
ABSTRACT

Vitamin D participates in the biological function of the innate and adaptive immune system 
and inflammation. We aim to specify the effectiveness of the vitamin D supplementation 
on the side effects BioNTech, Pfizer vaccination, and immunoglobulin G response against 
severe acute respiratory syndrome coronavirus 2 in subjects tested positive for coronavirus 
disease 2019 (COVID-19). In this multi-center randomized clinical trial, 498 people tested 
positive for COVID-19 were divided into 2 groups, receiving vitamin D capsules or a placebo 
(1 capsule daily, each containing 600 IU of vitamin D) over 14–16 weeks. Anthropometric 
indices and biochemical parameters were measured before and after the second dose of 
vaccination. Fourteen to 16 weeks after supplementation, the intervention group had an 
immunoglobulin G (IgG) increase of 10.89 ± 1.2 g/L, while the control group had 8.89 ± 1.3 
g/L, and the difference was significant between both groups (p = 0.001). After the second 
dose of vaccination, the supplement group significantly increased their 25-hydroxy vitamin 
D from initially 28.73 ± 15.6 ng/mL and increased to 46.48 ± 27.2 ng/mL, and the difference 
between them was significant. Those with a higher body mass index (BMI) had the most 
of symptoms, and the difference of side effects according to BMI level was significantly 
different. In 8 weeks after supplementation obese participants had the lowest IgG levels 
than overweight or normal subjects. The proportion of all types of side effects on the second 
dose was significantly diminished compared with the first dose in the intervention group. 
Supplementation of 600 IU of vitamin D3 can reduce post-vaccination side effects and 
increase IgG levels in participants who received BioNTech, Pfizer vaccine.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a coronavirus known to 
infect humans discovered in China in 2019 as the source of an unknown outbreak [1]. Since 
there was a shortage of vaccines or other treatment methods, several preventive techniques 
have been adopted to stop the pandemic, including quarantine, the use of face masks, 
and the use of antiseptics [2]. The Food and Drug Administration (FDA) ratified Pfizer-
BioNTech vaccine on December 11, 2020 [3]. As the Pfizer-BioNTech coronavirus disease 
2019 (COVID-19) vaccine tried to combat SARS-CoV-2, there was a need to conduct studies 
on the side effects of the vaccine and its effectiveness, and in this way, thereby increasing the 
acceptance rate of the people to vaccination [4]. The intensity of side effects varies greatly 
depending on the recipient’s body mass index (BMI) and nutritional status [5].

There is evidence that those who showed fewer side effects after vaccination has higher 
antibody titers, which may indicate better protection. Also, subjects who had higher BMI 
showed more side effects after vaccination [6]. As obesity is a considerable predictor of 
mortality in COVID-19 patients, it is important to investigate the relationship between 
anthropometric indices and COVID-19 vaccination [7].

Supplementation with micronutrients appears as a necessary measure to ameliorate the 
immune system and prevent adverse side effects. Therefore, vitamin D has attracted a lot 
of attention [8-10]. Vitamin D deficiency is considered a main public health problem [11]. 
Other researchers showed that hypocalcemia and vitamin D deficiency increase the risk of 
respiratory infections [12]. The role of vitamin D as an immunomodulator has been proven 
in previous studies [13]. Christianto and Smarandache [14], showed that vitamin D3 (Vit-D3) 
has several beneficial effects in coping with a virus, including boosting the immune system 
to disassemble the viral protein glycoprotein. Thus, this study aimed to peruse the role of 
Vit-D3 intervention on the side effects of BioNTech, Pfizer vaccination, and immunoglobulin 
G (IgG) response against SARS-CoV-2 in subjects tested positive for COVID-19.

MATERIALS AND METHODS

Participants and study design
It is a multi-centered, 1:1 randomized clinical trial. Participants who were tested positive for 
COVID-19 and their serum 25-hydroxy vitamin D (25[OH]D) below 30 ng/mL were included. 
The exclusion were those who did not take the vaccine or who take one dose of the vaccine and 
did not come back for another dose, those who in the last 6 months received vitamin or mineral 
supplementation, those with chronic conditions such as diabetes, hypertension, and heart 
disease, unwillingness to continue the study protocol, lactating women and pregnant women.

The Ethics Committee of Garmian Polytechnic University, Kalar Technical College approved 
the study (No. KTC20230105). It was also registered in ClinicalTrials.gov (NCT05851313) 
on December 5, 2023. All methods were performed following relevant guidelines and 
regulations. Verbal and written informed consent was obtained from all the participants 
before the study. This study was conducted based on the Declaration of Helsinki.

The sample size was computed relying on a previous study [15] considering the proportion of 
fever ≥ 38°C in normal weight as 9.8% and in obese people as 1.8%, study power of 80%, and 
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confidence level of 95%. For each group, the estimated sample was 183 subjects. Considering 
the attrition rate of 25% during the follow-up period, the sample size reached 248 subjects 
in each group. This study was a double-blinded clinical trial. A total of 500 patients met the 
inclusion criteria for our study and 2 participants declined to participate after signing informed 
consent (Figure 1). Permuted block randomization method was used to randomly assign 
patients to study groups. For the sample size (n = 500), we generated 84 block sizes of 6. The 
study groups were coded as A (for the intervention group) and B (for the placebo group).

The intervention group received 600 IU of vitamin D supplements every day, one hour 
after breakfast for 14–16 weeks. The control group took a placebo prepared with the same 
shape and size of supplements. The supplement was given to the patients by someone other 
than the researcher, to ensure that the researchers did not know which group receiving the 
supplement or placebo (given the double-blindness of the study). Also, in this study, the 
person who did the data analysis did not aware of randomization. At first, a 3-day recall food 
questionnaire was taken from 2 groups. From the day, the subjects were tested for positive, 
they were asked to start supplementation for 4 weeks and return after that to take the first 
dose of the vaccine. Subjects were asked to continue to use supplements after the first 
vaccination. After 6 to 8 weeks, patients came back for another vaccination dose and were 
again asked to use the supplement for 4 weeks again, after that subjects were asked to come 
for a blood test.

Physical activity
The rate of the subject’s physical activity was evaluated by using the validated International 
Physical Activity Questionnaire (IPAQ). Based on metabolic equivalents (METs), recorded 
quantities were displayed and separated into 3 types (light: < 600, moderate: 600–3,000, and 
high > 3,000 MET-min/week) [16].
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Figure 1. Patients flow diagram. 
Vit-D, vitamin D.
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Respiratory function test
Laboratory tests to detect SARS-CoV-2 infection were performed by reverse transcription 
polymerase chain reaction (RT-PCR). Also, for viral RNA extraction, a nasopharyngeal swab 
sample was collected. In the next step, total RNA was automatically extracted in 45 minutes 
by using the Qiagen EZ1 Advanced XL system (Qiagen, Hilden, Germany). The presence of 
SARS-CoV-2 was then diagnosed by real-time RT-PCR amplification of SARS-CoV-2 open 
reading frame 1 ab (ORF1ab) and envelope (E) gene fragments by using Power Chek SARS-
CoV-2 Real-Time PCR kit (Kogenebiotech, Seoul, Korea).

Anthropometric indices
Body weight was determined to the nearest 0.1 kg using a bioimpedance analyzer (Inbody 770; 
Inbody Co, Seoul, Korea). Height was measured using a BSM 370 (Biospace Co., Seoul, Korea). 
To calculate a person’s BMI, multiply their weight in kilograms by the square of their height (in 
meters). According to the guideline by the Centers for Disease Control and Prevention (CDC), 
a BMI of less than 18.5 kg/m2 identify as underweight, 18.5–24.9 kg/m2 is a normal or healthy 
weight and 25.0–29.9 kg/m2 is overweight, and 30.0 kg/m2 or higher is obese [17].

Side effects
We divided the side effects of vaccination into 5 categories; gastrointestinal symptoms 
involving fever and chills, pain (involving local pain, myalgia, and headache), local bruising 
and local reactions, and no symptoms. Patients were asked to specify in a questionnaire 
prepared by the researchers which of these side effects they had between the 2 doses and also 
after the second dose.

Clinical and laboratory results
The blood test was taken twice from subjects in the morning after a 12-hour fast in the 4 
weeks after the first dose of vaccine and in the 6–8 weeks after the second vaccination. Blood 
samples were collected by venipuncture from the antecubital vein by vacuum tubes. To obtain 
blood serum, all blood sample was centrifuged at 2,500 rpm for 10 minutes. Laboratory tests 
were carried out on the same day without reserving the serum of patients and according to 
the ready prediction in the laboratory using ELx800 (BioTek Instruments, Inc., Winooski, VT, 
USA) ELISA test and measuring the IgG titer (g/L). Quantification of 25(OH)D levels (ng/mL) 
was performed from serum samples using automated immunoassays, Liaison 25(OH) Total 
Vitamin D Assay DiaSorin Liaison XL (DiaSorin, Gerenzano, Italy).

Statistical analysis
Analyses were done by Stata 14 software (StataCorp LLC, College Station, TX, USA). 
Frequency (percentage) and mean ± standard deviation were used to demonstrate the 
demographic and clinical characteristics. Comparison of quantitative or qualitative variables 
between 2 groups was accomplished by using a t-test and chi-square test, respectively. 
Two-sample test of proportions was used to contrast the proportion of side effects between 
two doses of vaccine. The effect of the intervention on the outcomes during the period was 
also investigated using repeated measures analysis of variance with adjusting the effects 
of variables such as age, sex, BMI, and smoking. Absolute risk reduction (ARR) or risk 
difference was calculated as the difference between the proportion of side effects in the 
placebo and the proportion of side effects in the supplemented vitamin D. ARR measures the 
direct impact of the intervention on the outcome. In addition, 5 categories of the side effects 
were summed as another outcome named the frequency of side effects of vaccination (0 = no 
symptom, 1, 2, 3, and 4 side effects). Linear regression was used to find relationship between 
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the frequency of side effects on the second dose vaccine and the mean BMI of the patients. 
Also, the relationship between the BMI groups and IgG titer on the first and second dose 
vaccine between supplemented and placebo groups. Test was done by independent t-test. 
And paired t-test used to compare the proportion of the side effects of COVID-19 vaccination 
between the first and second doses by study groups.

RESULTS

Table 1 demonstrates the demographic characteristics of patients within intervention and 
control groups. Four hundred and twenty-five patients (279 men [65.6%] and 146 women 
[34.4%]) were enrolled in the study and randomized: 179 placebo group, 246 with vit-D 
supplementation (Figure 1). Mean age was 50.78 ± 14.75 years, being 48.56 ± 12.54 years 
for the placebo group and 52.38 ± 16.0 years for the supplemented group. The mean age 
was significantly different between the groups (p = 0.008). According to the BMI of study 
participants, following both vaccine doses, the intervention group significantly had a lower 
BMI than the placebo group (p = 0.001) and there is a significant difference between 1st and 
2nd doses of BMI in both groups (p = 0.006 and p = 0.005, respectively).
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Table 1. Baseline characteristics of COVID-19 patients by placebo and supplement groups
Variable Placebo (n = 179) Supplement (n = 246) p value*

Age group (yr) < 0.001
≤ 40 58 (32.40) 72 (29.27)
41–60 91 (50.84) 89 (36.18)
> 60 30 (16.76) 85 (34.55)

Sex < 0.001
Male 96 (53.63) 183 (74.39)
Female 83 (46.37) 63 (25.61)

Residency < 0.001
Urban 128 (71.51) 57 (23.17)
Rural 51 (28.49) 189 (76.83)

Marital status < 0.001
Married 62 (34.64) 185 (75.20)
Divorced 88 (49.16) 36 (14.63)
Single 29 (16.20) 25 (10.16)

Socioeconomic status < 0.001
Low 97 (54.19) 56 (22.76)
Normal 58 (32.40) 80 (32.52)
Good 24 (13.41) 110 (44.72)

Physical activity (MET-min/week) < 0.001
light 53 (29.16) 27 (10.98)
Moderate 91 (50.84) 64 (26.02)
High 35 (19.55) 155 (63.01)

Smoking status 0.005
No 129 (72.07) 145 (58.94)
Yes 50 (27.93) 101 (41.06)

Age (yr) 48.56 ± 12.54 52.38 ± 16.00 < 0.001
BMI (kg/m2)

1st dose 28.62 ± 4.88 24.67 ± 4.49 < 0.001
2nd dose 28.80 ± 4.71 24.85 ± 4.31 < 0.001
p value† 0.006 0.005 -

Data presented as number (%) and mean ± standard deviation.
COVID-19, coronavirus disease 2019; METs, metabolic equivalents; BMI, body mass index.
*Using χ2 test for qualitative data and †using paired t-test for quantitative value.
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Table 2 shows the association between supplemented vitamin D and IgG antibody and 25(OH)
D concentrations in serum of COVID-19 patients. In eight weeks after the enrollment of 
participants and 4 weeks after the first dose, the IgG level of supplemented participants was 
2.01 ± 1.1 g/L, while the control group was 1.96 ± 1.1 g/L, and it was not significant (p = 0.562). 
In 4–6 weeks after the second dose, which corresponds to 14–16 weeks after the intervention, 
the supplemented participants had an IgG increase of 10.89 ± 1.2 g/L, while the control group 
had 8.89 ± 1.3 g/L and this difference was significant between both groups (p = 0.001).

As for 25(OH)D, after the first dose of vaccination, there was no difference between the 25(OH)
D levels of participants between the intervention and placebo groups. However, after the second 
dose of vaccination, the supplement group significantly increased their 25(OH) D levels from 
initially 28.73 ± 1.6 ng/mL and increased to 46.48 ± 27.2 ng/mL, the difference between them was 
significant (p = 0.001). The control group, unlike the supplement group after the second dose, 
decreased their 25(OH)D from 26.09 ± 14.9 ng/mL to 21.25 ± 21.3 ng/mL (p = 0.001).

A comparison of the side effects of Pfizer vaccination by weight groups among participants 
was shown in Figure 2 and Table 3. The number of side effects of the Pfizer vaccination 
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Table 2. Association of supplemented vitamin D with IgG antibody and 25(OH)D concentrations in serum among 
COVID-19 patients
Variable Placebo Supplement p value†

IgG (g/L)
First dose 1.96 ± 1.1 2.01 ± 1.1 0.562
Second dose 8.89 ± 1.3 10.89 ± 1.2 0.001
p value 0.001 0.001 -

25(OH)D (ng/mL)
First dose 26.09 ± 14.9 28.73 ± 15.6 0.245
Second dose 21.25 ± 21.3 46.48 ± 27.2 0.001
p value* 0.001 0.001 -

IgG, immunoglobulin G; 25(OH)D, 25-hydroxy vitamin D; COVID-19, coronavirus disease 2019.
*Paired t-test was used to compare between 1st and 2nd dose of vaccination; †Independent t-test was used to 
compare between placebo and supplement groups.
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increases with BMI increases. The majority of subjects with normal weight (68.1%), had no 
adverse reactions to the vaccination while those with overweight (27.7%) and obese (4.2%) 
had adverse reactions.

Also, of those who were obese 46.7% had the most adverse reactions to the vaccination while 
only 8.9% of normal weight had adverse reactions to the vaccination. In other words, those with 
a BMI of 23.70 ± 3.6 kg/m2 had no side effects, while those with 30.92 ± 5.3 kg/m2 had the most 
symptoms, and the difference between BMI of side effects was statically significant (p = 0.001).

Figure 3 illustrated the association among the BMI groups and IgG titer on the 1st and 
2nd dose vaccine between supplemented and placebo groups. In eight weeks after 
supplementation, there was no significant difference between the overweight and normal 
groups. However, in the obese group, the IgG of the participants who received the placebo 
was 2.03 g/L while the supplement group was 1.27 g/L, respectively, (p < 0.001; Figure 3A). 
In the 14–16 weeks after receiving the supplement, a significant difference was observed 
between the supplement and placebo groups of the normal, overweight, and obese groups, 
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Table 3. Comparison of Pfizer vaccine side effects by weight groups among COVID-19 patients
Frequency of side effects 
on the 2nd dose

BMI (kg/m2)
Normal (18.50–24.99) Overweight (25.0–29.99) Obese (> 30.0) Mean ± SD

0 32 (68.1) 13 (27.7) 2 (4.2) 23.70 ± 3.6
1 80 (60.2) 43 (32.3) 10 (7.5) 25.0 ± 4.1
2 60 (54.1) 32 (28.8) 19 (17.1) 26.19 ± 5.7
3 24 (27.0) 43 (48.3) 22 (24.7) 27.63 ± 4.1
4 4 (8.9) 20 (44.4) 21 (46.7) 30.92 ± 5.3
p value 0.001* 0.001†

Data presented as number (%) and mean ± SD.
COVID-19, coronavirus disease 2019; BMI, body mass index; SD, standard deviation.
*Using χ2 test for qualitative data; †Using one-way analysis of variance for quantitative value.
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Figure 3. The relationship between the BMI groups and IgG titer on the first and second dose vaccine between supplemented and placebo groups. Test was done 
by independent t-test. 
BMI, body mass index; IgG, immunoglobulin G.
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with the overweight participants taking the supplement having an IgG titer of 10.73 g/L while 
the placebo group had an IgG of 8.66 g/L, respectively (p < 0.001). Normal weight group, 
the supplement users had an IgG titer of 10.93 g/L while the placebo group had 9.95 g/L, 
respectively (p < 0.001). As for the obese group, the supplemented IgG titer was 11.00 g/L 
while the IgG titer in the placebo group was 8.49 g/L, respectively (p < 0.001; Figure 3B).

A comparison of the proportion of side effects in the second and first doses of the vaccine 
shows that supplementation is more effective in reducing the proportion of side effects. 
The proportion of all types of side effects on the second dose was significantly diminished 
compared with the first dose in the intervention group. Inversely, the proportion of all types 
of side effects on the second dose was significantly increased compared with the first dose in 
the placebo group (Figure 4).

Compared with the placebo group, the supplemented group was associated with a reduction 
in side effects on the second dose. For example, the proportion of gastrointestinal symptoms 
on the second dose were 25.6% (20.5%–31.4%) for the supplemented group and 69.8% 
(62.7%–76.1%) for the placebo group, with an absolute risk reduction of 44.2% (Figure 5).

DISCUSSION

To the best of our knowledge, this is the first study in a Kurdish population to examine the 
role of BMI and Vit-D supplementation on the side effects of BioNTech, Pfizer vaccination, 
and immunoglobulin G response against SARS-CoV-2. This study showed that the Vit-D3 

276

CLINICAL NUTRITION RESEARCH

https://e-cnr.org

Side effects on the first & second

−0.2

Supplement (GI symptoms)

Supplement (fever and shiver)

Supplement (pain symptoms)

Supplement (local reaction)

Placebo (GI symptoms)

Placebo (fever and shiver)

Placebo (pain symptoms)

Placebo (local reaction)

0 0.2 0.4 0.6 0.8

First Second

Difference = Second − First

Difference

−0.2

Supplement (GI symptoms)

Supplement (fever and shiver)

Supplement (pain symptoms)

Supplement (local reaction)

Placebo (GI symptoms)

Placebo (fever and shiver)

Placebo (pain symptoms)

Placebo (local reaction)

0 0.2 0.4 0.6 0.8

0.19

0.15

0.14

0.12

−0.089

−0.12

−0.26

−0.26

Figure 4. Comparison the proportion of COVID-19 vaccine side effects between the first and second doses by study groups. Test was done by paired t-test. 
COVID-19, coronavirus disease 2019; GI, gastrointestinal.

https://e-cnr.org


Vitamin D and COVID-19 Vaccination: A Randomized Trial

https://doi.org/10.7762/cnr.2023.12.4.269

supplementation for 14–16 weeks IgG and 25(OH)D levels significantly increased and side 
effects decreased after the second vaccination compared to the first vaccination. Participants 
who had normal weight in the intervention group had higher IgG levels and a significantly 
lower incidence of side effects than obese or overweight participants. While nutritional 
supplements have been considered as an excellent option to reduce the side effects of 
COVID-19 vaccination, preliminary research for the evidence has not been in this regard, and 
the recommendation to exceed the Recommended Dietary Allowances (RDA) without solid 
data and rely on hypotheses can hurt people in the COVID-19 pandemic. Vitamin D deficiency 
is very common in COVID-19 patients [18]. In this context, previous reviews have described 
how vitamin D diminishes the risk of viral infections and strengthens the immune system 
[19-24]. Vitamin D promotes inherent cell-mediated immunity in part through the induction 
of antimicrobial peptides, including 1,25-dihydroxy vitamin D (1,25[OH]2D), human 
cathelicidin LL-37 [25], and defending [26]. Cathelicidin exhibits direct antibacterial activity 
against a variety of microorganisms. It includes Gram-positive and Gram-negative bacteria, 
enveloped and non-enveloped viruses, and fungi [27]. These peptides from the host immune 
system can kill foreign pathogens by disrupting their cell membranes and also can thwart 
the biological activity of endotoxin [28]. Also, a laboratory study reported that 1,25(OH)2D 
decreased rotavirus replication in vitro as well as in vivo by a different procedure [29]. A 
clinical trial showed that vitamin D3 at 4,000 IU/d reduced dengue virus infection [30].

Vit-D3 has also received consideration as an immunomodulator [13]. Calciferol as an active 
form of vitamin D is a powerful immunomodulator. Many cells of the immune system, 
containing T lymphocytes, and macrophages have vitamin D receptors. There is considerable 
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Figure 5. The proportion of side effects reduction by supplemented vitamin D using ARR. ARR calculated as: Proportion of Side Effect in the Placebo − Proportion 
of Side Effect in the Supplemented Vitamin D. 
ARR, absolute risk reduction; GI, gastrointestinal.
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documentation that 1-25-dihydroxy Vit-D3 has diverse effects on the immune system. 
Therefore, it improves immunity and diminishes autoimmunity [31]. Vit-D3 interacts directly 
with infection-fighting cells. More than 50 interventional researches have investigated the 
association between vitamin D and COVID-19 and were registered at ClinicalTrial.gov. Some 
of them have found promising results.

In our study, anti-SARS-CoV-2 IgG levels were significantly higher in the vitamin 
D-supplemented group and the supplemented group also had fewer side effects after the 1st 
and 2nd vaccination dose compared to the placebo group. In consistent with our study, Chel 
et al. [32], evaluated the vitamin D status of oral Vit-D3 doses of 600 IU/day, 4,200 IU/week, 
and 18,000 IU/month, which shows that daily consumption of vitamin D has more impact 
than weekly or monthly consumption [32]. Their findings were consistent with the Endocrine 
Society’s conclusion that serum vitamin D levels of 30 ng/mL (75 nmol/L) or higher can boost 
the immune system [33]. Vit-D3 has important effects on both the innate and adaptive immune 
systems belong its biological functions [34]. In contrast, Jolliffe et al. [35] reported that when 
25(OH)D was administered to vitamin D-deficient subjects (mean 25[OH]D level of 15.9 ng/
mL [39.9 nmol/L]) it cannot show the protective efficacy or immunogenicity on a SARS-CoV-2 
vaccination. Chillon et al. [36] did not find any relationship between 25(OH)D levels and anti-
SARS-CoV-2 IgG levels in a healthy participant with vitamin D deficiency (median 25[OH]D 
levels less than 30 ng/mL [75 nmol/L]) more than four consecutive measurements.

The side effects of COVID-19 vaccination were significantly correlated with vitamin D levels 
[37]. Increasing the consumption of each unit of this vitamin directly decreased the incidence of 
side effects vaccination [38]. Also, 2 recent meta-analyses: one review of fourteen studies with 
999,179 subjects reported that low level of serum 25(OH)D was related to the increased mortality 
from COVID-19 with an odds ratio of 3.08 [39]. In this regard, a systematic review of 43 studies 
also described low vitamin D levels being related to higher mortality from COVID-19 [40].

Following a previous study in a pilot study of 76 patients who were hospitalized for 
COVID-19, high-dose of oral calcifediol reduced intensive-care unit admissions. The benefit 
of calcifediol administration was a concern due to incomplete blinding and inappropriate 
distribution of confounders [41]. An randomized controlled trial of Vit-D3 (cholecalciferol, 
60,000 IU/day) supplementation in a therapeutic dose of serum 25(OH)D > 50 ng/mL showed 
significant induction of negative SARS-CoV-2 RNA and decreased fibrinogen levels [42].

According to our finding, people who were obese were suscetible to risk of the incidence of side 
effects after vaccination, and this relationship was statistically significant. In malnourished 
individual who has a weaker immune system, vaccinations can cause fever and other harmful 
side effects [43,44]. Furthermore, subjects of normal weight had significantly higher IgG titers 
after 8 weeks of supplementation than subjects who were overweight or obese.

Obesity has been associated with T-cell and macrophage dysfunction according to a study 
[45]. Decreased cytokine expression in response to infection has been associated with bone 
marrow macrophage dysfunction and/or monocyte maturation failure, as well as lower 
Toll-like receptor 2 expression in these cells [46]. Additionally, changes in the makeup 
of the microbiome, such as those observed in obesity, may alter the crosstalk between 
hematopoiesis and the microbiome, aggravating or worsening inflammation or infection in 
the host [47]. According to previous research, obesity reduces antibody responses to hepatitis 
B immunization in adults [48]. Moreover, an in vitro study discovered that obesity raises 
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circulation levels of pro-inflammatory cytokines and neutrophils, impairing the response to 
pandemic virus vaccination. The findings from the in vitro study on the influenza virus H1N1 
(pH1N1) [49] provide valuable insights into how obesity can influence immune responses to 
viral infections. However, the molecular mechanisms underlying this behavior at the B-cell 
level still remain unknown.

There is a contrast between the result of weight status on the side effects of vaccination. 
McNeil et al. [50] researched the side effects of the anthrax vaccine. They reported that 
arm soreness and arm swelling are common side effects in obese women [51]. In contrast, 
Petousis-Harris et al. [52] reported that subjects with a lower BMI had more pain when 
injected with the meningococcal B vaccine. Also, Ellulu et al. [53] performing a study on 2,136 
adults in Spain found no significant association between weight status and side effects of the 
coronavirus vaccination.

Our study has some strengths. This is the first clinical trial to be conducted on a large number 
of participants. Since the study is a double-blinded clinical trial, the possibility of error 
is relatively small, and this is the first time that the effects of 2 factors are simultaneously 
detected in study participants. The length of the study is another strength of the work in that 
the participants were given supplements for 14–16 weeks. However, the present study had its 
limitations, therefore, we tried to minimize and control the effects of potential confounders, 
but unknown confounders may be still overlooked.

CONCLUSION

The findings from this study further reinforced the accumulating evidences that highlights 
the potential benefits of vitamin D supplementation in improving postvaccination 
outcomes for COVID-19. By demonstrating the significant role of vitamin D in mitigating 
side effects and enhancing the immune response to vaccination, this research emphasizes 
the importance of considering vitamin D status as a crucial factor in optimizing vaccine 
efficacy and overall public health. However, while these results are promising, it is essential 
to acknowledge that additional research is necessary to strengthen and expand upon 
these findings. Future investigations should explore larger and more diverse populations, 
encompassing various age groups, ethnicities, and health conditions, to ensure the 
generalizability of the conclusions.
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