
Background
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) continues to influence the whole world and 
spread quickly due to mutations, despite vaccination 
and isolation practices (1). The prognosis of the illness 
caused by SARS-CoV-2 is determined by the viral load 
and response of the immune system to this load. SARS-
CoV-2 reproduces very quickly when the immune system 
is not working properly. In response to increased viral 
load, levels of some inflammatory biomarkers rise and 
cause a destructive inflammatory reaction (2). One 
of the most damaging effects of SARS-CoV-2 is the 
cytokine storm caused by this destructive inflammatory 
process (3). Cytokine storm leads to depletion of cellular 
adenosine triphosphate (c-ATP). C-ATP depletion causes 
dysfunction in the human cells including immune cells (4). 
SARS-CoV-2 also activates poly (ADP-ribose) polymerase 
2, resulting in the consumption of nicotinamide adenine 
dinucleotide (5). 

There is a relationship between the poor prognosis of 

acute viral infections and 25-(OH) vitamin D3 deficiency. 
Adequate values of 25-(OH) vitamin D3 are necessary for 
the antiviral activity of the immune system (6,7). 25-(OH) 
vitamin D3 is a hormone with an immune-modulatory 
effect. The immune-modulatory effect of 25-(OH) 
vitamin D3 is based on its receptors, which affect many 
immune cell functions. Through these receptors, 25-(OH) 
vitamin D3 supports the differentiation of monocytes 
into macrophages and modulates the manufacture of 
inflammatory cytokines (6). 25-(OH) vitamin D3 also 
has a preservative effect on alveolar epithelial cells and 
induces the angiotensin-converting enzyme 2 (ACE2) 
expressions (8). On the other hand, ACE2 expression plays 
a significant role in the pathophysiological mechanisms of 
the illness caused by SARS-CoV-2 (9).

One of the indispensable requirements for the activation 
of immune cells is phosphate. Phosphate groups 
obtained through the hydrolysis of ATP are involved 
in the phosphorylation of glucose in the glycolysis. 
Therefore, immune cells require more phosphate for 
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Abstract
Background: There are many articles in the literature about the importance of 25-(OH) vitamin D3 in 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) cases. However, there is no consensus on 
25-(OH) vitamin D3 to predict the prognosis of SARS-CoV-2 cases. Additionally, phosphorus, which has 
an important role in the cytokine storm, contributes to poor prognosis in SARS-CoV-2 cases. 
Objectives: This study aimed to examine phosphorus and 25-(OH) vitamin D3 levels to predict the 
prognosis of COVID-19.
Methods: A total of 230 SARS-CoV-2 cases and 230 healthy people were included in this study. ROC 
curve analysis was performed for combined evaluation of phosphorus and 25-(OH) vitamin D3 levels.
Results: In the ROC curve analysis, the area under curve (AUC) was 0.9282, the sensitivity was 92.70%, 
and the specificity was 92.80%. Phosphorus and 25-(OH) vitamin D3 levels showed negative correlations 
with procalcitonin, ferritin, D-dimer, C-reactive protein, neutrophil-lymphocyte ratio, and monocyte-
lymphocyte ratio.
Conclusion: Low phosphorus and 25-(OH) vitamin D3 levels may be indicators for poor prognosis in 
SARS-CoV-2 cases. Conversely, normal phosphorus and 25-(OH) vitamin D3 levels may be indicators for 
a good prognosis in SARS-CoV-2 cases.
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rapid cell division and increased biosynthetic activity 
(10). On the other hand, c-ATP depletion is observed 
in severe hypophosphatemia caused by various reasons 
(11). In addition, cytokine release is associated with 
hypophosphatemia (12).

Cytokine storm and immune system deficiency can 
be seen against viral load in the prognosis of SARS-
CoV-2 cases. In this study, it was aimed to examine the 
phosphorus and 25-(OH) vitamin D3 values of SARS-
CoV-2 cases. In addition, the combined evaluation of 
phosphorus and 25-(OH) vitamin D3 values in predicting 
the prognosis of these cases was examined. The novelty 
of this study is to examine phosphorus values, which is 
one of the causes of cytokine storm, and 25-(OH) vitamin 
D3 levels, which is one of the causes of immune system 
deficiency.

Materials and Methods
Study Design
This study was a single-center and case-control study. 
The sample size was determined using G-power analysis. 
A total of 230 inpatients infected with SARS-CoV-2 were 
included in the study as a case group. In addition, 230 
healthy individuals without any disease were included as 
the control group. The patients included in the case group 
are hospitalized patients with a positive SARS-CoV-2 
polymerase chain reaction (PCR) test result. Cases that 
survived mild or asymptomatic disease, patients who were 
diagnosed with COVID-19 using computed tomography 
findings, and cases with negative PCR test results were 
not included in the study. Patients and healthy people 
were randomly selected. While selecting the patients 
included in the case group, care was taken to ensure that 
the number of women and men was equal. Individuals 
without any chronic disease and without any health 
problems were included in the control group. Individuals 
included in the control group were selected considering 
the mean age of the case group. The data of the cases were 
obtained retrospectively from the Hospital Information 
Management System of the hospital where the study was 
conducted. The phosphorus and 25-(OH) vitamin D3 
values of the individuals and cases included in the study 
were compared. Regression analysis was performed for 
phosphorus and 25-(OH) vitamin D3 values. A ROC 
curve graph was plotted, in which prognostic value of the 
combined evaluation of phosphorus and 25-(OH) vitamin 
D3 levels of the cases was shown. In addition, the values 
of procalcitonin, ferritin, D-dimer, C-reactive protein, 
monocyte-lymphocyte ratio, and neutrophil-lymphocyte 
ratio were measured. The relationship between these 
parameters and the combined evaluation of 25-(OH) 
vitamin D3 and phosphorus values were investigated.

Patients
SARS-CoV-2 cases (with positive PCR test results) were 
included in the case group. In addition, the case group 
consisted of cases hospitalized in the ICU and inpatient 

ward of the hospital where the study was conducted. 
BioRad CFX96 RT-PCR system (California, USA) was 
used for the PCR test. 

Main Outcome Variables
Serum 25-(OH) vitamin D3 values were analyzed by 
chemiluminescence immunoassay method using Roche 
Cobas 8000 analyzer (Basel, Switzerland). Phosphorus 
levels were measured using the Beckman Coulter AU5800 
analyzer (Brea, California, USA) using appropriate kits.

Other Variables
C reactive protein levels were determined using Beckman 
Coulter AU5800 analyzer (Brea, California, USA), 
procalcitonin and ferritin levels using Roche Cobas 
e 411 analyzer (Basel, Switzerland), D-dimer levels 
using SYSMEX CS-5100 analyzer (Siemens Healthcare 
Diagnostics, Erlangen, Germany), monocyte, neutrophil, 
and lymphocyte levels using SYSMEX XN-1000 analyzer 
(Siemens Healthcare Diagnostics, Erlangen, Germany) 
and appropriate kits. 

Statistical Analysis
The MINITAB software version 21 was used for the 
analysis of the variables. Continuous variables were 
expressed as the median (25-75th percentile). The main 
outcome variables of the groups were compared using the 
Mann-Whitney U test. Binary logistic regression analysis 
of the main outcome variables was performed. The 
regression equation was used to examine the combined 
evaluation of the main outcome variables. ROC curve 
analysis was performed, in which the main outcome 
variables were evaluated together. Spearman correlation 
analysis was used for the correlation analysis between the 
main outcome variables and other variables.

Results
Descriptive Information
A total of 230 inpatients with SARS-CoV-2 and 230 
healthy individuals were included in the study. Of these 
patients, 196 were in the inpatient ward and 34 were 
in the intensive care unit. The laboratory findings and 
demographic characteristics of the groups were given in 
Table 1 as the median (25-75th percentile).

Analysis of the Main Outcome Variables
The 25-(OH) vitamin D3 and phosphorus levels of the 
SARS-CoV-2 cases were lower than those of the control 
group (P < 0.001). The results of the regression analysis of 
phosphorus and 25-(OH) vitamin D3 values were given 
in Table 2.

The regression equation was used for the combined 
evaluation of the phosphorus and 25-(OH) vitamin D3 
levels. ROC curve analysis was performed using the data 
obtained by this equation (Figure 1). According to the 
ROC curve analysis results, the area under curve (AUC) 
was 0.9282, the cut-off value was 26.40 for 25-(OH) 
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vitamin D3 and 3.80 for phosphorus, the sensitivity was 
92.70%, and the specificity was 92.80% (P < 0.001). The 
positive predictive value was 40.39%, (95% CI: 29.85-
51.91), and the negative predictive value was 99.59% (95% 
CI: 99.35-99.74). In addition, the ROC curve analysis of 
phosphorus and 25-(OH) vitamin D3 was performed 
separately (Figure 2).

Correlation Analysis of Main Outcome Variables With 
Other Variables
The results of the correlation between phosphorus and 25-

(OH) vitamin D3 levels and some laboratory parameters 
were given in Table 3.

Discussion
The clinical spectrum of the SARS-CoV-2 infection ranges 
from asymptomatic infections to severe life-threatening 
symptoms (13). In addition to possible complications, 
increases in pro-inflammatory cytokines and changes 
in various laboratory parameters may indicate the 
progression of COVID-19 into a severe and critical stage 
(14). The excessive production of pro-inflammatory 
cytokines leads to multi-organ failure and systemic 
inflammation (15). 

25-(OH) vitamin D3 has a role in many systems in the 
organism, including the immune system (16). It has an 
immune-modulatory role in both adaptive and innate 
immune systems (17). 25-(OH) vitamin D3 reduces 
the production of pro-inflammatory cytokines such as 
interleukin 6 and interferon-gamma, and suppresses T 
helper 1 cell function and releases of anti-inflammatory 
cytokines from T helper 2 cells (18). Through these effects, 
25-(OH) vitamin D3 can prevent the cytokine storm and 
multi-organ failure that can be observed in patients with 
SARS-CoV-2 infection (17). In the first studies on 25-(OH) 
vitamin D3 levels of SARS-CoV-2 cases, it was found that 
these patients had low 25-(OH) vitamin D3 levels (19). 
Many studies have been conducted on 25-(OH) vitamin D3 
levels in SARS-CoV-2 cases. In a meta-analysis including 
361,934 participants and a total of 10 articles, it was stated 
that 25-(OH) vitamin D3 values of SARS-CoV-2 cases 
were lower compared to other patients. Low 25-(OH) 
vitamin D3 status may also be associated with an increased 
risk of this disease (20). In another meta-analysis, 77.8% 
of the reviewed studies showed that COVID-19 infection, 
prognosis, and mortality were associated with vitamin D 
status (21). A meta-analysis evaluating 27 studies reported 

Table 1. The Demographic Characteristics and Laboratory Findings of the 
Groups

Parameters SARS-CoV-2 (n = 230) Control (n = 230)

Male, n (%) 115 (50.00) 78 (33.91)

Female, n (%) 115 (50.00) 152 (66.09)

Age 65 (49-73) 50 (40-61)

25-(OH) vitamin D3 (ng/mL) 10.39 (7.23-10.60) 29.18 (27.60-32.50)

Phosphorus (mg/dl) 3.00 (2.50-3.70) 3.50 (3.20-3.90)

Neutrophil (109/L) 5.30 (3.65-8.95) -

Monocyte (109/L) 0.50 (0.30-0.60) -

Lymphocyte (109/L) 1.00 (0.70-1.35) -

C reactive protein (mg/L) 58.60 (18.58-114.00) -

Procalcitonin (mg/L) 0.11 (0.04-0.31) -

Ferritin (ng/mL) 305.00 (144.50-866.50) -

D-dimer (μg/mL) 0.96 (0.31-2.68) -

Neutrophil lymphocyte ratio 5.60 (2.84-10.43) -

Monocyte lymphocyte ratio 0.42 (0.31-0.70) -

Table 2. Regression Analysis of Phosphorus and 25-(OH) Vitamin D3 Levels

Parameters Odds Ratio 95% CI P Value

25-(OH) vitamin D3 0.77 (0.74-0.81)  < 0.001

Phosphorus 0.46 (0.32-0.66)  < 0.001

Figure 1. ROC Curve Graph of the Combined Evaluation of Phosphorus and 25-(OH) Vitamin D3
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a significant relationship between 25-(OH) vitamin D3 
deficiency and disease severity, hospitalization, and death 
rates in SARS-CoV-2 cases (22). Another recent study 
determined a relationship between 25-(OH) vitamin D3 
deficiency and prolonged illness duration and increased 
lung involvement in elderly SARS-CoV-2 cases (23). 
Conversely, in a study conducted on 1326 cases, it was 
determined that there was no significant relationship 
between coronavirus disease and 25-(OH) vitamin D3 
levels (24). Likewise, in another study of 449 cases, it was 
found that there was no relationship between coronavirus 
disease and 25-(OH) vitamin D3 values (25).

In this study, 25-(OH) vitamin D3 levels of SARS-
CoV-2 cases were found to be lower than those of healthy 
individuals. A 25-(OH) vitamin D3 level of less than 20 
ng/mL is considered severe deficiency (26). In this study, 
the median level of 25-(OH) vitamin D3 in COVID-19 
patients was 10.39, which indicates severe vitamin D 
deficiency.

Hypophosphatemia was reported to have a relationship 
with the severity of the illness in SARS-CoV-2 cases. 
Close monitoring of serum phosphorus levels and 
timely correction of hypophosphatemia in severe/critical 
SARS-CoV-2 cases are important to improve prognosis. 
There is a positive correlation between lymphocytes 
and serum phosphorus (27). In the study conducted by 

Javdani et al, SARS-CoV-2 cases were ranked according 
to the severity of lung damage. Higher phosphate levels 
may have a relationship with better lung outcomes in 
computed tomography scan, and hypophosphatemia has 
been reported to be associated with serious lung injuries 
(28). Booth et al evaluated many clinical findings in SARS-
CoV-2 cases. They determined that 53% of the patients 
had hypophosphatemia (29).

Some antioxidants have been studied in the treatment 
of coronavirus-19. Melatonin supplement is known for 
its antioxidant properties (30). In the physiopathology of 
COVID-19 infection, melatonin may also be protective 
as a synergistic treatment with 25-(OH) vitamin D3 (31). 
Similarly, natural phenolic compounds may be useful in 
combating mortality in patients with COVID-19 (32).

In this study, phosphorus levels of SARS-CoV-2 cases 
were lower compared to healthy individuals. ROC curve 
analysis was used for the combined evaluation of the 
phosphorus and 25-(OH) vitamin D3 levels as prognostic 
indicators. In the ROC curve analysis performed for the 
combined evaluation of the phosphorus and 25-(OH) 
vitamin D3levels, the AUC value was determined to be 
0.9282, sensitivity was 92.70%, and specificity was 92.80%. 
C-reactive protein, procalcitonin, ferritin, D-dimer, 
monocyte-lymphocyte ratio, and neutrophil-lymphocyte 
levels are constantly monitored in COVID-19 patients 
(33-38). There was a negative correlation between these 
parameters and phosphorus and 25-(OH) vitamin 
D3 levels. Limitations of the study are that mild or 
asymptomatic SARS-CoV-2 cases were not included in 
this study.

Conclusion
In conclusion, combined evaluation of the phosphorus and 
25-(OH) vitamin D3 levels may be beneficial in predicting 
the prognosis of SARS-CoV-2. We recommend monitoring 
the combined evaluation of the phosphorus and 25-(OH) 

Table 3. Correlation of Phosphorus and 25-(OH) Vitamin D3 Levels with 
Some Laboratory Parameters

Parameters Correlation coefficient P Value

C reactive protein -0.352  < 0.001

Procalcitonin -0.389  < 0.001

Ferritin -0.237 0.011

D-dimer -0.259 0.005

Neutrophil lymphocyte ratio -0.259 0.005

Monocyte lymphocyte ratio -0.289 0.002

Figure 2. ROC Curve Graph of the Combined Evaluation of Phosphorus and 25-(OH) Vitamin D3
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vitamin D3 values to predict the prognosis of SARS-CoV-2 
cases. Prophylactic phosphorus and 25-(OH) vitamin D3 
supplementation may be recommended to individuals 
considered to be at risk of developing this disease. 
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