
1/11Braz. J. Biol., 2025, vol. 85, e297127  |  https://doi.org/10.1590/1519-6984.297127

Original Article

THE INTERNATIONAL JOURNAL ON NEOTROPICAL BIOLOGY
THE INTERNATIONAL JOURNAL ON GLOBAL BIODIVERSITY AND ENVIRONMENT

ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

This is an Open Access article distributed under the terms of the Creative Commons Attribution license (https://creativecommons.org/
licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Introduction

The COVID-19 outbreak, declared a pandemic by the 
WHO in March 2020, has resulted in over 6.9 million 
deaths as of November 2023 (Mahase, 2020; WHO, 2019). 
The disease exhibits a wide ranging from asymptomatic 
to critical illness, including pneumonia, acute respiratory 
distress syndrome (ARDS), and multi-organ failure, often 

linked to the “cytokine storm” (Alhazzani  et  al., 2020; 
Xie and Chen, 2020). Factors such as viral load, host 
characteristics (age, sex, comorbidities, and genetics), 
ventilatory response, and timing of diagnosis influence 
disease outcomes (Alhazzani et al., 2020; Xie and Chen, 
2020; Gattinoni et al., 2020; Figueroa-Pizano et al., 2021).
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Resumo
A diabetes mellitus é um problema global de saúde pública e, no início da pandemia de COVID-19, foi identificada 
como um fator de risco associado a alta morbidade e mortalidade em casos de infecção respiratória aguda causada 
pelo coronavírus SARS-CoV-2. Este estudo investigou variantes genéticas em pacientes diabéticos com COVID-19 por 
meio de uma análise sistemática das bases de dados PubMed/NCBI, EMBASE, Web of Science, SCOPUS e Biblioteca 
Virtual em Saúde, com o protocolo registrado na plataforma PROSPERO (número de registro CRD42020181311). 
Quinze variantes genéticas foram associadas a cinco genes específicos em pacientes diabéticos sintomáticos com 
COVID-19. Em modelos de herança, indivíduos diabéticos portadores do genótipo heterozigoto TC (VDR rs4516035) 
apresentaram probabilidade de10 a 15 vezes maior de apresentar COVID-19 sintomático. A análise da interação 
proteína-proteína (IPP) mostrou que as proteínas ECA, ECA2, IL-6 e IL-17 apresentaram fortes interações previstas 
entre si, bem como com a insulina e a protease TMPRSS2. As limitações incluem o pequeno número de estudos 
elegíveis, a heterogeneidade nas populações e as definições de desfechos. Esses achados preliminares destacam a 
necessidade de estudos adicionais para melhor compreender a relação entre as variantes genéticas identificadas 
e a progressão da COVID-19 em pacientes diabéticos.
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restrictions were applied. The inclusion and exclusion 
criteria, based on the Patient, Exposure, Comparators, 
Outcome, and Study Design (PECOS) method, are described 
in S2 Supplementary material. Studies without full texts 
and/or suspected of data duplication were excluded. 
Complications and deaths associated with COVID-19 were 
considered secondary outcomes and were recorded only 
when explicitly reported in the included studies, rather than 
being actively searched for during the literature review.

2.3. Study selection and data extraction

Two authors (LCS, KdFS) independently selected the 
studies and extracted the data, resolving disagreement 
through consensus or, if necessary, with the third reviewer 
(RdSS). All studies were imported to the Rayyan® platform 
to optimize the selection process, with duplicates removed 
during the initial screening (Ouzzani et al., 2016). Titles, 
abstracts and subsequently full texts were reviewed to 
confirm eligibility. Peer-reviewed original papers published 
with no language restriction that satisfied the eligibility 
criteria were included. The nomenclature of genes, genomic 
location, and polymorphisms were verified using the 
National Center for Biotechnology Information (NCBI) 
database, in Gene (NCBI, 2025a) and Single Nucleotide 
Polymorphism (SNP) (NCBI, 2025b) sections.

Information extracted from selected articles included: 
reference, year of publication, country, data collection 
period, type of study, gene, genomic location, genotyping 
method, polymorphism; type of polymorphism; sample size 
of case and control groups; genotypic or allelic comparison 
performed and their frequencies; Odds ratio (OR) and 95% 
confidence interval (CI), p-value.

2.4. Risk of methodological bias in individual studies

The risk of methodological bias was assessed using 
the Joanna Briggs Institute (JBI) Critical Appraisal 
Instrument for Cohort Studies (Moola et al., 2020a) and 
Case-Control Studies (Moola et al., 2020b) (see the S3 and 
S4 Supplementary material). The tool has eleven specific 
questions for cohort studies and ten questions for case-
control studies to be answered with “Yes”, “No”, “Unclear” 
or “Not applicable”. Studies that achieved “Yes” or “Not 
Applicable” to more than 80% of the questions were 
classified as low risk of bias.

Two independent reviewers assessed methodological 
bias. A third reviewer performed data synthesis and 
discrepancies were resolved by consensus between the 
reviewers. The methodological quality assessment was 
not used as a criterion for study eligibility.

2.5. Data analysis

For statistical analyses, four inheritance models 
(codominant, dominant, recessive, and overdominant) were 
applied for the genetic association analyses. The Fisher’s 
Exact Test was used to compare genotype frequencies 
between symptomatic and asymptomatic groups. 
Hardy–Weinberg equilibrium was assessed, also using 
the Fisher’s Exact Test, to confirm genotype distribution 
consistency within the control or asymptomatic groups of 
each included study. Binomial logistic regression was used 

Comorbidities like older age, hypertension, obesity, 
Diabetes mellitus (DM), cardiovascular diseases, lung and 
kidney diseases, and vitamin D deficiency exacerbate 
disease progression (Gattinoni  et  al., 2020; Figueroa-
Pizano  et  al., 2021). These conditions contribute to a 
chronic pro-inflammatory state, endothelial dysfunction, 
and impaired immune responses, which together heighten 
susceptibility to viral replication, cytokine storm, and 
thrombotic complications. Studies published in the 
Brazilian Journal of Biology have also emphasized the 
biological mechanisms involved in COVID-19 pathogenesis, 
particularly those related to viral entry through ACE2 and 
TMPRSS2 and the resulting systemic inflammatory response 
(Campos et al., 2020). However, the relationship between 
DM and COVID-19 genetics remains poorly understood. This 
study addresses a knowledge gap regarding host genetics 
in DM and COVID-19 conducted a systematic review to 
identify genetic polymorphisms associated with COVID-19 
severity in diabetics, proposing a genetic inheritance 
model and protein-protein interaction (PPI) networks. 
The findings aim to improve clinical management, enable 
personalized treatments, and guide future research to 
identify relevant genetic variants.

2. Materials and Methods

2.1. Protocol, registration and search strategy

This systematic review was registered in the 
International Prospective Register of Systematic Reviews 
(PROSPERO: CRD42020181311) on November 2, 2021, and 
follows the PRISMA 2020 guidelines (Page et al., 2021). The 
methodology used for the development of this systematic 
review was previously published by Silveira et al. (2024).

Briefly, a systematic search was conducted on November 
25, 2023, across PubMed/NCBI, EMBASE, Web of Science, 
SCOPUS, and Virtual Health Library (VHL), along with 
additional searches on Google Scholar (first 10 pages) 
and reference lists of included studies. Two independent 
reviewers evaluated the strategy following PRESS guidelines 
(McGowan et al., 2016), adapting it to each database (see 
the S1 Supplementary material).

The search strategy combined keywords in specific 
orders, and a Relevance Test 1 (RT1)—a manual, dual 
screening of titles and abstracts, was developed and 
applied by the researchers to ensure that at least two of 
the selected descriptors were present: 1. “COVID-19” or 
“SARS-CoV-2” or “Novel Coronavirus” or “2019-nCoV” 
or “Coronavirus” (title/abstract); 2. “Polymorphism” or 
“Genetic polymorphism” or “Genetic probability” (title/
abstract); 3. “Diabetes” or “diabetes mellitus” (title/
abstract); 4. (1) and (2) or (1) and (3). Any discrepancies 
between reviewers were resolved by consensus.

2.2. Eligibility criteria

This review included observational studies published 
from 2019 to 2023, a period chosen because it encompasses 
the entire COVID-19 pandemic, in peer-reviewed journals 
reporting on polymorphisms in genes associated with 
COVID-19 progression in diabetic patients. No language 
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to estimate the parameters of each model and calculate 
the Odds Ratio and confidence interval. For all statistical 
approaches, a significance level of 5% was considered. All 
analyses were carried out using R software version 4.2.1 (R 
Core Team, 2022).

2.6. In silico protein interaction analysis

The in silico protein interaction analysis (PPI) of genes 
identified in the systematic review stage was carried out 
by submitting the sequences of the proteins ACE, ACE2, 
IL-6, IL-17a, and VDR in the online database STRING version 
12.0. (STRING, 2025; Abdollahzadeh et al., 2021). STRING 
scores represent confidence levels based on multiple 
evidence sources. Additionally, the protein sequences 
of insulin (INS) and the human trans-membrane serine 
protease enzyme 2 (TMPRSS2) were also used for in silico 
analysis due to the relationship with DM pathophysiology 
mechanisms (Rachdaoui, 2020) and dissemination of the 
virus SARS-CoV-2 (Jackson et al., 2022).

The sequences of all proteins were obtained from the 
online database UNIPROT (Bateman  et  al., 2023). The 
hyperparameters used in the PPIs were: i) network type: 
full STRING network; false discovery right (FDR): 0.05; 
score medium confidence: 0.400. For cluster analysis of 
STRING, the proteins were grouped into 04 (four) clusters 
organized according to the biological characteristics of 
said proteins.

3. Results

3.1. Methodological results

3.1.1. Search results and studies selection

A total of 379 articles were identified, with 35 duplicates 
removed. After screening 344 studies by title and abstracts, 
305 were excluded for not meeting inclusion criteria. Only 
one study was not retrieved despite attempts to contact 
the authors. Full-text eligibility was assessed for 38, but 
32 were excluded for the following reasons: 23 studies 
were not observational, 5 studies included individuals 
with DM and other comorbidities in the same group or did 
not have DM in the groups and 4 studies did not present 
genotyping data. Finally, 6 studies met all inclusion criteria 
and were included in this systematic review. The PRISMA 
flow diagram illustrates the process (Figure 1).

3.1.2. Methodological quality within individual studies

The six studies included in this review showed a low 
risk of methodological bias (see the S5 Supplementary 
material), as both received “yes” for all parameters, except 
in question 10 for the checklist for cohort studies “Were 
strategies to address incomplete follow-up utilized?” which 
obtained “Not applicable”, thus reaching 100% of adequacy. 
In the checklist for case-control studies question 6. “Were 
confounding factors identified?” and question 7. “Were 

Figure 1. PRISMA flowchart of literature identification and selection process.
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strategies to deal with confounding factors stated?” the 
article of Khalaf’s et al. (2023) obtained “Not applicable” too.

3.1.3. Study characteristics

The patient data collection period of the studies included 
in our review predominantly ranged from April 2020 to 
April 2021. Only the study by Khalaf et al. (2023) does not 
directly state the data collection period but only informs 
the ethnic ascertainment period on December 1, 2021. 
This data compiled from the six eligible articles included 
in our review generated a database with 293 diabetic 
individuals with COVID-19. Of these diabetic individuals 
with COVID-19, 30 individuals from European (Spanish) 
and 263 individuals from Asian (92 Iranians, 47 Saudi 
Arabs, 37 Indians, 75 Turks, and 12 Iraqis), as described 
in S6 Supplementary material.

The diagnosis of COVID-19 of the participants 
considered in our review was based on a positive reverse 
transcriptase-polymerase chain reaction (RT-PCR) test 
result, following WHO (2022) guidelines. The organization 
of these participants in the studies included in this review 
used different approaches. Briefly, Abdollahzadeh et al. 
(2021) and Íñiguez et al. (2021) grouped participants into 
asymptomatic, mild/moderate symptomatic, and severe/
critical symptomatic. However, Íñiguez’s et al. (2021) study 
considered other comorbidities in addition to DM, and, 
regrettably, no diabetic was included in the asymptomatic 
group. Additionally, studies by Muzaffar Mir et al. (2021) and 
Khalaf et al. (2023) only evaluated asymptomatic healthy 
individuals who did not meet our inclusion criteria. The 
studies by Verma et al. (2021) and Elbasan et al. (2023) 
evaluated only hospitalized patients, and the details of the 
selection are in S7 Supplementary material.

In our review, the 263 diabetic patients with COVID-19 
were grouped into two groups: asymptomatic and 
symptomatic, following the classification of World Health 
Organization (WHO, 2022). Considering the participants 
included in this review, fifteen genetic variants were 

associated with five specific genes in symptomatic 
diabetic for COVID-19: angiotensin-converting enzyme 
(ACE), angiotensin-converting enzyme 2 (ACE 2), interleukin 
6 (IL-6), interleukin 17a (IL-17a) and vitamin D receptor 
(VDR) genes, as described in S6 Supplementary material.

3.2. Analytical results

3.2.1. Analysis of VDR variants

The inheritance models of the VDR gene showed that 
the co-dominant model for the asymptomatic group 
presented 81.25% of individuals with wild genotype (TT), 
while the heterozygous (TC) and recessive (CC) genotypes 
conferred a frequency of 12.50% and 6.25%, respectively. 
On the other hand, in the symptomatic group, the wild 
genotype (TT) was observed in 26.32% of individuals, 
while the heterozygous (TC) and recessive (CC) genotypes 
presented a frequency of 59.21% and 14.47%, respectively. 
The results of the inheritance model for SNP rs4516035 
were described in Table 1 and the others were described 
in S8 Supplementary material.

In the dominant model, in the asymptomatic group, 
81.25% of individuals carrying the wild genotype”. (TT), 
while in the group of heterozygous (TC) and recessive (CC) 
genotypes, the frequency was 18.75%. In the symptomatic 
group, 26.31% of individuals presented the wild genotype 
(TT) and 73.68% were included in the group of heterozygous 
(TC) and recessive (CC) genotypes.

In the overdominant model, for the asymptomatic group, 
the frequencies were 12.50% for individuals heterozygous 
genotype (TC), while in the dominant (TT) and recessive 
(CC) genotypes were 87.50%, respectively. Regarding the 
genotypic frequencies, in the symptomatic group, the 
results obtained were 59.21% for the heterozygous genotype 
(TC), and 40.78% were included in the dominant (TT) and 
recessive genotype (CC). However, the recessive model did 
not show a statistically significant difference (see Table 1), 
as are all other SNPs for the VDR gene.

Table 1. Genotypic and allelic distribution, and association of symptoms with genetic variants in the VDR gene (SNP rs4516035) 
(Abdollahzadeh et al., 2021).

Genes Models Genotype Control, n (%) Case, n (%) OR (CI 95%) p

rs4516035 Codominant TT 13 (81.250%) 20 (26.316%) Ref -

TC 2 (12.500%) 45 (59.211%) 14.624 (3.612 - 99.307) 0.0008*

CC 1 (6.250%) 11 (14.474%) 7.150 (1.172 - 138.666) 0.074

Recessive TT+TC 15 (93.750%) 65 (85.526%) Ref -

CC 1 (6.250%) 11 (14.474%) 2.538 (0.440 - 48.185) 0.390

Dominant TT 13 (81.250%) 20 (26.316%) Ref -

TC+CC 3 (18.750%) 56 (73.684%) 12.133 (3.490 - 57.057) 0.0003*

Overdominant TT+CC 14 (87.500%) 31 (40.789%) Ref -

TC 2 (12.500%) 45 (59.211%) 10.161 (2.599 - 67.673) 0.003*

Alleles

T 28 (87.500%) 85 (55.921%) - 0.006

C 4 (12.500%) 67 (44.079%)

*Significance level, Chi-Square; %, relative frequency; CI, confidence interval; N, Absolute Frequency; OR, Odds ratio.
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The risk association for the heterozygous genotype 
(TC) for rs4516035, both in the codominant and dominant 
models conferred a 14,624 (CI= 3.612 – 99.307, p=0.0008) 
and 12,133 (CI=3.490 – 57.057; p=0.0003)-fold increase risk 
for the development of COVID-19 symptoms, respectively. 
Finally, for the overdominant model, it was observed a 
10,161-fold increased risk (CI= 2.599 – 67.673; p=0.003) 
for the development of COVID-19 symptoms.

Interestingly, allelic analysis also showed a significant 
difference among symptomatic and asymptomatic 
individuals (p=0.006). Thus, the presence of the mutant 
allele (C) appears to influence the susceptibility to the 
progression of COVID-19 symptoms in diabetics, but it is 
not possible to conclude since the recessive genotype did 
not present significant statistics when compared to the 
dominant one, as already mentioned.

3.2.2. In silico protein interaction analysis

The in silico PPI suggested how the proteins ACE, ACE 
2, IL-6, IL-17a, and VDR (in the STRING named NR1|2) 
interact with each other and with the INS and TMPRSS2 
protease. In the STRING database, the Vitamin D receptor 
(VDR) is referred to as NR1I2, which is the gene symbol 
used to represent this protein. The interaction network 
obtained showed that INS was included in cluster 01. On 
the other hand, cluster 02 was composed of the proteins 
ACE, ACE2, and TMPRSS2. Cluster 03, in turn, was composed 
of the IL-6 and IL-17a proteins. Cluster 04 included only 
the VDR protein (NR1|2).

The PPI, considering a confidence value > 0.7, did not 
indicate the interaction of the VDR protein (NR1|2) with 
any other protein (see the S9 Supplementary material). 

Therefore, we chose to decrease the confidence parameter 
to ≥ 0.4, was selected to balance sensitivity and specificity. 
In this new analysis, the proteins that presented the highest 
interaction scores were: ACE 2 with TMPRSS2 (0.999), IL-17a 
with IL-6 (0.980), ACE with ACE 2 (0.956), IL-6 with INS (0.933), 
ACE with TMPRSS2 (0.862), ACE with INS (0.849), ACE 2 
with IL-6 (0.838) and, finally, ACE with IL-6 (0.776), Figure 2.

It is noteworthy that the VDR protein (NR1|2) did not 
present any parameter with high reliability, only with 
medium and low reliability and its sequential identity 
reported by STRING was 42% (see the S10 Supplementary 
material). Additionally, the sequences of the INS, IL-17a, 
IL-6, ACE, ACE 2, and TMPRSS2 protease showed 100% 
identity with STRING (see the S10 Supplementary material). 
All information obtained by PPI Analysis is described in 
Figure  2 and the association model between DM and 
COVID-19 is proposed in Figure 3.

4. Discussion

During the COVID-19 pandemic, diabetics exhibited 
a higher mortality rate and were classified as a high-risk 
group (Sharma  et al., 2022; Solé et al., 2006). However, 
the association between DM and the worsening of 
COVID-19 has not been elucidated. This review identified 
15 polymorphisms in diabetics with COVID-19, considering 
the presence or absence of symptoms as the response 
variable (Íñiguez et al., 2021). Did not include any diabetics 
in the asymptomatic group, and therefore, the inheritance 
model was constructed only for the genes analyzed 
by Abdollahzadeh  et  al. (2021). The SNP rs4516035 in 
the VDR gene was associated with an increased risk of 

Figure 2. Clustering and network of interactions of VDR, ACE1, ACE2, IL6, and IL17 proteins with INS and TMPRSS2. Interactions were 
estimated from the affinity score between proteins calculated using text mining, experiments, databases, co-expression, neighborhood, 
gene fusion, and co-occurrence. VDR (N1|2): Vitamin D3 receptor; ACE1: Angiotensin-converting enzyme 1; ACE2: Angiotensin-converting 
enzyme 2; IL6: Interleukin-6; IL17: Interleukin-17; INS: Insulin; TMPRSS2: Transmembrane protease serine 2. Cluster 1 (Red): INS; Cluster 
2 (Yellow): ACE1, ACE2, and TMPRSS2; Cluster 3 (Green): IL6 and IL17; Cluster 5 (Blue): N1|2. (Image built in the STRING database).
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COVID-19 symptoms, in this study. Forler  et  al. (2014) 
previously concluded that an individual’s resistance to 
diseases may depend on the structure and expression of 
the protein-protein interaction network, whose functional 
efficiency varies among individuals due to genetic 
variability, referred to in the aforementioned study as 
“network polymorphisms.” Thus, in this study, the PPI 
indicated interactions between ACE, ACE2, IL-6, IL- 17a 
and VDR (NR1|2), human insulin and TMPRSS2 and we 
propose a model that links DM and the worsening of 
COVID-19, highlighting the role of the SNP rs4516035 in 
the symptomatic form of the disease.

While this variant showed the strongest association 
among those analyzed, other genes investigated, such as 
ACE, ACE2, IL-6, and IL-17A, also play crucial biological roles 
that may jointly influence COVID-19 progression in diabetic 
patients. The renin–angiotensin system (RAS), inflammatory 
cytokines, and vitamin D signaling represent interconnected 
pathways that may act synergistically in determining disease 
severity (Rachdaoui, 2020; Forler et al., 2014).

The molecular interactions between ACE2, TMPRSS2, 
and the Spike (S) protein of SARS-CoV-2 are crucial 
for the establishment of COVID-19 (Gęca  et  al., 2022; 
Hoffmann et al., 2020; Jackson et al., 2022). On the other 
hand, the Renin-Angiotensin System (RAS), responsible for 
regulating processes such as inflammation, blood pressure, 
and insulin secretion, is affected by the binding of the Spike 
protein to the ACE2 receptor, facilitating viral fusion with 
cell membranes through the TMPRSS2 (Jackson et al., 2022; 
Costa et al., 2020; Sang et al., 2021; Shukla and Banerjee, 
2021; Senapati  et al., 2021). Thus, the negative regulation 
of the RAS and ACE2 contributes to the pathogenesis of lung 
injury in COVID-19 (Tan  et al., 2018; Marshall et al., 2004).

In diabetics, ACE inhibitors reduce the expression of 
ACE2 to control complications such as high blood pressure 
and renal dysfunction, thus it was postulated that the 
diabetic individual would present lower infectivity by 
SARS-CoV-2 (Chhabra  et al., 2013; Silveira et al., 2018). 
Furthermore, the high concentration of fatty acids 
activates inflammatory pathways, weakening immunity 
(Russo et al., 2021). The imbalance between pro and anti-
inflammatory cytokines, exacerbated by polymorphisms 
such as IL-10 (rs1800896), avers chronic inflammation 
(Campos et al., 2022). In patients with COVID-19, elevated 
cytokines, such as IL-6, IL-1B, IL-2, IL-7, TNF-α, result in the 
“cytokine storm,” worsening inflammation and creating a 
cycle of progression between DM and COVID-19 (Ramasamy 
and Subbian, 2021; Mehta et al., 2020).

In our study, the PPI indicated the interaction of IL-6, 
IL-17a, and ACE/ACE2, highlighting the role of IL-6 in 
the differentiation of Th-17 cells, which secrete IL-17a, 
a cytokine associated with pro-inflammatory syndrome 
in diabetics and the cytokine storm in COVID-19 (Abdel-
Moneim  et  al., 2018; Wang  et  al., 2020). Th17 cell 
differentiation is mediated by retinoic acid receptors 
activated by active vitamin D, linking DM to the worsening 
of COVID-19, although it does not explain the clinical 
variability in symptomatic cases (Jetten and Cook, 2020; 
Pinho et al., 2019). It is suggested that SNPs may influence 
this heterogeneity, but their analysis was not possible due 
to the review nature of our study.

The COVID-19 pandemic highlighted the role of 
vitamin D in controlling the cytokine storm and regulating 
inflammatory genes such as IL-1β, IL-2, IL-6, IL-12, IL-17, 
TNF-α (Pinho et al., 2019; Fernandez et al., 2022). In our 
study, the SNP rs4516035 in the VDR gene was associated 
with a higher risk of developing COVID-19 symptoms in 

Figure 3. The model proposed by this study shows how the interaction of proteins ACE, ACE2, IL-6, IL-17a, and VDR (NR12), INS, and 
TMPRSS2. This is Model can explain, to some extent, the association of DM with the worsening of COVID-19COVID19 and how SNP 
rs4516035 may be contributing to the development of the symptomatic form of this disease.
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heterozygous individuals, affecting VDR transcription and 
vitamin D signaling, impacting both innate and adaptive 
immune responses, as proposed in our model (see Figure 3).

The SNP rs4516035, characterized by the substitution 
of thymine with cytosine in the promoter region of the 
VDR gene, has been associated with lower transcriptional 
activity, vitamin D deficiency, and an increased risk of 
severe respiratory infections, including tuberculosis, severe 
bronchiolitis caused by respiratory syncytial virus (RSV), 
and pneumonia (Bayram et al., 2022). The “C” allele of 
this SNP is associated with increased alveolar-capillary 
barrier permeability and greater progression of symptoms, 
especially in diabetics, due to hyperglycemia and impaired 
immunity (Dancer et al., 2015).

Vitamin D has been associated with the risk of 
thrombosis and fatal comorbidities in patients with 
COVID-19, and it is recommended by the U.S. Food 
and Drug Administration (FDA) for the prevention of 
multiorgan damage, coagulopathy, mortality, stroke, and 
the progression of symptoms (Ilie et al., 2020; Dancer et al., 
2015; Uguz et al., 2022; Tao et al., 2021; Biesalski, 2020; 
Weir et al., 2020; Ali, 2020; Aygun, 2020; Sengupta et al., 
2021; Grant et al., 2020).

The “CC” genotype of the SNP rs4516035 presents a 
higher risk of COVID-19 progression in diabetics, and 
studies suggest that controlling hepatic gluconeogenesis 
may improve clinical outcomes (Barreto et al., 2023). Studies 
have highlighted the relationship between vitamin D and 
morbidity and mortality in COVID-19, as well as its role 
in diabetic dyslipidemia and acute respiratory distress 
syndrome (Wang et al., 2022). These studies suggest that 
vitamin D supplementation could be a potential therapeutic 
strategy in the future (Contreras-Bolívar et al., 2023).

Although our results suggest a possible association 
between the SNP rs4516035 in the VDR gene and the 
worsening of COVID-19 in diabetics, a causal relationship 
could not be established. Our study had limitations, such 
as the lack of control over comorbidities or the exclusion of 
asymptomatic individuals in some of the studies reviewed, 
heterogeneity, ethnic bias and sample size. Experimental 
studies, longitudinal cohort studies, and clinical trials are 
recommended to deepen the understanding of the role 
of vitamin D in COVID-19 in diabetic individuals. Despite 
these limitations, the study highlights the importance of 
personalized medicine, using genotyping to assess the risk 
of COVID-19 progression in diabetic and guide treatment 
strategies, such as early hospitalization (Goetz and Schork, 
2018; Andryukov et al., 2021).

5. Conclusion

This study reviewed and identified 15 genetic variants 
associated with five genes in symptomatic diabetic 
patients, highlighting the SNP rs4516035 in the VDR gene 
as a potential risk factor for severe COVID-19 symptoms 
under codominant, dominant, and superdominant 
models. The findings reinforce the role of vitamin D in 
modulating inflammation, suggesting that genetically 
influenced vitamin D levels may affect disease progression. 
Although the presence of a risk genotype does not directly 

alter symptom severity, it enables more targeted clinical 
monitoring, contributing to personalized care. We 
emphasize the preliminary nature of this study and the 
urgent need for replication in larger and more diverse 
cohorts. Moreover, future research should investigate 
whether specific genetic polymorphisms modulate 
COVID-19 severity in diabetic patients by integrating 
genomic association studies, functional validation, and 
multi-omic analyses. Stratified approaches and predictive 
clinical-genetic models may help identify high-risk 
individuals and guide tailored interventions within 
precision medicine frameworks.

Data Availability Statement

The entire data set that supports the results of this 
study was published in the article itself.
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