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Abstract 

Objectives:  Vitamin D status in patients with COVID-19 is an on-going controversial issue. This study aims to deter‑
mine differences in the serum 25(OH)D concentrations of Arab Gulf adult residents screened for SARS-CoV-2 and its 
association with risk of COVID-19 infection together with other comorbidities.

Methods:  In this multi-center, case–control study, a total of 220 male and female adults presenting with none to 
mild symptoms were screened for COVID-19 (n = 138 RT-PCR-confirmed SARS-CoV-2 positive and 82 negative con‑
trols). Medical history was noted. Anthropometrics were measured and non-fasting blood samples were collected for 
the assessment of glucose, lipids, inflammatory markers and serum 25(OH)D concentrations.

Results:  Serum 25(OH)D levels were significantly lower in the SARS-CoV-2 positive group compared to the nega‑
tive group after adjustment for age and BMI (52.8 nmol/l ± 11.0 versus 64.5 nmol/l ± 11.1; p = 0.009). Being elderly 
(> 60 years) [Odds ratio 6 (95% Confidence Interval, CI 2–18; p = 0.001) as well as having type 2 diabetes (T2D) [OR 6 
(95% CI 3–14); p < 0.001)] and low HDL cholesterol (HDL-c) [OR 6 (95% CI 3–14); p < 0.001)] were significant risk factors 
for COVID-19 infection independent of age, sex and obesity.

Conclusions:  Among Arab Gulf residents screened for SARS-CoV-2, serum 25(OH) D levels were observed to be 
lower in those who tested positive than negative individuals, but it was the presence of old age, diabetes mellitus 
and low-HDL-c that were significantly associated with risk of COVID-19 infection. Large population-based rand‑
omized controlled trials should be conducted to assess the protective effects of vitamin D supplementation against 
COVID-19.
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Introduction
Infection from the Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2), the causative pathogen of 
the coronavirus disease-2019 (COVID-19), has clinical 
consequences ranging from mild flu-like illness to severe 
pneumonia with acute respiratory distress syndrome 
(ARDS) which can further progress to septic shock and 
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death. To date, COVID-19 has infected more than a 
hundred million individuals from 230 nations globally, 
with casualties exceeding 2.8 million since its discovery 
[1]. The Middle East and the Gulf Cooperation Coun-
cil (GCC) countries were not spared from this on-going 
pandemic and coincidentally, preexisting conditions 
linked to COVID-19 severity such as obesity [2, 3], type 2 
diabetes (T2D) [4, 5], and vitamin D deficiency [6, 7] are 
also highly prevalent in the region, giving extra challenge 
to the already burdened healthcare system.

Vitamin D is a steroid hormone involved in the modu-
lation of the innate and acquired immune system as well 
as in the production of the antimicrobial peptides such 
as human β-defensin-2 and cathelicidin, in addition to 
the expression of genes responsible for the destruction 
of the intracellular pathogens [8–10]. Many studies have 
consistently suggested that vitamin D deficiency is asso-
ciated with increased risk of respiratory tract infections, 
especially in influenza and now, COVID-19 [11–14]. In 
fact, in the early months of the pandemic, several experts 
were swift to push the idea of providing vitamin D sup-
plementation since the immune-boosting actions of vita-
min D in human health are well established given its 
anti-viral properties [15], and that vitamin D deficiency 
is widespread, especially among those deemed to be at 
increased risk for COVID-19 morbidity and mortality 
such as the elderly and those with preexisting conditions 
[16–18]. Some of the mechanisms behind the beneficial 
effects of vitamin D involve inhibition of pro-inflam-
matory cytokines in human monocytes/macrophages 
[19], as well as inhibition of the Renin Angiotensin Sys-
tem (RAS) [20]. The angiotensin-converting enzyme 2 
(ACE2) receptor, the point of entry of SARS-CoV-2 and 
protective against hypertension and inflammation [21, 
22], is strengthened by vitamin D via heightened expres-
sion that balances ACE/ACE2 and angiotensin II (ANG)/
ANG 1–7, pathways that are known to be disrupted by 
coronaviruses [23].

While many observational studies have demon-
strated vitamin D deficiency among patients with severe 
COVID-19 [6, 24, 25], there is scarcity of available evi-
dence that have attempted to differentiate differences 
in the vitamin D status of asymptomatic to mild cases 
swabbed for SARS-CoV-2 in the GCC region. To the 
best of our knowledge, such observational study has 
never been conducted within GCC and Saudi Arabia in 
particular. Vitamin D deficiency within the GCC region 
is unique in that it is highly prevalent despite all-year 
sunshine [26], more common in summer [27], and that 
internationally recommended doses at 2000 IU still pro-
duces suboptimal levels [28]. These exceptional regional 
features and the possible role of vitamin D in the fight 
against Covid-19 are interesting to investigate. A series of 

studies from observational to clinical trials involving par-
ticipants with Covid-19 may therefore shed light whether 
vitamin D deficiency is a risk factor for Covid-19 infec-
tion in this population and may explain, other than the 
mitigation strategies employed by the government, the 
characteristics of the Covid-19 cases that maybe unique 
in the country. In the present cross-sectional study there-
fore, we aimed to assess differences in serum 25(OH)D 
levels and other clinical characteristics of Arab Gulf resi-
dents tested for COVID-19.

Methods
Participants
In this multi-center, case–control study, a total of 220 
adult participants aged 30–60 years, residents of Riyadh, 
Saudi Arabia were included. These participants were 
swabbed for reverse transcription polymerase chain reac-
tion (RT-PCR) confirmation of SARS-CoV-2 at King Saud 
University Medical City-King Khalid University Hospi-
tal (KSUMC-KKUH) and King Salman Hospital (KSH), 
Riyadh, Saudi Arabia, within May–July 2020 [N = 138 
tested positive for SARS-CoV-2 and N = 82 tested nega-
tive as the control group]. For the purpose of this study 
only asymptomatic to mild cases were included, and par-
ticipants with severe manifestations of COVID-19 (those 
that required intensive care) were excluded. According 
to the Ministry of Health, a mild category meant that the 
patient required no O2 on presentation, no evidence of 
pneumonia but with clinical symptoms such as fever [29]. 
Diagnosis of RT-PCR-confirmed SARS-CoV-2 was also 
based on national guidelines in Saudi Arabia [29].

Anthropometry, blood collection and sample analysis
Non-fasting blood samples were collected and anthro-
pometrics measurements include height (rounded off 
to the nearest 0.5 cm), weight (rounded off to the near-
est 0.1 kg), blood pressure in mmHg (mean of two read-
ings) using standard procedures. Body mass index was 
calculated (kg/m2). Fasting glucose and lipid profile 
including triglycerides, total cholesterol, LDL choles-
terol (LDL-c), HDL-c were analyzed using a chemical 
analyzer (Konelab, Espoo, Finland). Total serum 25(OH)
D was measured using commercial electrochemilumines-
cence immunoassay (Roche Diagnostics, Germany). This 
test has an intra and inter-assay coefficients of 4.6% and 
5.3%, respectively. RT-PCR was done on nasopharyngeal 
samples which were obtained from patients and sent to 
the Biosafety Level 2-facility (BSL-2) in KSUMC, Riyadh, 
KSA according to manufacturer’s instructions. Vitamin D 
deficiency [25(OH)D < 50  nmol/l] was defined based on 
national and regional recommendations [28, 30].
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Sample size calculations
Sample size was calculated on the basis of a previ-
ous study undertaken in children [31] and adults [32] 
where the prevalence of vitamin D deficiency among 
cases and non-cases of severe acute lower respiratory 
infection was reported to be 50% and 20%, respectively. 
On this basis of these results, a sample size of N = 74 
for each group is required (total sample size of 148) to 
achieve 98% significance level and 94% statistical power 
[31]. G*Power software was used for post-hoc power 
analysis [33]. Given the total sample size (N = 220) and 
obtained 25(OH)D levels between SARS-CoV-2 posi-
tive and negative groups yielded 100% power to detect 
significance.

Data analysis
Data was entered and analyzed using SPSS version 21. 
Results were presented as N (%) for categorical vari-
ables and mean ± standard deviation for continuous 
variables. Non-normal variables were logarithmically 
transformed prior to all parametric analyses. Statisti-
cal differences between COVID-19 status and other 
categorical variables were tested using the chi-square 
test of independence. Bivariate associations were done 
to determine associations of 25(OH)D to measured 
parameters and comorbidities. Analysis of covariance 
(ANCOVA) was used to determine statistical differ-
ences after adjusting for covariates (age and BMI). Bon-
ferroni correction (p = 0.05/n = 13) was also applied in 
the interpretation of differences and a p < 0.0038 was 
considered significant. Binary logistic regression was 
used to determine associations between COVID-19 sta-
tus and clinical characteristics after adjusting for age, 
obesity and sex. Significance was set at p < 0.05.

Results
Table 1 shows the general clinical characteristics of par-
ticipants. Out of the 220 swabbed, 138 were confirmed 
to be SARS-CoV-2 positive (79 males and 59 females) 
while 82 were found to be negative (41 males and 41 
females). The negative group was significantly younger 
and had lower BMI compared to the SARS-CoV-2 posi-
tive group (p-values < 0.001). No differences in nationali-
ties were observed. With respect to medical history, the 
SARS-CoV-2 positive group had a higher prevalence of 
diabetes, hypertension, hyperlipidemia, hypertriglyc-
eridemia and low-HDL than the negative group (p-val-
ues < 0.001, < 0.001, 0.04, 0.04 and < 0.001, respectively). A 
significantly higher prevalence of vitamin C and D sup-
plement use was observed in the SARS-CoV-2 positive 
group during the pandemic (p-values < 0.001). The rest of 
the characteristics are found in Table 1.

Table  2 shows the unadjusted and adjusted clinical 
differences of both groups. The SARS-CoV-2 positive 
group showed a significantly worse metabolic pro-
file than the controls. In the positive group, systolic 
blood pressure was significantly higher than the nega-
tive group (adjusted p < 0.001). As expected, the posi-
tive group also had a significantly higher temperature 
and respiratory rate on presentation (adjusted p-val-
ues < 0.001, respectively). Lipid profile was also signifi-
cantly higher in the SARS-CoV-2 group than controls 
in terms of total cholesterol and LDL-c (adjusted 
p-values 0.001, respectively). HDL-cholesterol was 
significantly lower in the SARS-CoV-2 positive group 

Table 1  General Characteristics of Participants

Data presented as N (%).

BMI: body mass index; HDL: high density lipoprotein

p < 0.05 considered significant

Parameters Overall Negative Positive p-value

N (%) 220 82 (37) 138 (63)

Anthropometrics and Demographics

 Male/Female 120/100 41/41 79/59 0.30

 Age (years) 43 ± 15 32 ± 13 50 ± 13  < 0.01

 BMI (kg/m2) 28 ± 5.5 27 ± 5 29 ± 5.5  < 0.01

 Saudi 139 (63.2) 57 (70) 82 (59) 0.13

 Non-Saudi 81 (36.8) 25 (30) 56 (41)

Medical History of Patients

 Obesity 69 (33.2) 21 (28) 48 (36) 0.20

 Type 2 Diabetes 102 (49.0) 14 (18) 88 (68)  < 0.01

 Hypertension 53 (24.1) 5 (6) 48 (35)  < 0.01

 Cancer 4 (1.8) 4 (5) 0 (0) 0.06

 Rheumatoid Arthritis 5 (2.3) 2 (2) 3 (2) 0.90

 Chronic Liver Disease 1 (0.5) 0 (0) 1 (1) 0.72

 Thyroid Disease 5 (2.3) 2 (2) 3 (2) 0.90

 Epilepsy 2 (0.9) 0 2 (1) 0.48

 Chronic Immobilization 1 (0.5) 0 1 (1) 0.72

 Asthma 10 (4.5) 1 (1) 9 (6) 0.10

 Hyperlipidemia 14 (6.4) 0 14 (10) 0.04

 Heart Disease 10 (4.5) 0 10 (7) 0.07

 Anemia 3 (1.4) 3 (4) 0 0.10

 Chronic Kidney Disease 5 (2.3) 0 5 (4) 0.19

 Hypertriglyceridemia 66 (31.6) 18 (23) 48 (37) 0.04

 Low HDL-cholesterol 134 (64.1) 28 (35) 106 (82)  < 0.01

Supplementation

 Using Vitamin C before 
Pandemic

1 (0.4) 1 (1) 0 0.32

 Using Vitamin C during 
Pandemic

85 (38.6) 6 (7) 79 (57)  < 0.01

 Using Vitamin D before 
Pandemic

3 (1.4) 3 (4) 0 0.08

 Using Vitamin D during 
Pandemic

58 (26.4) 1 (1) 57 (41)  < 0.01
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than controls (adjusted p < 0.001). Non-fasting glucose 
levels was also significantly higher in the SARS-CoV-2 
group as compared to controls (adjusted p = 0.004). In 
terms of inflammatory markers, the SARS-CoV-2 group 
also had significantly higher levels of CRP and IL-6 
(adjusted p-values 0.008 and 0.002, respectively). Lastly, 
25(OH)D levels were significantly lower in the SARS-
CoV-2 group than controls after adjusting for age and 
BMI (adjusted p = 0.009) (Fig.  1). After applying the 
Bonferroni corrected p-value, only systolic blood pres-
sure, temperature, respiratory rate, total cholesterol 
and CRP were significantly higher in the positive group 
while HDL-cholesterol was significantly lower, also in 
the positive group (p-values < 0.0038). The rest of the 
biochemical characteristics are shown in Table  2. Dif-
ferences in 25(OH)D levels were analyzed using differ-
ent models (Additional file 1: Table S1), showing lower 
but borderline significance in 25(OH)D levels in the 
positive group when adjusted for BMI alone (p = 0.06), 
but significant when adjusted for age alone (p = 0.02). 
Groups were further stratified according to sex, reveal-
ing no significant differences in positive and negative 
groups in both males (p = 0.13) and females (p = 0.32) 
in the unadjusted model, but borderline significance 

after adjusting for age and BMI (both p-values 0.06) 
(Additional file 1: Table S2).

Table  3 shows the significant risk factors for COVID-
19 in the cohort, with medical comorbidities adjusted for 
age, sex and BMI. Age greater than 60 was 6 times more 
likely to test positive than those younger [OR 6.2 (95% CI 
2–18); p = 0.001)]. The same risk is true for those with 
diabetes [adjusted OR 6.4 (95% CI 3–14); p < 0.001)] and 
low HDL [OR 6.1 (95% CI 3–14); p < 0.001)]. The rest of 
the risk factors are shown in Table 3.

Discussion
In our study, we found that serum 25OHD levels were 
significantly lower in COVID-19 patients than in con-
trols even after adjusting for the main confounding 
factors and that old age, diabetes and low-HDL were 
significantly associated with COVID-19 infection. The 
interaction between 25(OH)D and viral infections is a 
subject of increasing concern and lessons from previous 
similar epidemics may offer insights as to why vitamin 
D supplementation maybe protective against COVID-
19. SARS-CoV-1 was observed to downregulate type 
1 interferon (IFN) receptors which negatively affects 
innate immunity [34]. Unbound vitamin D receptor 

Table 2  Clinical Characteristics of Participants According to SARS-CoV-2 Status

Data presented as Mean ± SD whereas R indicates correlation coefficient, # indicates significance at 0.05. * indicates p-value adjusted for age and BMI. Bonferroni 
corrected p < 0.0038 is considered significant

Clinical characteristics Overall R SARS-CoV-2 p-value p-value*

Negative Positive

N 220 82 (37.3) 138 (62.7)

Arterial Blood Pressure

 Systolic Blood Pressure (mmHg) 126 ± 16 0.02 119 ± 10 130 ± 18  < 0.001  < 0.001

 Diastolic Blood Pressure (mmHg) 75 ± 11 0.00 76 ± 9 75 ± 12 0.75 0.75

Vital Signs

 Temperature (°C) 37.1 ± 1.1 − 0.04 36.6 ± 0.5 37.5 ± 1.2  < 0.001  < 0.001

 Pulse Rate 92 ± 16 − 0.16 94 ± 15.3 92 ± 17 0.31 0.77

 Respiratory Rate 22 ± 4 − 0.04 20 ± 3 24 ± 4  < 0.001  < 0.001

Lipid Profile

 Total Cholesterol (mmol/l) 4.0 ± 1.5 − 0.10 4.6 ± 1.5 3.6 ± 1.4  < 0.001 0.001

 HDL-Cholesterol (mmol/l) 1.0 ± 0.4 0.02 1.2 ± 0.4 0.8 ± 0.4  < 0.001  < 0.001

 LDL-Cholesterol (mmol/l) 2.4 ± 0.9 − 0.06 2.7 ± 1.1 2.0 ± 1.0  < 0.001 0.01

 Triglycerides (mmol/l) 1.6 ± 1.1 − 0.07 1.4 ± 1.2 1.6 ± 1.0  < 0.001 0.22

Glycemic Profile

 Glucose (mmol/l) 9.3 ± 5.9 − 0.03 6.0 ± 3.1 10.6 ± 6.8  < 0.001 0.004

Vitamin D

 25(OH) D (nmol/L) 57.5 ± 27.5 – 61.8 ± 22.8 55.0 ± 28.8 0.06 0.009

Inflammatory Markers

 Interleukin-6 (ng/ml) 8.6 ± 11.2 0.01 6.6 ± 11.1 10.1 ± 11.1 0.004 0.008

 C-Reactive Protein (µg/ml) 21.9 ± 27.7 0.02 8.9 ± 10.5 42.9 ± 33.6  < 0.001 0.002
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(VDR) weakens the protective antiviral effects of IFN via 
sequestration of a key transcription factor (STAT1) in 
IFN signaling. This inhibitory relationship between VDR 
and STAT1 suggests that unbinding of the latter through 
stimulation with biologically active forms of vitamin D 

(calcitriol) strengthens type 1 IFN response, which, in 
turn, improves innate immune system [34]. Another 
mechanism by which 25(OH)D can promote coronavi-
rus degradation is through autophagy via acidification 
of endolysosomes, cellular organelles responsible for the 

Fig. 1  25(OH)D concentration according to SARS-CoV-2 status

Table 3  Unadjusted and Adjusted odds ratios for COVID-19 risk factors in the study cohort

Data presented as frequencies (%) and Odds Ratio (OR) (95%CI), p < 0.05 considered significant

SARS-CoV-2 Unadjusted Adjusted

Negative Positive OR (95% CI) p-value OR (95% CI) p-value

Age > 60 years 4 (5) 33 (25) 6 (2–18) 0.001

Male 41 (50) 79 (57) 1.3 (0.8–2) 0.3

Obesity (BMI > 30 kg/m2) 21 (28) 48 (36) 1.5 (0.8–3) 0.2

Type 2 Diabetes 14 (18) 88 (68) 10 (5–20)  < 0.001 6.4 (3–14)  < 0.001

Hypertension 5 (6) 48 (35) 8.2 (3–22)  < 0.001 2.07 (0.7–6) 0.2

Rheumatoid Arthritis 2 (2) 3 (2) 0.9 (0.1–5) 0.9 0.9 (0.1–5) 0.99

Chronic Liver Disease 0 1 (1) 1.8 (0.1–45) 0.72 – –

Thyroid Disease 2 (2) 3 (2) 0.9 (0.1–5) 0.9 1.7 (0.2–12) 0.58

Epilepsy 0 2 (1) 3.0 (0.1–64) 0.48 – –

Chronic Immobilization 0 1 (1) 1.8 (0.1–45) 0.72 – –

Asthma 1 (1) 9 (6) 5.6 (0.7–45) 0.1 6.5 (0.7–61) 0.1

Hyperlipidaemia 0 14 (10) 19.2 (1.1–327) 0.04 – –

Heart Disease 0 10 (7) 13.5 (0.8–233) 0.07 – –

Anaemia 3 (4) 0 0.08 (0–2) 0.1 – –

Chronic Kidney Disease 0 5 (4) 6.8 (0.4–125) 0.19 – –

Hypertriglyceridemia 18 (23) 48 (37) 2.0 (1–4) 0.04 1.7 (0.8–4) 0.17

Low HDL-Cholesterol 28 (35) 106 (82) 8.1 (4–15)  < 0.001 6.1 (3–14)  < 0.001
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release of SARS-CoV-2 in the cytosol [35, 36]. Lastly, 
it is now known that COVID-19 downregulates the 
expression of ACE2 receptors, and there is evidence that 
vitamin D upregulates ACE2, which can bind to SARS-
CoV-2 and prevent it from binding to ACE2 receptor 
[37–39]. In high risk individuals, untreated COVID-19 
can easily progress to cytokine storm and hyper-inflam-
matory state if left untreated [40]. The anti-inflamma-
tory effects of 25(OH)D includes inhibition of tumor 
necrosis factor-α and IL-6 by attenuating the activation 
of p38 MAP kinase in human macrophages/monocytes, 
Additionally,1,25OH2D3 endorses the stimulation of T 
regulatory cells, thus inhibiting the pro-inflammatory 
cytokines production, including IL-21, interferon-γ, and 
IL-17 [41, 42].

Traditional risk factors for COVID-19 risk such as old 
age and T2D were also observed in the present study. 
The increased COVID-19 risk among those with T2D in 
particular was independent of age, sex and obesity status. 
Another risk factor however not commonly found but 
was identified in the present is the low- HDL-c. While 
low HDL-c can be partially explained by the presence 
of other cardiometabolic factors in the cohort such as 
T2D, obesity and hypertension, it’s significant associa-
tion with COVID-19 highlights that aberrant lipid pro-
files increases susceptibility to infections [43]. HDL-c in 
particular has anti-inflammatory and anti-oxidative func-
tions which, in low levels can increase pulmonary inflam-
mation [44].

Based on the present findings, COVID-19 patients and 
the general population with low 25(OH) D levels serum 
concentrations should take vitamin D supplements, as 
this preventive strategy could have positive effects in 
boosting the immune system. Several pilot and quasi-
experimental intervention studies have shown that vita-
min D boluses prevent worse outcomes such as intensive 
care admission and better survival among the elderly [45, 
46]. As more vitamin D interventional studies and clini-
cal trials publish their results on COVID-19, it is safe 
to assume that doses not going beyond 2000  IU daily is 
beneficial for those with known vitamin D deficiency that 
hopefully will not be only for vitamin D status correction 
but more so for the prevention of acute respiratory infec-
tions, including COVID-19 [47, 48].

The authors acknowledge several limitations. First 
is the study design which limits interpretation as to 
whether low 25(OH)D status is a cause or a conse-
quence of COVID-19 infection. Second, while the over-
all sample size was robust for determining differences 
in the clinical characteristics of participants with or 
without SARS-CoV2, it had low power to detect differ-
ences if stratified further according to sex which may 
explain the non-significant differences in males and 

females. The findings also apply only to individuals pre-
senting with none to mild COVID-19 symptoms, since 
vitamin D status maybe an unreliable indicator in mod-
erate to severe cases, given that it behaves as a negative 
acute phase reactant in the presence of a major acute 
inflammatory insult. Despite limitations, the present 
study is arguably the first to document the associa-
tion of vitamin D status to COVID-19 infection among 
adult Arab Gulf residents screened for SARS-CoV2 and 
adds to the increasing call for large scale clinical trials 
to determine whether vitamin D correction can be used 
as preventive, if not therapeutic strategy against the 
pandemic.

Conclusion
In summary, despite lower levels of 25(OH)D being 
observed among SARS-CoV2 positive cases as com-
pared to negative controls, increased risk for COVID-
19 was limited to old age, T2D and low HDL-c. The 
high prevalence of vitamin D deficiency in the region 
is enough to warrant vitamin D supplementation in the 
general population, but whether such strategy can be 
applied for the prevention of COVID-19 remains to be 
seen prospectively.

Abbreviations
ACE2: Angiotensin converting enzyme 2; ARDS: Acute respiratory distress syn‑
drome; BMI: Body mass index; BSL-2: Biosafety level 2; CI: Confidence interval; 
COVID-19: Coronavirus disease 19; HDL-c: High density lipoprotein cholesterol; 
KSH: King Salman hospital; KSUMC: King Saud University Medical City; LDL-C: 
Low density lipoprotein cholesterol; OR: Odds ratio; RAS: Renin-angiotensin 
system; RT-PCR: Reverse transcriptase polymerase chain reaction; SARS-CoV-2: 
Severe acute respiratory syndrome coronavirus 2.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12967-​021-​02838-x.

Additional file 1: Table S1. Differences in 25(OH)D Levels Adjusted for 
Different Models with Associations to Age and BMI. Table S2. Differences 
in 25(OH)D Levels in Males and Females tested for SARS-Cov-2 (Unad‑
justed and Adjusted for Age and BMI).

Acknowledgements
The authors are grateful to staff and nurses of KSUMC, Riyadh, KSA as well as to 
Fahad Alsalhi for coordinating with the team and study participants.

Authors’ contributions
NMA and SS conceived and designed the experiments; NAA, DAA, MAE, ES, 
NJA and NA recruited participants; OEA and AMA analyzed the samples; SS 
and SDH analyzed the data; SYA and HA contributed reagents/materials/analy‑
sis tools; OEA  drafted the paper. SS revised and edited the paper. All authors 
read and approved the final manuscript.

Funding
This project is funded by the Chair for Biomarkers of Chronic Diseases, Dean‑
ship of Scientific Research in KSU, Riyadh, KSA.

https://doi.org/10.1186/s12967-021-02838-x
https://doi.org/10.1186/s12967-021-02838-x


Page 7 of 8Al‑Daghri et al. J Transl Med          (2021) 19:166 	

Availability of data and materials
The datasets generated or analyzed during this study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained from the Institutional Review Board (IRB) in the 
College of Medicine (E-20–4803), KSUMC in Riyadh, Saudi Arabia and written 
informed consents were obtained from all participants prior to inclusion.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest. The sponsors had no role in the 
design of the study; in the collection, analyses, or interpretation of data; in the 
writing of the manuscript, and in the decision to publish the results.

Author details
1 Chair for Biomarkers of Chronic Diseases, Biochemistry Department, Col‑
lege of Science, King Saud University, PO Box, 2455, Riyadh 11451, Saudi 
Arabia. 2 Department of Medicine, College of Medicine, King Saud University, 
Riyadh 12372, Saudi Arabia. 3 Department of Community Health Sciences, Col‑
lege of Applied Medical Sciences, King Saud University, Riyadh 11451, Saudi 
Arabia. 4 Infectious Diseases Section, King Fahad Medical City, Riyadh 59046, 
Saudi Arabia. 5 Diabetes Care Center, King Salman Bin Abdulaziz Hospital, 
Riyadh 12769, Saudi Arabia. 6 Obesity, Endocrine and Metabolism Center, 
Department of Medicine, King Fahad Medical City, Riyadh, Kingdom of Saudi 
Arabia. 7 Obstetrics and Gynaecology Department, King Salman Bin Abdulaziz 
Hospital, Riyadh 11564, Saudi Arabia. 8 Doping Research Chair, Department 
of Zoology, College of Science, King Saud University, Riyadh 11495, Saudi 
Arabia. 9 College of Food Science & Agriculture, Department of Food Science & 
Nutrition, King Saud University, Riyadh 11495, Saudi Arabia. 

Received: 7 January 2021   Accepted: 16 April 2021

References
	1.	 Dong E, Du H, Gardner L. An interactive web-based dashboard to track 

COVID-19 in real time. Lancet Infect Dis. 2020;20(5):533–4.
	2.	 Ekiz T, Pazarlı AC. Relationship between COVID-19 and obesity. Diabetes 

Metab Syndr. 2020;14(5):761–3.
	3.	 Hamer M, Gale CR, Kivimäki M, Batty GD. Overweight, obesity, and risk of 

hospitalization for COVID-19: a community-based cohort study of adults 
in the United Kingdom. Proc Natl Acad Sci USA. 2020;117(35):21011–3.

	4.	 Targher G, Mantovani A, Wang XB, Yan HD, Sun QF, Pan KH, Byrne CD, 
Zheng KI, Chen YP, Eslam M, George J, Zheng MH. Patients with diabetes 
are at higher risk for severe illness from COVID-19. Diabetes Metab. 
2020;46(4):335–7.

	5.	 Sheshah E, Sabico S, Albakr RM, Sultan AA, Alghamdi KS, Al Madani K, 
Alotair HA, Al-Daghri NM. Prevalence of diabetes, management and out‑
comes among Covid-19 adult patients admitted in a specialized tertiary 
hospital in Riyadh Saudi Arabia. Diabetes Res Clin Pract. 2021;172:108538.

	6.	 Alguwaihes AM, Sabico S, Hasanato R, Al-Sofiani ME, Megdad M, Albader 
SS, Alsari MH, Alelayan A, Alyusuf EY, Alzahrani SH, Al-Daghri NM, Jammah 
AA. Severe vitamin D deficiency is not related to SARS-CoV-2 infection 
but may increase mortality risk in hospitalized adults: a retrospective 
case-control study in an Arab Gulf country. Aging Clin Exp Res. 2021. 
https://​doi.​org/​10.​1007/​s40520-​021-​01831-0.

	7.	 Alguwaihes AM, Al-Sofiani ME, Megdad M, Albader SS, Alsari MH, Alelayan 
A, Alzahrani SH, Sabico S, Al-Daghri NM, Jammah AA. Diabetes and 
Covid-19 among hospitalized patients in Saudi Arabia: a single-centre 
retrospective study. Cardiovasc Diabetol. 2020;19(1):205.

	8.	 Alvarez-Rodriguez L, Lopez-Hoyos M, Garcia-Unzueta M, Amado JA, 
Cacho PM, Martinez-Taboada VM. Age and low levels of circulating vita‑
min D are associated with impaired innate immune function. J Leukoc 
Biol. 2012;91(5):829–38.

	9.	 Gois PHF, Ferreira D, Olenski S, et al. Vitamin D and infectious diseases: 
simple bystander or contributing factor? Nutrients. 2017;9(7):651.

	10.	 Watkins RR, Lemonovich TL, Salata RA. An update on the association of 
vitamin D deficiency with common infectious diseases. Can J Physiol 
Pharmacol. 2015;93(5):363–8.

	11.	 Macaya F, Espejo Paeres C, Valls A, Fernández-Ortiz A, González Del Cas‑
tillo J, Martín-Sánchez FJ, Runkle I, Rubio Herrera MÁ. Interaction between 
age and vitamin D deficiency in severe COVID-19 infection. Nutr Hosp. 
2020;37(5):1039–42.

	12.	 Abdollahi A, Kamali Sarvestani H, Rafat Z, Ghaderkhani S, Mahmoudi-
Aliabadi M, Jafarzadeh B, Mehrtash V. 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 
patients in Tehran. Iran J Med Virol. 2021;93(4):2359–64.

	13.	 Biesalski HK. Obesity, vitamin D deficiency and old age a serious combi‑
nation with respect to coronavirus disease-2019 severity and outcome. 
Curr Opin Clin Nutr Metab Care. 2021;24(1):18–24.

	14.	 Cooper ID, Crofts CAP, DiNicolantonio JJ, Malhotra A, Elliott B, Kyriakidou 
Y, Brookler KH. Relationships between hyperinsulinaemia, magnesium, 
vitamin D, thrombosis and COVID-19: rationale for clinical management. 
Open Heart. 2020;7(2):e001356.

	15.	 Grant WB, Lahore H, McDonnell SL, et al. Evidence that Vitamin D sup‑
plementation could reduce risk of influenza and COVID-19 infections and 
deaths. Nutrients. 2020;12(4):988.

	16.	 Mosekilde L. Vitamin D and the elderly. Clin Endocrinol (Oxf ). 
2005;62(3):265–81.

	17.	 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of 
adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort 
study. Lancet. 2020;395(10229):1054–62.

	18.	 Dariya B, Nagaraju GP. Understanding novel COVID-19: its impact on 
organ failure and risk assessment for diabetic and cancer patients. 
Cytokine Growth Factor Rev. 2020;53:43–52.

	19.	 Zhang Y, Leung DY, Richers BN, et al. Vitamin D inhibits monocyte/
macrophage proinflammatory cytokine production by targeting MAPK 
phosphatase-1. J Immunol. 2012;188(5):2127–35.

	20.	 Shi Y, Liu T, Yao L, Xing Y, Zhao X, Fu J, Xue X. Chronic vitamin D deficiency 
induces lung fibrosis through activation of the renin-angiotensin system. 
Sci Rep. 2017;7(1):3312.

	21.	 Jain N, Varman R, Tarbox JA, Nguyen T. Biomolecular endotype factors 
involved in COVID-19 airway infectivity: a systematic review. Auris Nasus 
Larynx. 2021;48(1):32–40.

	22.	 Kumar R, Rathi H, Haq A, Wimalawansa SJ, Sharma A. Putative roles of 
vitamin D in modulating immune response and immunopathology 
associated with COVID-19. Virus Res. 2021;292:198235.

	23.	 Musavi H, Abazari O, Barartabar Z, Kalaki-Jouybari F, Hemmati-Dinarvand 
M, Esmaeili P, Mahjoub S. The benefits of Vitamin D in the COVID-19 
pandemic: biochemical and immunological mechanisms. Arch Physiol 
Biochem. 2020. https://​doi.​org/​10.​1080/​13813​455.​2020.​18265​30.

	24.	 Mercola J, Grant WB, Wagner CL. Evidence Regarding Vitamin D and Risk 
of COVID-19 and Its Severity. Nutrients. 2020;12(11):3361.

	25.	 Merzon E, Tworowski D, Gorohovski A, Vinker S, Golan Cohen A, Green I, 
Frenkel-Morgenstern M. Low plasma 25(OH) vitamin D level is associated 
with increased risk of COVID-19 infection: an Israeli population-based 
study. FEBS J. 2020;287(17):3693–702.

	26.	 Al-Daghri NM. Vitamin D in Saudi Arabia: prevalence, distribution and 
diseases associations. J Steroid Biochem Mol Biol. 2018;175:102–7.

	27.	 Al-Daghri NM, Al-Attas OS, Alokail MS, Alkharfy KM, El-Kholie E, Yousef 
M, Al-Othman A, Al-Saleh Y, Sabico S, Kumar S, Chrousos GP. Increased 
vitamin D supplementation recommended during summer season in 
the gulf region: a counterintuitive seasonal effect of vitamin D levels in 
adult, overweight and obese Middle-Eastern residents. Clin Endocrinol. 
2012;76(3):346–50.

	28.	 Al-Daghri NM, Al-Saleh Y, Aljohani N, Sulimani R, Al-Othman AM, Alfawaz 
H, Fouda M, Amri F, Shahrani A, Alharbi M, et al. Vitamin D status correc‑
tion in Saudi Arabia: an experts’ consensus under the auspices of the 
European Society for Clinical and Economic Aspects of Osteoporosis, 
Osteoarthritis, and Musculoskeletal Diseases (ESCEO). Arch Osteoporos. 
2017;12:1.

	29.	 Saudi Center for Disease Prevention and Control (Weqaya). Laboratory 
Diagnosis of COVID-19 in Suspected Cases. https://​covid​19.​cdc.​gov.​sa/​
profe​ssion​als-​health-​worke​rs/​labor​atory-​diagn​osis/ Accessed 4 Jan 2021

https://doi.org/10.1007/s40520-021-01831-0
https://doi.org/10.1080/13813455.2020.1826530
https://covid19.cdc.gov.sa/professionals-health-workers/laboratory-diagnosis/
https://covid19.cdc.gov.sa/professionals-health-workers/laboratory-diagnosis/


Page 8 of 8Al‑Daghri et al. J Transl Med          (2021) 19:166 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	30.	 Al Saleh Y, Beshyah SA, Hussein W, Almadani A, Hassoun A, Al Mamari 
A, Ba-Essa E, Al-Dhafiri E, Hassanein M, Fouda MA, et al. Diagnosis and 
management of vitamin D deficiency in the Gulf Cooperative Council 
(GCC) countries: an expert consensus summary statement from the GCC 
vitamin D advisory board. Arch Osteoporos. 2020;15:35.

	31.	 McNally JD, Leis K, Matheson LA, Karuananyake C, Sankaran K, Rosenberg 
AM. Vitamin D deficiency in young children with severe acute lower 
respiratory infection. Pediatr Pulmonol. 2009;44(10):981–8.

	32.	 Mamani M, Muceli N, Ghasemi Basir HR, Vasheghani M, Poorolajal J. 
Association between serum concentration of 25-hydroxyvitamin D and 
community-acquired pneumonia: a case-control study. Int J Gen Med. 
2017;10:423–9.

	33.	 Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using 
G*Power 3.1: tests for correlation and regression analyses. Behavior Res 
Methods. 2009;41:1149–60.

	34.	 Minakshi R, Padhan K, Rani M, Khan N, Ahmad F, Jameel S. The SARS 
Coronavirus 3a protein causes endoplasmic reticulum stress and induces 
ligand-independent downregulation of the type 1 interferon receptor. 
PLoS ONE. 2009;4:e8342.

	35.	 Jakovac H. COVID-19 and vitamin D-Is there a link and an opportunity for 
intervention? Am J Physiol Endocrinol Metab. 2020;318:E589.

	36.	 Khan N, Chen X, Geiger JD. Role of endolysosomes in severe acute res‑
piratory syndrome coronavirus-2 infection and coronavirus disease 2019 
pathogenesis: implications for potential treatments. Front Pharmacol. 
2020;11:595888.

	37.	 Xiao D, Li X, Su X, Mu D, Qu Y. Could SARS-CoV-2-induced lung injury be 
attenuated by vitamin D? Int J Infect Dis. 2021;102:196–202.

	38.	 Rafiullah M. Can a combination of AT1R antagonist and vitamin D treat 
the lung complication of COVID-19? Am J Med Sci. 2020;360(4):338–41.

	39.	 Malek Mahdavi A. A brief review of interplay between vitamin D and 
angiotensin-converting enzyme 2: implications for a potential treatment 
for COVID-19. Rev Med Virol. 2020;30(5):e2119.

	40.	 Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID-
19: immunity, inflammation and intervention. Nat Rev Immunol. 
2020;20(6):363–74.

	41.	 Tramontana F, Napoli N, El-Hajj Fuleihan G, Strollo R. The D-side of 
COVID-19: musculoskeletal benefits of vitamin D and beyond. Endocrine. 
2020;69(2):237–40.

	42.	 Jeffery LE, Burke F, Mura M, et al. 1,25-Dihydroxyvitamin D3 and IL-2 
combine to inhibit T cell production of inflammatory cytokines and 
promote development of regulatory T cells expressing CTLA-4 and FoxP3. 
J Immunol. 2009;183(9):5458–67.

	43.	 Hu X, Chen D, Wu L, He G, Ye W. Declined serum high density lipoprotein 
cholesterol is associated with the severity of COVID-19 infection. Clin 
Chim Acta. 2020;510:105–10.

	44.	 Sorokin AV, Karathanasis SK, Yang ZH, Freeman L, Kotani K, Remaley 
AT. COVID-19-Associated dyslipidemia: Implications for mechanism 
of impaired resolution and novel therapeutic approaches. FASEB J. 
2020;34(8):9843–53.

	45.	 Entrenas Castillo M, Entrenas Costa LM, Vaquero Barrios JM, Alcalá Díaz 
JF, López Miranda J, Bouillon R, Quesada Gomez JM. Effect of calcifediol 
treatment 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. J Steroid Biochem Mol 
Biol. 2020;203:105751.

	46.	 Annweiler G, Corvaisier M, Gautier J, Dubée V, Legrand E, Sacco G, 
Annweiler C. Vitamin D supplementation associated to better survival in 
hospitalized frail elderly COVID-19 patients: the GERIA-COVID quasi-
experimental study. Nutrients. 2020;12(11):3377.

	47.	 Bergman P. The link between vitamin D and COVID-19: distinguishing 
facts from fiction. J Intern Med. 2021;289(1):131–3.

	48.	 Lanham-New SA, Webb AR, Cashman KD, Buttriss JL, Fallowfield JL, 
Masud T, Hewison M, Mathers JC, Kiely M, Welch AA, Ward KA, Magee P, 
Darling AL, Hill TR, Greig C, Smith CP, Murphy R, Leyland S, Bouillon R, Ray 
S, Kohlmeier M. Vitamin D and SARS-CoV-2 virus/COVID-19 disease. BMJ 
Nutr Prev Health. 2020;3(1):106–10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Vitamin D status of Arab Gulf residents screened for SARS-CoV-2 and its association with COVID-19 infection: a multi-centre case–control study
	Abstract 
	Objectives: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Participants
	Anthropometry, blood collection and sample analysis
	Sample size calculations
	Data analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References




