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Abstract
Considering the high prevalence of vitamin D deficiency worldwide and its rela-
tionship with immune response to viral infections, this study attempted to identify 
the predictive power of serum vitamin D for poor outcomes among the COVID-19 
patients. This retrospective cohort study included all patients with confirmed 
COVID-19 hospitalized between February 20, 2020, and April 20, 2020, at a desig-
nated COVID-19 hospital, located in Tehran province, Iran. General characteristics, 
medical history and clinical symptoms were recorded by trained physicians. Blood 
parameters including complete blood count, creatinine, lactate dehydrogenase, cre-
atine phosphokinase, erythrocyte sedimentation rate, C-reactive protein and vitamin 
D were tested. This study included 290 hospitalized patients with COVID-19 (the 
mean age [SD]: 61.6 [16.9], 56.6% males), of whom 142 had vitamin D concentrations 
less than 20 ng/ml, defined as vitamin D deficiency. COVID-19 patients with vitamin 
D deficiency were more likely to die (Crude OR [95% CI]: 2.30 [1.25–4.26]), require 
ICU (2.06 [1.22–3.46]) and invasive mechanical ventilation (2.03 [1.04–3.93]) based 
on univariate logistic regression results. Although, after adjusting for potentials con-
founders such as gender and age, the association between vitamin D and need to 
invasive mechanical ventilation lost its significance, adjusted values for the risk of 
death and ICU requirement were still statistically significant. Vitamin D deficiency 
can be considered as a predictor of poor outcomes and mortality in COVID-19 pa-
tients. Therefore, checking serum 25 (OH) D on admission and taking vitamin D sup-
plements according to the prophylactic or treatment protocols is recommended for 
all COVID-19 patients.
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1  | INTRODUC TION

Since the world has faced the pandemic of Coronavirus disease 2019 
(COVID-19), several studies have been established to elucidate the 
pathophysiology and treatment of this disease. The epidemiological 
surveys show that the disease is highly contagious. However, its se-
verity widely ranges from no symptoms to death (COVID C & Team 
R, 2020; Wu et  al.,  2020). So, in this situation, understanding the 
risk factors affecting the patient's response to the novel coronavirus 
SARS-CoV-2 is of great importance. Beside age, gender, underlying 
illnesses and general nutritional status, vitamin D has been under 
the spotlight in scientific debates (Grant et al., 2020). Vitamin D is 
considered a steroid hormone due to its endogenous secretion in 
the body as well as its ability to regulate genes expression by in-
teracting with its intracellular receptor. This fat-soluble secosteroid 
can be provided by few dietary sources such as fish oil, eggs and 
fortified food. However, it is mostly synthesized in the skin by action 
of sun ultraviolet radiation 7-dehydrocholesterol followed by two 
steps of hydroxylation in liver and kidney, respectively. Calcitriol (1,
25-dihydroxycholecalciferol), the active form of vitamin D, can bind 
to its nuclear receptor (VDR) and contribute to modifying the cells 
transcriptional output (Hewison, 2012). Several reviews suggested 
that, vitamin D plays a role in reducing the risk of viral infections by 
affecting cellular natural and adaptive immunity (Beard et al., 2011). 
The antiviral properties of this vitamin are also due to its ability in 
suppressing the expression of pro-inflammatory factors, increasing 
the expression of anti-inflammatory cytokines, promoting the in-
duction of the T regulatory cells and upregulation of the antimicro-
bial/antiviral peptides such as cathelicidin and defensins (Greiller & 
Martineau, 2015; Wei & Christakos, 2015). In addition, vitamin D in-
teracts with the renin–angiotensin system (RAS), which is known to 
be involved in COVID-19 infection (Alifano et al., 2020). Considering 
the high prevalence of vitamin D deficiency worldwide, the present 
study attempted to identify the predictive power of serum vitamin D 
for poor outcomes among the COVID-19 patients.

2  | MATERIAL S AND METHODS

2.1 | Study design and participants

Our retrospective cohort study included all patients with confirmed 
COVID-19 hospitalized between February 20, 2020, and April 20, 
2020, at a designated COVID-19 hospital, located in the province of 
Tehran, Iran. We excluded patients from the study if they were still 
hospitalized or their vitamin D level was not measured. The study 
was ethically approved by the ethics committee of Tehran University 
of Medical Sciences, Tehran, Iran (Code: IR.ABZUMS.REC.1399.124).

2.2 | Data collection

Two trained physicians extracted data on the following variables 
from the medical records of discharged patients: age, gender, 

medical history, clinical signs, symptoms, O2 saturation, requiring 
invasive mechanical ventilation on admission, the first laboratory 
findings in the hospital, discharged status (dead or alive), also real-
time polymerase chain reaction (RT-PCR) test and chest computed 
tomography (CT) scan findings.

This research adhered to the Declaration of Helsinki guidelines. 
Research and Ethics Committees of Alborz University of Medical 
Sciences (ABZUMS) and Iran University of Medical Sciences (IUMS) 
reviewed and approved the study protocol and waived the require-
ments for informed consent. To protect confidentiality and anonym-
ity of the patients, a unique identification number was assigned to 
each included patient.

2.3 | COVID-19 diagnosis

COVID-19 diagnosis was confirmed by one of the following criteria: 
1) a positive RT–PCR result or 2) a positive pulmonary abnormality 
on chest CT based on the radiological criteria of COVID-19 infection 
(Ai et al., 2020; Mahdavi et al., 2020).

2.4 | Laboratory testing

In two aforementioned hospitals, the oropharyngeal swab specimens 
of patients were collected on admission and examined in predeter-
mined laboratories to detect SARS-CoV-2 viral nucleic acid using RT-
PCR assay. Blood parameters listed below were extracted from the 
first blood tests results for each patient: complete blood count (CBC) 
including white blood cells (WBC) count and type, hemoglobin (Hb), 
creatinine, lactate dehydrogenase (LDH), creatine phosphokinase 
(CPK), C-reactive protein (CRP), erythrocyte sedimentation rate 
(ESR), aspartate and alanine transaminases (AST, ALT), prothrombin 
time (PT), partial thromboplastin time (PTT) and vitamin D.

2.5 | Comorbidity

On admission, patients were asked whether they had a medical 
history of the comorbidities including: diabetes mellitus (DM), hy-
pertension (HTN), cardiovascular disease (CVD), cancer, chronic 
renal failure (CRF; dialysis or non-dialysis), chronic liver diseases, 
psychological disorder, chronic pulmonary disease, asthma, thyroid 
dysfunction, immunodeficiency, autoimmune disease, hematologic 
disease and neurological disorder.

2.6 | COVID-19 Outcomes

Based on the discharge status, patients were classified as cured (sur-
vivors) or dead (non-survivors). Need for intensive care unit (ICU) 
and need for invasive mechanical ventilation were also considered as 
criteria for severity of disease. In our hospitals, COVID-19 patients 
who met all following criteria will be discharged: lack of fever for at 
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least 72 h, alleviation of respiratory symptoms and improvement in 
pulmonary abnormalities on chest CT scan.

2.7 | Statistical analysis

We summarized the general and clinical characteristics of the cohort 
using appropriate descriptive statistics, mean (standard deviation 
[SD]) or median (interquartile range [IQR]), for continuous variables 
and frequency (%) for categorical variables. Vitamin D deficiency 
was defined as the vitamin D concentrations less than 20  ng/ml. 
Then patients fall into two groups with or without vitamin D defi-
ciency. We compared characteristics of patients with and without 
vitamin D deficiency using two-tailed t-tests, Mann–Whitney U tests 
or Chi-square tests.

The receiver operating curve (ROC) analysis was performed to 
compare the predictive abilities of vitamin D concentration and other 
blood parameters for predicting the poor outcomes of COVID-19; 
area under the curve (AUC) and its 95% confidence interval (CIs) are 
reported for each assessed parameter. Univariable and multivariable 
logistic regression models were used to assess the association of vi-
tamin D deficiency with each poor outcomes of COVID-19 including 
death, need to ICU care and receiving invasive mechanical intuba-
tion. Of factors associated with vitamin D deficiency, those with a 
p-value <.2 on univariate analysis were entered into multivariable 
logistic as a potential confounder. Results are presented as crude 
and adjusted odds ratio (OR) and 95% CI. We also performed a log-
rank test to determine if there were differences in the survival dis-
tribution between males and females and two age groups ≥65 and 
<65 years. A p-value of less than .05 was considered as statistically 

significant. All statistical analyses were performed using STATA ver-
sion11 (Stata Corp LP).

3  | RESULTS

For the present analyses, 290 COVID-19 patients who were hos-
pitalized during the study period were included, of whom 142 had 
vitamin D deficiency. Table  1 presents general characteristics and 
disease-related symptoms in the study population on admission, 
overall and by vitamin D deficiency status. The mean age (SD) of pa-
tients was 61.6 (16.9) and 56.6% of them (n = 164) were male.

The most common complaints on admission, in order by fre-
quency, were cough (48.4%), tiredness (41.0%) and fever (40.3%). 
Besides, O2 saturation less than “93%” were observed in 55.0% 
(n = 153) of patients. About 65% (178) of patients reported at least, 
one comorbidity the most common of which was hypertension 
(34.2%), followed by diabetes mellitus (31.5%) and cardiovascular 
disease (21.6%).

Out of 290 patients, 82 (28.3%) received ICU care, 43 (14.8%) 
required invasive mechanical ventilation, and 55 (19.0%) died during 
hospitalization.

Compared to patients without vitamin D deficiency, the pro-
portion of males was significantly higher in those with vitamin D 
deficiency (63.4% versus. 50.0%, p-value=.022); other assessed 
characteristics, including prevalence of underlying diseases, were 
similar between the two groups (all p-values >.05).

Regarding the assessed poor outcomes of COVID-19, higher 
percentage of patients with vitamin D deficiency died (27.7% ver-
sus. 14.3%; p-value=.005), received ICU care (37.8% versus. 23.4%; 

Variables
Total 
N = 290

Without vitamin D 
deficiency N = 148

With vitamin D 
deficiency N = 142 p-value

Demographic

Age (year), mean (SD) 61.6 (16.9) 60.3 (16.1) 63.0 (17.6) .183

Age ≥65 year, % (N) 42.4 (123) 39.2 (58) 45.8 (65) .257

Gender male, % (N) 56.6 (164) 50.0 (74) 63.4 (90) .022

COVID−19-related symptoms, % (N)

Cough 48.4 (140) 53.4 (79) 42.9 (61) .076

Fever 40.3 (112) 39.6 (57) 41.0(55) .804

Tiredness 41.0 (103) 38.8 (52) 43.6 (51) .442

P02<93% 55.0 (153) 50.0 (72) 60.4 (81) .080

Comorbidities, % (N)

DM 31.5 (87) 30.3 (44) 32.8 (43) .658

HTN 34.2 (95) 36.3 (53) 31.8 (42) .431

CVD 21.6 (59) 21.4 (31) 21.9 (28) .921

Other comorbidities* 30.5 (84) 30.3 (44) 30.8 (40) .939

Any comorbidity 64.7 (178) 63.9 (92) 65.6 (86) .760

Abbreviations: CVD, Cardiovascular disease; DM, Diabetes mellitus; HTN, Hypertension.
*Including: cancer, rheumatism, immunodeficiency or chronic respiratory, hepatic and blood 
diseases.

TA B L E  1   General characteristics and 
disease-related symptoms in the study 
population, overall and by vitamin D 
status
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p-value=.006) and needed invasive mechanical ventilation (19.9% 
versus. 11.0%, p-value=.036).

Table 2 shows the laboratory findings of patients at the first day 
of admission, overall and by vitamin D deficiency status. There was 
no statistically significant difference between the two groups re-
garding the assessed laboratory parameters.

Table  3 presents associations between vitamin D deficiencies 
with the poor outcomes of COVID-19 separately, including death, 
need to ICU care and invasive mechanical ventilation based on the 
results of logistic regression models. Results from univariate logis-
tic regression analysis showed that COVID-19 patients with vita-
min D deficiency were more likely to die (Crude OR [95% CI]: 2.30 
[1.25–4.26]), require ICU care (2.06 [1.22–3.46]) and invasive me-
chanical ventilation (2.03 [1.04–3.93]) than those without vitamin 

D deficiency; however, in the multivariate logistic regression anal-
ysis, after considering potential confounders such as age and gen-
der, the association of vitamin D deficiency with being intubated did 
not reach to the statistical significance (adjusted OR [95% CI]: 1.84 
[0.93–3.62]; p-value=.084).

Table 4 shows AUC and its 95% confidence interval (CI) of labo-
ratory parameters including vitamin D concentrations for predicting 
poor outcomes of COVID-19. Vitamin D concentrations was among 
the parameters with the significant diagnostic accuracy for the 
early detection of COVID-19 death (AUC (95% CI: 62.9 [54.1–71.7]) 
and need to ICU care (61.3 [51.7–71.0]); its diagnostic accuracy in 
detecting need to invasive mechanical ventilation was marginally 
nonsignificant. However, vitamin D concentration had significantly 
lower predictive ability compared to lymphocyte count, creatinine 

TA B L E  2   Laboratory findings of the study population on admission, overall and by vitamin D

Characteristics Total
Without vitamin D 
deficiency With vitamin D deficiency p-value

WBC count (×109/L), Median (IQR) 6.1 (4.6–8.4) 5.7 (4.3–8.2) 6.7 (4.9–8.9) .143

Lymph (×109/L), Median (IQR) 1.9 (1.3–2.6) 2.0 (1.4–2.6) 1.8 (1.2–2.5) .594

AST (U/L), Median (IQR) 38.0 (29.0–55.7) 37.0 (28.0– 53.5) 38.0 (29.0–63.0) .996

ALT (U/L), Median (IQR) 28.0 (19.0–44.7) 30.0 (19.0–45.0) 28.0 (19.0–44.0) .551

Creatinine (mg/dl), Median (IQR) 1.10 (0.9–1.3) 1.00 (0.9–1.3) 1.10 (0.9–1.3) .584

LDH (U/L), Median (IQR) 590.5 (469.5–824.7) 563.5 (481.2–820.3) 614.0 (454.0–830.5) .345

Hb (g/dl), Median (IQR) 13.1 (11.5–14.4) 13.2 (11.8–14.5) 12.8 (11.0–14.3) .209

ESR (mm/h), Median (IQR) 41.0 (26.5–58.7) 40.0 (25.0–55.0) 42.5 (30.0–63.3) .144

CRP >3+, % (N) 20.0% (50) 18.6% (24) 21.5% (26) .569

CPK (U/L), Median (IQR) 163 (75–286) 170.5 (75.0–287.0) 145.0 (70.0–274.0) .823

PT (S), Median (IQR) 13.5 (13.0–14.00) 13.5 (13.0–14.45) 13.5 (13.5–15.40) .233

Abbreviations: ALT, alanine transaminases; AST, aspartate transaminases; CPK, creatine phosphokinase; CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate; Hb, hemoglobin; IQR, interquartile range; LDH, Lactate dehydrogenase; Lymph, lymphocyte count; PT, prothrombin time; WBC, 
White blood cells.

TA B L E  3   Area under the curve of Laboratory test for predicting death and requiring ICU care in patients with COVID-19

Test

Death Need to ICU care
Need to invasive mechanical 
ventilation

AUC (95% CI) p-value AUC (95% CI) p-value AUC (95% CI) p-value

WBC count, ×109/L 0.59 (0.49–0.69) .044 0.61 (0.53–0.69) .004 0.57 (0.46–0.68) .121

Lymph, ×109/L 0.71 (0.62–0.79) <.001 0.61(0.53–0.68) .006 0.70 (0.60–0.76) <.001

Hb, g/dl 0.63 (0.54–0.73) .003 0.59 (0.51–0.67) .016 0.60 (0.50–0.70) .038

Creatinine, mg/dl 0.72 (0.64–0.81) <.001 0.66 (0.58–0.73) <.001 0.70 (0.61–0.80) <.001

AST, U/L 0.59 (0.50–0.68) .040 0.56 (0.49–0.64) .093 0.56 (0.46–0.66) .213

ALT, U/L 0.50 (0.41–0.59) .991 0.46 (0.39–0.54) .344 0.44 (0.35–0.53) .229

LDH, U/L 0.64 (0.54–0.74) .006 0.59 (0.50–0.68) .033 0.60 (0.46–0.72) .073

CPK, U/L 0.68 (0.58–0.78) .001 0.57 (0.48–0.66) .133 0.69 (0.58–0.79) .001

ESR, mm/h 0.46 (0.37–0.56) .420 0.48 (0.40–0.56) .548 0.50 (0.40–0.60) .968

PT, S 0.72 (0.64–0.80) <.001 0.68 (0.61–0.75) <.001 0.68 (0.58–0.77) <.001

Vitamin D, ng/ml 0.63 (0.54–0.72) .003 0.57 (0.50–0.65) .051 0.61 (0.52–0.71) .017

Abbreviations: ALT, alanine transaminases; AST, aspartate transaminases; CPK, creatine phosphokinase; ESR, erythrocyte sedimentation rate; Hb, 
hemoglobin; LDH, lactate dehydrogenase; Lymph, lymphocyte count; PT, prothrombin time; WBC, White blood cells.
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and CPK in the predicting COVID-19 death and requiring ICU care 
(p-values <.001, Figure 1).

4  | DISCUSSION

According to our study, COVID-19 patients with vitamin D deficiency 
(a serum level of less than 20 ng/dl) were about twice as much at risk 
for ICU hospitalization and death, even after adjusting the statistical 
model for age and gender.

In a recent study, linking the data from UK Biobank to COVID-19 
test results revealed an association between vitamin D and 
COVID-19 infection which was not significant after adjustment for 
confounders. Among the 348,598 participants, 449 tested positive 
for COVID-19. The median serum 25(OH)D concentration was lower 
in COVID-19 positive patients. However, after performing univari-
able logistic regression analysis adjusted for confounding factors, the 
authors found no strong evidence to support a potential protective 
role of vitamin D against COVID-19 infection (Hastie et al., 2020).

Another retrospective multicentral study of 212 cases with 
laboratory-confirmed infection of SARS-CoV-2 showed that serum 
25(OH)D level was lowest in critical cases, and a decrease in serum 
25(OH)D level could worsen clinical outcomes of the patients 
(Alipio, 2020).

Meltzer et al. studied the documents of 4314 patients tested for 
COVID-19. Of those, 499 had had a vitamin D result during the last 
year, and 178 (36%) cases were diagnosed as vitamin D deficient. 
The multivariable analysis suggested that persons with vitamin D 
deficiency were at a substantially higher risk of testing positive for 
COVID-19 (Meltzer et al., 2020).

Several possible mechanisms can link vitamin D to COVID-19. 
Firstly, it is now clear that vitamin D plays important roles in the 
modulation of the immune system and its low level is associated 
with both increased autoimmune and infectious diseases. Calcitriol, 
the active form of vitamin D, has its own nuclear receptor (VDR) 
through which can alter gene expression. To our knowledge, immu-
nologic cells are capable of synthesizing the active calcitriol, and the 
VDRs have been found in these cells as well. Therefore, vitamin D 
can even act in a paracrine or autocrine manner to affect immunity 
(Aranow, 2011).

Vitamin D improves physical protection against pathogens by 
maintaining junction integrity (Schwalfenberg,  2011). It also en-
hances cellular innate immunity partly through the induction of 
antimicrobial peptides (such as cathelicidin and defensins) as well 
as reducing the cytokine storm which has been widely observed in 
COVID-19 patients (Huang et al., 2020). Vitamin D is a modulator 
of adaptive immunity via suppressing responses mediated by the 
T helper cells type1 (Th1), promoting cytokine production by the 
T helper cells type 2 (Th2) and improving induction of the T reg-
ulatory cells, thereby inhibiting inflammatory processes (Cantorna 
et al., 2015). It therefore comes as no surprise why many documents 
depict an association between lower vitamin D levels and a higher 
rate of upper respiratory tract infection, influenza, bacterial vagino-
sis, HIV and other viral or microbial infections (Cannell et al., 2006; 
Ginde et  al.,  2009; Laaksi et  al.,  2007; Rodriguez et  al.,  2009; 
Villamor, 2006).

A recent study claimed that subtropical and mid-latitude coun-
tries are most affected by COVID-19. This finding, if correct, might 
be partly explained by the higher prevalence of vitamin D deficiency 
in these geographical regions (Rhodes et  al.,  2020). Furthermore, 
the seasonal fluctuation of serum vitamin D level might be respon-
sible for the higher risk of respiratory infections in fall and winter 
(Juzeniene et al., 2010).

Another link between COVID-19 and vitamin D is the rennin an-
giotensin system (RAS). It seems that angiotensin converting enzyme 
2 (ACE2) is the functional receptor of SARS-CoV-2 to which the virus 
gets attached and then penetrates into the host cell. During the 
SARS-CoV-2 infection, tissues, especially lungs, face a loss in ACE2 
function followed by an increase in the concentration of angioten-
sin II which finally leads to increasing alveolar permeability and ac-
celerating lung damage (Rashedi et al., 2020). Interestingly, vitamin 
D can increase the expression of ACE2 mRNA which can act as a 
double-edged sword; on the one hand, it can increase the number of 
receptors for the virus to enter the cells and on the other hand it can 
protect the pulmonary tissue from damage by saving the function 
of ACE2.

Low vitamin D concentration was among the parameters with the 
significant diagnostic accuracy for the early detection of COVID-19 
death and requiring invasive mechanical ventilation. Vitamin D 
seems to have the same or more predictive value than LDH, ESR 

TA B L E  4   Prognostic impact of vitamin D deficiency for need to ICU, need to invasive mechanical ventilation and death following 
COVID-19: Logistic Regression Analysis

Variable

Death Need to ICU
Need to invasive mechanical 
ventilation

Crude OR 
(95% CI)

Adjusted* OR 
(95% CI)

Crude OR 
(95% CI)

Adjusted* OR 
(95% CI)

Crude OR 
(95% CI)

Adjusted*OR 
(95% CI)

Vitamin D deficiency 2.30 
(1.25–4.26)a

2.0 (1.03–3.83)a 2.06 
(1.22–3.46)a

1.83 (1.07–3.14)a 2.03 
(1.04–3.93)a

1.84 (0.93–3.62)

Abbreviations: CI, Confidence Interval; OR, Odds Ratio.
ap-value <.05.
*Adjusted for age and sex.
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and CRP for COVID-19 poor outcomes. However, it has lower pre-
dictive ability compared to lymphocyte count, creatinine and CPK. 
Previously, independent parameters such as underlying comorbidity, 
older age, higher LDH and lower lymphocyte count were used to 
develop a scoring model for predicting the progression of COVID-19 
(Ji et al., 2020).

In conclusion, the present study showed that vitamin D defi-
ciency can be considered as a predictor for poor outcomes and 
mortality in COVID-19 patients. Therefore, taking vitamin D sup-
plements according to the prophylactic or treatment protocols is 
recommended as before. In addition, it is suggested that serum vi-
tamin D status be checked in all COVID-19 patients on admission 
and appropriate action be taken to correct the possible deficiency 
or insufficiency.
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