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Background & aims: COVID-19 has emerged as a global pandemic affecting millions of people. Vitamin D
deficiency is one of the risk factors for increased susceptibility to COVID-19. This study aimed to examine
the correlation between the prevalence of vitamin D deficiency and COVID-19 infection and mortality
rates among the adult population in European and Asian continents.
Methods: Prevalence of vitamin D deficiency in each country was retrieved through literature searching
on PubMed® database for the last ten years. As of December, 31st 2020, COVID-19 infections and mor-
talities per million population were extracted from the ‘real time’ statistics of the Worldometer website.
The association between both vitamin D deficiency and COVID-19 infections and mortalities were
explored.
Results: Forty seven countries were included in the analysis. The prevalence of vitamin D deficiency
ranged from 6.9 to 81.8% in European countries and 2.0e87.5% in Asian countries. Significantly positive
correlations were observed for both COVID-19 infection (r ¼ 0.76; p < 0.001) and mortality rates
(r ¼ 0.75; p < 0.001) in the Asian continent. The correlation values for the infections and mortality rates
in the European continent were (r ¼ 0.37; p ¼ 0.08) and (r ¼ 0.43; p ¼ 0.04) respectively. When both the
continents were combined, the correlation results for both infection (r ¼ 0.42; p ¼ 0.003) and mortality
(r ¼ 0.35; p ¼ 0.016) rates with vitamin D deficiency values remained significant.
Conclusion: Prevalence of vitamin D deficiency was significantly associated with the mortality rate of
COVID-19 in Europe and Asia. The association between the infection rate and prevalence of vitamin D
deficiency was significant for Asia only. Both the associations were significant when the two continents
were combined in the analysis. Therefore we suggest that vitamin D supplementation could play a key
role in the prevention and/or treatment of the COVID-19 patients.

© 2021 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The novel coronavirus infection (COVID-19) which was origi-
nated in Wuhan, China [1], in late 2019 is continuing its spread
across the world affecting more than 100 million people and
claiming nearly 2.4 million lives in 221 countries and territories [2].
The control and prevention of the pandemic has become chal-
lenging due to the rapid transmission and relatively high mortality
rates specially among vulnerable populations [3]. The disease has
Faculty of Medicine, Univer-
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now spread rapidly to almost every region of the world causing
significant loss of life, disrupting livelihoods, and threatening the
recent advances in health.

A significant variation in the number of infections and as well as
the severity andmortality of the disease have been observed due to
several state level and individual level predisposing factors [4]. The
individual factors include age, sex, ethnicity, social conditions,
malnutrition, pre-existing conditions and immunity status [5],
while state level factors include, but not limited to, a country's level
of preparedness, policies and interventions of governments, health
infrastructure, timing of lockdown, rapid border closures, imple-
mentation of social distancing and socioeconomic status [4].

Vitamin D deficiency is amajor public health problemworldwide
in all age groups [6]. A number of factors are known to influence
y Elsevier Ltd. All rights reserved.
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vitamin D levels and contribute to risk of impaired vitamin D status.
These factors include variation in the sun exposure due to latitude,
season, time of day, atmospheric components, clothing, sunscreen
use, skin pigmentation, as well as age, obesity [7], nutrition and
supplements [8]. Epidemiological studies have exhibited a strong
relationship between seasonal differences in nutrient D levels and
the occurrence of varied infectious diseases, such as sepsis [9],
respiratory infection [10], and seasonal influenza [11]. In addition to
classic actions related to mineral homeostasis, vitamin D has
pleiotropic physiological actions including immune system regula-
tion [12]. Vitamin D can modulate the innate and adaptive immune
responses [13]. Deficiency in vitamin D is associated with decreased
autoimmunity and an increased susceptibility to infections.

Several mechanisms have been reported in reducing the risk of
viral infection and mortality by vitamin D [14]. To reduce the risk of
common cold, vitamin D uses three pathways: physical barrier,
cellular natural immunity, and adaptive immunity [15]. It improves
the body's physical immunity barrier by regulating the production
of proteins for tight junctions, adherens junctions, and gap junc-
tions, which can be disturbed by infection by microorganisms,
including viruses [16]. In addition vitamin D enhances cellular
immunity by decreasing the cytokine storm which causes immu-
nogenic damage to the endothelium and alveolar membrane [17]. It
also regulates adaptive immunity through inhibiting T helper cell
type 1(Th1) responses and stimulating Th2 responses [18]. It is
evident that vitamin D deficiency might increase the risk of respi-
ratory tract infections including COVID-19.

Therefore this study aimed to investigate the association be-
tween the prevalence of vitamin D deficiency and the infection and
mortality rates of COVID-19 in two major continents specifically
Asia and Europe, where the infection first spread prior to other
parts of the world. Besides, these two continents were specially
selected due to their rich ethnic and cultural diversity among
populations with Caucasian and Asian backgrounds.

2. Methods

2.1. Data sources and inclusion/exclusion criteria

The number of reported COVID-19 cases and deaths per one
million population as of December 31st, 2020, by country were
obtained from the Worldometer website [2]. This is a reference
webpage providing real-time world statistics of COVID-19 directly
from official Government's communication channels of individual
countries or through local media sources when deemed reliable.

The prevalence of vitamin D deficiency data among the countries
were extracted by conducting a comprehensive electronic search in
the PubMed® database. An advanced search was performed at the
level of title/abstract by using the keywords such as “Vitamin D00 OR
“25-hydroxyvitamin D3”, combined with “Deficiency”, “Prevalence”
OR “Status” and the names of each European and Asian countries. In
addition, some of the published work was taken from references
and other relevant websites. The search was limited to the articles
published in the last ten years (As of January 31st, 2021). Among the
suggestions resulted from each search, the following inclusion
criteria were applied to screen the articles: a) Population-based
studies; b) studies reporting non-institutional adults; c) studies
defining the vitamin D deficiency as the serum levels <20 ng/ml or
<50 nmol/L; d) studies reporting the vitamin D deficiency as the
prevalence of the sample population. In addition, conference pro-
ceedings, editorials, commentaries, book chapters/book reviews and
studies confined to selective sample of community-dwelling people
such as pregnant women, elderly people aged �60 years and pa-
tients with diagnosed illnesses were excluded. Finally, out of the
screened articles, the prevalence of vitamin D deficiency data were
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retrieved from the most recently published article with the most
representative study sample for each country.

2.2. Data extraction

Information on both COVID-19 infections and mortalities per
one million (1M) population as of December, 31st 2020, were
extracted from the Worldometer website and rounded off to the
nearest whole number. From the selected articles reporting vitamin
D deficiency among these countries, name of the first author,
published year, sample size, age range of the study population and
prevalence of vitamin D deficiency were retrieved. All data were
extracted by two reviewers (PS and DTJ) using a standardized form
and were checked for accuracy by a third reviewer (RJ). Any dis-
crepancies in the data extracted in this manner were re-checked
and resolved by discussion.

2.3. Data analysis

The relationship between the prevalence of vitamin D defi-
ciency and other dependent variables such as total number of
COVID-19 infections and mortalities per 1million (M) population
were explored with correlation coefficients. The number of COVID-
19 infections and mortalities per 1M population of each country
were converted to log10 prior to statistical analysis because the
variances in the data were not normally distributed [19]. Scatter
plots and regression lines were used to visually demonstrate the
correlations and to evaluate the outcome for each continent and
for both combined.

3. Results

A total of 23 countries in the European continent (Table 1) and
24 countries of the Asian continent (Table 2), fulfilling the inclu-
sion/exclusion criteria were included in the analysis. Among Eu-
ropean countries the highest and the lowest vitamin D deficiency
rates were observed in Ukraine and Finland respectively with
vitamin D deficiency values ranging from 6.9 to 81.8%. In most of
the European countries (n ¼ 13) more than the half of the adult
populationwas vitamin D deficient. The size of the population used
for testing vitamin D deficiency among the countries varied from
125 (Slovenia) to 74,235 (Italy). Study participants were adults
except in one which included subjects from 5 to 18 years. The
highest and the lowest number of COVID-19 infections per 1M of
the total population were from Slovenia (58,779 cases/M) and
Finland (6517 deaths/M) accordingly. With respect to the COVID-19
mortalities per 1M population, the highest number, was docu-
mented in Belgium (1677 deaths/1M), whereas the lowest number
was reported in Norway (80 deaths/1M). The results of the corre-
lation analysis in the European continent for vitamin D deficiency
with COVID-19 cases per 1M of population demonstrated a weak
positive correlation which is close to being statistically significant
(r ¼ 0.37; p ¼ 0.08) (Fig. 1a). Similarly, COVID-19 mortality per 1M
population was also significant and positively correlated with the
prevalence of vitamin D deficiency (r ¼ 0.43; p ¼ 0.04) (Fig. 1b).

Among the countries from Asian continent, the vitamin D
deficiency values varied from 2.0 to 87.5% with the lowest and
highest values recorded in Vietnam and Oman respectively. Similar
to Europe, half of the Asian countries (n ¼ 17) also had vitamin D
deficiency rates exceeding 50% among adults. The population sizes
included in studies ranged from 107 to 142,131 consisting of all
adults and elderly participants.

As of December, 31st 2020, among the countries in the Asian
region, Bahrain (954,464) and Vietnam [15] reported the highest
and lowest COVID-19 infections per 1M of the total population,



Table 1
The prevalence of vitamin D deficiency among European countries.

Country Author, Year Sample size (M/F) Age (years) Prevalence of vit D
deficiency* (%)

COVID-19
cases/M

COVID-19
mortalities/M

Belgium [20] Hoge et al., 2015 697 (378/319) 20e69 51.1 55587.8 1677.4
Bosnia and Herzegovina [21] Sokolovic et al., 2016 2483 (603/1880) >18 58.7 33828.4 1234.4
Bulgaria [22] Borissova et al., 2013 2016 (948/1068) 20e80 75.8 29109.5 1090.3
Croatia [23] Bari�c et al., 2016 791 (660/131) 45.5 46.1 51357.7 954.9
Denmark [24] Hansen et al., 2018 2565 (1048/1517) 18e69 51.5 28224.0 224.1
Finland [25] Adebayo et al., 2020 798 (352/446) 30e64 6.9 6516.7 101.3
France [26] Deplanque et al., 2017 297 (127/170) 18e65 75.1 40145.3 992.4
Germany [27] Rabenberg et al., 2018 6995 (3360/3635) 18e79 61.5 20833.6 408.1
Greece [28] Dimakopoulos et al., 2019 1084 (410/674) �18 32.4 13321.4 464.2
Ireland [29] Griffin et al., 2020 17,590 �18 51.5 18587.1 453.0
Italy [30] Giuliani et al., 2019 74,235 (18,811/55,424) >18 33.3 34851.2 1226.5
Norway [31] Petrenya et al., 2020 4465 (2041/2424) 40e69 24.7 9143.1 80.4
Poland [32] Pludowski et al., 2016 5775 (1311/4464) 16e90 65.8 34210.9 754.5
Portugal [33] Duarte et al., 2020 3092 (1907/1995) �18 66.6 40569.8 677.3
Romania [34] Niculescu et al., 2017 812 >21 56.5 32865.8 819.6
Russia [35] Karonova et al., 2016 1544 (205/1294) 18e75 45.7 21648.7 390.7
Slovakia [36] Sebekova et al., 2016 578 (254/324) 5e81 15.0 32885.5 391.6
Slovenia [37] Hribar et al., 2020 125 18e64 58.2 58779.0 1297.3
Spain [38] Gonz�alez-Molero et al., 2011 1262 20e83 33.9 43246.9 1087.3
Sweden [39] N€als�en et al., 2020 268 (124/144) 18e80 22.4 45029.5 971.8
Switzerland [40] Guessous et al., 2012 367 (167/200) 25e70 38.2 52260.6 883.3
Ukrain [41] Povoroznyuk et al., 2012 1575 20e95 81.8 24124.3 423.8
United Kingdom [42] Jolliffe et al., 2016 222 (89/133) 48e94 64.9 36661.2 1082.9

F-Female; M-Male.
*Prevalence of Vitamin D deficiency; Serum 25-hydroxyvitamin D3 level <20 ng/ml or <50 nmol/L; cases/M-cases per million population; mortalities/M-mortalities per
million population.

Table 2
The prevalence of vitamin D deficiency among Asian countries.

Country Author, Year Sample size (M/F) Age (years) Prevalence of vit D
deficiency* (%)

COVID-19
cases/M

COVID-19
mortalities/M

Bahrain [43] Almesri et al., 2020 314 (164/150) >30 79.9 54464.2 206.9
Bangladesh [44] Acherjya et al., 2019 160 (69/91) �70 63.7 3118.1 45.9
Brunei [45] Leong et al., 2016 446 (77/331) >18 52.0 358.9 6.9
China [46] Jiang et al., 2020 14,302 (3002/11,299) 18e65 50.3 60.5 3.2
India [47] Mechenro et al., 2018 424 (179/245) >18 55.2 7453.8 108.0
Iran [48] Esmaeili et al., 2019 7504 (3552/3952) 18e65 65.3 14586.3 657.5
Iraq [49] K.A Al-Hilali et al., 2016 300 (120/180) 25e70 75.3 14800.0 318.6
Japan [50] Asakura et al., 2020 107 (53/54) 20e69 28.2 1820.9 27.0
Jordan [51] Khasawneh et al., 2018 3007 (710/2297) <83 67.9 28863.1 375.8
Kazakhstan [52] Gromova et al., 2019 1347 (528/819) >18 70.0 8240.0 121.7
Kuwait [53] Zhang et al., 2016 960 (436/524) �20 83.0 35260.9 218.7
Lebanon [54] Saad et al., 2020 (46,099/96,032) >19 35.5 26592.1 237.1
Malaysia [55] Shafinaz and Moy et al., 2016 858 (77/781) �18 67.4 3491.6 14.6
Mongolia [56] Bromage et al., 2016 320 (160/160) 20e58 35.5 370.6 0.3
Nepal [57] Sherchand et al., 2018 300 (109/191) �18 51.3 8943.8 63.7
Oman [58] Abiaka et al., 2013 206 (101/105) 18e55 87.5 25235.3 293.5
Pakistan [59] Kandhro et al., 2019 1255 (519/725) �84 36.0 2171.7 45.7
Qatar [60] Zainel et al., 2019 102,342 (34,946/67,393) 18e65 71.4 49924.1 85.0
Saudi Arabia [61] Altowijri et al., 2018 350 (150/200) 20e40 74.6 10419.4 178.8
Singapore [62] Bi et al., 2016 114 (59/55) 21e100 42.1 10016.3 5.0
Thailand [63] Rajatanavin et al., 2019 120 (56/64) 25e60 19.1 98.6 0.9
Turkey [64] Gotkas et al., 2020 11,734 (2592/9142) �18 70.6 26187.8 247.6
UAE [65] Al Zarooni et al., 2019 12,346 (4561/7785) �18 72.0 21012.5 67.6
Vietnam [66] Ho-Pham et al., 2011 637 (205/432) 18e87 2.0 15.1 0.4

F-Female; M-Male.
*Prevalence of Vitamin D deficiency; Serum 25-hydroxyvitamin D3 level <20 ng/ml or <50 nmol/L; cases/M-cases per million population; mortalities/M-mortalities per
million population.
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while Iran (658) and Mongolia (0.3) had the highest and lowest
mortalities per 1M population. The correlation analysis in the Asian
region displayed a significant, strong positive correlation (r ¼ 0.76;
p < 0.001) with the prevalence of vitamin D deficiency and cases of
COVID-19 infections per 1M population. In addition 58% of the
variation (R2 ¼ 0.58) in total infections was attributed to the high
prevalence of vitamin D deficiency (Fig. 1c). As illustrated by the
(Fig. 1d) COVID-19 mortality per 1M population also had a strong
374
positively significant correlation with the prevalence rates of
vitamin D deficiency (r¼ 0.75; p > 0.001). Majority of the countries
were scattered around the regression line, indicating 56% vari-
ability (R2¼ 0.56) among themortalities due to the high prevalence
of vitamin D deficiency. China was positioned as an outlier in both
Fig. 1c and Fig. 1d graphs and the correlation was increased mark-
edly when it was removed from the analysis. After removing China
from the analysis the correlation values were increased for both



Fig. 1. Scatter diagrams of the prevalence of vitamin D deficiency against COVID-19 infections and mortality rates.
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infection and (r ¼ 0.81; p < 0.001; R2 ¼ 0.65) and mortality
(r ¼ 0.76; p < 0.001; R2 ¼ 0.57) rates.

When both the continents were combined, the correlation
analysis between vitamin D deficiency and cases of COVID-19 in-
fections per 1M population, yielded a significant, moderately pos-
itive correlation (r ¼ 0.42; p ¼ 0.003; R2 ¼ 0.18) (Fig. 1e). Similarly,
in the analysis between the mortalities per 1M population and
vitamin D deficiency, a positive, significant correlation could be
observed (r ¼ 0.35; p ¼ 0.016; R2 ¼ 0.12) (Fig. 1f).

4. Discussion

To the best of our knowledge, this is the first study reporting the
correlation of vitamin D and COVID-19 in twomajor continents. We
have identified a positive association between the vitamin D defi-
ciency levels and COVID-19 infections and mortality rates among
populations in European and Asian continents. Prior research work
also has reported similar results [67e69]. A study by Pugach et al.,
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investigated the association between vitamin D deficiency and
COVID-19 severity, revealed that severe cases of COVID-19 present
65% more vitamin D deficiency compared with mild cases of the
disease (OR ¼ 1.64; 95% CI ¼ 1.30e2.09) [70].

Vitamin D deficiency is a common public health problem
affecting individuals of all ages worldwide. 75% of countries had
more than 50% of the adult population suffering from vitamin D
deficiency. Vitamin D status can be highly varied between different
countries of these regions due to several reasons such as different
exposure to sunshine, dietary intake of vitamin D and the use of
supplements [71].

According to our analysis, the Asian countries demonstrated a
strong positive correlation with both the number of COVID 19 in-
fections as well as mortalities than the countries in the European
region. Although some countries in Asia are at similar latitude to
countries in Europe, and receive sunlight throughout the year un-
like European countries, the vitamin D deficiency is much more
prevalent [72]. This could be due to the lower dietary intake of
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vitamin D in Asian countries in comparison to European countries
where vitamin D fortified food and supplements are readily avail-
able in the market [73]. Indeed, the use of vitamin D supplements
and cod liver oil is common in Northern European countries and
has a strong positive influence on vitamin D status [73]. In addition,
skin pigmentation and cultural behaviors such as clothing and
avoidance of outdoor activities in Mediterranean countries can
contribute to vitamin D insufficiency [74].

Although the correlation analysis between the prevalence of
vitamin D deficiency and COVID-19 infections and mortality rates
resulted higher values for European and Asian continents sepa-
rately, the association became modest after combing the both
continents. The regression line depicting the association between
vitamin D deficiency and number of infections for all the countries
indicated 18% variability (R2 ¼ 0.18) which infers approximately
18% of death rate from COVID-19 can be explained by prevalence of
vitamin D deficiency. Therefore, the causes of high prevalence of
vitamin D deficiency and increased deaths from COVID-19 are
multifactorial. The identification of vitamin D deficiency as a
contributor provides a useful target for treatment and prevention.

Since sufficient information on vitamin D deficiency could not
be found for African and Latin American countries, we limited our
study only to the continents of Europe and Asia. However, the
majority of the data on prevalence of vitamin D deficiency among
these countries were not from national level surveys. Due to the
lack of national survey information in some countries, the sample
sizes of studies were heterogeneous and were not representing the
whole nation. This is amain limitation of this study as it could affect
the power of the analysis. Therefore, to resolve this issue the most
recently published studies with the most representative sample of
each country population were carefully selected for the analysis. In
addition, the overall prevalence of vitamin D deficiency was
considered in the adult population, although therewere substantial
differences in the prevalence between different age groups. How-
ever, the younger population was hardly affected by the COVID-19
pandemic. Furthermore, serum vitamin D level fluctuates season-
ally, due to climate, and possibly diet, especially in European
countries [75]. Therefore, when different prevalence values were
identified across different seasons, the mean prevalence of vitamin
D deficiency throughout the year was considered. Furthermore,
COVID-19 cases andmortality numbers only up to 31st of December
were considered. Because the vaccination seemed to be reducing
infections and death rates in vaccinated individuals thereafter [76].
This study included almost half the number of both European and
Asian countries. Therefore, we believe that the results of this study
can be generalized to thewhole Asian and the European continents.

From the result of this study it is now evident that there is an
association between vitamin D deficiency and incidence or mor-
tality of the COVID-19 pandemic. Therefore, supplementation with
vitamin D might be recommended to vitamin D deficient and
insufficient patients suffering from COVID-19 [77]. In addition
introducing mandatory fortification of products to the public such
as dairy with vitamin D [67] and also promoting supplementation
to individuals belonging to high risk groups of deficiency [78] could
be effective strategies to reduce the prevalence of vitamin D defi-
ciency. Moreover, vitamin D status ‘by country’ should be screened
as part of standard health practices, as these results could provide
valuable insights into how public health initiatives can better
protect the population's health during public health emergencies,
such as infectious disease pandemics [79].

5. Conclusion

We observed strong, positively significant correlations for both
COVID-19 infection (r ¼ 0.76; p < 0.001) and mortality rates
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(r¼ 0.75; p < 0.001) with vitamin D deficiency prevalence values in
the Asian continent. Comparatively lower, near marginal and sig-
nificant correlation values were observed for both COVID-19
infection (r ¼ 0.371; p ¼ 0.08) and mortality rates (r ¼ 0.43;
p ¼ 0.04) for the European continent respectively. The correlation
values for both COVID-19 cases (r¼ 0.42; p¼ 0.003) andmortalities
(r ¼ 0.35; p ¼ 0.016) still remained positive and significant, when
the two continents were combined in the analysis.

Funding statement

None.

Authors’ contributions

RJ devised the conceptual idea. PS and DTJ searched databases.
PS and DTJ were involved in retrieving data and analysis. PS and RJ
drafted the manuscript. NK revised the manuscript. All authors
provided critical feedback on the manuscript. All authors read and
approved the final manuscript.

Ethics declarations

Not applicable.

Declaration of competing interest

The authors declare no conflict of interest.

Acknowledgments

None.

References

[1] Alanagreh La, Alzoughool F, Atoum M. The human coronavirus disease COVID-
19: its origin, characteristics, and insights into potential drugs and its mech-
anisms. Pathogens 2020;9(5):331.

[2] Worldometer. COVID-19 coronovirus pandemic. 2021 [updated January 28,
2021. Available from: https://www.worldometers.info/coronavirus/.

[3] Clemente-Su�arez VJ, Horme~no-Holgado A, Jim�enez M, Benitez-Agudelo JC,
Navarro-Jim�enez E, Perez-Palencia N, et al. Dynamics of population immunity
due to the herd effect in the COVID-19 pandemic. Vaccines 2020;8(2):236.

[4] Chaudhry R, Dranitsaris G, Mubashir T, Bartoszko J, Riazi S. A country level
analysis measuring the impact of government actions, country preparedness
and socioeconomic factors on COVID-19 mortality and related health out-
comes. EClinicalMedicine 2020;25:100464.

[5] Jin J, Agarwala N, Kundu P, Harvey B, Zhang Y, Wallace E, et al. Assessment of
individual-and community-level risks for COVID-19 mortality in the US and
implications for vaccine distribution. medRxiv; 2020.

[6] Van Schoor N, Lips P. Global overview of vitamin D status. Endocrinol Metabol
Clin 2017;46(4):845e70.

[7] Tsiaras WG, Weinstock MA. Factors influencing vitamin D status. Acta Derm
Venereol 2011;91(2):115e24.

[8] van Schoor NM, Lips P. Worldwide vitamin D status. Best Pract Res Clin
Endocrinol Metabol 2011;25(4):671e80.

[9] Danai PA, Sinha S, Moss M, Haber MJ, Martin GS. Seasonal variation in the
epidemiology of sepsis. Crit Care Med 2007;35(2):410e5.

[10] Grant WB. Variations in vitamin D production could possibly explain the
seasonality of childhood respiratory infections in Hawaii. Pediatr Infect Dis J
2008;27(9):853.

[11] Cannell J, Vieth R, Umhau J, Holick M, Grant W, Madronich S, et al. Epidemic
influenza and vitamin D. Epidemiol Infect 2006;134(6):1129e40.

[12] Dimitrov V, Barbier C, Ismailova A, Wang Y, Dmowski K, Salehi-Tabar R, et al.
Vitamin D-regulated gene expression profiles: species-specificity and cell-
specific effects on metabolism and immunity. Endocrinology 2021;162(2):
bqaa218.

[13] Olliver M, Spelmink L, Hiew J, Meyer-Hoffert U, Henriques-Normark B,
Bergman P. Immunomodulatory effects of vitamin D on innate and adaptive
immune responses to Streptococcus pneumoniae. J Infect Dis 2013;208(9):
1474e81.

[14] Grant WB, Lahore H, McDonnell SL, Baggerly CA, French CB, Aliano JL, et al.
Evidence that vitamin D supplementation could reduce risk of influenza and
COVID-19 infections and deaths. Nutrients 2020;12(4):988.

http://refhub.elsevier.com/S2405-4577(21)00191-1/sref1
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref1
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref1
https://www.worldometers.info/coronavirus/
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref3
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref3
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref3
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref3
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref3
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref3
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref3
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref4
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref4
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref4
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref4
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref5
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref5
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref5
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref6
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref6
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref6
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref7
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref7
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref7
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref8
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref8
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref8
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref9
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref9
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref9
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref10
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref10
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref10
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref11
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref11
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref11
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref12
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref12
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref12
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref12
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref13
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref13
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref13
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref13
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref13
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref14
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref14
http://refhub.elsevier.com/S2405-4577(21)00191-1/sref14


P. Sooriyaarachchi, D.T. Jeyakumar, N. King et al. Clinical Nutrition ESPEN 44 (2021) 372e378
[15] Maggini S, Wintergerst ES, Beveridge S, Hornig DH. Selected vitamins and
trace elements support immune function by strengthening epithelial barriers
and cellular and humoral immune responses. Br J Nutr 2007;98(S1):S29e35.

[16] Bae M, Kim H. The role of vitamin C, vitamin D, and selenium in immune
system against COVID-19. Molecules 2020;25(22).

[17] Liu F, Zhu Y, Zhang J, Li Y, Peng Z. Intravenous high-dose vitamin C for the
treatment of severe COVID-19: study protocol for a multicentre randomised
controlled trial. BMJ open 2020;10(7):e039519.

[18] Cantorna MT, Snyder L, Lin Y-D, Yang L. Vitamin D and 1, 25 (OH) 2D regu-
lation of T cells. Nutrients 2015;7(4):3011e21.

[19] Benoit K. Linear regression models with logarithmic transformations, vol. 22.
London: London School of Economics; 2011. p. 23e36. 1.

[20] Hoge A, Donneau AF, Streel S, Kolh P, Chapelle JP, Albert A, et al. Vitamin D
deficiency is common among adults in Wallonia (Belgium, 51�30' North):
findings from the Nutrition, Environment and Cardio-Vascular Health study.
Nutr Res 2015;35(8):716e25.

[21] Sokolovic S, Alimanovic-Alagic R, Dzananovic L, Cavaljuga S, Beslic N, Fer-
hatbegovic-Opankovic E. Vitamin D status in Bosnia and Herzegovina: the
cross-sectional epidemiological analysis. Osteoporos Int 2017;28(3):1021e5.

[22] Borissova AM, Shinkov A, Vlahov J, Dakovska L, Todorov T, Svinarov D, et al.
Vitamin D status in Bulgaria–winter data. Arch Osteoporos 2013;8:133.

[23] Coli�c Bari�c I, Keser I, Bituh M, Rumbak I, Rumora Samarin I, Beljan K, et al.,
editors. Vitamin D status and prevalence of inadequacy in Croatian popula-
tion. Book of Abstracts of 4th International congress of nutritionists; 2016.

[24] Hansen L, Tjønneland A, Køster B, Brot C, Andersen R, Cohen AS, et al. Vitamin
D status and seasonal variation among Danish children and adults: a
descriptive study. Nutrients 2018;10(11):1801.

[25] Adebayo FA, Itkonen ST, Lilja E, Jaaskelainen T, Lundqvist A, Laatikainen T,
et al. Prevalence and determinants of vitamin D deficiency and insufficiency
among three immigrant groups in Finland: evidence from a population-based
study using standardised 25-hydroxyvitamin D data. Publ Health Nutr
2020;23(7):1254e65. https://doi.org/10.1017/s1368980019004312.

[26] Deplanque X, Wullens A, Norberciak L. Prevalence and risk factors of vitamin
D deficiency in healthy adults aged 18-65 years in northern France. Rev Med
Interne 2017;38(6):368e73.

[27] Rabenberg M, Scheidt-Nave C, Busch MA, Thamm M, Rieckmann N, Durazo-
Arvizu RA, et al. Implications of standardization of serum 25-hydroxyvitamin
D data for the evaluation of vitamin D status in Germany, including a temporal
analysis. BMC Publ Health 2018;18(1):1e14.

[28] Dimakopoulos I, Magriplis E, Mitsopoulou A-V, Karageorgou D, Bakogianni I,
Micha R, et al. Association of serum vitamin D status with dietary intake and
sun exposure in adults. Clin Nutr ESPEN 2019;34:23e31.

[29] Griffin TP, Wall D, Blake L, Griffin DG, Robinson S, Bell M, et al. Higher risk of
vitamin D insufficiency/deficiency for rural than urban dwellers. J Steroid
Biochem Mol Biol 2020;197:105547.

[30] Giuliani S, Barbieri V, Di Pierro AM, Rossi F, Widmann T, Lucchiari M, et al.
LCeMS/MS based 25 (OH) D status in a large Southern European outpatient
cohort: gender-and age-specific differences. Eur J Nutr 2019;58(6):2511e20.

[31] Petrenya N, Lamberg-Allardt C, Melhus M, Broderstad AR, Brustad M. Vitamin
D status in a multi-ethnic population of northern Norway: the SAMINOR 2
clinical survey. Publ Health Nutr 2020;23(7):1186e200.

[32] Płudowski P, Ducki C, Konstantynowicz J, Jaworski M. Vitamin D status in
Poland. Pol Arch Med Wewn 2016;126(7e8):530e9.

[33] Duarte C, Carvalheiro H, Rodrigues AM, Dias SS, Marques A, Santiago T, et al.
Prevalence of vitamin D deficiency and its predictors in the Portuguese pop-
ulation: a nationwide population-based study. Arch Osteoporos 2020;15(1):36.

[34] Niculescu DA, Capatina CAM, Dusceac R, Caragheorgheopol A, Ghemigian A,
Poiana C. Seasonal variation of serum vitamin D levels in Romania. Arch
Osteoporosis 2017;12(1):1e7.

[35] Karonova T, Andreeva A, Nikitina I, Belyaeva O, Mokhova E, Galkina O, et al.
Prevalence of Vitamin D deficiency in the North-West region of Russia: a
cross-sectional study. J Steroid Biochem Mol Biol 2016;164:230e4.

[36] Sebekova K, Krivosikova Z, Gajdos M, Podracka L. Vitamin D status in
apparently healthy medication-free Slovaks: association to blood pressure,
body mass index, self-reported smoking status and physical activity. Bratisl
Lek Listy 2016;117(12):702e9.

[37] Hribar M, Hristov H, Gregori�c M, Blaznik U, Zaletel K, Oblak A, et al. Nutri-
health study: seasonal variation in vitamin D status among the slovenian
adult and elderly population. Nutrients 2020;12(6).

[38] Gonz�alez-Molero I, Morcillo S, Vald�es S, P�erez-Valero V, Botas P, Delgado E,
et al. Vitamin D deficiency in Spain: a population-based cohort study. Eur J
Clin Nutr 2011;65(3):321e8.

[39] N€als�en C, Becker W, Pearson M, Ridefelt P, Lindroos AK, Kotova N, et al.
Vitamin D status in children and adults in Sweden: dietary intake and 25-
hydroxyvitamin D concentrations in children aged 10-12 years and adults
aged 18-80 years. J Nutr Sci 2020;9:e47.

[40] Guessous I, Dudler V, Glatz N, Theler JM, Zoller O, Paccaud F, et al. Vitamin D
levels and associated factors: a population-based study in Switzerland. Swiss
Med Wkly 2012;142. 0.

[41] Povoroznyuk V, Balatska N,Muts V, Klymovytsky F, Synenky O. Vitamin D deficiency
in Ukraine: a demographic and seasonal analysis. Gerontol 2012;13(4):191e8.

[42] Jolliffe DA, Hanifa Y, Witt KD, Venton TR, Rowe M, Timms PM, et al. Envi-
ronmental and genetic determinants of vitamin D status among older adults
in London, UK. J Steroid Biochem Mol Biol 2016;164:30e5.
377
[43] Almesri N, Das NS, Ali ME, Gumaa K, Giha HA. Gender-dependent association
of vitamin D deficiency with obesity and hypercholesterolemia (LDLC) in
adults. Endocrine, metabolic & immune disorders-drug targets (formerly
current drug targets-immune. Endocrine & Metabolic Disorders) 2020;20(3):
425e36.

[44] Acherjya G, Ali M, Tarafder K, Akhter N, Chowdhury M, Islam D, et al. Study of
vitamin D deficiency among the apparently healthy population in Jashore,
Bangladesh. Mymensingh Med J 2019;28(1):214e21.

[45] Leong JF, Yakob M, Fung EC, Pande KC. High prevalence of vitamin D insuf-
ficiency and deficiency in a mixed sample of patients in Brunei Darussalam.
Brunei Int Med J 2016;12(4):134e9.

[46] Jiang W, Wu D-B, Xiao G-B, Ding B, Chen E-Q. An epidemiology survey of
vitamin D deficiency and its influencing factors. Med Clínica 2020;154(1):
7e12.

[47] Mechenro J, Venugopal G, Kumar MB, Balakrishnan D, Ramakrishna BS.
Vitamin D status in kancheepuram district, Tamil nadu, India. BMC Publ
Health 2018;18(1):1e8.

[48] Esmaeili SA, Mohammadian S, Radbakhsh S, Momtazi-Borojeni AA, Kheir-
mand Parizi P, Atabati H, et al. Evaluation of vitamin D3 deficiency: a popu-
lation-based study in northeastern Iran. J Cell Biochem 2019;120(6):
10337e41.

[49] Al-Hilali K. Prevalence of hypovitaminosis D in adult Iraqi people including
postmenopausal women. Sci Res J 2016;4:53e62.

[50] Asakura K, Etoh N, Imamura H, Michikawa T, Nakamura T, Takeda Y, et al.
Vitamin D status in Japanese adults: relationship of serum 25-hydroxyvitamin
D with simultaneously measured dietary vitamin D intake and ultraviolet ray
exposure. Nutrients 2020;12(3):743.

[51] Khasawneh R, Hiari M, Khalaileh M, Khasawneh H, Alzghoul B, Almomani A.
Frequency of vitamin D deficiency and insufficiency in a Jordanian cohort: a
hospital based study. J Royal Med Services 2018;102(5938):1e4.

[52] Gromova O, Doschanova A, Lokshin V, Tuletova A, Grebennikova G,
Daniyarova L, et al. Vitamin D deficiency in Kazakhstan: cross-sectional study.
J Steroid Biochem Mol Biol 2020;199:105565.

[53] Zhang FF, Al Hooti S, Al Zenki S, Alomirah H, Jamil KM, Rao A, et al. Vitamin D
deficiency is associated with high prevalence of diabetes in Kuwaiti adults:
results from a national survey. BMC Publ Health 2016;16(1):1e9.

[54] Saad RK, Akiki VC, Rahme M, Ajjour S, Assaad M, Fuleihan GAE-H. Time trends
and predictors of hypovitaminosis D across the life course: 2009e2016.
Metabolism 2020;105:154138.

[55] Shafinaz I, Moy F. Vitamin D level and its association with adiposity among
multi-ethnic adults in Kuala Lumpur, Malaysia: a cross sectional study. BMC
Publ Health 2016;16(1):1e9.

[56] Bromage S, Rich-Edwards JW, Tselmen D, Baylin A, Houghton LA, Baasanjav N,
et al. Seasonal epidemiology of serum 25-hydroxyvitamin D concentrations
among healthy adults living in rural and urban areas in Mongolia. Nutrients
2016;8(10):592.

[57] Sherchand O, Sapkota N, Chaudhari RK, Khan SA, Baranwal JK, Pokhrel T, et al.
Association between vitamin D deficiency and depression in Nepalese pop-
ulation. Psychiatr Res 2018;267:266e71.

[58] Abiaka C, Delghandi M, Kaur M, Al-Saleh M. Vitamin D status and anthropo-
metric indices of an Omani study population. Sultan Qaboos University Med J
2013;13(2):224.

[59] Kandhro F, Dahot MU, Ahmed Naqvi SH, Ujjan IU. Study of Vitamin D defi-
ciency and contributing factors in the population of Hyderabad, Pakistan. Pak J
Pharm Sci 2019;32(3).

[60] Zainel A-JAL, Qotba H, Al Nuaimi A, Syed M. Vitamin D status among adults
(18e65 years old) attending primary healthcare centres in Qatar: a cross-
sectional analysis of the Electronic Medical Records for the year 2017. BMJ
Open 2019;9(8):e029334.

[61] Altowijri A, Alloubani A, Abdulhafiz I, Saleh A. Impact of nutritional and
environmental factors on vitamin D deficiency. Asian Pac J Cancer Prev APJCP:
Asian Pac J Cancer Prev APJCP 2018;19(9):2569.

[62] Bi X, Tey SL, Leong C, Quek R, Henry CJ. Prevalence of vitamin D deficiency in
Singapore: its implications to cardiovascular risk factors. PloS One 2016;11(1):
e0147616.

[63] Rajatanavin N, Kanokrungsee S, Aekplakorn W. Vitamin D status in Thai
dermatologists and working-age Thai population. J Dermatol 2019;46(3):
206e12.
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