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Abstract 
 

The recent COVID-19 pandemic has created significant health challenges, necessitating the enhancement of our immune systems. Through 

the modulation of immune response, Vitamin D vitally reduces the risk of infection and minimizes mortality rates. This retrospective study 

aimed to assess the relationship between the severity of COVID-19 infection in diabetes individuals and their blood vitamin D levels. A total 

of 2070 COVID-19 patients were split into two groups for this case-control retrospective study: non-diabetic (n=1723) and diabetic (n= 347). 

Electronic medical records from March to August 2020 obtained from the King Faisal Specialist Hospital and Research Center and Al-Noor 

Specialist Hospital, Saudi Arabia, were used as the base of the extraction of Demographic and clinical laboratory data. COVID-19 infection 

was confirmed in all patients through RT-PCR. Serum vitamin D level was measured by automated ELISA. A significant difference (p<0.05) 

in blood vitamin D levels between COVID-19 individuals with diabetes and those without was noted from the results of the study. We 

observed a marginal but significant negative correspondence between vitamin D levels and oxygen saturation as a measure of COVID-19 

severity (p=0.016). Vitamin D levels were also found to be positively correlated with inflammatory markers such as C-reactive protein and 

erythrocyte sedimentation rate (p=0.038 and p<0.001,) while showing a negative correlation with D-dimer (p=0.017). The results of our 

investigation suggest that vitamin D supplementation may be helpful in the management and prevention of COVID-19 infection, as well as 

in reducing the severity of risk and inflammation among diabetic patients. 
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INTRODUCTION 

The outbreak of a novel respiratory pneumonia pandemic in 

2019 caused by SARS-CoV-2 (severe respiratory acute 

syndrome-2) has become a global health issue, nominated as 

COVID-19 disease [1]. The consequence of SARS-CoV-2 

infection varies from asymptomatic to ARSD (acute 

respiratory distress syndrome) and ultimately leads to the 

patient's death [2]. SARS-CoV-2 poses the threat of death to 

its patients of advanced age, hyper-immune response, and 

those with comorbid conditions such as diseases associated 

with blood vessels and heart, obesity, malignancy, chronic 

kidney and lung diseases, and especially diabetes that 

contribute to hospitalization and mortality up to 22% [3-6]. 

Diabetic patients are highly susceptible to microbial infection 

owing to a weak immune system, a low clearance rate for 

viruses, and impaired metabolic activity [7]. 

 

Vitamin D decreases microbial disease and mortality in 

patients by modulating the immune system [8]. Vitamin D 

increases the expression of genes associated with 

antioxidants, and more importantly, it upregulates the 

expression of ACE (angiotensin-converting enzyme)-2 

receptors, which are required for pathogenesis induced by 

SARS-CoV-2 [9, 10]. The elevated population burden of 

SARS-CoV-2 infection has been reported in regions with a 

high frequency of low vitamin D levels [11]. Several 

observational pieces of evidence demonstrated the 
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association between vitamin D insufficiency and human 

diseases, especially diabetes and respiratory diseases [12-14]. 

Evidence from hospitalized COVID-19 patients showed a 

lower level of vitamin D in COVID-19 patients compared to 

the general population [15, 16]. Recent studies on 

hospitalized COVID-19 patients also demonstrated a link 

between elevated COVID-19 infection severity, low serum 

vitamin D levels, and unfavorable clinical outcomes [17, 18]. 

Several recent observational reports showed the correlation 

between high vitamin D levels in serum and less severe 

symptoms and hypothesized vitamin D's effectiveness in 

managing COVID-19 [19-22]. Existing clinical reports 

indicated a possible correlation between COVID-19 and 

vitamin D, with uncertainty about its usefulness in managing 

and preventing SARS-CoV-2 infection [23, 24]. There was a 

dearth of information available on the subject of the 

correlation between the severity of COVID-19 in diabetics 

and blood vitamin D levels. Consequently, this retrospective 

study aimed to assess the link between COVID-19 in patients 

with diabetes and blood vitamin D levels, as well as the 

gravity of COVID-19 disease in diabetics. 

 

MATERIALS AND METHODS  

This case-control retrospective study involving 2070 

COVID-19 patients was carried out at the King Faisal 

Specialist Hospital and Research Center (KFSHRC) in 

Jeddah and Al-Noor Specialist Hospital in Makkah, Saudi 

Arabia, from March 2020 to August 2020 after obtaining 

ethical clearance from institutional review board (HAPO-02-

K-012-2020-06-393) and the biomedical ethics committee at 

the faculty of medicine, Umm Al-Qura University. Eligible 

COVID-19 patients were randomly selected from the 

electronic medical records database. All confirmed cases of 

COVID-19 patients were matched in gender distribution and 

split into two: diabetes (n=347) and non-diabetes (n=1723). 

Inclusion criteria were as follows: (i) diabetic and non-

diabetic patients with confirmed SARS-CoV-2 infection 

through RT-PCR, (ii) patients aged ≥18 years, and (iii) 

reported measurement of vitamin D level. The study 

eliminated patients who did not match the inclusion criteria. 

Demographic (age and gender) and clinical laboratory data 

(vitamin D level, fasting blood glucose (FBG), random blood 

glucose (RBG), hemoglobin A1c (HbA1c), systolic blood 

pressure (SBP), diastolic blood pressure (DBP), 

inflammatory markers such as C-reactive protein (CRP), 

erythrocyte sedimentation rate (ESR) and D-dimer, oxygen 

saturation, oxygen requirement and days at hospitals) were 

retrospectively extracted from the electronic medical records 

available at the hospital. Serum vitamin D level in patients 

was measured by automated ELISA. 

 

Statistical Analysis 
IBM, Armonk, New York, USA, SPSS software, version 

23.0, was used for all statistical analysis. Standard descriptive 

summaries were used to describe the data in the form of 

interquartile ranges and medians for continuous variables 

whereas percentages and numbers were used for categorical 

variables. Data normality was assessed using the Shapiro-

Wilk test, and results p<0.05 were considered substantial 

statistically. To assess qualitative factors between the 

COVID-19 groups with and without diabetes, the Mann-

Whitney U test was utilized, whereas for the categorical 

variable (gender) among study groups the Chi-squared test 

was employed. The correlations between vitamin D levels, 

other non-parametric variables (inflammatory markers like 

CRP, ESR, and D-dimer), and the severity of COVID-19 

features (oxygen saturation, oxygen requirement, and days of 

stay at the hospitals) were assessed by using the Spearman’s 

rank correlation test, (p<0.05) was considered statistically 

significant. 

 

RESULTS AND DISCUSSION  

The diabetic COVID-19 group consisted of 347 patients 

(53% male and 47% female), whereas their counterparts 

consisted of 1723 patients (55% male and 45% female), 

(Table 1). The two groups exhibited non-significant 

differences in gender distribution, DBP, and oxygen 

saturation. However, they exhibited significant age 

differences (p<0.001), FBG, RBG, HbA1c, SBP and oxygen 

requirement. The diabetic COVID-19 group had a decreased 

blood vitamin D level (36 ± 28) contrasted to their 

counterparts (42 ± 32, median ± interquartile range). A 

significant difference was observed in serum vitamin D levels 

in COVID-19 patients who had diabetes and those without it 

(p<0.05), (Figure 1). Table 2 exhibits the correlation 

between inflammatory indicators and blood vitamin D levels 

and the severity of COVID-19 infection in patients with 

diabetes. A non-significant correlation was observed between 

serum vitamin D level oxygen requirement and length of stay 

at the hospital (p>0.05). However, the serum vitamin D level 

and oxygen saturation showed a significant negative 

connection (r=-0.16, p=0.016). CRP and ESR (inflammatory 

markers) exhibited significant positive correlations with 

serum vitamin D levels (r=014, p=0.038 and r=0.43, p<0.001, 

respectively). The significantly negative relationship between 

D-dimer and vitamin D level was shown to be weak. (r=-0.13, 

p=0.017). 

 

Vitamin D is a steroid hormone primarily involved in the 

maintenance of bone health [25]. Many studies also showed 

that it regulates various extra-skeletal functions such as 

immune modulation, and antiviral and anti-inflammatory 

effects [26, 27]. Several lines of evidence also showed that 

low vitamin D levels are responsible for multiple kinds of 

respiratory diseases and acute lung injuries [28, 29]. Despite 

this, insufficiency of vitamin D is also implicated in 

autoimmune and immunological disorders [30, 31]. 

Komisarenko et al. [32] demonstrated a correlation between 

a vitamin D deficit and a higher risk of immune-related 

diseases and conditions, including type 1 diabetes, respiratory 

infections, and COVID-19. A low dose of vitamin D has also 

been reported in diabetic patients infected with COVID-19 

suggesting that both diseases share common pathogenic 

mechanisms [33-35]. It is still debatable if there is a link 
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between the severity of SARS-CoV-2 infection with blood 

vitamin D levels in diabetic individuals. 

 

Our study findings observed a notable variation in the age 

distribution between the groups with and without diabetes 

who were infected with COVID-19.  There has been a 

noticeable shift in the age distribution of people with diabetes 

compared to those without the disease [34]. In the current 

reports, we observed a non-significant difference in gender 

distribution in diabetes and non-diabetes groups with 

COVID-19 disease. A recent observational study found a 

non-significant difference between diabetic and non-diabetic 

patients with COVID-19 disease [36].  Hypertension is a 

well-documented risk factor for mortality and infection 

severity linked with COVID-19 [37, 38]. A significant 

difference in systolic blood pressure was noted while a non-

significant difference in diastolic blood pressure in diabetic 

and non-diabetic patients infected with COVID-19 in a recent 

study. This was echoed by other observations, a hospital-

based retrospective study observed a significant difference in 

diabetic and non-diabetic with COVID-19 disease [25]. An 

epidemiological report found a significant difference in 

systolic blood pressure between diabetic and non-diabetic 

patients infected with COVID-19 [39]. 

 

A significant difference was noticed in random and fasting 

blood glucose of COVID-19 patients suffering from diabetes 

and those without it in the current study which was echoed in 

other research [34] and another hospital-based observational 

study [40]. Our study found a significant difference in oxygen 

saturation while a non-significant difference was observed in 

oxygen requirement between diabetic and non-diabetic 

COVID-19 patients. Similar findings were also reported by 

many studies [41, 42]. A recent study based on two case 

reports also observed similar findings between diabetic and 

non-diabetic COVID-19 patients [43]. Glycated hemoglobin 

(Hb1Ac) is a marker of glucose control and a risk factor for 

problems in people with diabetes. Significant differences in 

Hb1Ac between non-diabetic and diabetic individuals were 

observed in many lines of the research. COVID-19 

individuals [44, 45]. Diabetes is a relatively more prevalent 

risk factor for mortality and infection severity linked to 

COVID-19 disease [7]. The current study also reported 

similar findings regarding Hb1Ac. 

 

Numerous observational studies have documented the 

connection between COVID-19 individuals with diabetes and 

low vitamin D levels [34, 35]. A systematic review revealed 

the association between low serum levels of vitamin D in 

patients with COVID-19 and diabetes [33]. Compared to their 

counterparts, Vitamin D deficiency was shown to be more 

common in diabetic COVID-19 patients, according to the 

current investigation. This disparity could be connected to an 

increased risk of infection, illness severity, and, ultimately, 

higher morbidity and mortality rates in vitamin D-deficient 

patients. The results of our investigation showed a little but 

significant inverse correlation between vitamin D levels and 

oxygen saturation. This indicated that those with vitamin D 

deficiency may have a more severe case of the illness. 

However, there were no discernible correlations between the 

need for oxygen and vitamin D levels. Growing data 

indicated a possible link between low vitamin D levels and 

severe COVID-19 infection [33-35]. Another observational 

study conducted in the United States revealed a strong inverse 

correlation between the prevalence of SARS-CoV-2 infection 

and vitamin D deficiency [46]. Ali et al. [47] also found no 

association between the severity of COVID-19 infection and 

death, but they did detect a negative link between low blood 

levels of vitamin D and the infection's severity. 

 

The current study also observed a significant positive 

correlation between low serum levels of vitamin D and 

inflammatory markers, particularly CRP and ESR, and a 

significant inverse correlation with D-dimer suggesting high 

levels of inflammation in COVID-19 patients with vitamin D 

deficiency. Several researchers observed the positive 

correlation of CRP, ESR, and D-dimer with low vitamin D 

levels [48-50]. Khan et al. [48] reported the strong correlation 

of inflammatory markers and D-dimer with low vitamin D 

levels in diabetic COVID-19 patients. 

 

The limited sample size, and missing data regarding vitamin 

D supplementation, vaccination, mortality, and morbidity 

rates are the main drawbacks of this retrospective study. 

Therefore, randomized clinical trials and extensive cohort 

studies with comprehensive, detailed information are still 

required to confirm such findings and, importantly, to 

characterize the inter and intra relationships between vitamin 

D concentrations and supplementations with other factors 

related to demographics and clinical features, in addition to 

COVID-19 symptoms, severity, immunization, rates of 

morbidity and death. 

 

Table 1. Demographic and clinical characteristics of the 

diabetic and non-diabetic COVID-19 patients 

Variable* 
Non-diabetic 

(n= 1,723) 

Diabetic 

(n= 347)  
P-value^ 

Age (years) 57(42-68) 63(54-71) <0.001 

Gender (M%, F%) (55%, 45%) (53%, 47%) 0.402 

SBP (mmHg) 125(113-138) 131(119-144) 0.002 

DBP (mmHg) 74(67-82) 72(65-82) 0.105 

Body weight (kg) 70(65-80) 74(65-85) 0.01 

BMI (kg/m2) 26(24-29) 27(24-32) 0.008 

FBG (mmol/L) 102(91-128) 161(117-229) <0.001 

RBG (mmol/L) 115(97-164) 173(130-254) <0.001 

HbA1C (%) 6.6(5.7-8.8) 9.0(7.3-10.6) <0.001 

CRP (mg/dL) 19(5-88) 36(6-101) 0.104 

ESR (mm/hr) 92(48-272) 98(49-290) 0.391 

D-dimer (mg/L) 0.80(0.4-2) 0.89(0.5-1.8) 0.626 

Oxygen saturation (%) 97(95-98) 96(95-98) 0.018 
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Oxygen requirement (L) 2(1.5-3) 2(2-3) 0.845 

Days at hospitals 6(3-14) 7(3-13) 0.111 

*DBP: diastolic blood pressure, SBP: systolic blood pressure, FBG: fasting blood 

glucose, BMI: body mass index, RBG: random blood glucose, HbA1c: Glycated 

hemoglobin, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate. Data are 

expressed as median and interquartile range. 

^ P-values were calculated using the Chi-square test for categorical variables (gender) 

and the Mann-Whitney U test for non-parametric ones p-value <0.05 was considered 

statistically significant. 

 

Table 2. Demographic and clinical characteristics of the 

diabetic and non-diabetic COVID-19 patients 

Variable* 
Correlation 
Coefficient^ 

P-value^ 

CRP (mg/dL) 0.144 0.038 

ESR (mm/hr) 0.43 <0.001 

D-dimer (mg/L) - 0.130 0.017 

Oxygen saturation (%) - 0.16 0.016 

Oxygen requirement (L) 0.01 0.923 

Days of hospitalization (days) - 0.07 0.432 

* CRP: C-reactive protein, ESR: erythrocyte sedimentation rate. 

^ The Spearman’s rank correlation test was used. P-value <0.05 was considered 

statistically significant and represented in bold. 

 

 
Figure 1. Status of vitamin D in diabetic and non-diabetic 

COVID-19 patients. 

Data are expressed as median and interquartile range. The 

significant difference in vitamin D levels (nmol/L) 

between COVID-19 patients with and without diabetes 

was calculated using the Mann-Whitney U test, P-values 

<0.05. 

 

CONCLUSION 

The susceptibility and severity of COVID-19 infection are 

significantly influenced by individuals' immune function and 

comorbidity conditions, particularly in patients with diabetes. 

Reduced vitamin D levels have been identified as a possible 

risk factor for higher COVID-19 disease susceptibility, 

severity, and increased risks of morbidity and death. When 

compared to people without diabetes, COVID-19 patients 

with diabetes often have lower vitamin D levels. Patients with 

diabetes who have lower vitamin D levels are linked to 

heightened inflammation and increased COVID-19 severity, 

particularly oxygen saturation. Thus, vitamin D 

supplementation may represent a potentially promise 

approach in preventing COVID-19 infection and reducing 

disease severity and poor outcomes in patients with high risk 

such as diabetes. Nevertheless, the establishment of large-

scale prospective studies is imperative to comprehensively 

investigate the possibility of COVID-19 prevention and 

reduction of its morbidity, severity, and diabetic death rates 

through supplementing Vitamin D. 
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