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ABSTRACT

Background: Vitamin D can inhibit hyper-inflammatory responses,
and there are mechanistic reasons for vitamin D’s beneficial effects in
COVID-19 patients. The aim of the present study was to assess how a
single high dose of vitamin D can affect inflammatory markers among
COVID-19 patients in critical conditions.

Methods: A single center, double-blind, randomized clinical trial was
conducted on 61 COVID-19 patients admitted to the intensive care
units (ICUs). The intervention group received 300,000 IU vitamin
D intramuscularly and identically placebo patients were monitored
for one week. The levels of lactate dehydrogenase (LDH, IU/mL),
C-reactive protein (CRP, mg/L), interleukin-6 (IL-6, Pg/L), lymphocytes,
neutrophils, and neutrophil/lymphocyte (N/L) ratios were measured at
the start and end of the study.

Results: This trial included 44 patients with COVID-19 who had vitamin
D deficiency at the start. After a high vitamin D dose intervention,
lymphocyte level increased while LDH (IU/mL) and neutrophil levels,
and N/L ratio decreased. CRP (mg/L) and IL-6 (Pg/L) levels significantly
declined following intervention with a high-dose vitamin D.
Conclusion: These findings suggest that high doses of vitamin D may
improve inflammatory indices in COVID-19 ICU patients.

Please cite this article as: Zamanian MH, Javadfar Z, Moradi S, Mostafaei R, Soroush A, Cheshmeh S, Rahimi A. The Effect
of High-Dose Vitamin D on Inflammatory Markers of ICU Patients with COVID-19. Int J Nutr Sci. 2024;9(4):260-268.

doi: 10.30476/1jns.2024.102550.1320.

Introduction

COVID-19 is caused by a new coronavirus known
as severe acute respiratory syndrome coronavirus
(SARS-CoV-2), which emerged in China at the end
of 2019 and quickly spread throughout the world.

COVID-19 still remains a significant threat to
human health in the majority of countries (1). The
adverse effects of COVID-19 were attributed to
immune dysregulation, which resulted in an increase
in pro-inflammatory mediators (a cytokine storm)
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(2). As COVID-19 progresses, pro-inflammatory
cytokines are released, causing lung inflammation
and fibrosis. Immune system modulators, on the
other hand, can lessen the severity and improve
outcomes (2). Many studies have shown that
complementary medicine and natural compounds,
as well as nutritional supplements are effective
in controlling inflammation and oxidative stress,
and thus improving clinical outcomes in critically
ill patients (3-5). Most studies have found a link
between an increased risk of respiratory diseases,
including COVID-19 and lack of vitamin D (6-
8). Vitamin D’s beneficial effects in COVID-19
have been attributed to immunomodulatory and
anti-inflammatory properties, particularly in viral
infections (9). Vitamin D has been shown to improve
both innate and adaptive immune function receptors
in the respiratory tract, as well as to protect against
inflammation by suppressing tumor necrosis
factor-a (TNF-a) and inflammatory cytokines in the
severe form of COVID-19 and by increasing anti-
inflammatory cytokines (9-11). In lung epithelial
cells, the active form of vitamin D increases gene
expression of cathelicidin, which is an antimicrobial
protein in the body. Cathelicidin inhibits virus
survival and multiplication as well as the synthesis
of pro-inflammatory cytokines, thereby protecting
lung tissue from inflammation (11).

Vitamin D deficiency has been reported among
45.6% of Iranian men and 61.9% of Iranian women
(12). So vitamin D supplementation may be a useful
strategy for preventing and treating COVID-19
or alleviate its symptoms (4). There are lacks of
effective pharmaceutical interventions in preventing
and treating the disease and to improve immune
responses to eliminate the virus in its early stages.
Changes in diet, lifestyle by intake of vitamin D
were shown to improve the immune system, alter the
severity of COVID-19, and increase the likelihood of
contracting COVID-19 (4, 13). Therefore, the purpose
of this study was to look for relationship between
vitamin D supplementation and inflammatory
markers in COVID-19 patients admitted to the
intensive care units (ICUs) of Golestan Hospital in
Kermanshah, Iran.

Materials and Methods

Based on the CONSORT statement (14), this
single center, randomized, double-blind, placebo-
controlled clinical trial was designed to assess the
effect of high-dose vitamin D on inflammatory
status among COVID-19 patients admitted to the
ICU ward of Golestan Hospital in Kermanshah,
Iran. Based on Mirolyaei et al.’s study (15), a sample
size of 15 patients was determined (Confidence

interval: 95%, test power: 90%). However, due to
the nature of the disease and the possibility of high
drop-out, the sample size was limited to 30 patients.
All procedures involving human participants were
carried out in accordance with the institutional and/
or national research committee’s ethical standards,
as well as the 1964 Helsinki declaration and its
subsequent amendments or comparable ethical
standards. The Ethics Committee of Kermanshah
University of Medical Sciences approved the
study (Ethics approval number: IR.KUMS.MED.
REC.1400.069; Iranian Clinical Trials Registry
number: [RCT20170827035936N2. The trial
registration: IRCT20170827035936N (19/12/2021).
After explaining the purpose of the study, each
subject provided a written informed consent.
Subjects had the right to withdraw from the study
at any time, and their information was confidential
and promised not to be published.

COVID-19 patients older than 18 years old
diagnosed with flu symptoms via computed
tomography scan (CT scan) or by nasopharyngeal
swabs in real-time polymerase chain reaction (RT-
PCR) and hospitalized patients in [CU were excluded
from the study. Intake of 25 (OH) vitamin D at levels
greater than 30 ng/dL, a previous vitamin D (1000
[U/d) supplementation, unwillingness to continue
cooperation in the study, already receiving invasive
mechanical ventilation or in-hospital mortality
within the first week of intervention, pregnancy,
lactation, renal failure (creatinine>2 mg/dL) and
hypercalcemia (calcium>10 mg/dL) were considered
as exclusion factors. Patients were randomly assigned
to either the vitamin or placebo groups in a 1:1 ratio.
A combination of four and six computer-generated
random blocks were randomly used to divide patients
to intervention (n=31) and placebo (n=30) groups
(Figure 1). The intervention group received a single
intramuscular injection of 300,000 1U along with
standard treatment. The placebo group received the
same dose of an intramuscular injection placebo by
Daroupakhsh Pharmaceutical Company, Tehran,
Iran, with the exception of vitamin D as the main
ingredient and standard treatment. Patients were
monitored for one week until the final analysis,
while both patients and investigators were unaware
of the randomization. To assess matching in the
intervention and placebo groups, demographic
information, clinical symptoms of disease, vital
signs including temperature, pulse rate (PR),
respiratory rate (RR), systolic blood pressure (SBP),
diastolic blood pressure (DBP), and medication use
during hospitalization were collected. The hospital
information system was used to provide the data
on individual-level covariates, such as age, gender,
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100 patients assessed for eligibility

39 patients were excluded due to
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Figure 1: Flowchart of the study.

weight, height, body mass index (BMI), acute
covidl9 symptoms, duration of symptoms, and
medications. All stages of the study were carried
out by trained experts in terms of the method of
conducting the study.

Lactate dehydrogenase (LDH), albumin,
C-reactive protein (CRP), Interleukin—6 (IL-6),
lymphocytes, neutrophils, and 25(OH)D were
measured at the start and end of the study (on the
seventh day). Mindray BC-6800 was used to count
lymphocytes and neutrophils. As an inflammatory
index, the lymphocyte/neutrophil (N/L) ratio was
calculated too. LDH was determined utilizing the
Mindray BS-800M machine (Farasamed Persian
Laboratory Kit-Iran). Albumin was assessed
employing the Mindray BS-800M machine
(Farasamed Persian Laboratory Kit-Iran), and CRP
was evaluated applying the immuno-turbidimetry
technique (Auto analyzer-Cs/1200). The Enzyme-
Linked Immunosorbent Assay (ELISA) was used
to measure the levels of vitamin D and IL-6 in the
serum samples.

The SPSS software (Version 19, Chicago,
IL, USA) was used to analyze the data and the
Kolmogorov-Smirnov test determined the data’s
normality. The characteristics of the patients were
reported as descriptive statistics. The Chi-square
test was utilized to assess the difference between the

two groups’ qualitative variables. Mann-Whitney
and independent sample T-Tests compared the two
groups’ anthropometric and biochemical indices.
The difference between the variables between
the studied groups was evaluated by employing
the paired samples T-test or the Wilcoxon test.
Covariance (ANCOVA) analysis was applied to
adjust confounding variables (baseline variable of
CRP). A p-value of less than 0.05 was regarded
significant.

The mean age of the intervention and control groups
was 56.33+14.65 and 50.65+11.4 years, respectively,
with no statistically significant difference between
the two studied groups (p=0.158). Men included
77.3% and 63.6% of the intervention and control
groups, respectively; while the difference was not
statistically significant between the two groups
(p=0.255). The mean BMI of the intervention and
placebo groups was 28.72+5.18 and 30.88+4.88
kg/m?, respectively, with no significant difference
(p=0.078). There was no statistically significant
difference in serum albumin level between the
intervention and placebo groups (p=0.642). No
significant difference was found for medications
prescribed for the patients in the two groups
(p=0.5). The vital signs of temperature, RR, PR,
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SBP, and DBP did not differ significantly between
the two groups. Table 1 summarizes the basic
characteristics of the COVID-19 patients. There
was no significant difference for clinical symptoms
associated with COVID-19 between the two groups;
while all patients complained of sore throat (Table 2).
The COVID-19 endangered the lives of nine
patients in the intervention group and eight in the
placebo group. As a result, this trial was completed
with 44 COVID-19 patients (22 in intervention and
22 in placebo, Figure 1).

The serum 25 (OH) D3 (ng/mL) level was
significantly higher in the intervention group

(p<0.001, Figure 2). Furthermore, the lymphocyte
count increased (p=0.817); while the neutrophil level
(p=0.234) and N/L ratio (p=0.465) decreased (Figure
3a). The opposite occurred in the placebo group, but
none of these differences were statistically significant
(Table 3). The changes in LDH (IU/mL) level were
not significant in either group (Table 3, Figure 3b).
CRP (mg/L) was significantly low in both groups, but
the reduction in intervention group was significantly
greater than the placebo group (p=0.035, Table 3
and Figure 3c¢). Furthermore, after intervention with
a high dose of vitamin D, IL-6 (Pg/L) significantly
decreased (p=0.031, Table 3 and Figure 3d).

Table 1: Basic characteristics of patients with COVID-19.

Variable Intervention Placebo P value*
(n=22) (n=22)

Age (year) 56.33+14.65 50.65+11.40* 0.158

Gender, male (%) 71.3 63.6 0.255

Duration of symptom (days) 8.33£2.58 8.32+£2.75 0.985

Weight (kg) 81.27+16.64 89.59+16.33 0.102

BMI (kg/m?) 28.72+5.18 30.88+4.88 0.078

T (C) 36.80+0.43 36.70+0.56 0.697

PR 97.27+15.35 94.68+15.82 0.584

RR 20.00+3.56 20.71+2.41 0.191

SBP (mmHg) 119.36+15.34 117.22+14.41 0.636

DBP (mmHg) 74.91+9.70 73.04+9.06 0.514

Alb (IU/L) 3.41+0.26 3.4440.32 0.642

Medication (%)

Remdesivir 100 100

Anticoagulants (Heparin or enoxaparin) 100 100

Antibiotics (Ranging from imipenem 100 100

to ciprofloxacin)

Methylprednisolone Q2 saturation<90% 95.5 90.9 0.5

Dexamethasone Q2 saturation>90% 4.5 9.1 0.5

BMI: Body mass index; T: Temperature; PR: Plse rate; RR: Respiratory rate; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; Alb: Albumin. *Mean+SD. P* was obtained from Chi-square, Mann-Whitney U, and independent

sample T-Test.

Table 2: Clinical symptoms of patients with COVID-19.

Variable Intervention Placebo P value*
(n=22) No. (%) (n=22) No. (%)

Weakness and lethargy 11 (52.4) 7 (3L.8) 0.145
Fever 2(9.5) 0 (0) 0.233
Shivering 13 (61.9) 17 (77.3) 0.223
Cough 14 (66.7) 10 (45.5) 0.137
Dyspnea 15 (71.4) 14 (63.6) 0.414
Headache 3 (14.3) 522.7) 0.376
Dizziness 1 (4.8) 2 (9.1) 0.518
Hemoptysis 3 (14.3) 0 (0) 0.108
Diarrhea 0(0) 1 4.5) 0.512
Vomit 0 (0) 3 (13.6) 0.125
Nausea 1 (4.8) 3 (13) 0.321
Stomachache 0 (0) 1(4.3) 0.512
Anorexia 29.5) 2(8.7) 0.679
Sore throat 21 (100) 22 (100)

*Mean+SD. P* was obtained from Chi-square.
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Figure 2: Changes of 25 (OH) D3 (ng/mL) before and after interventions with a high dose of vitamin D.
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Figure 3: Changes of a) N/L ratio; b) LDH (IU/mL); ¢) CRP (mg/L); and d) IL-6 (Pg/L) before and after interventions

with a high dose of vitamin D.

Discussion

A single high dose of vitamin D was demonstrated
to have a positive effect on inflammatory markers
in ICU patients with COVID-19 who were already
vitamin D deficient. The COVID-19 can have a

negative impact on respiratory system and cause a
flood of pro-inflammatory cytokines (16). In these
patients, suppression of the inflammatory condition
is a critical therapeutic strategy (17). To advance
our understanding, we investigated the effect of
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Table 3: Biochemical changes after intervention with a high dose of vitamin D in patients with COVID-19.

Variable Intervention P1 Placebo P1 P2 P3
(n=22) (Mean=SD) (n=22) (Mean=SD)
Before After Before After

Lymphocyte (%) 10.87+6.56 11.27+4.90 0.817 11.28+6.08 9.45+4.67 0.279 0.833 0.213
Neutrophil (%) 85.19+8.13 82.65+6.46 0.234 84.31+6.46 85.13+£6.19 0.698 0.694 0.201
N/L ratio 10.97+6.46 9.93+7.74 0.465 10.01£7.94 14.05+12.71 0.244 0432 0.280
LDH (IU/mL) 701.14+£179.78 608.244+290.40 0.126  794.14+326.90 708.59+371.16 0.065 0.536  0.528
25(0OH) D3 (ng/mL) 23.06+5.33 34.53+7.66 <0.001 25.68+3.01 24.00+3.81 0.007 0.051 <0.001
CRP (mg/L) 8.93+£5.79 0.72+1.06 <0.001 9.52+6.94 1.87+2.75 <0.001 0.020 0.035
1L-6 (Pg/L) 40.79+24.79  24.58+14.11 0.031 41.99+27.63 39.56+£27.37 0986 0.842 0.076

N/L ratio: Neutrophil/ Lymphocyte ratio; LDH: Lactate dehydrogenase; CRP: C-reactive protein; IL-6: Interleukin 6;
*All presented values are means=SD. P1; P values denote the significance of within-group changes. P2: P values denote
the significance of between-group differences before intervention. P3: P values denote the significance of between-
group differences after the intervention. *Significant difference within the group throughout the study (p<0.05, paired
samples t-test or Wilcoxon). *Significant difference between groups throughout the study (p<0.05, independent samples

t-test or U Mann Whitney).

high-dose vitamin D on inflammatory factors in
COVID-I9ICU patients. Vitamin D is a fat-soluble
vitamin with extra-musculoskeletal effects, such
as anti-fibrotic, anti-inflammatory, and antioxidant
properties (4, 18). Adequate intake of this vitamin
can prevent the expression of pro-inflammatory
cytokines, whereas its deficiency results in
production of inflammatory cytokines (18).

After supplementation with a high-dose vitamin
D, the lymphocyte count increased; while the number
of neutrophils and N/L ratio decreased. Lakkireddy
et al. found that taking 60,000 IUs of vitamin D per
day for 8-10 days could significantly reduce N/L
ratio (p<0.05) (19). Another study conducted by
Maghbooli et al. revealed that taking 3000 to 6000
IU of vitamin D3 per day significantly declined the
N/L ratio in COVID-19 patients (20). The N/L ratio
is a readily available and inexpensive biomarker
that reflects the patient’s inflammatory status.
Furthermore, the N/L ratio is a biomarker for a variety
of diseases, including tumors, pancreatitis, diabetes,
chronic obstructive pulmonary disease (COPD), and
cardiovascular diseases (21-23). Some studies have
illustrated that this biomarker can help classify the
severity of the disease and mortality caused by
COVID-19 (24-26). Lymphopenia is seen in the
majority of viral infections, including COVID-19,
and is related to the disease severity (6). In these
patients, vitamin D suppresses pro-inflammatory
responses by improving the interaction of immune
system cells such as neutrophils, monocytes,
mast cells, and macrophages and decreasing the
neutrophil/lymphocyte ratio (27-29).

Other inflammatory indices, such as LDH, CRP,
and IL-6 were low in both groups. The reduction in
inflammatory indices happened because both groups
received anti-inflammatory drugs. The decrease in

CRP level after the intervention with a high dose of
vitamin D, on the other hand, was significantly greater
than the placebo group. Furthermore, the reduction
in IL-6 in the intervention group was significant,
whereas the reduction in the placebo group was small
and not significant. Vitamin D deficiency has been
shown to be linked to an increase in inflammatory
cytokines such as CRP and IL-6 (30, 31). Adequate
vitamin D levels can boost the immune system and
promote innate immunity against viral infections
by secreting specific peptides (32, 33). Vitamin D
deficiency is associated with acute infections in
respiratory system and epidemics such as influenza
(34, 35). Vitamin D acts as a physical barrier against
viral infections, and promotes innate and adaptive
immunity (36). Furthermore, vitamin D protects cell
connections and lowers levels of pro-inflammatory
cytokines (37). Vitamin D improves adaptive
immunity in viral infections of respiratory system by
increasing the levels of virus-specific CD8+ T cells,
C-X-C Motif Chemokine 10, and interferon in the
respiratory epithelium, through recruiting immune
cells to the infection site and via decreasing viral
helix replication (38).

Our study was a well-designed double-blind,
randomized clinical trial in which we controlled for
many confounding factors, such as patient’s vital signs,
medications, and disease symptoms, and randomly
allocated patients to two groups. Furthermore, we only
looked at patients admitted to the ICU with critical
COVID-19 and vitamin D deficiency. However,
several issues necessitate additional researches to
address these limitations such as the study sample size
that was small, with only one center in Kermanshah,
Iran. Furthermore, patients with COVID-19 frequently
died in the ICU, and accessing patients with similar
conditions was difficult. In fact, the main limitation

Int J Nutr Sci December 2024;9(4)

265



Zamanian et al.

was missing the clinical care of included patients.
Beside the positive role of vitamin D supplements
in critical patients with Covid-19, there was a high
dependency on receiving relevant treatments including
antibiotics, corticosteroids, and anti-inflammatories in
case of clinical indication. To overcome this problem,
we matched both groups in terms of receiving relevant
treatments including antibiotics, corticosteroids,
anti-inflammatories, clinical symptoms and even
some biochemical parameters as confounder factors.
Another critical issue was that all of these patients
were initially vitamin D deficient, and the final point
was that the intervention was brief in course and as
a result, significant changes in some factors could
not be observed. Therefore, all of these limitations
can make it difficult to generalize the findings to all
COVID-19 patients.

Conclusion

According to the findings, high doses of vitamin
D improved the inflammatory condition and
reduced CRP and IL-6 in COVID-19 ICU patients.
Furthermore, the lymphocyte count increased,
while the neutrophil count and N/L ratio decreased.
However, when compared to the control group, the
results favored COVID-19, which was insignificant.
As a result, this study supported the hypothesis
regarding vitamin D’s anti-inflammatory effects in
the COVID-19 crisis.
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