to
inhibit the expression of the proinflammatory factors TNF-a, IL-6, MCP-1, IL-12, IL-18, IL-33, and others?.
In this study, the levels of inflammatory cytokines, including IL-1B, IFN-a, IFN-y, TNF-a, MCP-1, IL-6, IL-8,
IL-10,IL-12,IL-17A, IL-18, IL-23, and IL-33, were measured at baseline and on the thirtieth day of the trial in the
vitamin D2 and non-intervention groups. The baseline inflammatory cytokines are shown in See supplementary
filel S1 Table 3. The second level of inflammatory cytokines is shown in Supplementary Fig. 2. The results did not
show that 200,000 IU vitamin D2 reduced inflammatory cytokines. The half-life of most inflammatory cytokines
is short. When inflammation disappears, inflammatory cytokines quickly return to normal and maintain the
homeostasis of the body. Our study measured levels of inflammatory cytokines at baseline and one month after
enrollment, whereas the majority of positive subjects in this study developed infections within 15 days of the
trial. Therefore, we believe that we may have missed the peak in inflammatory cytokines. We ultimately failed
to see that high doses of vitamin D reduced inflammation.

Limitations of the study

There were some limitations in this study. Based on the previous literature, we calculated the sample size in this
trial using the assumption of a 10% positive infection rate in the vitamin D2 group and the non-intervention
group, whereas this conclusion was not reached in our trial. In addition, there was a large difference in the
ratio of males to females in our study, primarily because the enrolled subjects were mostly nursing staff, which
resulted in an imbalance in the gender ratio. Lastly, the time interval between the two blood samples was long,
and the change in inflammatory cytokines in the two groups of subjects could not be observed during the trial.

Conclusions

Our findings indicated that the administration of vitamin D2 did not significantly reduce the rate of COVID-19,
and it was not related to COVID-19 symptoms in health care workers. Adequate vitamin D had a tendency to pre-
vent COVID-19. Vitamin D deficiency (82.7%) was widespread among health care workers, and the percentage
of vitamin D sufficiency was only 4.9% at baseline, and it is necessary for workers to take vitamin D supplements.

Data availability

The data underlying this article will be shared upon reasonable request to the corresponding author.
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