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ABSTRACT 

PURPOSE. To assess and compare the serum 25OH-vitamin D levels in three cohorts of patients 

hospitalized due to acute illness, either related or not to a SARS-COV-2 infection. To investigate, in 

the patients group with SARS-COV-2 pneumonia, the possible relationship between the serum vit-

amin D levels and both disease severity and mortality risk. 

METHODS. This is a retrospective case-control study. Serum 25OH-vitamin D levels were com-

pared between patients with SARS-COV-2 pneumonia (COVID-19 group, 52 patients), and two 

control groups, including patients with pneumonia not related to SARS-CoV-2 (NO COVID1 

group, 52 patients) and patients with a non-respiratory acute disease (NO COVID2 group, 52 pa-

tients). 

RESULTS. No differences were found in the serum 25 OH-Vitamin D levels among the three 

groups. In the COVID-19 group, serum 25 OH-Vitamin D levels did not show significant associa-

tion with mortality risk (p=0.12), Intensive Care Unit admission risk (p=0.36), inpatients duration 

(p=0.40) and remission time (p=0.33). Similar results were found for parameters estimating the dis-

ease severity, such as basal PO2/FiO2 (p=0.77), worse PO2/FiO2 (p=0.41), basal D-dimer (p=0.46) 

and basal LDH (p=0.52). 

CONCLUSIONS. Our data do not show lower 25OH-vitamin D levels in the patients with SARS-

COV-2 pneumonia compared to patients hospitalized for other acute illnesses. In the COVID-19 

group the 25OH-vitamin D levels did not show significant correlation with a worse outcome. 



INTRODUCTION 

In January 2020, a new coronavirus named SARS-CoV-2 was identified from a nasal swab speci-

men in the Hubei Region, China. SARS-CoV-2 is an enveloped RNA virus, mainly affecting the 

respiratory tract. The virus can trigger a wide range of responses, from complete lack of symptoms 

to atypical pneumonia with cytokine storm and acute respiratory distress syndrome (ARDS). The 

World Health Organization (WHO) named this clinical syndrome COVID-19. In March 2020, 

COVID-19 has been declared a global pandemic.  

Vitamin D is normally produced in the skin after exposure to adequate levels of UVB-light and it is 

mainly involved in bone metabolism.  

Several studies have explored the potential role of vitamin D supplementation both in protecting 

against respiratory infection [1-3] and in reducing the rate of asthma exacerbations [4]. On the other 

hand, the role of vitamin D supplementation in the reduction of the risk of flu is controversial [5-7]. 

Several mechanisms have been proposed in order to explain the protective effect of vitamin D 

against microbial infection: 1) it maintains tight junctions, gap junctions and adherent junctions, 

thus creating a physical barrier effect [8]; 2) it enhances cellular innate immunity, by inducing anti-

microbial peptides [9], reducing the expression of pro-inflammatory cytokines and increasing the 

expression of anti-inflammatory cytokines by macrophages [10]; 3) it modulates the adaptive im-

munity, by suppressing responses mediated by the type 1 T helper (Th1) cell [11], promoting cyto-

kine production by the type 2 T helper (Th2) cells [12] and inducing T regulatory cells [13]. 

On these bases, some recent editorials have proposed a potential protective role of vitamin D 

against COVID-19 infection risk and, consequently, a relationship between vitamin D deficiency 

and  severity of infection [7,14,15].  

We thus compared the 25OH-vitamin D levels of a cohort of patients hospitalized for COVID-19 

pneumonia with two cohorts of patients referred to our hospital in the same study period because of 

pneumonia not related to COVID19 and because of a non-respiratory related acute disease, respec-



tively. We further assessed, in the COVID-19 group, the potential relationship between serum vita-

min D levels and either disease severity or mortality. 



MATERIALS AND METHODS 

STUDY DESIGN AND GROUPS DEFINITION  

This is a retrospective case-control study including patients consecutively admitted to Apuane Gen-

eral Hospital of Massa, Italy from March 15, 2020 to May 11, 2020. All anthropometric, demo-

graphic and clinical data were collected from electronic records, and revised from a single operator. 

The COVID-19 group included patients affected by a SARS-Cov-2 related pneumonia. SARS-CoV-

2 infection was confirmed by the positivity of an oropharyngeal and/or nasopharyngeal swab. Inclu-

sion criteria included the presence of radiological findings of pneumonia (detected at CT scan) and 

performance of a 25OH-vitamin D serum sample during hospitalization. The case-control ratio was 

1:1:1. 

Non-COVID groups included patients hospitalized during the same study period, with at least two 

consecutive negative oropharyngeal and/or nasopharyngeal swabs within 24-hours of each other 

and a serum 25OH-vitamin D determination during hospitalization.  

The first control group included consecutive patients referred to our hospital due to a lobar or inter-

stitial pneumonia (Non-COVID 1 group), whilst the second group included consecutive patients 

referred to our hospital for other non-respiratory acute diseases (Non-COVID 2 group). In particu-

lar, Non-COVID 2 group was characterized as follows: nine patients with sepsis, 4 with hematolog-

ical disease, 13 with gastroenterological disease, 9 with heart failure, 7 with malignancies, and 19 

with neurologic disease.   

Each patient gave her/his written informed consent, at the first clinical visit at our Department to the 

use of clinical data for research purpose. The study was approved by the Internal Review Board of 

our Department and is in accordance with 1976 Declaration of Helsinki and its later amendments. 

ENDPOINTS AND DEFINITIONS 



The primary endpoint was to compare the serum 25OH-vitamin D levels between COVID-19 group 

and the two control groups (Non-COVID 1 group and Non-COVID 2 group). The secondary end-

point was to investigate in the COVID-19 group the possible relationship between the serum vita-

min D levels and both disease severity and in-hospital mortality. 

Basal D-dimer and basal LDH were collected during the first 24 hours after hospital admission. We  

collected basal PO2/FiO2 (ratio of arterial oxygen partial pressure to fractional inspired oxygen) 

during the first 24 hours after hospital admission. We defined worse P/F the lowest P/F value de-

tected at any time during the patient hospitalization. 

Inpatient duration was defined as the time between admission and discharge; remission time was 

defined as the time between admission and clinical remission, i.e. absence of fever for at least 48 

hours, without relapse, and resolution of respiratory failure.  

Respiratory failure was considered resolved with values of PO2/FiO2 ratio >300 or SpO2 >94%, 

without oxygen supplementation (90% for patients with chronic respiratory failure). 

ASSAYS 

25OH-Vitamin D (LIAISON 25OH-Vitamin D TOTAL Assay, DiaSorin, Saluggia, Vercelli, IT). 

PTH (LIAISON 1-84 PTH, DiaSorin, Saluggia, Vercelli, IT). Calcium (Calcium [Arsenazo], Beck-

man Coulter, Brea, California, US). D-Dimer (HemosIL D-Dimer HS500, Werfen, L'Hospitalet de 

Llobregat, Barcelona, ESP). LDH (Lactate Dehydrogenase, LD, Beckman Coulter, Brea, California, 

US). 

STATISTICAL ANALYSIS 

Categorical variables were expressed as number and percentages. Continuous variables were ex-

pressed as median and interquartile range [IQR] or mean and standard deviation (SD), according to 

their distribution, appropriately assessed by the Shapiro-Wilk test.  



Between-groups differences were assessed by the Chi-Square (Χ2) test in the case of categorical 

variables, whereas continuous variables were analyzed either by the one-way analysis of variance 

test (ANOVA) or by the Kruskal–Wallis test, as appropriate.  

Univariate linear regressions were instead performed to test whether Basal D dimer and LDH were 

correlated with serum 25OHD levels. Logistic regressions were finally performed to assess the po-

tential relationship between serum 25OH-vitamin D levels and the outcomes.  

A p-value <0.05 was considered as statistically significant. SPSS Software, Version 24 (IBM, Ar-

monk, New York) performed all analyses. 



RESULTS 

Fifty-two COVID-19 patients were finally included in the COVID-19 group, almost equally dis-

tributed for sex (25 males vs. 27 females), with a median age of 84 [IQR 78-89] years. All patients 

were hospitalized for a median time of 15 [IQR 10-23] days and treated with medical therapy, ac-

cording to the recommendations valid at that time. Sixteen patients (30.8%) died. Clinical and bio-

chemical features of COVID-19 group are shown in Table 1. 

Thirty-nine patients (75%) had hypertension, 20 (61.5%) other cardiovascular diseases, 16 (30.8%) 

diabetes, 8 (15.4%) COPD and 5 (9.6%) an active cancer (Table 2). 

The COVID-19 group was compared with two control groups (Non-COVID 1 and Non-COVID 2 

group, respectively). The three groups did not differ significantly for age, sex and basal serum crea-

tinine. As well, the three groups did not show significant differences in the 25OH-Vitamin D serum 

levels, in the serum PTH and in the serum calcium corrected for albumin (Table 3). 

In the univariate analysis, the 25OH-Vitamin D levels of the COVID-19 group were not significant-

ly associated with mortality risk (p=0.12), Intensive Care Unit (ICU) admission risk (p=0.36), dura-

tion of hospitalization (p=0.40) and remission time (p=0.33). No significant association were found 

either for markers of disease severity, such as basal PO2/FiO2 ratio (p=0.70), lowest P/F ratio dur-

ing hospitalization (p=0.41), basal D dimer (p=0.34) and basal LDH (p=0.54), as reported in Table 

4. 

Ten patients (20%) in the COVID-19 group required ICU admission and received ventilatory sup-

port for a median time of 8 [IQR 6-9] days. Figure 1 shows that serum 25OH-vitamin D levels did 

not significantly differ between patients requiring or not ICU admission (15.8 [IQR 10.1-36.2] ng/

ml vs 13.5 [7.2-28.7] ng/ml; p=0.49). 

Sixteen out of 52 COVID-19 group patients (30.8%) died. As expected, patients admitted to ICU 

and underwent ventilatory support showed a higher mortality rate comparing to the patients man-



aged in a medical ward (60% vs 23.8%, p=0.03). Figure 2 shows that serum 25OH-vitamin D val-

ues were not significantly different between the dead patients and survivors (22.9 [IQR 9.2-31.1] 

ng/ml vs. 11.8 [7.1-26.8] ng/ml; p=0.14) despite the presence of a trend to be higher in the dead pa-

tients. 



DISCUSSION 

It has been widely reported that Vitamin D deficiency may represent a risk factor for respiratory 

tract infections. In fact, vitamin D affects the expression of many genes linked to airway infec-

tions, as well as the normal function of the immune system. Nevertheless, the role of vitamin D 

supplementation remains controversial. A meta-analysis by Martineau et al concluded that Vitamin 

D supplementation reduces the risk of acute respiratory infection [3]. Likewise Joliff et al conclud-

ed that vitamin D supplementation reduced the rate of asthma exacerbations, requiring treatment 

with systemic corticosteroids [4]. 

A recent narrative review reported that several countries in the Northern Hemisphere had a high 

COVID-19 mortality, even after adjustment for age, thus suggesting that the association between 

COVID-19 mortality and latitude may be related to an effect of ultraviolet light and therefore to the 

vitamin D status [14]. Similarly, a European study showed a negative correlation between mean 

country vitamin D levels and number of COVID-19 cases and between mean vitamin D levels and 

COVID-19 mortality risk [16]. 

In keeping with these observations, a potential role of the vitamin D on COVID-19 infection risk,  

hospitalization and mortality has been recently discussed, up to suggesting a widespread supple-

mentation with vitamin D despite the absence of randomized control trials [7,17,18]. 

In our study, we investigated the vitamin D status in a cohort of patients referred to our hospital 

due to a SARS-CoV-2 related pneumonia (COVID-19 group). Our cohort included a large number 

of elderly patients (median age 84 years), which may explain the higher mortality rate (30.8%), 

consistent with the national mortality rates reported for patients older than 80 years (National 

Healt Institute, ISS, updated on 8th September, 2020).  

It is well known that ill patients could show lower vitamin D levels in comparison with healthy 

controls, as vitamin D binding protein and albumin concentrations are remarkably reduced during  

acute illness and inflammatory activation [19,20]. Therefore, we compared the vitamin D status of 



of the COVID-19 patients group with a control group composed by patients referred to our hospi-

tal, in the same period, because of a pneumonia not related to SARS-CoV-2 infection, failing to 

find significant differences. 

As respiratory acute infections may be considered an independent risk factor for a 25OH-vitamin 

D insufficiency we further compared the vitamin D status of the COVID-19 group with a second 

control group composed by patients admitted for a non-respiratory acute illness. Even in this case, 

we did not find a significant difference in the serum vitamin D status. 

Data of the literature are conflicting. A recent large UK Biobank study, after adjustment for confound-

ing factors, did not show correlations between the serum vitamin D levels and the risk of COVID-19 infec-

tion [21]. On the contrary, other series reported a higher prevalence of 25OH-vitamin D deficiency in pa-

tients with a COVID-19 positive test [22-24]. Of note, in these studies a significant timeframe between the 

serum Vitamin D sample collections and COVID-19 infection elapsed (up to 12 months), which may pro-

duce a bias, whereas all the three groups of our study collected the 25OH-Vitamin D blood sample on ad-

mission to hospital. Furthermore, most of these studies were conducted on patients significantly younger 

than those included in our study, where 45 out of 52 patients (86%) were older than 70 years and median 

age was 84. 

In addition, in our cohort of patients affected by COVID-19 pneumonia no correlations were found 

among the serum vitamin D levels and the mortality risk, the ICU admission risk, the remission 

time and the duration of hospitalization, as well as with the parameters estimating the disease 

severity. 

Even in this case, available data is inconsistent. A recent study, conducted in a geriatric cohort of pa-

tients, has associated vitamin D deficiency with a higher peak of D-dimer levels and a higher risk of need-

ing ventilatory support. Nevertheless, neither mortality nor duration of hospitalization was associated with 

the vitamin D status [25]. Likewise, other small series reported a higher prevalence of 25OH-vitamin D de-

ficiency in the patients with a worse outcome [26] or in those requiring ICU admission [27]  

In conclusion, our results do not support the hypothesis of a specific role of the vitamin D deficien-

cy in the risk of COVID-19 infection. In fact, no differences were found between the 25OH-vitamin 



D levels of the patients affected by COVID-19 related pneumonia and those of other patients hospi-

talized because of other acute illnesses. 

In addition, in the group of patients with COVID-19 related pneumonia, serum 25OH-vitamin D 

levels did not disclose significant association neither with the main outcome of COVID-19 infection 

(mortality and need of mechanical ventilation) nor with the parameters estimating the severity of 

disease. 

Our study discloses several limitations, as first the retrospective design and the small sample size.  

However, to our knowledge, the is the first report comparing the vitamin D status of a cohort of pa-

tients with SARS-CoV-2 pneumonia to others cohorts of hospitalized patients affected by acute dis-

eases. Further larger studies are needed to confirm these observations. 
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LEGEND TO FIGURE 

Figure 1. Comparison of the serum 25OH-vitamin D levels between the patients requiring mechan-

ical ventilatory support in an Intensive Care Unit (ICU) (n=10) and the patients managed in a med-

ical ward (n=42). 

Figure 2. Comparison of the serum 25OH-vitamin D levels between the subgroup of patients died 

during the hospital stay (n=16) and the subgroup of survivors (n=36). 
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Figures

Figure 1

Comparison of the serum 25OH-vitamin D levels between the patients requiring mechanical ventilatory
support in an Intensive Care Unit (ICU) (n=10) and the patients managed in a medical ward (n=42).



Figure 2

Comparison of the serum 25OH-vitamin D levels between the subgroup of patients died during the
hospital stay (n=16) and the subgroup of survivors (n=36).
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