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Abstract

Introduction: Coronavirus disease progresses from an asymptomatic stage
to a fatal stage characterized by a cytokine storm. The present study aimed
to emphasize the therapeutic effect of vitamin-D supplementation and its
potential importance in reducing the disease severity in older adults in the
intensive care unit after COVID-19 diagnosis.

Materials and Method: The data of 80 patients aged > 65 years who
followed up in intensive care clinic. The inflammatory parameters and
clinical course of 40 patients whose serum 25-hydroxyvitamin-D level was
below 30 ng/ml and who received vitamin-D supplementation (case-group)
were recorded on the fifth and tenth days of follow-up and compared with
those of the other 40 patients 40 patients who vitamin D supplementation
was not started because of high vitamin D levels (control-group).

Results: Of the 80 patients, 40 (50%) were male and 40 (50%) were female.
The mean age of the patients was 72+10.8 years. The mean vitamin D level
of the case group was 11.6 ng/ml. On the 10. day levels of the inflammatory
markers C-Reactive Protein, Procalcitonin, D-Dimer, Ferritin, Interleukin-6
and Lactate Dehydrogenase were significantly lower and the lymphocyte
count was significantly higher in the case group than in the control group.
On the 5. day, the interleukin-6 level was significantly lower in the case
group. Weaning was performed in nine and four patients in the case and
control groups, respectively. There was no significant difference in mortality
rates between the groups.

Conclusion: Vitamin-D supplementation can help reduce cytokine
response. Recommended prophylactically or therapeutically at all stages of
coronavirus disease.
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Amag: COVID-19 enfeksiyonunda klinik; asemptomatik durumdan, sitokin
firtinasi ile karakterize olimcul tabloya kadar degisen genis bir yelpazede
seyretmektedir. Bu makalede, tani aldiktan sonra yogun bakimda takibe
baslanan geriatrik hasta grubunda D vitamini desteginin terapotik etkisi ve
hastalik siddeti Uzerine potansiyel dnemini vurgulamak istiyoruz.

Gere¢ ve Yontem: Mart ve Haziran 2021 tarihleri arasinda Yogun Bakim
Klinigimizde takip edilen COVID-19 tanisi almis 65 yas ve UstU 80 hastanin
verileri retrospektif olarak incelendi. Serum 25 (OH) D <30 ng/mL olan ve D
vitamini destedi baslanan 40 hastanin, COVID-19 tanisi aldiktan sonra 5. ve
10. glnlerdeki enflamatuar parametreleri ve klinik seyri kaydedilerek, Serum
25 (OH) D >30 ng/mL olan bu nedenle D vitamini destegi baslanmamis olan
kontrol grubunun verileri ile karsilastirld.

Bulgular: 80 hastadan 401 (%50) erkek ve 401 (%50) kadin idi. Hastalarin
ortalama yasi 72+10,8 yildi. Vaka grubunun ortalama D vitamini dizeyi 11,6
ng/mL idi. 10. glin él¢timlerinde enflamatuar belirteglerden CRP, Prokalsitonin,
D-Dimer, Ferritin, IL-6, LDH degerlerinin kontrol grubuna goére anlamli disuk
seyrettigi (P<0,05) ve lenfosit degerinin anlamli yiksek seyrettigi gézlendi
(p=0,008). Besinci glin dlctimlerinde IL-6 dlzeyi vaka grubunda anlamli olarak
daha dusuktl. Vaka ve kontrol grubunda sirasiyla 9 ve 4 hastada weaning
uygulandr. Gruplar arasinda weaning ve mortalite oranlari agisindan istatistiksel
olarak anlamli bir fark gérdlmedi.

Sonug: D vitamini tedavisinin, 6zellikle hipovitaminoz D'nin sik gortldugu
geriatrik hastalarda sitokin yanitini azaltmada katki saglayabilecegi makul
gorinmektedir. D vitamini takviyesi, coronaviris hastaliginin tim asamalarinda
profilaktik veya terapotik olarak onerilir.

Anahtar Kelimeler: Geriatrik populasyon, COVID-19, sitokin firtinasi, yogun
bakim Uniteleri, D vitamini
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INTRODUCTION

Coronaviruses are a large family of viruses that can infect
animalsand humans.The world is now battling the third largest
coronavirus outbreak, following the Middle East respiratory
syndrome (MERS) and severe acute respiratory syndrome
(SARS) epidemics. This coronavirus has been officially named
as severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) by the World Health Organization (WHO) and the term
coronavirus disease (COVID-19) has been used to describe
the disease caused by this virus. The COVID-19 outbreak was
declared a global health emergency on January 30, 2020, and
was recognized as a viral pandemic on March 11, 2020."

The aging of the population is an important issue at present.
Aging is considered a medical and social problem. The older
population is more susceptible to severe coronavirus disease
and has a higher mortality rate. A large number of patients
hospitalized in intensive care units with a diagnosis of
COVID-19 are aged over 65 years all over the world, including
Turkey.?®! The first COVID-19 case in Turkey, announced by
the Ministry of Health on March 10, 2020, was an 89-year-
old male patient. Considering that older individual stend
to have at least one chronic disease, the older population is
thought to be most affected by the pandemic and to have
the highest mortality rate. Immuno supportive treatments
have been shown to strengthen the immune system of older
adults in intensive care units (ICUs) and reduce mortality and
morbidity."!

Vitamin D plays a critical role in the immune system. It is an
immunomodulatory hormone with anti-inflammatory and
antimicrobial effects, in addition to anti-oxidant effects (by
increasing glutathione reductase expression).**! It has been
reported in some studies that vitamin D deficiency may
contribute to the development of viral diseases.”! Moreover,
it is emphasized that if there is vitamin D deficiency in
COVID-19 patients, their sensitivity may increase in terms of
complications and mortality due to infection.”

The serum 25-hydroxyvitamin D [25(0OH)D] level stend to
decrease with age.® Vitamin D deficiency is very common in
the northern hemisphere because of low ultraviolet exposure,
especially during winter months when the pandemic has
been prevalent.

Vitamin D has been thought to affect prognosis by suppressing
the cytokine response through the downregulation of pro-
inflammatory cytokines.” In severe COVID-19 patients, the
main problem is the inappropriate inflammatory response;
therefore, it is crucial to initiate anti-inflammatory therapies
that alleviate the cytokine storm in the case of high interleukin
(IL)-6 expression.

Vitamin D polarizes the adaptive immune response from T
helper type 1 (Th1) to T helper type 2 (Th2) response. CD4 (+)
T cell production increases, and Th1 production decreases.
Thus, the production of pro-inflammatory Th1 cytokines,
such as tumor necrosis factor-q, interferon-y, IL-6, IL-8, IL-12,
and IL-17, is reduced.l'” In addition, vitamin D increases the

expression of inflammatory cytokines by macrophages via
the modulation of the innate immune response (macrophage,
polymorphonuclear cell, monocyte and Toll-like receptor
expression)."

The mechanism of COVID-19 starts with the attachment of
SARS-CoV-2 to the angiotensin-converting enzyme 2 (ACE-
2) receptor.'>"* The virus gains entry into the cell and down
regulates ACE-2. This causes excessive accumulation of
angiotensin I The high incidence of COVID-19 in the older
population, particularly in men, may be associated with the
low ACE-2 expression level. On the other hand, renin is a
proteolytic enzyme and a positive regulator of angiotension
II. Vitamin D is a powerful renin inhibitor."

The serum 25(0OH)D level is one of the most widely used
biomarkers to detect vitamin D deficiency.™ A serum 25(0H)
D level below 30 ng/ml is usually considered deficient. For
certain patient groups, it is also advocated to maintain
the serum 25(0OH)D level above 40 ng/ml® Vitamin D
supplementation improves clinical outcomes in COVID-19
patients.'”? As the potential benefits of high-dose oral vitamin
D are much more than the theoretical risks, it is thought that
the use of high-dose oral vitamin D will help reach vitamin
D sufficiency quickly and thus contribute to the immune
response. Therefore, the present study aimed to emphasize
the therapeutic effect of vitamin D supplementation and its
potential importance in reducing the disease severity in older
adults who were followed up in the ICU after being diagnosed
with COVID-19.

MATERIAL AND METHOD

This study was carried out in a city hospital that was actively
operating during the pandemic period with 70 intensive
care beds. Approval was obtained from the Institutional
Ethics Committee [2020/514/182/18]. However, informed
consent was not obtained due to the retrospective planning
of the study. The study was conducted in accordance with
the ethical principles stated in the Declaration of Helsinki,
Good Medical Practice Guidelines and Good Laboratory
Practice Guidelines.

The study sample consisted of 80 older adults (=65 years old).
Patients (40 women and 40 men) admitted to the intensive
care unit with the diagnosis of COVID-19 between March
and July 2021 were included in the study. Antiviral treatment
and supportive treatments were started according to the
diagnostic and treatment criteria of the Turkish Scientific
Committee. In our hospital, vitamin C supplementation is
routinely started in all patients, and vitamin D replacement is
given to patients with low vitamin D levels.

The patients were divided into two groups. Patients whose
with serum 25(0OH) D levels below 30 ng/ml and who
received vitamin D supplementation were included in the
case group (n= 40), while patients whose with serum 25(0OH)
D levels above 30 ng/ml and who did not receive vitamin D
supplementation were included in the control group (n= 40).
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Patients with comorbidities that could cause death (such
as progressive Stage-4 malignancy, pulmonary embolism,
diabetic ketoacidosis, advanced chronic kidney disease, acute
liver failure, pregnancy, and acute myocardial infarction) were
excluded from the study. Patients included in the case group
were given a loading dose of 50,000 IU of vitamin D at the time
of admission. A week later, a repeat dose of 50,000 IU was given
once to increase vitamin D levels in the body. The laboratory
data and clinical course of the two groups were recorded and
compared statistically on the fifth and tenth days after the ICU
admission

The patients’ files were retrospectively accessed from the
electronicregistration system of the hospital. The demographic
data (age, gender, and presence of comorbidities), treatments
received, oxygenation status, presence of mortality, weaning
success, discharge status, length of ICU stay, COVID-19
positivity (assessed by polymerase chain reaction), vitamin D
levels, and laboratory data [ferritin, D-dimer, C-reactive protein
(CRP), IL-6, lactate dehydrogenase (LDH), and procalcitonin
levels and lymphocyte count]were recorded. The intubation or
extubation status of the patients was stated during admission
to the intensive care unit and during follow-up.

RESULTS

Eighty patients aged between 65 and 90 years (72.69+10.87
years) were included in the present study. In the case group,
21 patients were female (52.5%) and 19 were male (47.5%),
while in the control group, 19 patients were female (47.5%)
and 21 were male (52.5%). No significant difference was noted
between the groups in terms of the hospitalization SOFA score,
APACHE-Il score, presence of comorbidities, and antiviral
treatments used (Table 1). Vitamin D supplementation was
given to 40 patients whose vitamin D levels were between 7
and 27 IU (mean, 11+5 IU).

The IL-6 level, which is an important marker of cytokine storms
and macrophage activation syndrome (MAS), was significantly
lower in the case group than in the control group on the fifth
day and on the tenth day (p=0.001 and p=0.001, respectively).
The measurements performed on the tenth day revealed
that CRP, procalcitonin, D-dimer, ferritin, and LDH levels were
significantly lower (p<0.05) and the lymphocyte count was
significantly higher (p=0.008) in the case group than in the
control group (Table 2).

No significant difference was observed between the two
groups in terms of the mortality rate, length of ICU stay,
hospitalization duration, and weaning success (Table 3).

DISCUSSION

The effect of vitamin D supplementation (which protects
against SARS-CoV-2infection) on cytokine storm development,
mortality, and morbidity was retrospectively studied in
patients hospitalized in the ICU after being diagnosed with
CoVvID-19.

Table 1. Characteristics of subjects

Control Group Case Group
(n=40) (n=40) P
Age 65+90 (73.8) 65+87 (70.25) 0.858
Gender 0.655

0 (Male) 19 (47.5%) 21 (52.5%)

1 (Female) 21 (52.5%) 19 (47.5%)
DiabetesMellitus 14 (35.0%) 15 (37.5%) 0.816
Coronary Artery Disease 18 (45.0%) 10 (25.0%) 0.059
Hypertension 24 (60.0%) 26 (65.0%) 0.644
Congestive Heart Failure 9 (22.5%) 13 (32.5%) 0.316
Shronic g)‘?gi’;‘eca“s‘ée 5 (12.5%) 10250% 0149
Cerebro vascular Diseases 12 (30.0%) 9 (22.5%) 0.445
Malignite 5 (22.7%) 3(7.5%) 0.087
Immun Plasma Treatment 9 (22.5%) 9 (22.5%) 1.000
AntiViral Treatment 34 (85.0%) 34 (85.0%) 1.000
Tocilizumab Treatment 8 (20.0%) 5(12.5%) 0.361
Positive RT-PCR Test 23 (57.5%) 19 (47.5%) 0.370
SOFA score 5.78+1.37 (6) 5.73+£1.72 (5.5) 0.764
APACHE-II score 27.28+8.24 26.0+9.16 0.515

sindependent Samples T test: Values are given as meanzstandard deviation, "Mann Whitney U test:
Values are given as mean+standard deviation (median), *Ki-kare test: values are given as frequency
(percentage), P<0.05: Statistically significant difference

Table 2. Measurement values of the groups

Control Group (n=40) Case Group (n=40) P

P/F Admission 132.90+31.89 135.65+37.91 0.726
P/F 2 Discharge 153.5462.96 (126.5) 187.09+89.01 (210) 0.251

CRP 1 92.55+145.42 (63) 93.63+76.88 (72.9) 0.456
CRP 2 141.66+82.50 118.56+86.74 0.232
CRP 3 196.97+128.81 (187) 80.14+76.46 (58) 0.001*
Dimer 1 4326.9£5565.4 (2320) 5073.0+7836.2 (2235) 0.546
Dimer 2 4574.5+4504.8 (2955) 3565.4%3666.8 (2400)  0.564
Dimer 3 5084.8+4957.2 (3720) 2269.9+2425.2 (1140) 0.005*
Ferritin 1 661.2+£515.1 (489) 430.8+472.8 (228) 0.028*
Ferritin 2 428.5+617.4 (813) 531.4+491.8 (326) 0.061

Ferritin 3 777.4+533.8 (739.5) 430.7£395.3(381.5)  0.013*
IL6 1 149.5+151.5 (96.85) 242.1+842.7 (42) 0.016*
IL6 2 730.9+2022.9 (147.5) 115.6+129.6 (66) 0.001*
IL6 3 1234.5+2445.9 (363) 141.9+257.8 (45) 0.001*
LDH 1 409.1£236.5 (356) 478.9+432.4 (311) 0.519
LDH 2 456.2+283.3 (408.5) 482.1+464.3 (367) 0.342
LDH 3 417.1£191.3 (410.5) 324.5+200.9 (249) 0.042*
PRC1 1.48+2.67 (0.43) 2.34+7.12(0.4) 0.983

PRC2 4.05+7.58 (1.1) 2.03+3.14 (0.75) 0.265

PRC3 3.89+5.71 (1.6) 2.43+7.36 (0.25) 0.010*
Lenfosit 1 1128.2+1107.4 (1000) 950.0+493.6 (850) 0.381

Lenfosit 2 744.7+383.2 (600) 902.6+423.3 (800) 0.110
Lenfosit 3 812.5+499.5 (650) 1165.5+530.7 (1200)  0.008*

s independent Samples T test: values are given as meanzstandard deviation, ® Mann Whitney U test:
values are given as meanzstandard deviation (median), * P <0.05: Statistically significant difference,
1: Admission in icu, 2: 5th day of bed, 3: 10th day of bed

Table 3. Comparison of groups

Control Group Case Group

(n=40) (n=40) 7
intubated AdmissionTo icu 0.81
0 27 (67.5%) 26 (65.0%)
1 13 (32.5%) 14 (35.0%)
Being intubated Stay in icu 30 (75%) 29 (72.5%) 0.79
Weaning 4 (12.9%) 9(29.0%) 0.11

Length of ICU stay (days)
Hospitalization duration (days)

13.13£8.37 (11)
15.30£9.83 (11)

11.78+7.42(10) 0.44
14.85+9.06 (12.5) 0.98

Death
Mortality (-) 14 (35.0%) 20 (50.0%) 0.17
Mortality (+) 26 (65.0%) 20 (50.0%)

k Ki-kare test: Values are given as frequency (percentage) i
* P <0.05: Statistically significant difference, 1: Extubated on admission, 0: intubated on admission
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Many recent studies have revealed that vitamin D can have
immunomodulatory and anti-inflammatory effects, thereby
reducing morbidity and mortality in COVID-19 patients.['®'?

In elderly patients, the risk of hypovitaminosis is higher due
to the decreased time spent outdoors, increased adiposity,
decreased vitamin D synthesis in the skin, decreased vitamin
D absorption in the intestine, decreased 7-dehydrocholesterol
level in the skin, and use of multidrug treatments.?”
Considering that the mortality rates increase with age,
the importance of each intervention targeting the afore
mentioned issues increases.

In their study conducted to determine the relationship
between vitamin D levels and COVID-19 in advanced age
Parkinson’s patients, Hribar et al. found that daily vitamin
D supplementation has a positive effect on the severity
of COVID-19 and the disease course in older adults. It has
been emphasized that vitamin D supplementation can be
preferred, especially because it is cheap and reliable.'® As a
result of the study of Baktash et al. with 105 patients, it was
observed that patients with vitamin D deficiency had higher
peak D-dimer levels and a need for NIV support, but there was
no difference in mortality between the groups.?" Moreover,
Alipio et al. demonstrated a significant correlation between
serum 25(OH)D levels and clinical results (p <0.001). In their
study, serum 25(0OH)D levels were found to be the lowest in
critical cases and the highest in mild cases. As a result, they
stated that an increase in serum 25(0OH)D levels in the body
can improve clinical outcomes.'”? In the present study, we
found that although the demographic data of the groups
were similar, the clinic in the case group receiving vitamin D
supplementation was not as noisy as in the control group.
For example, in the case group, nine patients were moved
out of the intensive care unit by weaning. In the control
group, weaning could be performed in only four patients. We
can explain this clinical success with suppressed abnormal
immune response. The Pao2/Fio2 ratio in the case group was
higher than the control group, but this was not statistically
significant. We can attribute this situation to the fact that
the COVID-19 disease is a disease that progresses with very
serious desaturation in ICU follow-up.

In arecent study, Grant et al. mentioned that supplementation
with more than one micronutrient having immunosupportive
roles can modulate the immune function and reduce the risk
of infection. In particular, they stated that supplementation
with micronutrients with the strongest evidence for immune
support,namelyvitaminC,vitaminDandzinc,isrecommended.
They emphasized that vitamin D supplementation could
decrease mortality in influenza and COVID-19 patients.?? In
the present study, 26 patients died in the control group, while
20 patients died in the case group; the difference between the
groups was not significant. We can attribute this numerical
difference to the development of more cytokine storms in the
control group. The development of cytokine storm is one of
the most important causes of mortality in COVID-19 patients.

Rhodes et al. revealed that sunny countries, such as Spain
and Italy, have a surprisingly high prevalence of vitamin D
deficiency. Moreover, these countries have the highest rates
of infection and death due to COVID-19 in Europe. They
reported that the vitamin D level correlates with the severity
of the immune response to COVID-19.23

Panarese stated that the effect of vitamin D on COVID-19 is
due to the suppression of cytokine response and reduction
of the severity and risk of acute respiratory distress syndrome
and therefore recommended regular vitamin D supplements.
24 In a meta-analysis of 11,321 patients, Martineau et al.
emphasized that vitamin D supplementation could positively
change the inflammatory response and should therefore be
recommended if the inflammatory response needs to be
improved.'® However, Autier et al. reviewed the publications
and meta-analyses on vitamin D supplementation between
2013 and 2017 and concluded that 10-20 pg of vitamin D
per day can reduce all-cause mortality; however, it does
not have a significant effect on the biological markers of
systemic inflammation.”® However Wang et al. showed that
vitamin d supplementation is a cost-effective approach to
reduce hospitalization and/or death rates in patients newly
diagnosed with COVID-19 and to prevent infection among
close household contacts.”®

In the literature, there are heterogeneous results about
vitamin D supplementation. In the present study, the cytokine
response on the tenth day was found to be significantly
lower in the case group than in the control group. Moreover,
CRP, procalcitonin, D-dimer, ferritin, and LDH levels were
significantly lower and the lymphocyte count was significantly
higher in the case group than in the control group. In addition,
the clinical course of the patients was more benign in the case
group. Although the difference in the Pao2/Fio2 ratio was
not significant, it increased to a greater extent in the case
group. While the number of patients who developed MAS
and received tocilizumab was five in the case group, it was
eight in the control group. Thus, the presence of an abnormal
inflammatory response was significantly higher in the control

group.

CONCLUSION

The present study revealed that vitamin D supplementation
in the older population can regulate the immune system and
affect the course of COVID-19 by positively contributing to
the inflammatory response, clinical course, and weaning. In
conclusion, vitamin D supplementation, which is safe, can
be recommended as a prophylactic or therapeutic option at
every stage of COVID-19.
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