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Abstract 
Background: Coronavirus is rapidly transmitted and highly infectious, and it 
is also associated with high morbidity and mortality but no drugs have been 
recognised as being effective; therefore, it is necessary to protect against se-
rious illnesses with an intrinsic protection mechanism. In addition, Vitamin 
D enhances the intrinsic protection mechanism. Purpose: This study aims to 
systematically review and conduct a meta-analysis to determine if vitamin D 
deficiency is associated with the development of severe COVID-19 illness, 
providing crucial insights into the potential impact of vitamin D on disease 
outcomes. Methods: This study is conducted through systematic reviews and 
meta-analysis while following well-designed research questions. Literature 
searches are performed according to PRISMA guidelines with inclusion and 
exclusion criteria through the electronic database PubMed, CINAHL and 
Google Scholar. All data for meta-analysis were performed using RevMan 5.4. 
The software program was used for blending the statistical data and deriving 
the cumulative result of the intervention on concluding outcomes of interest. 
To analyze dichotomous data, the Mantel-Haenszel method was performed, 
and an odds ratio was conducted for outcome evaluation with 95% confi-
dence interval. Results: The meta-analysis showed that there is statistically 
significant (P < 0.00001) Vitamin D deficiency occurred in COVID-19 pa-
tients as compared to healthy individuals (odd ratio = 2.65 [1.88, 3.73], CI 
95%). It also observed that without Vitamin D supplemented COVID-19 pa-
tients needed ICU admission at a higher rate compared to Vitamin D sup-
plemented COVID-19 patients (odd ratio 0.16 [0.02, 1.45], P = 0.10, CI 95%). 
But there had been no impact on mortality found through comparing group 
(odd ratio = 0.98 [0.32, 2.95], P = 0.97, CI 95%). Conclusion: This study in-
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dicated that Vitamin D deficiency is associated with the development of 
COVID-19 related serious illnesses. Also, it is highly recommended to do 
more randomised control trials for the establishment of this topic strongly. 
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1. Background 

Coronavirus is rapidly transmitted and highly infectious, and it is also asso-
ciated with high morbidity and mortality [1]. However, there are no actual 
drugs approved for the treatment of coronavirus. Anti-inflammatory drugs, an-
tiviral drugs, neuraminidase inhibitors, Chloroquine, remdesivir are all used as a 
choice of drug for treatment of COVID-19 patients [2] [3]. Also Oxygen, anti-
coagulant, and prolonged mechanical ventilation are used for the management 
of COVID-19 patients [4]. However, all of these are for symptomatic treatment 
and there is a chance that it can develop drug resistance. Therefore, it is needed 
to protect people by enhancing the immune system or protective mechanism of 
the human body. Furthermore, Vitamin D has a mechanism to enhancing the 
innate and adaptive immune system which can reduce the risk of infection and 
mortality [5]. 

The coronavirus infection occurs via angiotensin-converting enzyme 2 (ACE2) 
[6]. Additionally, in the respiratory tract, most of the ACE2 formation occurs 
[7]; thus the respiratory tract is mainly infected by coronavirus than other sys-
tems of the body. On the other side, Vitamin D produces an immune response 
against various viruses, which cultured epithelial cells of respiratory systems [8] 
[9].  

The laboratory investigations have shown that in the serious COVID-19 pa-
tients significantly high pro-inflammatory cytokines development occurs which 
is called “cytokine storm” [10]. Similarly, the evidence suggests that Vitamin D 
can decrease the over cytokine production by enhancing the innate immune 
system of the body [11]. Therefore, Vitamin D can make an intervention in 
COVID-19 related serious illness. 

2. Method 
2.1. Search Strategy 

The systematic search for eligible studies was carried out on published literature 
and data were obtain from different studies based on the association between 
Vitamin D deficiency and developing COVID-19 related serious illnesses. A 
computerised comprehensive literature search was performed via using PubMed, 
CINAHL and Google Scholar. Search terms and key words were defined by the 
researcher related to vitamin D and COVID-19 which were included in the title 
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or the abstract: (“Vitamin D” OR calciferol OR calcitriol OR “25(OH)D” OR 
“25-hydroxyvitamin D” OR “hydroxycholecalciferols” OR “hypovitaminosis D” 
OR “micro-nutrient”) AND (COVID19 OR coronavirus disease OR “2019-nCoV” 
OR “coronavirus disease 2019”). The articles were independently reviewed by 
the researcher which published between January 2020 and January 2023. All the 
articles were included which was published in English and others language stu-
dies with English summary. Some articles were also included through bibliogra-
phy of other related articles and by experts or senior authors which meet the eli-
gible criteria.  

2.2. Inclusion Criteria 

It considered literature to be eligible which was published observational or in-
terventional study with any age group of population and if it compared patients 
with COVID19 vs non COVID-19 or serious illness in confirmed COVID19 pa-
tients with or without vitamin D supplement at any dose or form. Eligibility 
characteristic of a literature were defined before performing the literature search 
on basis of PECO/PICO strategy (patient, exposure/intervention, compari-
son/control, outcome—the strategy which helps in the formation of the research 
question and search for evidence). According to the PECO/PICO strategy eligi-
bility criteria: 
• Patients, population or problem: confirmed COVID-19 patients. 
• Exposure/Intervention: Vitamin D deficiency/Vitamin D supplementation. 
• Comparison: control/placebo. 
• The outcome of the study: COVID-19 related serious illness. 

2.3. Exclusion Criteria 

Exclude the published studies such as reviews, case series, case reports, abstracts, 
comments, posters, editorial reviews, in vitro studies, duplicate publications, 
non-research letters, if full-text was not accessible or the study which did not 
mentioned a specific outcome. Ecological studies were excluded because these 
studies did not measure Vitamin D levels. Furthermore, research was excluded if 
there was an absence of a placebo or control group. 

2.4. Study Selection Process 

Initially, database search results were merged and duplicate studies were ma-
nually removed. After duplicates removed, articles were reviewed by the title and 
abstract of the paper and if unrelated to the comprehensive study question, the 
results of interest were excluded. The selected literatures were then assessed 
based on the full text. The aim was to include all studies evaluating Vitamin D 
level in COVID-19 positive and negative patients and to include all studies as-
sessing Vitamin D supplementation in COVID-19 positive patients at ICU ad-
mission and deaths regardless of dosage and form. Finally, potentially eligible li-
teratures were independently identified and selected based on inclusion and ex-
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clusion criteria. Studies were selected on the basis of the preferred reporting 
items for systematic reviews and meta-analysis (PRISMA) guidelines. 

2.5. Study Identification 

Through the electronic data base PubMed, CINAHL and Google Scholar searched 
total 1243 related studies. 413 studies were identified as duplicates and excluded. 
After that due to unrelated topics 677 were removed. Than among this studies 
full text, abstracts were searched with maintaining inclusion and exclusion crite-
ria and research question, 16 studies were found for full text. Among these stu-
dies, 10 studies were excluded after viewed full text because 2 studies did not 
complete the data, 7 studies did not meet the inclusion exclusion criteria and 
inappropriate sample found in 1 studies. Finally, 6 studies found eligible for 
the research. Among the 6 studies 2 are randomised control trials and 4 are case 
control studies. A detailed PRISMA chart for searching is represented as Figure 
1. 
 

 
Figure 1. A PRISMA flowchart showing the study selection and identification process. 
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2.6. Data Extraction 

Data extraction was done in a standardised data collection table. When the trials 
had more than two comparisons, only topic of interested data was collected. It 
was carefully checked for overlapping and the following data were recorded: 
title, study name, publication year, study type, country, sample size, study design 
and outcomes. 

2.7. Evaluation of Study Quality 

The quality of all observational studies was assessed by outcomes. Risk of bias 
and methodological quality of the eligible case control studies were evaluated by 
Newcastle-Ottawa scale (NOS), which evaluated the three main factors: selection 
of the participants, comparability of the study groups, and assessment of out-
come or exposure [12]. Each included study was given an eventual point out of 
maximum nine points. There are four points for selection, two points for com-
parability and three points for outcomes [12]. High quality studies require a 7 or 
higher points, medium quality studies require a 4 - 6 points, and 0 - 3 points are 
considered poor quality. In this study four observational studies were included 
where three scored 7 and one scored 6 (Figure 2(a)). 

 

 
(a) 

 
(b) 

Figure 2. (a) Quality assessment of the four included case control studies by using Newcastle-Ottawa scale (NOS). (b) Quality 
assessment of the two included randomized controlled trials by using Jadad score tool. 
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Methodological quality of the randomised control trial was assessed using the 
Jadad score, which represents the quality of the study based on the explanations 
of randomisation, blinding, and dropout/withdrawals [13]. It is known also as 
Oxford quality scoring system. The Jadad scoring ranges from 0 to 5 points 
where two or less points are considered as a poor quality study, three or more 
points indicate a higher quality study [13]. Jadad scale asked mainly following 
three questions, whether the study was described as randomised, whether the 
study was double blinded, whether there is present of withdrawals or dropouts’ 
information [13]. Each answer contains one point without any fraction. Each 
question had to be answered “yes” or “no”. In this study two randomised control 
trials were included where one scored 3 and other 5 (Figure 2(b)). 

2.8. Characteristics of the Studies 

Six literature sources were selected for systematic review and meta-analysis. 
Among them four are case control studies and remaining two randomised con-
trol trials. The main characteristics of the literatures are showing in Table 1. The 
included studies were conducted in China, Brazil, Iran, South Korea and 2 in 
Spain. All these studies were done in a clinical setting within February to Octo-
ber in the year of 2020. The studies were conducted in the adult population; no 
paediatrics or children were included. The mean age is ranging from 40 to 80 
years. The proportion of women ranges from 38% to 63%. The studies were 
conducted over a period of 1 to 4 months. In all studies, patients with COVID-19 
were diagnosed by real-time polymerase chain reaction (RT-PCR), with the ex-
ception one of the study that mentioned only about the throat swab samples. 
One study mentioned PCR with CURB65 severity scale and another one men-
tioned PCR with computed tomography scan. The studies use different labora-
tory procedures to evaluate participants’ Vitamin D levels such as electrochemi-
luminescent immunoassay (ECLIA) with a Roche Elecsys 10,100/201 system, 
enzyme-linked immunosorbent assay method, validated liquid chromatogra-
phy-tandem mass spectrometry method, automated electrochemiluminescence 
system and automated competitive chemiluminescence assay. All the interven-
tional studies, patients received supplementation of Vitamin D orally. One of the 
study treatment groups were supplemented 0.532 mg of calcifediol during ad-
mission then after 3 days 0.266 mg and then another on the 7th day; after the 7th 
day it was continued as a weekly dose. Another study interventional group re-
ceived 200,000 IU single dose of vitamin D3. Furthermore, in the other study 10 
patients received 25,000 IU cholecalciferol monthly basis, one patient received 
5600 IU per week and remaining 8 patients consumed 0.266 mg calcifediol per 
month. In the studies, age and sex were assimilated in both groups, thus eliminated 
these confounding factors. Three studies mentioned about the randomisation.  

Total participants of the studies are 1276, (participants of the individual study 
ranging from 76 to 402). Among them 845 are COVID-19 positive patients, 431 
are COVID-19 negative patients. In addition, three studies compared COVID-19  
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Table 1. Characteristics of included studies for the meta-analysis. 
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positive patients with healthy individual for determined the Vitamin D deficiency 
status. These three studies contain total 744 participants where 313 COVID-19 
positive patients. The other three literatures are interventional studies where to-
tal participants are 532, and all are COVID-19 positive patients. Among them, 
189 participants are in Vitamin D supplement arm and 343 are non-supplement 
arm. The first three studies result revealed that among COVID-19 patients a to-
tal of 225 have suffered from Vitamin D deficiency which is 71.88% and in 
healthy individuals a total of 212 are suffered from Vitamin D deficiency which 
is 49.19%. Furthermore, three study reports showed that a total of 21 patients 
with Vitamin D supplements needed to be admitted to the ICU which is 11.11%, 
and without Vitamin D supplements, 88 patients needed ICU admission which 
is 25.66%. Furthermore, three studies did not report any deaths but interven-
tional studies mentioned the death in their studies. The total number of deaths 
in the Vitamin D supplement arm is 11, and the total deaths without Vitamin D 
supplement arm is 28 which are 5.82% and 8.16% respectively. One of the stu-
dies found in serious cases of COVID-19 a remarkably greater rate of comorbid 
kidney failure than in mild or moderate cases. This study also reported that in 
serious COVID-19 cases a remarkably higher rate of Vitamin D deficiency noted 
compared to mild and moderate cases. Another study found that 44.4% COVID-19 
patients have selenium deficiencies. The mentioned comorbidities of partici-
pants of included studies are shown in Table 2.  

2.9. Statistical Analysis 

All data for meta-analysis were performed using a computer software program 
RevMan 5.4 (The Cochrane Collaboration, Review Manager, Oxford, Copenha-
gen, Denmark). The software program was used for blending the statistical data 
and deriving cumulative result of the intervention on concluding outcomes of 
interest. To analyze dichotomous data, the Mantel-Haenszel method was per-
formed and an odds ratio was conducted for outcome evaluation with 95% con-
fidence interval and random effects was used. I2 represents the different level of 
heterogeneity (high: 75%, medium: 50% and low 25%). Funnel plot was reported 
the publication bias. Forest plot represented: Vitamin D deficiency among healthy 
individuals and COVID-19 positive patients and treatment effect of Vitamin D 
on COVID-19 patients. 

3. Result 

The systematic review and meta-analysis included six studies where there are 
two randomised control trials and four case control studies. The meta-analysis 
showed that there is statistically significant (P < 0.00001) Vitamin D deficiency 
occurred in COVID-19 patients as compared to healthy individuals (odd ratio = 
2.65 [1.88, 3.73], CI 95%, P < 0.00001) (Figure 3(a)). It also observed that with-
out Vitamin D supplemented COVID-19 patients needed ICU admission at a 
higher rate compared to Vitamin D supplemented COVID-19 patients (odd ra-
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tio 0.16 [0.02, 1.45], P = 0.10, CI 95%) (Figure 4(a)). Heterogeneity found in this 
part of analysis but withdrawal of Entrenas Castillo et al. (2020) [17] has showed 
significantly decreased the heterogeneity which revealed I2 of 48% (Figure 4(c)). 
In this section fixed effect revealed significant statistical strength (P = 0.0003) 
(Figure 4(d)). In addition, meta-analysis for mortality evaluation was also done 
between the Vitamin D supplemented and non-supplemented COVID-19 pa-
tients. But there had been no impact on mortality found through comparing 
group (odd ratio= 0.98 [0.32, 2.95], P = 0.97, CI 95%) (Figure 5(a)). Publication 
bias was evaluated and visually represented by using Funnel plot (Figure 3(b), 
Figure 4(b), Figure 5(b)). 
 

Table 2. Comorbidities related to seriousness of COVID-19 infection. 

Study name Group 
Respiratory 

diseases 
Renal  

diseases 
Cardiovascular  

diseases 
Hypertension Diabetes Immunosuppressed 

Entrenas  
Castillo et al. 
(2020) [17] 

COVID-19 “D”  
(N = 50) 

4 (8%) 0 2 (4%) 11 (24.19%) 3 (6%) 6 (12%) 

COVID-19  
(N = 26) 

2 (7.69%) 0 1 (3.85%) 15 (57.69%) 5 (19.23%) 1 (3.85%) 

Hernández et 
al. (2020) [19] 

COVID-19 “D”  
(N = 19) 

2 (10.5%) ∞ NM 3 (15.8%) 12 (63.2%) 0 6 (31.6%) 

COVID-19  
(N = 197) 

15 (7.6%) ∞ NM 21 (10.7%) 76 (38.6%) 34 (17.3%) 16 (8.1%) 

Murai et al. 
(2020) [18] 

COVID-19 “D” 
(N = 120) 

7 (5.8%) ∞ 
7 (5.8%) α 

2 (1.6%) 16 (13.3%) 67 (55.8%) 49 (40.8%) NM 

COVID-19  
(N = 120) 

5 (4.1%) ∞ 
7 (5.8%) α 

0 16 (13.3%) 58 (48.3%) 35 (29.1%) NM 

Ye et al. (2020) 
[14] 

COVID-19 “P” 
(N = 62) 

1 (1.6%) ∞ 
0 α 

16 (25.8%) NM 6 (9.6%) 5 (8.06%) NM 

COVID-19 “N”  
(N = 80) 

NM NM NM NM NM NM 

Abdollahi et al. 
(2020) [15] 

COVID-19 “P”  
(N = 201) 

14 (6.96%) NM 
20 (9.95%) 

[cardiovascular + hypertension] 
42 (20.89%) 4 (1.99%) 

COVID-19 “N”  
(N = 201) 

8 (39.80%) NM 
15 (7.46%) 

[cardiovascular + hypertension] 
19 (9.45%) 1 (0.49%) 

COVID-19 “D” = COVID-19 patients with vitamin D supplementation, COVID-19 “P” = COVID-19 positive, COVID-19 “N” = 
COVID-19 negative, ∞ = Chronic obstructive pulmonary diseases, α = Asthma, NM = Not mentioned, (NB-Im et al. (2020) study 
not mentioned any comorbidity). 
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(a) 

 
(b) 

Figure 3. (a) Forest plot of COVID-19 positive and negative individuals showed more vitamin D deficiency occurred in 
COVID-19 positive patients compared to COVID-19 negative individuals. (b) Publication bias was visually represented by the 
Funnel plot. 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

Figure 4. Forest plot of COVID-19 positive patients showed that: (a) Without Vitamin D supplemented COVID-19 patients 
needed ICU admission at a higher rate compared to Vitamin D supplemented COVID-19 patients. (c) Withdrawal of Entrenas 
Castillo et al. (2020) has showed significantly decreased the heterogeneity. (d) Fixed effect showed high statistical strength. (b) 
Publication bias was visually represented by the Funnel plot. 

 

 
(a) 

 
(b) 

Figure 5. (a) Forest plot of COVID-19 positive patients showed no significant different in mortality among vitamin D supple-
mented and non-supplemented group. (b) Publication bias was visually represented by the Funnel plot. 
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4. Discussion 

COVID-19 related serious illnesses have developed through various stages. Up-
per respiratory system infection with fever, body aches, weakness, diarrhoea, 
headache, coughing and a painful throat are all symptoms for the first stage of 
COVID-19 infection; however, some people may remain asymptomatic. Pneu-
monia and severe coughing are symptoms of the second stage, while the third 
stage is COVID-19 infection induced complication such as septicaemia, severe 
restlessness, respiratory failure, cardiovascular complication and multiple organ 
injury. The final stage is death or recovery [20]. In this study, all the stages of 
COVID-19 were investigated to check its relationship with Vitamin D deficien-
cy. The first stage was investigated by comparing the COVID-19 positive pa-
tients to healthy individuals. The second and third stage was evaluated by com-
paring the COVID-19 patients with and without Vitamin D supplementation 
and the rate of ICU admission. The fourth and final stage is evaluated by mortal-
ity rate among Vitamin D supplement and non-supplement groups. 

The study found that significant Vitamin D deficiency occurred in COVID-19 
patients compared to healthy individuals (odd ratio = 2.65 [1.88, 3.73], CI 95%, 
P < 0.00001). A cross sectional study was done in India which also reported a 
significant association between COVID-19 patients with Vitamin D deficiency. 
It found 58.97% Vitamin D deficiency and 89.1% Vitamin D insufficiency among 
COVID-19 patients [21]. A study done by Mamani et al. (2017) found out that 
COVID-19 patients have 4.16 times more severe Vitamin D deficiency occurring 
than the control group [22]. A study conducted by Pinzon et al. (2020) in Indo-
nesia which documented 90% Vitamin D (<20 ng/mL) deficiency and 10% (<30 
ng/mL) insufficiency in the study group [23]. Also Kaufman et al. (2020) found 
out that there is higher COVID-19 positivity in lower levels of Vitamin D indi-
viduals [24].  

The conducted study also found that without Vitamin D supplemented 
COVID-19 patients needed ICU admission at a higher rate compared to Vitamin 
D supplemented COVID-19 patients (odd ratio 0.16 [0.02, 1.45], P = 0.10, CI 
95%). The University of Cincinnati Health system supports these study results 
by conducting their own study where they found a significant association be-
tween COVID-19 related serious illnesses with Vitamin D deficiency [25]. A 
study revealed that reduce Vitamin D levels would impair the clinical outcome 
of COVID-19 patients and raise Vitamin D improved clinical outcomes of the 
patients [26]. Furthermore, as documented in the New York study, COVID-19 
patients treated with high doses of Vitamin D where only one patient needed 
ICU support and the rest of the patients took only standard management [27].  

It should be noted that several studies showed no significant difference be-
tween Vitamin D deficiency and mortality. This conducted study also does not 
find any significant relation between mortality rate and Vitamin D deficiency 
(odd ratio = 0.98 [0.32, 2.95], P = 0.97, CI 95%). A study conducted with 109 
COVID-19 patients where 60% were males and 40% females, aged between 44 
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and 78 years. This study supported Vitamin D deficiency being associated with 
seriousness of COVID-19 patients but it did not find any association between 
Vitamin D deficiency and mortality rate [28]. Also Baktash et al. (2020) which 
did not find any difference in the death rate between the patients who were suf-
fering from Vitamin D deficiency and those who were within the normal limit 
[29]. A review conducted by Farid et al. (2021) concluded with the decision that 
Vitamin D can reduce the risk of acute viral infection in the respiratory tract and 
pneumonia via reduced viral replication, regulatory function of the immune 
system and anti-inflammatory effects. It reported the different beneficial effects 
of Vitamin D supplementation but cannot make any decision about association 
of Vitamin D with COVID-19 infection related mortality [30].  

Martineau et al. (2017) reported that Vitamin D is more effective in respira-
tory tract infection if it is supplemented weekly or daily doses. However, Bolus 
doses are not as effective when given daily or weekly [31]. Also another study 
concluded that daily or weekly doses are more protective and enhance the im-
mune system than high bolus doses [32]. A randomised control trial found that 
monthly doses of Vitamin D supplementation decreased the rate of respiratory 
tract infection [33]. But there is no actual or definitive dose of vitamin D is rec-
ognized. 

Future research could investigate the optimal dosage and duration of Vitamin 
D supplementation for COVID-19 patients at different stages of infection. Addi-
tionally, studies could explore the interplay between Vitamin D levels and other 
factors influencing disease severity, such as genetics, comorbidities, and immune 
response, to provide a more comprehensive understanding of the relationship 
between Vitamin D and COVID-19 outcomes. 

This systematic review has impressive outcomes, but with some unavoidable 
limitations. The study was limited by the availability and character of primary 
research. This study included only 2 randomised controlled trials and 4 case 
control studies with a short time frame 

5. Conclusion 

COVID-19 transmits human to human very rapidly through respiratory system 
and its incidence and prevalence rates are very high. Furthermore, COVID-19 
can produce serious illnesses which can eventually lead to death. There are no 
recognised drugs which are available to control these situations; however, Vita-
min D has some preventive effects in respiratory system infection and has a 
property to enhance the immune system. In this study, the result reported that 
Vitamin D deficiency is common in COVID-19 patients and also Vitamin D de-
ficiency is associated with COVID-19 related serious illnesses. So the use of Vi-
tamin D as a preventive measure as well as treatment protocol can be beneficial 
to the patients. Respiratory tract infection is the main cause of seriousness and 
deaths of the patients. Vitamin D is cost-effective and has some good effective 
properties against COVID-19 infection; therefore, it is highly recommended to 
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add Vitamin D for the treatment and preventive protocol of COVID-19. This 
study result has high statistical power, but there is not enough evidence docu-
mented at present time. In addition, there are not enough randomised control 
trials being conducted about this topic. Observational studies are not strong evi-
dence for making any proper decisions, so it is highly recommended to do more 
randomised control trials for the establishment of this topic strongly. 

Funding 

The research did not receive any funding. 

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Wang, C., Pan, R., Wan, X., Tan, Y., Xu, L., Ho, C. and Ho, R. (2020) Immediate 

Psychological Responses and Associated Factors during the Initial Stage of the 2019 
Coronavirus Disease (COVID-19) Epidemic among the General Population in China. 
International Journal of Environmental Research and Public Health, 17, Article 1729.  
https://doi.org/10.3390/ijerph17051729 

[2] Seyed Hosseini, E., Riahi Kashani, N., Nikzad, H., Azadbakht, J., Hassani Bafrani, H. 
and Haddad Kashani, H. (2020) The Novel Coronavirus Disease-2019 (COVID-19): 
Mechanism of Action, Detection and Recent Therapeutic Strategies. Virology, 551, 
1-9. https://doi.org/10.1016/j.virol.2020.08.011 

[3] Reina, J. (2020) Remdesivir, the Antiviral Hope against SARS-CoV-2. Revista Es-
pañola De Quimioterapia, 33, 176-179. https://doi.org/10.37201/req/028.2020 

[4] Gautret, P., Million, M., Jarrot, P., Camoin-Jau, L., Colson, P., Fenollar, F., et al. 
(2020) Natural History of COVID-19 and Therapeutic Options. Expert Review of 
Clinical Immunology, 16, 1159-1184.  
https://doi.org/10.1080/1744666X.2021.1847640 

[5] Hribar, C., Cobbold, P. and Church, F. (2020) Potential Role of Vitamin D in the 
Elderly to Resist COVID-19 and to Slow Progression of Parkinson’s Disease. Brain 
Sciences, 10, Article 284. https://doi.org/10.3390/brainsci10050284 

[6] Hamming, I., Timens, W., Bulthuis, M., Lely, A., Navis, G. and van Goor, H. (2004) 
Tissue Distribution of ACE2 Protein, the Functional Receptor for SARS Coronavi-
rus. A First Step in Understanding SARS Pathogenesis. The Journal of Pathology, 
203, 631-637. https://doi.org/10.1002/path.1570 

[7] Sungnak, W., Huang, N., Bécavin, C., Berg, M., Queen, R., Litvinukova, M., et al. 
(2020) SARS-CoV-2 Entry Factors Are Highly Expressed in Nasal Epithelial Cells 
Together with Innate Immune Genes. Nature Medicine, 26, 681-687.  
https://doi.org/10.1038/s41591-020-0868-6 

[8] Greiller, C. and Martineau, A. (2015) Modulation of the Immune Response to Res-
piratory Viruses by Vitamin D. Nutrients, 7, 4240-4270.  
https://doi.org/10.3390/nu7064240 

[9] Hansdottir, S., Monick, M., Hinde, S., Lovan, N., Look, D. and Hunninghake, G. 
(2008) Respiratory Epithelial Cells Convert Inactive Vitamin D to Its Active Form: 
Potential Effects on Host Defense. The Journal of Immunology, 181, 7090-7099.  

https://doi.org/10.4236/aid.2023.133037
https://doi.org/10.3390/ijerph17051729
https://doi.org/10.1016/j.virol.2020.08.011
https://doi.org/10.37201/req/028.2020
https://doi.org/10.1080/1744666X.2021.1847640
https://doi.org/10.3390/brainsci10050284
https://doi.org/10.1002/path.1570
https://doi.org/10.1038/s41591-020-0868-6
https://doi.org/10.3390/nu7064240


A. K. Chowdhury 
 

 

DOI: 10.4236/aid.2023.133037 466 Advances in Infectious Diseases 
 

https://doi.org/10.4049/jimmunol.181.10.7090 

[10] Ye, Q., Wang, B. and Mao, J. (2020) The Pathogenesis and Treatment of the ‘Cyto-
kine Storm’ in COVID-19. Journal of Infection, 80, 607-613.  
https://doi.org/10.1016/j.jinf.2020.03.037 

[11] Daneshkhah, A., Agrawal, V., Eshein, A., Subramanian, H., Roy, H. and Backman, 
V. (2020) Evidence for Possible Association of Vitamin D Status with Cytokine 
Storm and Unregulated Inflammation in COVID-19 Patients. Aging Clinical and Ex-
perimental Research, 32, 2141-2158. https://doi.org/10.1007/s40520-020-01677-y 

[12] Cook, D. and Reed, D. (2015) Appraising the Quality of Medical Education Re-
search Methods. Academic Medicine, 90, 1067-1076.  
https://doi.org/10.1097/ACM.0000000000000786 

[13] Jadad, A., Moore, R., Carroll, D., Jenkinson, C., Reynolds, D., Gavaghan, D. and 
McQuay, H. (1996) Assessing the Quality of Reports of Randomized Clinical Trials: 
Is Blinding Necessary? Controlled Clinical Trials, 17, 1-12.  
https://doi.org/10.1016/0197-2456(95)00134-4 

[14] Ye, K., Tang, F., Liao, X., Shaw, B., Deng, M., Huang, G., et al. (2020) Does Serum 
Vitamin D Level Affect COVID-19 Infection and Its Severity?—A Case-Control 
Study. Journal of the American College of Nutrition, 40, 724-731.  
https://doi.org/10.1080/07315724.2020.1826005 

[15] Abdollahi, A., Kamali Sarvestani, H., Rafat, Z., Ghaderkhani, S., Mahmou-
di-Aliabadi, M., Jafarzadeh, B. and Mehrtash, V. (2020) The Association between 
the Level of Serum 25(OH) Vitamin D, Obesity, and Underlying Diseases with the 
Risk of Developing COVID-19 Infection: A Case-Control Study of Hospitalized Pa-
tients in Tehran, Iran. Journal of Medical Virology, 93, 2359-2364.  
https://doi.org/10.1002/jmv.26726 

[16] Im, J., Je, Y., Baek, J., Chung, M., Kwon, H. and Lee, J. (2020) Nutritional Status of 
Patients with COVID-19. International Journal of Infectious Diseases, 100, 390-393.  
https://doi.org/10.1016/j.ijid.2020.08.018 

[17] Entrenas Castillo, M., Entrenas Costa, L., Vaquero Barrios, J., Alcalá Díaz, J., López 
Miranda, J., Bouillon, R. and Quesada Gomez, J. (2020) Effect of Calcifediol Treat-
ment and Best Available Therapy versus Best Available Therapy on Intensive Care 
Unit Admission and Mortality among Patients Hospitalized for COVID-19: A Pilot 
Randomized Clinical Study. The Journal of Steroid Biochemistry and Molecular Bi-
ology, 203, Article ID: 105751. https://doi.org/10.1016/j.jsbmb.2020.105751 

[18] Murai, I., Fernandes, A., Sales, L., Pinto, A., Goessler, K., Duran, C., et al. (2020) 
Effect of Vitamin D3 Supplementation vs Placebo on Hospital Length of Stay in Pa-
tients with Severe COVID-19: A Multicenter, Double-blind, Randomized Controlled 
Trial. https://doi.org/10.1101/2020.11.16.20232397 

[19] Hernández, J., Nan, D., Fernandez-Ayala, M., García-Unzueta, M., Hernández- 
Hernández, M., López-Hoyos, M., et al. (2020) Vitamin D Status in Hospitalized 
Patients with SARS-CoV-2 Infection. The Journal of Clinical Endocrinology & Me-
tabolism, 106, e1343-e1353. https://doi.org/10.1210/clinem/dgaa733 

[20] Matricardi, P., Dal Negro, R. and Nisini, R. (2020) The First, Holistic Immunologi-
cal Model of COVID-19: Implications for Prevention, Diagnosis, and Public Health 
Measures. Pediatric Allergy and Immunology, 31, 454-470.  
https://doi.org/10.1111/pai.13271 

[21] Singh, S., Nimavat, N., Kumar Singh, A., Ahmad, S. and Sinha, N. (2021) Prevalence 
of Low Level of Vitamin D among COVID-19 Patients and Associated Risk Factors 
in India—A Hospital-Based Study. International Journal of General Medicine, 14, 

https://doi.org/10.4236/aid.2023.133037
https://doi.org/10.4049/jimmunol.181.10.7090
https://doi.org/10.1016/j.jinf.2020.03.037
https://doi.org/10.1007/s40520-020-01677-y
https://doi.org/10.1097/ACM.0000000000000786
https://doi.org/10.1016/0197-2456(95)00134-4
https://doi.org/10.1080/07315724.2020.1826005
https://doi.org/10.1002/jmv.26726
https://doi.org/10.1016/j.ijid.2020.08.018
https://doi.org/10.1016/j.jsbmb.2020.105751
https://doi.org/10.1101/2020.11.16.20232397
https://doi.org/10.1210/clinem/dgaa733
https://doi.org/10.1111/pai.13271


A. K. Chowdhury 
 

 

DOI: 10.4236/aid.2023.133037 467 Advances in Infectious Diseases 
 

2523-2531. https://doi.org/10.2147/IJGM.S309003 

[22] Mamani, M., Muceli, N., Ghasemi Basir, H., Vasheghani, M. and Poorolajal, J. 
(2017) Association between Serum Concentration of 25-Hydroxyvitamin D and 
Community-Acquired Pneumonia: A Case-Control Study. International Journal of 
General Medicine, 10, 423-429. https://doi.org/10.2147/IJGM.S149049 

[23] Pinzon, R., Angela and Pradana, A. (2020) Vitamin D Deficiency among Patients 
with COVID-19: Case Series and Recent Literature Review. Tropical Medicine and 
Health, 48, Article No. 102. https://doi.org/10.1186/s41182-020-00277-w 

[24] Kaufman, H., Niles, J., Kroll, M., Bi, C. and Holick, M. (2020) SARS-CoV-2 Positiv-
ity Rates Associated with Circulating 25-Hydroxyvitamin D Levels. PLOS ONE, 15, 
e0239252. https://doi.org/10.1371/journal.pone.0239252 

[25] Mendy, A., Apewokin, S., Wells, A. and Morrow, A. (2020) Factors Associated with 
Hospitalization and Disease Severity in a Racially and Ethnically Diverse Population 
of COVID-19 Patients. https://doi.org/10.1101/2020.06.25.20137323 

[26] Alipio, M. (2020) Vitamin D Supplementation Could Possibly Improve Clinical 
Outcomes of Patients Infected with Coronavirus-2019 (COVID-2019). SSRN Elec-
tronic Journal. https://doi.org/10.2139/ssrn.3571484 

[27] Ohaegbulam, K., Swalih, M., Patel, P., Smith, M. and Perrin, R. (2020) Vitamin D 
Supplementation in COVID-19 Patients: A Clinical Case Series. American Journal 
of Therapeutics, 27, e485-e490. https://doi.org/10.1097/MJT.0000000000001222 

[28] Pizzini, A., Aichner, M., Sahanic, S., Böhm, A., Egger, A., Hoermann, G., et al. 
(2020) Impact of Vitamin D Deficiency on COVID-19—A Prospective Analysis from 
the CovILD Registry. Nutrients, 12, Article 2775.  
https://doi.org/10.3390/nu12092775 

[29] Baktash, V., Hosack, T., Patel, N., Shah, S., Kandiah, P., Van den Abbeele, K., et al. 
(2020) Vitamin D Status and Outcomes for Hospitalised Older Patients with 
COVID-19. Postgraduate Medical Journal, 97, 442–447.  
https://doi.org/10.1136/postgradmedj-2020-138712 

[30] Farid, N., Rola, N., Koch, E. and Nakhoul, N. (2021) Active Vitamin D Supplemen-
tation and COVID-19 Infections: Review. Irish Journal of Medical Science (1971-), 
190, 1271-1274. https://doi.org/10.1007/s11845-020-02452-8 

[31] Martineau, A., Jolliffe, D., Hooper, R., Greenberg, L., Aloia, J., Bergman, P., et al. 
(2017) Vitamin D Supplementation to Prevent Acute Respiratory Tract Infections: 
Systematic Review and Meta-Analysis of Individual Participant Data. BMJ, 356, 
i6583. https://doi.org/10.1136/bmj.i6583 

[32] Cereda, E., Bogliolo, L., Lobascio, F., Barichella, M., Zecchinelli, A., Pezzoli, G. and 
Caccialanza, R. (2021) Vitamin D Supplementation and Outcomes in Coronavirus 
Disease 2019 (COVID-19) Patients from the Outbreak Area of Lombardy, Italy. 
Nutrition, 82, Article ID: 111055. https://doi.org/10.1016/j.nut.2020.111055 

[33] Ginde, A., Blatchford, P., Breese, K., Zarrabi, L., Linnebur, S., Wallace, J. and 
Schwartz, R. (2016) High-Dose Monthly Vitamin D for Prevention of Acute Respi-
ratory Infection in Older Long-Term Care Residents: A Randomized Clinical Trial. 
Journal of the American Geriatrics Society, 65, 496-503.  
https://doi.org/10.1111/jgs.14679 

 
 

https://doi.org/10.4236/aid.2023.133037
https://doi.org/10.2147/IJGM.S309003
https://doi.org/10.2147/IJGM.S149049
https://doi.org/10.1186/s41182-020-00277-w
https://doi.org/10.1371/journal.pone.0239252
https://doi.org/10.1101/2020.06.25.20137323
https://doi.org/10.2139/ssrn.3571484
https://doi.org/10.1097/MJT.0000000000001222
https://doi.org/10.3390/nu12092775
https://doi.org/10.1136/postgradmedj-2020-138712
https://doi.org/10.1007/s11845-020-02452-8
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.1016/j.nut.2020.111055
https://doi.org/10.1111/jgs.14679

	The Association between Vitamin D Deficiency and Developing COVID-19 Related Serious Illnesses—A Systematic Review and Meta-Analysis
	Abstract
	Keywords
	1. Background
	2. Method
	2.1. Search Strategy
	2.2. Inclusion Criteria
	2.3. Exclusion Criteria
	2.4. Study Selection Process
	2.5. Study Identification
	2.6. Data Extraction
	2.7. Evaluation of Study Quality
	2.8. Characteristics of the Studies
	2.9. Statistical Analysis

	3. Result
	4. Discussion
	5. Conclusion
	Funding
	Conflicts of Interest
	References

