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Abstract: Vitamin D has many effects on cells in the immune system. Many studies have linked low 

vitamin D status with severity of COVID-19. Genetic variants involved in vitamin D metabolism 

have been implicated as potential risk factors for severe COVID-19 outcomes. This study 

investigated how genetic variations in humans affected the clinical presentation of COVID-19. In 

total, 646 patients with SARS-CoV-2 infection were divided into two groups: noncritical COVID-19 

(n = 453; 70.12%) and a critical group (n = 193; 29.87%). Genotype data on the GC, NADSYN1, VDR, 

and CYP2R1 genes along with data on serum 25-hydroxyvitamin D levels were compiled in patients 

admitted to a major hospital in the United Arab Emirates between April 2020 and January 2021. We 

identified 12 single-nucleotide polymorphisms associated with the critical COVID-19 condition: 

rs59241277, rs113574864, rs182901986, rs60349934, and rs113876500; rs4944076, rs4944997, rs4944998, 

rs4944979, and rs10898210; and rs11574018 and rs11574024. We report significant associations between 

genetic determinants of vitamin D metabolism and COVID-19 severity in the UAE population. Further 

research needed to clarify the mechanism of action against viral infection in vitamin D deficiency. 

These variants could be used with vaccination to manage the spread of SARS-CoV-2 and could be 

particularly valuable in populations in which vitamin D deficiency is common. 
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1. Introduction 

In late 2019, the first cases of COVID-19, caused by the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), were reported in Wuhan, China [1]. Phenotypic 

heterogeneity has been observed in COVID-19 cases, with symptoms characterized as 

asymptomatic, mild, moderate, and severe, with evidence that the hyperinflammatory 

responses induced by SARS-CoV-2 are the major causes of disease severity and death [2]. 

In addition, several studies have shown that individuals with comorbidities, such as 

obesity, hypertension, type 2 diabetes, and cardiovascular diseases, are more susceptible 

to developing severe COVID-19 symptoms owing to an imbalance in the immune 

response and uncontrolled release of proinflammatory cytokines [3]. While worldwide 

vaccination efforts are still underway with unequal and mismatched rates among 

countries, efforts continue to be directed toward treatments, which aim to reduce the 

number of severe cases and deaths. 

One strategy to reduce severe COVID-19 symptoms relies on high-dose biological 

factors, vitamins, and trace elements, such as vitamin D, zinc, and selenium [4]. Vitamin 

D has been identified as an important molecule in attenuating the SARS-CoV-2 viral 

infection through binding to the vitamin D receptor (VDR) to control the immune 

response [5,6]. Moreover, vitamin D had been identified by novel genomics-guided 

tracing research as a promising candidate molecule through orchestrating the expression 

of immune-related genes with potential to reduce SARS-CoV-2 viral infection through 

binding to the VDR [7]. Specific variants in genes involved in vitamin D metabolism have 

been identified as potential risk factors for severe COVID-19 outcomes [8], but research in 

this area remains limited. 

We recently showed that severe vitamin D deficiency strongly correlated with 

COVID-19 severity and death among patients in the UAE [9]. Furthermore, genetic 

polymorphisms in the VDR gene affect the susceptibility to certain chronic diseases, such 

as diabetes and obesity [10]. Therefore, genetic variants in vitamin D metabolism and VDR 

genes could be important factors in determining COVID-19 disease severity and 

progression. This study aimed to examine the association of polymorphisms in VDR and 

other genes involved in vitamin D metabolism with COVID-19 disease outcome among 

the UAE population. 

2. Materials and Methods 

2.1. Participants and Collecting Samples 

A total of 646 participants who tested positive for SARS-CoV-2 by real-time PCR via 

nasopharyngeal swabs were recruited from the Sheikh Khalifa Medical City, quarantine 

area in Abu Dhabi, and Rashid Hospital, in Dubai, between April 2020 and January 2021. 

This study was approved by the Abu Dhabi Health COVID-19 Research Ethics Committee 

(DOH/DQD/2020/538), the Dubai Scientific Research Ethics Committee (DSREC-

04/2020_09), and the SEHA Research Ethics Committee (SEHA-IRB-005). Details about 

participant recruitment and data collection were outlined previously [9]. 

2.2. Collecting Demographic Data 

Clinical and demographic data were collected from participants and medical staff at 

the hospital and quarantine area. Participants were divided into two groups: noncritical 

patients (n = 453) and critical patients (n = 193). Noncritical illness was defined as 

nonhospitalized patients with asymptomatic to mild symptoms. Critical illness was 

defined as patients who have SpO2 <94% in room air at sea level, a ratio of arterial partial 

pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2) <300 mmHg, respiratory 

frequency >30 breaths/min, or lung infiltrates >50% that require hospital admission 

because of use of mechanical ventilation, supplemental oxygen therapy, progression to 

respiratory failure, and severe complications, such as septic shock or multiorgan failure. 

Among participants who reported a comorbidity, critical COVID-19 patients were more 
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likely to have had a previous diagnosis of cardiovascular disease (arrhythmias, congenital 

heart disease, coronary artery disease, deep vein thrombosis, myocardial infarction, 

cardiomyopathy; p < 0.001) or chronic lung disease (asthma, pneumonia, bronchitis, 

pneumothorax). 

2.3. DNA Extracting and Genotyping 

A total of 2 mL of blood was collected by a qualified nurse in an EDTA tube. Samples 

were transferred to the Khalifa University Center for Biotechnology’s laboratory for DNA 

extraction and genotyping. DNA was extracted according to the manufacturer’s 

instructions. DNA was quantified using a DS-11 Series spectrophotometer/fluorometer 

(DeNovix, Wilmington, Delaware, USA). Genotyping was performed using the Infinium 

Global Screening Array (Illumina, San Diego, CA, USA) according to the manufacturer’s 

protocol. The Infinium array contained 654,027 genetic markers. Genotypes were 

prephased and imputed using the Phase 3 1000 Genomes Projects panel, carried out with 

BEAGLE, using standard protocols and recommended settings. Post-imputation quality 

controls were conducted, and 9,175,654 variants passed filters. The locations of the 

following single-nucleotide polymorphisms (SNPs) were extracted: GC in chromosome 4, 

DHCR7/NADSYN1 in chromosome 11, VDR in chromosome 12, and CYP2R1 in 

chromosome 11. 

2.4. Measuring Serum 25(OH)D Levels 

A total of 2 mL of blood was collected by a qualified nurse in a gel tube to measure 

levels of total 25-hydroxyvitamin D [25(OH)D] with automated 

electrochemiluminescence (Elecsys 2010; Roche Diagnostics, GmbH, Mannheim, 

Germany). The detection limit of serum 25(OH)D was 4 ng/mL. The intra-assay coefficient 

of variation was 5%, and the interassay coefficient was 7.5%. 

2.5. Statistical Analysis 

Statistical analysis was conducted as a case–control panel, with controls 

characterized as noncritical symptoms and cases characterized as critical symptoms, using 

PLINK (version 1.9) and SPSS (version 16.0; SPSS, Chicago, Illinois, USA). Cross-

tabulation and chi-square test were used to evaluate the association between clinical 

severity of disease with symptomatology and risk factors. Genomewide association study 

(GWAS) screening was performed with the χ2 statistic. To control for population 

stratification, the first 10 eigenvectors were used in later adjustment analyses. The 

adjusted analysis corrected for age, sex, and population stratification. To assess the 

association of a given SNP with COVID-19 severity, the allelic frequencies were compared 

by means of a χ2 statistic, which yielded an individual p-value for each combination of 

SNP and genetic model. The p-values were not adjusted for multiple testing because of 

the explorative nature of the original GWAS. Haplotype analysis was performed to 

estimate the genetic contribution of haplotypes to COVID-19 severity, which can be more 

informative and powerful than the association of individual variants. 

3. Results 

Table 1 summarizes demographic data of the 646 participants, divided as described 

above. Critical COVID-19 patients were older (p < 0.001), with higher body mass index 

(BMI; kilograms per square meter of body surface area; p = 0.001), of Middle Eastern or 

Asian ethnicities (p = 0.004), and suffering from one or more comorbidities (p < 0.001). 

Male patients were not at higher risk of developing severe/critical disease than female 

patients (p = 0.22). Among participants who reported a comorbidity, critical COVID-19 

patients were more likely to have had a previous diagnosis of cardiovascular disease 

(arrhythmias, congenital heart disease, coronary artery disease, deep vein thrombosis, 
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myocardial infarction, cardiomyopathy; p < 0.001) or chronic lung disease (asthma, 

pneumonia, bronchitis, pneumothorax). 

Table 1. Demographics of study participants. 

Variable 
Noncritical, n = 453 

(%) 

Critical, n = 193 

(%) 
p 

Age   

<0.001 

<33 155 (34.2) 12 (6.2) 

34–43 138 (30.5) 31 (16.1) 

44–55 92 (20.3) 60 (31.1) 

>56 68 (15.0) 90 (46.6) 

Sex   

0.217 Male 305 (77.2) 70 (83.3) 

Female 90 (22.8) 14 (16.7) 

Body mass index (kg/m2 of body surface 

area) 
  

0.001 
<18.50 9 (2.3) 1 (0.5) 

18.51–24.90 115 (29.4) 38 (19.7) 

24.91–29.99 168 (43.0) 77 (39.9) 

>30.00 99 (25.3) 77 (39.9) 

Country of origin   

0.004 

Middle Eastern 40 (30.9) 80 (41.5) 

Asian 290 (64.0) 103 (53.4) 

African 18 (4.0) 3 (1.6) 

European 2 (0.4) 5 (2.6) 

American 3 (0.7) 2 (1.0) 

History of comorbid condition   

<0.001 No 263 (65.1) 75 (40.3) 

Yes 141 (34.9) 111 (59.7) 

Diabetes   

<0.001 No 279 (75.4) 78 (47.3) 

Yes 91 (24.6) 87 (52.7) 

Immunosuppressive condition   

0.20 No 250 (93.6) 117 (90.0) 

Yes 17 (6.4) 13 (10.0) 

Liver disease   

0.01 No 323 (99.4) 128 (96.2) 

Yes 2 (0.6) 5 (3.8) 

Metabolic disease   

<0.001 No 318 (95.8) 112 (83.0) 

Yes 14 (4.2) 23 (17.0) 

Neurological disorder   

0.03 No 320 (98.8) 126 (95.5) 

Yes 4 (1.2) 6 (4.5) 

Renal disease   

<0.001 No 312 (94.8) 111 (78.7) 

Yes 17 (5.2) 30 (21.3) 

Cardiac condition   
<0.001 

No 312 (91.5) 111 (76.0) 
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Yes 29 (8.5) 35 (24.0) 

Chronic lung condition   

<0.001 No 318 (97.2) 113 (86.3) 

Yes 9 (2.8) 18 (13.7) 

To investigate the association of 25(OH)D with risk of critical COVID-19 disease, 

serum 25(OH)D levels were measured  in  some participants (Table 2). After adjustment 

for age, sex, nationality, and BMI, critical COVID-19 patients were more likely to be 

severely vitamin D deficient (OR = 4.37 [95% CI, 2.06–9.29]; p < 0.001) than noncritical 

COVID-19 patients. 

Table 2. Association of 25(OH)D status with risk of critical COVID-19 disease. 

25(OH)D 

Status 

(ng/mL) 

Noncritical, n 

= 322 (%) 

Critical, n = 

155 (%) 
p 

Unadjusted 

OR (95% CI) 
p 

Adjusted OR 

(95% CI) 
p 

Normal (>20) 90 (28.0) 56 (36.1) 

0.02 

1.00  1.00  

Deficient (<20) 142 (44.1) 47 (30.3) 
0.54  

(0.35–0.89) 
0.008 

1.28  

(0.62–2.65) 
0.49 

Severely 

deficient (<12) 
90 (28.0) 52 (33.5) 

0.95  

(0.59–1.51) 
0.93 

4.37  

(2.06–9.29) 
<0.001 

To further investigate genetic effects between COVID-19 phenotype and vitamin D, 

all SNPs (total of 578) located in the GC gene (chromosome 4, 72607410–72671237; 168 

SNPs), DHCR7/NADSYN1 (chromosome 11, 71164249–71212862; 230 SNPs), VDR 

(chromosome 12, 48235320–48298777; 154 SNPs), and CYP2R1 (chromosome 11, 

14898986–14913777; 9 SNPs) were extracted. Those SNPs are involved in synthesis, 

transport, and metabolism of vitamin D and the VDR. The COVID-19 phenotype was 

dichotomously classified into the critical group (n = 453) and the noncritical group (n = 

193). Imputation in this multiancestry cohort was performed to increase power. Thus, 

SNPs included in the dataset were imputed SNPs and tag SNPs. Table 3 shows the top 

five SNPs significant for each gene, and the remaining SNPs are listed in Supplementary 

Table S1. Supplementary Table S2 includes the genotype data and genetic model, whereas 

Supplementary Table S3 includes the haplotype association model. 

Table 3. Association of analyzed genotypes with risk of critical COVID-19 disease. 

Gene SNP Genotype 
Noncritical, 

n = 453 (%) 

Critical, n = 

193 (%) 

Genetic 

Model 

Unadjusted 

OR (95% CI) 
p 

Adjusted OR 

(95% CI) 
p 

GC 

rs59241277 

AA 

AG 

GG 

363 (80.1) 

86 (19.0) 

4 (0.9) 

174 (90.2) 

18 (9.3) 

1 (0.5) 

AA vs. 

AG + GG 

0.47  

(0.28–0.77) 
0.003 

0.43  

(0.24–0.77) 
0.005 

rs113574864 

CC 

CT 

TT 

350 (77.3) 

96 (21.2) 

7 (1.5) 

168 (87.0) 

23 (11.9) 

2 (1.1) 

CC vs. CT 

+ TT 

0.47  

(0.29–078) 
0.003 

0.43  

(0.24–0.78) 
0.005 

rs182901986 

GG 

GA 

AA 

354 (78.1) 

93 (20.5) 

6 (1.3) 

171 (88.6) 

20 (10.4) 

2 (1.0) 

GG vs. GA 

+ AA 

0.50  

(0.31–0.80) 
0.003 

0.49  

(0.29–0.84) 
0.01 

rs60349934 

TT 

TC 

CC 

359 (79.2) 

91 (20.1) 

3 (0.7) 

170 (88.1) 

22 (11.4) 

1 (0.5) 

TT vs. TC 

+ CC 

0.55  

(0.34–0.87) 
0.011 

0.50  

(0.28–0.86) 
0.01 

rs113876500 
GG 

GT 

350 (77.3) 

96 (21.2) 

168 (87.1) 

23 (11.9) 

GG vs. GT 

+ TT 

0.54  

(0.35–0.84) 
0.006 

0.53  

(0.31–0.88) 
0.02 
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TT 7 (1.5) 2 (1.0) 

NADSYN1 

rs4944076 

AA 

AG 

GG 

148 (32.7) 

198 (43.7) 

107 (23.6) 

78 (40.4) 

93 (48.2) 

22 (11.4) 

AA vs. 

AG + GG 

0.66  

(0.51–0.84) 
0.001 

0.66  

(0.49–0.90) 
0.008 

rs4944997 

GG 

GA 

AA 

144 (31.8) 

199 (43.9) 

110 (24.3) 

73 (37.8) 

95 (49.2) 

25 (13.0) 

GG vs. GA 

+ AA 

0.69 

(0.54–0.89) 
0.004 

0.69  

(0.51–0.93) 
0.02 

rs4944998 

GG 

GC 

CC 

144 (31.8) 

200 (44.2) 

109 (24.1) 

73 (37.8) 

95 (49.2) 

25 (13.0) 

GG vs. GC 

+ CC 

0.70  

(0.55–0.89) 
0.004 

0.70  

(0.51–0.94) 
0.02 

rs4944979 

GG 

GT 

TT 

146 (32.2) 

197 (43.5) 

110 (24.3) 

74 (38.3) 

94 (48.7) 

25 (13.0) 

GG vs. GT 

+ TT 

0.69  

(0.54–0.89) 
0.004 

0.70  

(0.52–0.94) 
0.02 

rs10898210 

AA 

AG 

GG 

157 (34.7) 

196 (45.2) 

100 (22.1) 

85 (44.0) 

87 (45.1) 

21 (10.9) 

AA vs. 

AG + GG 

0.64  

(0.50–0.82) 
0.0005 

0.67  

(0.50–0.90) 
0.009 

VDR 

rs11574018 

TT 

TC 

CC 

438 (96.7) 

15 (3.3) 

0 (0.0) 

192 (99.5) 

1 (0.5) 

0 (0.0) 

TT vs. TC 

+ CC 

0.15 

(0.02–1.17) 
0.051 

0.10  

(0.01–0.86) 
0.04 

rs11574024 

GG 

GT 

TT 

440 (97.1) 

13 (2.9) 

0 (0.0) 

190 (98.4) 

3 (1.6) 

0 (0.0) 

GG vs. GT 

+ TT 

0.53  

(0.15–1.89) 
0.328 

0.20  

(0.04–0.91) 
0.04 

rs116886958 

CC 

CA 

AA 

428 (94.5) 

25 (5.5) 

0 (0.0) 

187 (96.9) 

6 (3.1) 

0 (0.0) 

CC vs. CA 

+ AA 

0.55  

(0.22–1.36) 
0.195 

0.37  

(0.13–1.04) 
0.06 

rs10875694 

TT 

TA 

AA 

359 (79.2) 

90 (19.9) 

4 (0.9) 

158 (81.9) 

32 (16.6) 

3 (1.6) 

TT vs. TA 

+ AA 

0.90  

(0.60–1.33) 
0.602 

0.63  

(0.13–1.02) 
0.06 

rs2239181 

AA 

AC 

CC 

429 (94.7) 

24 (5.3) 

0 (0.0) 

176 (91.2) 

15 (7.8) 

2 (1.0) 

AA + AC 

vs. CC 

1.00  

(0.71–1.41) 
0.996 

1.44  

(0.95–2.18) 
0.08 

CYP2R1 

rs11023373 

GG 

GC 

CC 

426 (94.0) 

23 (5.1) 

4 (0.9) 

188 (97.4) 

5 (2.6) 

0 (0.0) 

GG vs. GC 

+ CC 

0.37  

(0.14–0.95) 
0.034 

0.39  

(0.13–1.15) 
0.09 

rs11023374 

TT 

TC 

CC 

284 (62.7) 

147 (32.5) 

22 (4.9) 

130 (67.4) 

55 (28.5) 

8 (4.1) 

TT vs. TC 

+ CC 

0.84  

(0.62–1.14) 
0.271 

0.73  

(0.51–1.05) 
0.09 

rs10500804 

TT 

TG 

GG 

165 (36.4) 

209 (46.1) 

79 (17.4) 

78 (40.4) 

83 (43.0) 

32 (16.6) 

TT vs. TG 

+ GG 

0.90  

(0.70–1.15) 
0.415 

0.83  

(0.61–1.11) 
0.22 

rs1993116 

GG 

GA 

AA 

192 (42.4) 

205 (45.3) 

56 (12.4) 

75 (38.9) 

91 (47.2) 

27 (14.0) 

GG + GA 

vs. AA 

1.11  

(0.87–1.43) 
0.377 

1.24  

(0.92–1.69) 
0.15 

rs7935792 

AA 

AC 

CC 

362 (79.9) 

84 (18.5) 

7 (1.5) 

157 (81.3) 

33 (17.1) 

3 (1.6) 

AA vs. AC 

+ CC 

0.92  

(0.62–1.37) 
0.703 

1.00  

(0.61–1.65) 
0.99 

An additive (dominant) genetic model was applied for the genetic model where the homozygous genotype of the more 

frequent allele was compared with the heterozygous genotype and homozygous genotype of the less frequent allele. 

Adjusted for age, sex, population stratification; OR = odds ratio; SNP = single-nucleotide polymorphism. Data are 

presented as frequencies (%) and OR (95% CI); p < 0.05 considered significant (shown in boldface). 
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Specific SNPs located in the genes GC, DHCR7/NADSYN1, and VDR were associated 

with the critical COVID-19 condition among patients. However, no SNPs examined in 

gene CYP2R1 were associated with risk of critical COVID-19 condition. For gene GC, the 

AA genotype in SNP rs59241277 (p = 0.005), CC genotype in SNP rs113574864 (p = 0.005), 

GG genotype in SNP rs182901986 (p = 0.01), TT genotype in SNP rs60349934 (p = 0.01), and 

GG genotype in SNP rs113876500 (p = 0.02) were associated with the critical COVID-19 

condition. For gene DHCR7/NADSYN1, AA genotype in SNP rs4944076 (p = 0.008), GG 

genotype in SNP rs4944997 (p = 0.02), GG genotype in SNP rs4944998 (p = 0.02), GG 

genotype in SNP rs4944979 (p = 0.02), and AA genotype in SNP rs10898210 (p = 0.009) were 

similarly associated with severity, whereas for gene VDR, TT genotype in SNP rs11574018 

(p = 0.04) and GG genotype in SNP rs11574024 (p = 0.04) were significant. 

As shown in Supplementary Table S1, 20 blocks are incorporated within the four 

genomic regions: GC, DHCR7/NADSYN1, CYP2R1, and VDR. The following haplotype 

windows (Supplementary Table S3) were associated with the critical COVID-19 condition 

among patients: VDR gene (block 7 [p = 0.01], block 10 [p = 0.04]), DHCR7/NADSYN1 gene 

(block 11 [p = 0.03]), and GC gene (block 15 [p = 0.003; p = 0.0004], block 16 [p = 0.003; p = 

0.003], block 17 [p = 0.003], block 18 [p = 0.003; p = 0.03], block 19 [p = 0.02], block 20 [p = 

0.004; p = 0.002]). 

4. Discussion

To the best of our knowledge, this study is the first to examine the contribution of 

genetic variants of vitamin D metabolism to COVID-19 disease severity. Specifically, 

25(OH)D levels, which reflect vitamin D status in the body, were measured in a cohort of 

patients who tested positive for SARS-CoV-2 in the UAE. With 63% of critical patients 

having deficient or severely deficient vitamin D levels, the plausible association with 

severity of viral infections was examined. These findings also accord with findings 

associating lower vitamin D levels (<12 ng/mL) with increased risk of critical COVID-19 

condition [9]. Specific variants in genes involved in vitamin D metabolism have been 

proposed as potential risk factors for severe COVID-19 outcomes [11], but specific 

research in this context remain limited. In this study, we analyzed several variants in the 

loci near protein-coding genes involved in the vitamin D pathway in a cohort of SARS-

CoV-2-positive patients from the UAE population to investigate the possible association 

with COVID-19 disease severity. The data presented here indicated a significant 

correlation between specific variants of the GC, VDR, and DHCR7/NADSYN1 genes and 

susceptibility to severe COVID-19 infection. 

The results showed that being older, having higher BMI, and the presence of one or 

more comorbidities were important risk factors for developing a critical COVID-19 

condition among SARS-CoV-2-positive patients. These findings are consistent with 

previously reported data regarding COVID-19 susceptibility and risk factors from several 

populations [12,13]. Moreover, severe vitamin D deficiency was an independent risk 

factor for the critical condition, in accordance with previous reports [14–16]. 

Genotype data were analyzed in relation to patients’ vitamin D levels, revealing the 

involvement of vitamin D homeostasis and its metabolic pathway in influencing 

susceptibility to severe COVID-19 disease. These genotypic differences in COVID-19 

disease outcome could be attributed to vitamin D’s role in host immunity against SARS-

CoV-2 or other viral infections [17,18]. 

The results here also highlighted the genetic contribution of specific haplotypes for 

VDR, DHCR7/NADSYN1, and GC genes to COVID-19 critical condition, emphasizing the 

importance of genotypic variations in determining disease severity in populations. For 

example, the AA genotype in SNP rs59241277, CC genotype in SNP rs113574864, GG 

genotype in SNP rs182901986, TT genotype in SNP rs60349934, and GG genotype in SNP 

rs113876500 in gene GC were associated with critical COVID-19 condition. The AA 

genotype in SNP rs4944076, GG genotype in SNP rs4944997, GG genotype in SNP 

rs4944998, GG genotype in SNP rs4944979, and AA genotype in SNP rs10898210 in 
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DHCR7/NADSYN1 gene were similarly associated with severity, whereas for gene VDR, 

the TT genotype in SNP rs11574018 and GG genotype in SNP rs11574024 were significant. 

A recent study by Kotur and colleagues (2021) reported a significant association 

between specific genetic variants of DHCR7/NADSYN1 rs12785878, GC rs2282679, 

CYP2R1 rs10741657, and VDR rs2228570 and severe clinical outcomes among Serbian 

adults but not among pediatric patients [8]. The findings in this study are consistent with 

results of their study, though in this study no significant correlation was evident between 

COVID-19 clinical conditions and CYP2R1 genetic variants. 

AlSafar and colleagues (2021) recently reported that severe vitamin D deficiency 

strongly correlated with COVID-19 severity and death among the UAE population [9]. 

Furthermore, several studies have shown that genetic polymorphisms in the VDR gene 

affect susceptibility to certain chronic diseases, such as diabetes and obesity [10]. Our 

group investigated the association of genetic variants within VDR and other genes 

important in vitamin D metabolism with type 2 diabetes among Emiratis and concluded 

that a strong association existed with risk of disease for specific variants [19,20]. In a 

similar context, we showed the implications of such genetic variants in susceptibility to 

obesity among young Arabs in the UAE [21]. Thus, exploring the relation of genetic 

variants involved in vitamin D metabolism and COVID-19 severity is worth considering 

and might offer population-based tools to identify individuals at greater risk of 

developing severe disease outcomes. Such strategies, which depend on functional 

polymorphism, could lead to implementing future protective measures in conjunction 

with vaccination [4,5,8]. 

A study that examined the effect of GC genetic variability in 913 infants on 25(OH)D 

concentrations and the response to supplementation demonstrated that vitamin-D-binding 

protein (DBP) polymorphisms affected the efficacy of vitamin D supplementation and 

vitamin D status [22]. In addition, similar studies highlighted the role of GC genotypic 

variation in determining the efficacy of vitamin D supplementation in pregnant women [23]. 

Physiologically, DBP can play an important role in determining vitamin D status by 

controlling levels of both total and free vitamin D metabolites. DBP is extremely 

polymorphic, with variants exhibiting differences in biological function and being 

associated with several pathophysiological conditions, including susceptibility to viral 

infections such as hepatitis C [24–26]. A study by Batur and Hekim (2019) evaluated the 

link between polymorphisms of the DBP-encoding gene GC at specific loci and COVID-

19 positivity/death among several populations across 10 countries. The findings revealed 

a protective effect for the TT genotype at the rs7041 locus and a susceptibility risk effect 

for the GT genotype (p < 0.05) at the same locus among all populations. The results 

suggested an important role for the genetic variants of GC in explaining disparities in the 

prevalence of COVID-19 infection and its mortality rates in the context of vitamin D 

metabolism [27]. 

Several cytochrome P450 enzymes are involved in vitamin D metabolism. CYP2R1 is 

one of those enzymes that play a key role in vitamin D hydroxylation [28]. Several 

researchers have evaluated the relation between genetic variants of CYP2R1 and vitamin 

D status among populations and have concluded that a robust correlation existed between 

specific polymorphisms on SNPs (rs10766197 and rs10741657) and risk of vitamin D 

deficiency [29,30]. Interestingly, knockout experiments in mice showed that CYP2R1 

activity on vitamin D hydroxylation could be compensated for by another unidentified 

enzyme [31]. 

One study of the Arabian and South Asian populations in Kuwait showed that 

CYP2R1 SNPs (rs10500804 and rs12794714) were significantly correlated with serum 

25(OH)D levels among the Arabian group but not among the South Asians [32]. That 

finding is in agreement with findings from this study because the population in our 

investigation consisted predominantly of South Asians, not Arabs (290 individuals from 

South Asia, 40 Arabs, and 23 from other ethnicities). Further research on the ethnicities of 

the UAE population with a good sample size is thus needed to yield a broad picture about 
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the implications of genetic determinants of CYP2R1 on vitamin D status and before 

generalizing findings to all races and ethnicities in the UAE population. 

To the best of our knowledge, this study is the first to evaluate the contribution of genetic 

variants of vitamin D metabolism to COVID-19 disease severity in the context of 25(OH)D 

levels among a cohort of patients who tested positive for SARS-CoV-2 in the UAE. Our 

findings could pave the way for future investigations aiming to examine the potential role of 

variants of vitamin-D-related genes in altering not only COVID-19 disease outcome and 

transmission in this population but also response to vaccination on the basis of vitamin D 

status and immune responses. Results could be projected to guide future innovative and 

unique modeling with other viral respiratory diseases by using a personalized genotype-

based approach that could be particularly valuable for multiethnic populations. 

Despite the strengths of our study, some limitations should be acknowledged. The 

association between the genetic polymorphism of the genes studied and mortality was 

not investigated because of the few deaths in the study. A larger sample size, which 

affords the opportunity to examine death as an endpoint, could offer more insights into 

the relation between the genetic determinants of vitamin D status and the death arising 

from SARS-CoV-2 infection. Moreover, some socioeconomic data were not available to 

explore the effect of UVB exposure, clothing habits, and dietary vitamin D intake on the 

contribution of polymorphisms to 25(OH)D concentrations and course of COVID-19. The 

vitamin D status of participants could have been affected by the use of supplements, but 

that information was not recorded. In addition, the analytical methods for measuring 

vitamin D in this study could affect the reading, and therefore, it is suggested that they 

should be evaluated using LC-MS/MS [33]. 

5. Conclusions

The findings described here showed that variability in the genetic determinants of 

vitamin D bioavailability and metabolism could play a role in modulating COVID-19 

outcome among affected people in the UAE. These preliminary results could pave the way 

for future investigations about the role of vitamin D status and supplementation in 

conjunction with genotypic profile in reducing the severity of COVID-19 and risk of 

infection. The implications of our research could also be informative for improving 

treatment options by identifying individuals at risk of developing more severe outcomes 

after infection on the basis of a personalized genetic profile, which could complement the 

vaccination and vitamin D supplementation approach for improving assessment of 

treatment. Larger studies and randomized clinical trials are warranted to fully decipher 

the link between vitamin D homeostasis and genetic determinants and COVID-19 severity 

among the multiethnic UAE population. 

Supplementary Materials: The following are available online at 

www.mdpi.com/article/10.3390/nu13113680/s1, Table S1: Unadjusted and adjusted (corrected for 

age, gender and 10 PCAs for population stratification) values of all the SNPs located in 

gene GC (Chr. 4: 72607410-72671237; 168 SNPs), NADSYN1 (Chr. 11: 71164249-71212862; 230 

SNPs), VDR (Chr. 12: 48235320-48298777; 154 SNPs) and CYP2R1 (Chr. 11: 14898986-14913777; 9 

SNPs). OR=Odds Ratio; P = p-value. , Table S2: Genotyping count of the total SNPs located in 

gene GC (Chr. 4: 72607410-72671237; 168 SNPs), NADSYN1 (Chr. 11: 71164249-71212862; 230 

SNPs), VDR (Chr. 12: 48235320-48298777; 154 SNPs) and CYP2R1 (Chr. 11: 14898986-14913777; 9 

SNPs).Table S3: Haplotype block composed by the SNPs located in gene GC (Chr. 4: 72607410-

72671237; 168 SNPs), NADSYN1 (Chr. 11: 71164249-71212862; 230 SNPs), VDR (Chr. 12: 48235320-

48298777; 154 SNPs) and CYP2R1 (Chr. 11: 14898986-14913777; 9 SNPs). 

Author Contributions: F.A.-A. and H.A.: conceptualization, project administration, data analysis 

and interpretation, writing of original draft. M.M., Z.A. and L.A.-W.: conceptualization, 

project administration, writing and editing. S.N.K. and W.B.G.: conceptualization, writing and 

editing. N.A.: writing (review and editing). M.U.: data collection and review. B.M.: writing 

(review and editing). G.K.T.: writing (review and editing). All authors have read and agreed to 

the published version of the manuscript.



Nutrients 2021, 13, 3680 10 of 11 

Funding: The project was funded by internal funds provided by Khalifa University awarded to Dr. 

H.A (CPRA-2020-004). and by the special grant R20104 to support the country’s effort in COVID-

19-related research awarded by Zayed University, Research Office, United Arab Emirates to F.A.

The funding body was not involved in the design of the study and collection, analysis, and

interpretation of data or in writing the manuscript.

Institutional Review Board Statement: The study was conducted according to the guidelines of the 

Declaration of Helsinki and approved by Abu Dhabi Health COVID-19 Research Ethics Committee 

(DOH/DQD/2020/538), the Dubai Scientific Research Ethics Committee (DSREC-04/2020_09), and 

the SEHA Research Ethics Committee (SEHA-IRB-005). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: Data are available on request from the first and corresponding authors. 

Acknowledgments: We thank the participants of the study for their generosity in providing 

samples to advance our understanding of SARS-CoV-2 infection. We acknowledge the assistance of 

the health care workers at the front line of the COVID-19 pandemic, without whose assistance this 

study would not have been possible. We are also grateful to Hussein Kannout, who helped process 

samples in the laboratory 

Conflicts of Interest: W.B.G. received funding from Bio-Tech Pharmacal Inc. (Fayetteville, AR, 

USA). All other authors declare that they have no competing interests. 

References 

1. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on 7 of April 2021).

2. Del Valle, D.M.; Kim-Schulze, S.; Huang, H.-H.; Beckmann, N.D.; Nirenberg, S.; Wang, B.; Lavin, Y.; Swartz, T.H.; Madduri, D.;

Stock, A.; et al. An inflammatory cytokine signature predicts COVID-19 severity and survival. Nat. Med. 2020, 26, 1636–1643.

3. de Lucena, T.M.C.; da Silva Santos, A.F.; de Lima, B.R.; de Albuquerque Borborema, M.E.; de Azevêdo Silva, J. Mechanism of

inflammatory response in associated comorbidities in COVID-19. Diabetes Metab. Syndr. : Clin. Res. Rev. 2020, 14, 597–600.

4. Gasmi, A.; Tippairote, T.; Mujawdiya, P.K.; Peana, M.; Menzel, A.; Dadar, M.; Gasmi Benahmed, A.; Bjørklund, G.

Micronutrients as immunomodulatory tools for COVID-19 management. Clin. Immunol. 2020, 220, 108545.

5. Evans, R.M.; Lippman, S.M. Shining Light on the COVID-19 Pandemic: A Vitamin D Receptor Checkpoint in Defense of

Unregulated Wound Healing. Cell Metab. 2020, 32, 704–709.

6. Luciani, F.; Caroleo, M.C.; Cannataro, R.; Mirra, D.; D’Agostino, B.; Gallelli, L.; Cione, E. Immunological Response to SARS-

CoV-2 Is Sustained by Vitamin D: A Case Presentation of One-Year Follow-Up. Reports 2021, 4, 18.

7. Glinsky, G.V. Tripartite Combination of Candidate Pandemic Mitigation Agents: Vitamin, D.; Quercetin, and Estradiol Manifest

Properties of Medicinal Agents for Targeted Mitigation of the COVID-19 Pandemic Defined by Genomics-Guided Tracing of

SARS-CoV-2 Targets in Human Cells. Biomedicines 2020, 8, 129.

8. Kotur, N.; Skakic, A.; Klaassen, K.; Gasic, V.; Zukic, B.; Skodric-Trifunovic, V.; Stjepanovic, M.; Zivkovic, Z.; Ostojic, O.;

Stevanovic, G.; et al. Association of Vitamin, D, Zinc and Selenium Related Genetic Variants With COVID-19 Disease Severity.

Front. Nutr. 2021, 8, 289.

9. AlSafar, H.; Grant, W.B.; Hijazi, R.; Uddin, M.; Alkaabi, N.; Tay, G.; Mahboub, B.; Al Anouti F: COVID-19 disease severity and

death in relation to vitamin D status among SARS-CoV-2-positive UAE residents. Nutrients 2021, 13, 1714.

10. Rahmadhani, R.; Zaharan, N.L.; Mohamed, Z.; Moy, F.M.; Jalaludin, M.Y. The associations between VDR BsmI polymorphisms

and risk of vitamin D deficiency, obesity and insulin resistance in adolescents residing in a tropical country. PLoS ONE 2017,

12, e0178695.

11. Di Maria, E.; Latini, A.; Borgiani, P.; Novelli G: Genetic variants of the human host influencing the coronavirus-associated

phenotypes (SARS, MERS and COVID-19): Rapid systematic review and field synopsis. Hum. Genom. 2020, 14, 30.

12. Weiss, P.; Murdoch, D.R. Clinical course and mortality risk of severe COVID-19. Lancet 2020, 395, 1014–1015.

13. Sattar, N.; McInnes, I.B.; McMurray, J.J. Obesity is a risk factor for severe COVID-19 infection: Multiple potential mechanisms.

Circulation 2020, 142, 4–6.

14. Castillo, M.E.; Costa, L.M.E.; Barrios, J.M.V.; Díaz, J.F.A.; Miranda, J.L.; Bouillon, R.; Gomez, J.M.Q. 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.

15. Charoenngam, N.; Shirvani, A.; Reddy, N.; Vodopivec, D.M.; Apovian, C.M.; Holick, M.F. Association of Vitamin D Status with

Hospital Morbidity and Mortality in adult hospitalized patients with COVID-19. Endocr. Pract. 2021, 27, 271–278.

16. Mercola, J.; Grant, W.B.; Wagner, C.L. Evidence regarding vitamin D and risk of COVID-19 and its severity. Nutrients 2020, 12, 3361.

17. Grant, W.B.; Lahore, H.; McDonnell, S.L.; Baggerly, C.A.; French, C.B.; Aliano, J.L.; Bhattoa, H.P. Evidence that vitamin D

supplementation could reduce risk of influenza and COVID-19 infections and deaths. Nutrients 2020, 12, 988.

18. Hossein-Nezhad, A.; Spira, A.; Holick, M.F. Influence of vitamin D status and vitamin D3 supplementation on genome wide

expression of white blood cells: A randomized double-blind clinical trial. PLoS ONE 2013, 8, e58725.



Nutrients 2021, 13, 3680 11 of 11 
 

 

19. Al Anouti, F.; Chehadeh, S.E.H.; Osman, E.; ElGhazali, G.; Al Safar H: Investigating the association of vitamin D metabolism 

genes CYP2R1, CYP24A1 and CYP27B1 with vitamin D status in young adult Emiratis. J. Food Nutr. Res. 2017, 5, 15–21. 

20. Al Safar, H.; Chehadeh, S.E.H.; Abdel-Wareth, L.; Haq, A.; Jelinek, H.F.; ElGhazali, G.; Al Anouti F: Vitamin D receptor gene 

polymorphisms among Emirati patients with type 2 diabetes mellitus. J. Steroid Biochem. Mol. Biol. 2018, 175, 119–124. 

21. Chehadeh, S.E.H.; Osman, W.; Nazar, S.; Jerman, L.; Alghafri, A.; Sajwani, A.; Alawlaqi, M.; AlObeidli, M.; Jelinek, H.F.; 

AlAnouti, F. Implication of genetic variants in overweight and obesity susceptibility among the young Arab population of the 

United Arab Emirates. Gene 2020, 739, 144509. 

22. Enlund-Cerullo, M.; Koljonen, L.; Holmlund-Suila, E.; Hauta-alus, H.; Rosendahl, J.; Valkama, S.; Helve, O.; Hytinantti, T.; 

Viljakainen, H.; Andersson, S.; et al. Genetic Variation of the Vitamin D Binding Protein Affects Vitamin D Status and Response 

to Supplementation in Infants. J. Clin. Endocrinol. Metab. 2019, 104, 5483–5498. 

23. Zhao, X.; Hu, Y.; Wang, R.; Mao, D.; Chen, J.; Zhang, H.; Shan, X.; Yang, L. Relationship between rs7041 polymorphism of GC 

gene and serum vitamin D status in Chinese women of childbearing age. Wei Sheng Yan Jiu= J. Hyg. Res. 2021, 50, 192–209. 

24. Xie, Z.; Wang, X.; Bikle, D.D. Vitamin D Binding Protein, Total and Free Vitamin D Levels in Different Physiological and 

Pathophysiological Conditions. Front. Endocrinol. 2020, 11, 40. 

25. Jolliffe, D.A.; Greiller, C.L.; Mein, C.A.; Hoti, M.; Bakhsoliani, E.; Telcian, A.G.; Simpson, A.; Barnes, N.C.; Curtin, J.A.; Custovic, 

A. Vitamin D receptor genotype influences risk of upper respiratory infection. Br. J. Nutr. 2018, 120, 891–900. 

26. McNally, J.D.; Sampson, M.; Matheson, L.A.; Hutton, B.; Little, J. Vitamin D receptor (VDR) polymorphisms and severe RSV 

bronchiolitis: A systematic review and meta-analysis. Pediatric Pulmonol. 2014, 49, 790–799. 

27. Karcioglu Batur, L.; Hekim, N. The role of DBP gene polymorphisms in the prevalence of new coronavirus disease 2019 infection 

and mortality rate. J. Med Virol. 2021, 93, 1409–1413. 

28. Holick, M. Vitamin D: Photobiology, metabolism, and clinical application. Endocrinology 1995, 990.-1013 

29. Ahn, J.; Yu, K.; Stolzenberg-Solomon, R.; Simon, K.C.; McCullough, M.L.; Gallicchio, L.; Jacobs, E.J.; Ascherio, A.; Helzlsouer, 

K.; Jacobs, K.B. Genome-wide association study of circulating vitamin D levels. Hum. Mol. Genet. 2010, 19, 2739–2745. 

30. Bouillon, R. Genetic and environmental determinants of vitamin D status. Lancet 2010, 376, 148–149. 

31. Zhu, J.G.; Ochalek, J.T.; Kaufmann, M.; Jones, G.; DeLuca, H.F. CYP2R1 is a major, but not exclusive, contributor to 25-

hydroxyvitamin D production in vivo. Proc. Natl. Acad. Sci. USA 2013, 110, 15650–15655. 

32. Elkum, N.; Alkayal, F.; Noronha, F.; Ali, M.M.; Melhem, M.; Al-Arouj, M.; Bennakhi, A.; Behbehani, K.; Alsmadi, O.; Abubaker, 

J. Vitamin D insufficiency in Arabs and South Asians positively associates with polymorphisms in GC and CYP2R1 genes. PLoS 

ONE 2014, 9, e113102. 

33. Gallelli, L.; Michniewicz, A.; Cione, E.; Squillace, A.; Colosimo, M.; Pelaia, C.; Fazio, A.; Zampogna, S.; Peltrone, F.; Iannacchero, 

R. 25-Hydroxy Vitamin D detection using different analytic methods in patients with migraine. J. Clin. Med. 2019, 8, 895. 


