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What is already known ABSTRACT

on this topic?

e It is known that coronavirus

disease 2019 (COVID-19) infec-
tion is more frequent and more
mortal in patients with low vita-
min D levels. However, stud-
ies examining the relationship
between COVID-19 and vitamin
D in the pediatric age group
are extremely rare.

What this study adds on
this topic?

e We compared the etiology,

clinical, radiology, vitamin D,
and other biochemical markers
between those who had coro-
navirus disease 2019 (COVID-
19) infection and healthy control
group  between November
2020 and January 2021. Our
study examines the relationship
between COVID-19 and vitamin
D in the largest pediatric age

group to date.
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Objective: Coronavirus disease 2019 (COVID-19) infection is seen in all age groups, and its
symptoms are very variable. The course of the disease can be asymptomatic or mortal. In pedi-
atric patients, vitamin D is thought to be protective against (COVID-19) with its immunomodula-
tor, antiviral, anti-inflammatory, and epithelial integrity properties. Our aim is to investigate the
relationship between (COVID-19) infection and vitamin D level.

Materials and Methods: We included (COVID-19) patients between 1 month and 18 years of age
and healthy control groups. We compared epidemiological, clinical, laboratory, and imaging
findings in patients.

Results: One hundred forty-nine patients were evaluated in our study. Seventy-three (49%) of
them were (COVID-19)-positive patients and 76 (51%) of them were healthy control group. The
mean 25(OH)-D vitamin level was 15.80 ng/mL (5-41.56) in (COVID-19) patients and 21.51 ng/mL
(5-69.80) in the control group. Vitamin D level was shown to be statistically significantly lower in
coronavirus disease 2019 patients (P < .001). It was observed that myalgia was more common
in patients with low 25(OH)-D levels (P < .048).

Conclusion: Our study is one of the rare studies examining the relationship between (COVID-
19) and 25(0OH)-D vitamins in the pediatric age group. Children with (COVID-19) have a lower
25(OH)-D vitamin level than the control group.

Keywords: COVID-19, 25(OH)-D vitamin, pediatric, myalgia, epidemiology

INTRODUCTION

On October 31, 2019, it was reported by the World Health Organization (WHO) that
27 patients had pneumonia with an infection of unknown cause in Wuhan, Hubei, China.
Coronavirus disease 2019 (COVID-19), which started in China, spread to the world in a short
time. On March 11, 2020, COVID-19 was recognized as a pandemic by WHO, and the agent
was named as severe acute respiratory syndrome coronavirus 2.! COVID-19 infection was
detected in 634 million people by October 2022, causing 6.5 million deaths.?

COVID-19 infection occurs in all age groups, and its symptoms vary widely. It can be asymp-
tomatic or it can be mortal. Acute upper respiratory tract and gastrointestinal system symp-
toms such as fever, cough, runny nose, refusal to feed, vomiting, and diarrhea are common
in the pediatric age group.®*

Angiotensin-converting enzyme |l (ACE2) is the receptor for COVID-19. ACE2 is less com-
mon in children than adults. In patients in the pediatric age group, COVID-19 infection usu-
ally progresses with asymptomatic or mild-to-moderate symptoms. This is related to the
low ACE2 level, as well as the stronger respiratory epithelial integrity in children compared
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to adult age, higher vitamin D levels, and different immune
response mechanisms according fo age.® In COVID-19 infec-
tion, mortality increases as a result of hyperinflammation.®
Vitamin D is known to have a protective effect against acute
respiratory infections, but its protective effect against COVID-
19 is not clear.”

Vitamin D has immunomodulatory, antiviral, anti-inflamma-
tory, and epithelial integrity protective properties. It shows
its protective effect against viruses that infect the respira-
tory system by creating both an innate and adaptive immune
response.® Vitamin D increases the synthesis of cathelicidin,
an antimicrobial peptide, reduces the synthesis of dipeptidyl
peptidase-4 receptor (DPP-4/CD26), and plays a protective
role with its antibacterial, antiviral, and antioxidant effects.®
Cathelicidin is protective against bacteria, viruses, fungi, and
many pathogens. Its synthesis increases with vitamin D.° The
spike protein of COVID-19 attaches to the respiratory epithe-
lium by binding to the DPP-4/CD26 receptor.”

Vitamin D deficiency is an important public health problem
seen in many parts of the world, just like the COVID-19 pan-
demic. It is common in children. Vitamin D level is thought to
be <20 ng/mL in approximately one-third of children around
the world, and deficiency is more common in adolescence™"?
Vitamin D deficiency has been reported to be a risk factor for
COVID-19 infection. It has been suggested that vitamin D sup-
plementation will reduce infections that will cause hospitaliza-
tion, and therefore vitamin D supplements should be taken to
protect against COVID-19." Prophylactic vitamin D supplemen-
tation is thought to be an important adjuvant treatment option
for both the COVID-19 pandemic and vitamin D deficiency.”
In our study, the relationship between COVID-19 infection and
vitamin D was investigated.

MATERIALS AND METHODS

The data of COVID-19 patients who applied to Gllhane Faculty
of Medicine between November 2020 and January 2021 and
healthy control group patients of the same age and sex were
retrospectively analyzed.

Study Population

Seventy-three COVID-19 patients aged between 1 month and
18 years who applied to our hospital were included in the study.
In the same period, 76 patients who applied to the pediatric
outpatient clinic and had no symptoms suggestive of COVID-19
infection in her and her family were included in the study as a
control group. The children included in the control group did
not have a history of any chronic diseases, comorbidities, or
regular medication use.

Coronavirus Disease 2019 and Vitamin D Test Results

In patients diagnosed with COVID-19, the severity of the disease,
according to clinical and laboratory findings, was classified as
asymptomatic, mild, moderate, severe, and critical.’® Seventy-
three patients with positive COVID-19 reverse-transcriptase
polymerase chain reaction (RT-PCR) results were classified as
asymptomatic and mild/moderate according to these criteria.
Complete blood count (CBC), plasma parathyroid hormone

levels, and calcium, phosphorus, alkaline phosphatase, and
25(OH)-D levels were measured in the patients and children in
the control group. Levels of serum 25(OH)-D vitamin and other
biochemical parameters were detected with an DXI800 instru-
ment (Beckman Coulter, Brea, Calif, USA) via an immunoinhibi-
tion assay. COVID-2019 in nasopharyngeal samples (Bioksen
ArGe Teknik Co., Ltd., istanbul, Turkey; Biospeedy®), quan-
titative RT-PCR detection kit was used. Age, sex, biochemical
characteristics and imaging findings of COVID-19 patients and
children in the control group were compared.

The 25(0OH)-D level was grouped according to the American
Academy of Pediatrics.” Those with a 25(0OH)-D level <5 ng/
mL were classified as severe deficiency, those between 5 and
15 ng/mL as deficiency, those between 15 and 20 ng/mL as
insufficiency, and those between 20 and 100 ng/mL as suffi-
ciency. Patients diagnosed with COVID-19 were divided info 2
groups: 25(0OH)-D level below <20 ng/mL and normal >20 ng/
mL. Clinical and laboratory findings were compared between
the 2 groups with low and normal 25(OH)-D. Coronavirus dis-
ease 2019 patients were divided into 2 groups according to
their 25(OH)-D vitamin levels. Age, sex, clinical, and laboratory
findings were compared between the 2 groups.

The study was conducted based on the rules of Declaration of
Helsinki and approved by the Institutional Ethics Committee of
the University of Health Sciences.

Statistical Analysis

Data analyses were examined by using Statistical Package for
Social Sciences (SPSS) version 20.0 for Windows (IBM Corp.;
Armonk, NY, USA). Scale datas were described as mean + SD for
normal distributions and median (minimum-maximum value)
for skewed distribution and categorical variables expressed
as either frequency (percentage). Statistical analysis differ-
ences in normally distributed variables between 2 independent
groups were compared by the Student’s t-test, Mann-Whitney
U test was applied for comparisons of the non-normally dis-
tributed data, and categorical variables were compared using
the Pearson’s chi-square test. Spearman’s correlation analysis
was used fo evaluate the degrees of relation between vari-
ables. Correlation analysis was shown to vary from -1 to +1.
Regarding the strength of the correlation coefficient, the fol-
lowing definitions were made: 0.01-0.25, very weak relation-
ship; 0.26-0.49, weak relationship; 0.50-0.69, intermediate
relationship; 0.70-0.89, high relationship; 0.90-1.0, very high
correlation. P-values <.05 were considered statistically sig-
nificant. Statistically significant P-values are indicated in bold.

RESULTS

Demographic and Laboratory Data

Of the 149 patients in the study, 73 (49%) were patients with
COVID-19, and 76 (51%) comprised the healthy control group.
The mean age of COVID-19 patients was 87.26 months + 53.28
(minimum: 6 months, maximum: 18 years). The mean age of the
control group was 97.62 + 64.99 (minimum: 6 months, maxi-
mum: 18 years). Thirty-seven (50.7%) of the COVID-19 patients
and 38 (50%) of the control group were male. There was no
significant difference in age and sex distribution between the
groups (P = .933). The mean 25(OH)-D vitamin level was 15.80
ng/mL (5-41.56) in COVID-19 patients and 21.51 ng/mL (5-69.80)

251



COVID-19 and Vitamin D Association

Turk Arch Pediatr 2023; 58(3): 250-255

in the control group. A statistically significant difference was
found in the 25(OH)-D vitamin level between COVID-19 patients
and the control group (P = .002). Calcium, phosphorus, alka-
line phosphatase, and parathyroid hormone levels were similar
in both groups (Table 1).

25(0OH)-D Levels and Coronavirus Disease 2019

Severe deficiency in 25(OH)-D vitamin was detected in 6 (8.2%)
of the patients, deficiency in 26 (35.6%) patients, insufficiency in
17 (23.3%) patients, and sufficiency in 24 (32.9%) patients. In the
control group, 5 (6.6%) patients had severe deficiency, 21(27.6%)
patients had deficiency, 9 (11.8%) patients had insufficiency,
and 41(53.9%) patients had sufficiency. COVID-19 patients and
control group were compared according to 25(OH)-D vita-
min levels. The results of the control group were higher than
the patient group and were statistically significant(P = .015)
(Table 2).

Myalgia finding was more common in the group with 25(OH)-D
insufficiency, and it was statistically significant (P = .048).
There was no significant difference in other laboratory and
clinical findings between the 2 groups. The distribution of
demographic, clinical, and laboratory data is shown in Table 3.

Coronavirus disease 2019 patients were grouped according to
the severity of clinical findings, and 25(OH)-D vitamin levels
were compared (Table 4). There was no significant difference
between the 2 groups (P = .418). The 25(OH)-D vitamin level
was found fo be correlated with calcium, phosphorus, alkaline
phosphatase, and parathyroid hormone, but no significant
correlation was found between myalgia and 25(OH)-D vitamin
(Table 5).

DISCUSSION

As far as we know, there was very little research on the rela-
tionship between 25(OH)-D vitamin and COVID-19 infection in
the pediatric age group in the English literature. In this study,
we aimed to investigate the relationship between 25(OH)-D
vitamins in the pediatric age group with COVID-19 infection in
a larger patient population.

In some previous clinical studies, 25(OH)-D vitamin has been
shown fo protect children against respiratory tract infections.

In Esposito and Lelii’s™ study, it was reported that low 25(OH)-D
vitamin in the pediatric age group increased the frequency of
acute respiratory tract infections. Martineau et al?® reported
that 25(OH)-D vitamin is generally protective against acute
respiratory tract infection. In the study of Li et al? with 1582
children, the group with community-acquired pneumonia
was compared with the control group, and the low 25(0OH)-D
vitamin level was found to be lower in the group with commu-
nity-acquired pneumonia. In addition, in a case-control study
conducted by Velarde Lépez et al.??2 25(OH)-D vitamin defi-
ciency was found to be significantly low in children with lower
respiratory tract infections.

Clinical and laboratory data were investigated to assess the
relationship between low 25(OH)-D vitamin levels and respira-
tory tract infection. A negative association was shown between
hospitalizations with pneumonia, increased risk of sepsis, acute
respiratory distress syndrome, and increased proinflammatory
cytokines such as CRP and IL-6 in patients with low 25(OH)-D
vitamin levels.?? Likewise, the 25(OH)-D vitamin association
with COVID-19 infection was evaluated in those. Studies have
shown that low 25(OH)-D vitamin levels both increase the fre-
quency of COVID-19 infections and increase the mortality. In
the study conducted by Kaufman et al.?® it was shown that those
with low 25(OH)-D vitamin levels were more frequently infected
with COVID-19. In a study conducted by llie et al.?® each coun-
try’s COVID-19 cases and the average 25(OH)-D vitamin val-
ues were compared, and a negative correlation between the
number of deaths due to COVID-19 infection and 25(OH)-D
vitamin was shown. In the study conducted by Carpagnano
et al.*® mortality was shown to be 50% higher in patients hospi-
talized with COVID-19 infection with acute respiratory failure in
patients with 25(OH)-D levels <10 ng/mL. On the other hand, in
the study by Tiosano et al.* patients with low 25(OH)-D vitamin
levels do not exhibit increased rates of infections or inflamma-
tory diseases, and vitamin D deficiency is just associated with
asthmatic exacerbations. There are many articles in the lit-
erature that report that vitamin D deficiency increases infec-
tions or does not cause infections. However, in these studies, it
is difficult to evaluate the relationship between mortality and
25(OH)-D vitamin levels due to comorbidity factors in most of
the patients with low 25(OH)-D vitamin levels.

Table 1. Demographic and Laboratory Data of the COVID-19 Patient and Control Groups

COVID-19 Patients Healthy Controls

Parameters (n=173) (n=176) P
Age (months) 87.26 + 53.28 97.62 + 64.99 .288"
Sex
Male 37 (50.7%) 38 (50.0%) 9330
Female 36 (49.3%) 38 (50.0%)
Serum calcium (mg/dL), reference: 7.6-10.4 9.77 + 0.42 9.82 + 0.45 459"
Serum phosphorus (mg/dL), reference: 4-7 4.71+ 0.65 4.62 +0.76 .438"
Alkaline phosphatase (U/L), reference: 25-150 223.21+ 81.63 224.59 +102.63 .929°
Vitamin D levels (ng/mL) 15.80 (5-41.6) 21.51(5-69.8) .002°
Parathyroid hormone levels (pg/mL), reference: 12-88 43.87 +24.94 39.02 +17.59 A717

COVID-19, coronavirus disease 2019.
*Student’s t-test.

“Mann-Whitney U test.

PPearson’s chi-square test.
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Table 2. 25(OH)-D Levels in COVID-19 Patient and Control
Groups

COVID-19 Healthy
25(0OH)-D Vitamin Patients Controls
Levels (n=73) (%) (n=76) (%) P
Severe deficiency 6(8.2) 5 (6.6) 3746
Deficiency 26 (35.6) 21(27.6) .297F
Insufficiency 17 (23.3) 9 (11.8) .685°
Sufficiency 24 (32.9) 41(53.9) .015°
COVID-19, coronavirus disease 2019.
PPearson’s chi-square test.

In this study, clinical and biochemical markers associated
with 25(OH)-D vitamin deficiency were evaluated in COVID-
19-positive patients admitted to our hospital. There was a low
25(OH)-D vitamin level in 84 (56.4%) of the cases. In our study
of the cases, 11 (7.4%) patients had severe deficiency, 47 (31.5%)
patients had deficiency, and 26 (17.4%) patients had insuf-
ficiency. No hospitalization or mortality was reported in our
cases.

The etiology, symptoms, and laboratory findings were com-
pared between the groups with low and normal 25(OH)-D
vitamin levels. Myalgia was found to be significant in the
group with low 25(OH)-D vitamin (P = .048). However, there
was no significant correlation between low 25(OH)-D vitamin
and myalgia (P = .198). The frequency of myalgia in COVID-19

infection was 35.8% in Li et al's®? study and 23.75% in Wang
et al’s® study. In our study, it was 16.4%. In a study conducted
by Lechien et al** with 1420 COVID-19 patients, myalgia was
seen at a rate of 62.5%, and it was shown that the possibility
of myalgia was higher in elderly patients. Myalgia is less com-
mon in the pediatric age group than in adults. Pennisi et al*®
reported that statin-related muscle symptoms, including
myalgia, myopathy, and rhabdomyolysis, were more common
in people with low 25(OH)-D vitamin levels. However, there
are also articles reporting that myalgia is not associated with
low 25(OH)-D vitamin levels.?** We think that more research
should be done to understand the relationship between
25(OH)-D vitamins and myalgia. In studies conducted in the
adult age group, there is a relationship between COVID-19
infection and low 25(OH)-D vitamin levels. In the study con-
ducted by Meltzer et al.®® COVID-19 infection was found to
be high in the group with low vitamin D levels. Similarly, in
the study conducted by Merzon et al.*® it was stated that low
25(0OH)-D vitamin levels increased COVID-19 infection. Until
now, the study including COVID-19 infection and its relation-
ship with vitamin D level in pediatric population was only
conducted by Yilmaz and $en*® with 85 patients. In this study,
those who had COVID-19 infection were compared with the
healthy group, and those who had COVID-19 infection were
found to be low in 25(OH)-D vitamins. In our study, similar
results were obtained with other studies. We think that low
levels of 25(OH)-D vitamin increase the frequency of COVID-
19 infection. We think that randomized controlled studies with

Table 3. Demographic, Clinical, and Laboratory Data by 25(OH)-D Levels

25(0OH)-D <20 ng/mL 25(0OH)-D >20 ng/mL

Parameters (n=49) (n=24) P
Age (months) 100 (6-205) 58.5 (6-195) 194
Sex

Male 25 (51.0%) 12 (50.0%) .935¢

Female 24 (49.0%) 12 (50.0%)
Fever >38°C 36 (73.5%) 15 (62.5%) 3376
Dry cough 12 (24.5%) 8 (33.3%) 426"
Loss of taste 2 (4.1%) 0 (0%) .316°
Myalgia 1(22.4%) 1(4.2%) .048°
Diarrhea 1(2%) 0 (0%) .481°
Pharyngeal pain 10 (20.4%) 2 (8.3%) 1910
Rhinorrhea 0 (0%) 3 (12.5%) .083F
Abdominal pain 0 (0%) 1(4.2%) 150°
Nausea/vomiting 1(2%) 0 (0%) .481°
Vitamin D (ng/mL) 12.03 (4.51-19.70) 28.34 (21.70-41.56) <.001"
PTH (pg/mL) 45.64 (14.10-171.30) 40.26 (17.00-92.40) .390"
Serum calcium (mg/dL) 9.70 (8.80-10.68) 9.90 (9.00-10.70) .040°
Serum phosphorus (mg/dL) 4.66 + 0.67 4.82 + 0.62 .337°
Alkaline phosphatase (U/L) 222 (56-425) 220.5 (136-406) .239¢
CRP (mg/L), reference: 0-5 4.32 (0.17-37.60) 5.50 (0.10-33.97) .692°
WBC (10%/pL) 7.57 + 1.55 7.4 +1.88 317
Oxygen saturation % 98 (92-99) 98 (92-100) .339¢
Respiratory rate 24.56 + 9.06 22.43 + 6.45 .870"
PA chest x-ray findings 24 (49%) 11 (45.8%) .638¢

*Student’s t-test.
“Mann-Whitney U test.
PPearson’s chi-square test.

CRP, C-reactive protein; PA, posteroanterior; PTH, parathyroid hormone; WBC, white blood cell.
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Table 4. 25(0OH)-D Vitamin Levels in Patients According fo the Severity of COVID-19 Clinical Findings

Asymptomatic Mild Moderate Severe P
Normal level of vitamin D, n (%) 10 (20.4) 36 (73.5) 3(6.0) 0(0) .418°
Low level of vitamin D, n (%) 8 (33.3) 14 (58.3) 2(8.3) 0 (0)

COVID-19, coronavirus disease 2019.
PPearson’s chi-square test.

Table 5. Correlation Analysis of 25(OH)-D Vitamin Levels and
Parameters

r P
Serum calcium (mg/dL) 0.307° <.001
Phosphorus (mg/dL) 0.255F .001
Alkaline phosphatase (U/L) 0.232° .004
Parathyroid hormone (pg/mL) —0.290° .003
Myalgia 0.106° 198
PSpearman’s correlation analysis.

25(0OH)-D vitamin supplements are needed for the prevention
and treatment of COVID-19 infection. But this research is a
correlation research of previously published vitamin D stud-
ies, and it is not possible to establish a cause-effect relation-
ship with just these data. First of all, we know that vitamin D
is a negative acute-phase reactant, so in cases with severe
inflammation such as COVID-19, the total 25(OH)-D vitamin
level is expected to drop.*

There are some limitations to our study. First, it is possible that
the data are incomplete and incorrect due to our retrospective
study design. Second, some clinical symptoms such as abdomi-
nal pain, pharyngeal pain, loss of taste, and myalgia cannot
be evaluated in all age groups. Third, although the patients
we included in the control group were said to have no COVID-
19 infection in themselves and their immediate surroundings,
we could not confirm this with RT-PCR in all of our patients in
the control group. Fourth, we do not have data for serious and
critically ill patients, since our patient group can reach COVID-
19 patients with asymptomatic, mild, and moderate clinical
course. The effect of COVID-19 and 25(OH)-D vitamin rela-
tionship on hospitalization and mortality has not been clearly
evaluated. In addition, the number of patients in our study may
be insufficient, but despite all these limitations, it may guide
future studies to evaluate the association between Covid-19
and 25(OH)-D vitamin level.

Our study is one of the rare studies examining the relationship
between COVID-19 and 25(OH)-D vitamins in the pediatric age
group. Children with COVID-19 have a lower 25(OH)-D vitamin
level compared to the control group. Whether 25(OH)-D vita-
min has a protective effect against COVID-19 infection needs to
be investigated further.
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