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Abstract

Background: The aftermath of the COVID-19 pandemic has given rise to a diverse array of
challenges impacting multiple facets of daily life. Vitamin D, renowned for its
immunomodulatory properties, has been implicated in mitigating viral infections, preventing
complications, and arresting the progression of chronic conditions. Objectives: To evaluate the
effect of vitamin D supplementation in ameliorating post-COVID-19 symptoms. Methods: A
randomized-controlled clinical trial was conducted on 111 post-COVID-19 patients recruited
from the post-COVID-19 Outpatient Clinic at Menoufia University Hospital between October
2021 and June 2022. Before the intervention, baseline data, detailed medical history, and
clinical assessments were collected. Additionally, serum vitamin D levels were measured in all
patients. Subsequently, participants were randomly assigned to a 2-month supplementation
regimen, either the vitamin D group, receiving a daily oral dose of vitamin D (2000 U/tablet),
or a visually identical placebo. Results: Among patients with insufficient vitamin D levels,
approximately 75.7% experienced more than 3 post-COVID-19 symptoms. A notable negative
correlation was observed between the frequency of post-COVID-19 symptoms and vitamin D
levels (R=-0.505, P-value< 0.001). After a 2-month intervention with vitamin D, compared to
the placebo, there was a significant improvement in various symptoms such as fatigue, sleep
disturbance, lack of concentration, cough, myalgia, arthralgia, and hair loss (P-value<0.001).
Conclusion: This study establishes a significant connection between vitamin D deficiency and
persistent post-COVID-19 symptoms, emphasizing the beneficial role of vitamin D in relieving
symptoms. The findings support the routine assessment of vitamin D levels in individuals with
post-COVID-19 symptoms, with a recommendation for vitamin D supplementation in cases of
deficiency.
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Introduction symptoms, leading to a condition commonly
Individuals recovering from acute referred to as chronic or long COVID-19,
COVID-19 often  report  persistent more recently labeled post-COVID-19

*Coresponding author: rofidaalsaga90@gmail.com
This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/)



mailto:rofidaalsaqa90@gmail.com
mailto:rofidaalsaqa90@gmail.com
http://creativecommons.org/licenses/by/4.0/

Alsaqa, et al. Post-COVID-19 syndrome

48

syndrome. This phenomenon encompasses a
broad spectrum of physical and mental
health repercussions experienced by certain
individuals beyond 4 weeks following
SARS-CoV-2 infection, including those
who had an initially mild or asymptomatic

acute infection. W

The spectrum of persistent complaints
associated with this condition is broad,
encompassing symptoms such as cough,
mild fever, lethargy, dyspnea, chest pain,
headache, neuro-cognitive troubles,
myalgia, weakness, gastrointestinal issues,
skin rash, metabolic abnormalities, thrombo-
embolic disorders, and mental health
challenges, including hopelessness and other

mental diseases. @

Amidst the challenges posed by post-
COVID-19 conditions, the role of vitamin D
has garnered significant attention. Vitamin
D is acknowledged for its crucial function in
fortifying the immune system and regulating

immune-modulatory mechanisms.

Beyond its immunological role, vitamin
D is essential for maintaining healthy bones,
teeth, and muscles. It also plays a regulatory
role in blood sugar, heart and blood vessels,
and the respiratory system, including the

lungs and airways. )

Numerous studies have underscored the

critical importance of maintaining optimal

serum levels of vitamin D in mitigating viral

infections and their complications.

This extends to reducing the incidence

and progression of various chronic

conditions, encompassing human
immunodeficiency virus, hepatitis B and C
viruses, pneumonia, autoimmune disorders,

cancers, and metabolic disorders. ¥

Research indicates a negative association
between serum vitamin D levels and
COVID-19 contagion rates, with evidence
suggesting that improving vitamin D status
through reduce

clinical hazards associated with COVID-19.

supplementation may

® Evidence-based studies have suggested
that enhancing vitamin D status through
supplementation may mitigate the clinical
hazards associated with COVID-19 and
alleviate post-COVID-19 sequelae.

This insight has prompted further
exploration into the potential benefits of
vitamin D supplementation as part of

COVID-19 management strategies. ©

The study aims to evaluate the effect of
vitamin D supplementation in ameliorating

post-COVID-19 symptoms.

Patient and methods

Research design: This research utilized a
randomized  controlled clinical trial
involving post-COVID-19 patients with

vitamin D deficiency.
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Study time and setting Participants were
post-COVID-19
Outpatient Clinic at Menoufia University

recruited from the

Hospital between October 2021 and June
2022,

Study population: Based on past research
conducted by Padi et al., ™ who reported
the correlation between vitamin D
deficiency and COVID-19 symptoms to be
-0.42, sample size had been calculated at
power 80% and confidence interval 95%

and it was 55 patients.

To conduct a clinical trial an equal
number was recruited to serve as a placebo
group giving a final number of 84.
Accounting for a dropout of 25%, a total of
112 patients were recruited. One patient was
dropped giving back a total of 111 patients

to be analyzed.

Eligible

persistent symptoms lasting more than 4

patients were those with

weeks post-COVID-19 infection, attending
Menoufia  University Hospital's  post-

COVID-19 outpatient clinic.

Inclusion criteria required a confirmed
positive COVID-19 diagnosis through
methods like positive polymerase chain
reaction (PCR) test, serology assay (ELISA)
detecting 1gG, or a chest computed
tomography (CT) scan indicating bilateral
multifocal ground-glass opacities with at

least 50% lung involvement.

Exclusion criteria applied to patients with
conditions affecting vitamin D levels, such
as chronic liver or renal diseases, immune
deficiency, malignancy, those  with
multiorgan system effects or post-COVID-
19 hospitalization, and those with declining

participation.

Tools of the study: After enrolment, eligible
patients were assigned to randomize ina 1:1
into the vitamin D group supplementation or
the placebo group using a computer-
generated code, in bloc sizes of 2. (GraphPad
Quick Cals, La Jolla, California, USA). The
randomization schedule was designed by an
independent person who also evaluated the
packaging and labeling procedure to ensure

blindness.

The vitamin D group (n=55) received a
daily maintenance dose of 2000 IU per tablet
(2 tablets/day), while the placebo group
(n=56) received visually identical placebos.
Both groups underwent a 2-month treatment
period, then clinically followed up after 2
months. ® The control group later receives
vitamin D supplementation for ethical

considerations.

The selected dose falls within the
recommended range effective in promoting
vitamin D sufficiency. ® The vitamin D and
placebo were identical in color, taste, smell,
consistency, and container. Both were

labeled by a staff member not participating

Eg tian Family Medicine Journal (EFMJ)

Vol. 8 (2), November. 2024

http://efmj.journals.ekb.eg/

This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/)



http://efmj.journals.ekb.eg/
http://creativecommons.org/licenses/by/4.0/

Alsaqa, et al. Post-COVID-19 syndrome

50

in the study, and allocation blindness was

maintained until the final statistical analysis.

Throughout the study, all investigators
and patients were blinded. After the study
was completed, the randomization codes

were opened.

Structured interviews, medical history,
and clinical assessments were conducted
using a validated Arabic questionnaire
before the intervention. The questionnaire
covered identification data, socioeconomic
status using the socioeconomic scoring
system developed by El-Gilany, et al. ©,
and post-COVID-19

symptoms severity using the Edmonton

medical history,

Symptom Assessment System (ESAS).

The scale from 1-10, with 1 indicating
very mild symptoms and 10 indicating very
severe symptoms. 9 The symptoms are
categorized into various domains by the
Centers for Disease Control and Prevention
(CDC).

The Arabic questionnaire underwent
translation, validation, and revision by a
panel of three experts (two professors of
family medicine and one professor of

community medicine).

The reliability of the questionnaire,
evaluated using SPSS version 20 and
Cronbach's alpha (r = 0.936), indicated a
high level of internal consistency.

General and physical examinations were
conducted, and approximately 2 ml of blood
was withdrawn for the assessment of 25-
hydroxy vitamin D levels in the serum using
the Enzyme-Linked Immunosorbent Assay
(ELISA).

The samples were forwarded to the
clinical pathology research laboratory at
Menoufia University Hospital. Vitamin D
levels were categorized as normal (> 30
ng/dl) or deficient (< 30 ng/dl) following the
criteria established by Pagana et al. 9

All study groups received their prescribed
medication and were consistently contacted
via phone calls and SMS messages every 2
weeks to emphasize medication adherence.
Vitamin D levels for the case group were
measured 2 months after the start of the

intervention.

Additionally, all participants completed
the third section of the questionnaire (post-
COVID-19 symptoms severity), which was
initially filled out before the start of
treatment. This assessment aimed to
evaluate changes in symptom severity based
on the ESAS scale.

Data management: Data were coded,
entered, and analyzed using Statistical
Package for Social Sciences software,
version 21 (SPSS Inc., Chicago, IL).

Descriptive results were expressed as
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frequency, percentages, and meanzS.D.
Statistically significant differences were
considered at P-values<0.05. Pearson chi-
square tested significant relationships
between categorical variables, while the
examined

independent  sample  t-test

differences in means between groups.

Pearson’s correlation determined the
correlation between parametric quantitative
variables, and the Wilcoxon signed-rank test
(Z test), a non-parametric test, was used to
assess differences between two dependent
samples. Results were presented in tables

and graphs.

Ethical consideration: The study obtained
ethical approval from the Research Ethics
Committee of the Faculty of Medicine,
Menoufia University, with IBR approval
number and date 8/2021 FAML 26.
Informed written consent was diligently
obtained from each participant after
providing a comprehensive explanation of
the research goals and potential benefits. The
confidentiality of all collected data was

strictly maintained for research purposes.

Results

The study included 111 patients with a
mean age of (35.36+£6.73) years. The
majority were female (63.9%), mainly non-
smokers, and approximately (77.5%) had
two or more comorbidities. Additionally,
(83.8%) had a BMI of less than 30 kg/m2.

Of the total participants, (75.7%) reported
experiencing three or more persistent post-
COVID-19 (24.3%)
reported less than three persistent symptoms
(Table 1).

symptoms  while

A notable negative correlation was
identified between the frequency of post-
COVID-19 symptoms and vitamin D levels,
indicating that an increase in vitamin D
levels corresponded to a decrease in the
frequency of post-COVID-19 symptoms
(R=-0.505, P< 0.001). (Figure 1).

In the subgroup of post-COVID-19
patients receiving 2 months of vitamin D
supplementation (55 cases), a significant
improvement was observed in cardio-
respiratory and most neuropsychiatric
symptoms, including  fatigue, sleep
disturbance, lack of concentration, poor
memory, headache, anosmia, and loss of

taste (P< 0.05). (Table 2).

Furthermore, a notable enhancement in
symptoms like loss of appetite (P=0.029),
diarrhea (P=0.003), myalgia (P< 0.001),
arthralgia (P< 0.001), and skin rash/hair loss
(P< 0.001) was noted after the 2-month
intervention with vitamin D compared to the
placebo. (Table 3).

Before the intervention, fatigue and
myalgia were the most prevalent post-
COVID-19 symptoms among participants
(76.1% and 70.3%), followed by sleep
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disturbance and poor memory (69.7% and
63.2%) (Figure 2a). Subsequently, there was
an improvement in these post-COVID-19
symptoms after 2 months of receiving
vitamin D supplementation (39.4%, 31.2%,
36.4%, and 24.1%) (Figure 2Db).

Discussion
Post-recovery ~ manifestations  have
become a growing concern in patients who
have survived COVID-19. This research
specifically focuses on post-COVID-19
symptoms and aims to explore the impact of
vitamin D on different manifestations arising

after COVID-109.

The study indicated that approximately
75.7% of the participants had more than
three persistent post-COVID-19 symptoms.
This aligns with studies conducted in Turkey
and Italy by Kayaaslan et al., *? and Carfi et
al., 3 respectively, reporting that more than
half of the patients (51.3% and 55.2%,
respectively) had three or more persistent
post-COVID-19 symptoms. In contrast, a
study by Whitaker et al., @ in England
found that about 37.7% of post-COVID-19
patients experienced at least one or two
symptoms, while 14.8% experienced three

or more symptoms.

The current study revealed a negative
correlation between the frequency of post-
COVID-19 symptoms and vitamin D levels,

indicating that more severe and frequent

post-COVID-19 symptoms were observed
among individuals with deficient vitamin D

levels.

These findings align with a systematic
review and meta-analysis conducted by
Bassatne et al., ™ reporting an association
between vitamin D deficiency and increased
severity of COVID-19 infection and post-
COVID-19 conditions.

Patients with serum 25(OH)D levels
below 30ng/ml were found to be more likely
to test positive for COVID-19 and had an
elevated risk of developing post-COVID-19

sequelae.

Additionally, studies conducted in
Ireland by Townsend et al., ® and in Italy
by Fernandes et al., ®” explored the
relationship between vitamin D deficiency
and the incidence of different symptoms
such as fatigue, decreased exercise
tolerance, and physical performance after
COVID-19 infection. In contrast, the study
by Daneshkhah et al., ®® in England
reported no significant relationship between
vitamin D deficiency and the rate of

occurrence of post-COVID-19 sequelae.

It's essential to note that findings in the
field are evolving, and different studies may
show varying results, possibly influenced by
factors such as sample size, population

demographics, and methodology.
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In this study, the most prevalent
post-COVID-19
among participants were related to the

persistent symptoms
neuropsychiatric system, including fatigue,
poor memory, lack of concentration, and

headache.

Musculoskeletal symptoms, such as
myalgia and arthralgia, ranked as the second
most common symptoms, followed by
cardio-respiratory system symptoms like
cough and palpitation. Skin rash and hair
loss were frequently reported as general

symptoms.

These findings align closely with the
results reported in a review article by Yong,
(19 pased on PubMed databases, and a study
by Pavli et al., ?® which both highlighted
various persistent symptoms after COVID-
19, such as memory loss, anosmia, fatigue,
and various neuropsychiatric sequelae,
including depression, anxiety, and post-

traumatic stress disorder.

On the contrary, a study in Egypt by
Elgendy et al., ®» reported that diarrhea and
loss of appetite were the most common post-
COVID symptoms in 74% of participants,
followed by fever, an increase in heart rate,

shortness of breath, and muscle pain.

The study results indicated a significant
improvement in various post-COVID-19
symptoms among patients who received

vitamin D supplementation for 2 months.

This  suggests that vitamin D
supplementation can be utilized to enhance
health outcomes following COVID-19. The
study by Gonen et al., ?® conducted in
Turkey demonstrated that aggressively
raising serum vitamin D concentrations to a
mean value near 35 ng/mL within 4 weeks
for COVID-19 patients significantly reduced
the mortality rate and post-COVID-19
symptoms. Similarly, the study by Castillo et
al., @ in Spain found that treating
hospitalized COVID-19 patients with a high
dose of calcifediol for a long period after
COVID-19 significantly reduced the need
for admission to the Intensive Care Unit
(ICU) and lowered the risk of developing
post-COVID-19 sequelae.

These findings are in contrast with a pilot
clinical trial conducted in Spain by
Caballero-Garcia et al., @ which reported
slight, non-significant improvements in
physical tests with cholecalciferol treatment
compared to placebo over 6 weeks.
Additionally, the interventional clinical trial
in Italy by Fernandes et al., @ where
patients receiving a single dose of 200,000
IU of vitamin-D3 or placebo during the post-
COVID-19 period did not show significant
differences in various post-COVID-19
symptoms at the 6-month follow-up. So,
both  previous studies reported no
improvement in various post-COVID-19
symptoms after vitamin D supplementation

in the post-COVID-19 period.
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Vitamin D deficiency was prevalent
among post-COVID-19 patients, with an
association  with

observed symptom

frequency. Supplementation proved

effective in symptom improvement.

Further studies are recommended to
understand the relationship between drug
use, especially vitamin D, and the
improvement of post-COVID symptoms. In
conclusion, if our data is confirmed in large
interventional randomized-controlled trials,

it may suggest that vitamin D

supplementation could serve as a potential
preventive strategy in reducing the burden of
COVID-19 sequela.

Study limitation

The current study acknowledges certain
limitations. Specifically, we only included
patients managed at home, excluding those
requiring ICU admission or previously
hospitalized due to COVID-19 infection.
Additionally, data on vitamin D levels
during acute COVID-19 infection were not
recorded. Understanding whether vitamin D
deficiency was pre-existing or occurred due

to illness would provide valuable insights.

Conclusion
Post-COVID-19
widespread among Menoufia University

conditions were

Hospital attendees. Vitamin D deficiency
among post-COVID-19
patients, and an association with symptom

was common

frequency was observed.

Vitamin D supplementation
demonstrated effectiveness in symptom
Though

confirmation through large randomized-

improvement. promising,
controlled trials is crucial. If validated,
vitamin D supplementation could serve as a
potential preventive strategy for mitigating
COVID-19 sequelae.
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Table (1): Socio-demographic characteristics of post-COVID-19 participants

Parameter Number 111 \ Frequency 100 %

Age

e Mean+SD 35.3646.73

e Min- Max 22-55
Gender

e Male 40 36.1

e Female 71 63.9
BMI

e <30 kg/m? 93 83.8

e >30kg/m? 16 16.2
Smoking

e No smoking 86 775

e Passive smoking 25 22.5
Pre-existing comorbidities

e No or 1 comorbidity 73 65.8

e >2 comorbidities 38 34.2
Socioeconomic status (SES)

e Middle 28 25.2

e High 83 74.8
Persistent post-COVID-19 symptoms:

e Less than 3 symptoms 27 24.3

e 3 0r more symptoms 84 75.7

20.00

15.00 - . e

10.00

5.00

frequency of post-COVID-19 symptoms

i}

.00 10.00 20.00 30,00 40.00 S0.00

vitamin D level

R=-0.505 P-value= < 0.001
Figure (1): Correlation coefficient analysis of vitamin D levels and the frequency of

persistent post-COVID-19 symptoms.
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Table (2): Comparison between intervention and placebo groups regarding post-

intervention cardio-respiratory & neuropsychiatric symptoms

Intervention Placebo group Test of P-value

Parameter group(N=55) (N=56) significance
Meanz SD )

Cardio-respiratory symptoms
Dyspnea 1.2+0.4 1.1+0.1 1.77 0.077
Cough 1.4+0.8 3.0£1.9 4,12 <0.001**
Palpitation 1.5+1.0 2.4+2.0 2.36 0.019*
Chest pain 1.0+0.2 1.5+#1.1 3.09 0.003*

Neuropsychiatric symptoms
Fatigue 2.7£14 4.6+2.0 4.98 <0.001**
Sleep disturbance 1.7+0.8 4.1+£2.3 5.19 <0.001**
Lack of concentration 2.6+6.7 3.9+2.0 4.59 <0.001**
Poor memory 1.7+0.8 3.6+£2.3 4.79 <0.001**
Depressed mood 2.0+£1.9 2.1+1.6 1.13 0.257
Headache 1.6+0.8 3.5+2.2 4.58 <0.001**
Anxiety 2.6+1.8 2.4+1.7 0.34 0.736
Anosmia 3.2+2.3 1.9£1.5 3.53 <0.001**
Loss of taste 3.0£2.1 1.9+1.7 3.26 0.001*
Vertigo 2.7£2.0 2.3+1.7 1.31 0.192
Tinnitus 2.4+2.0 2.0+1.6 0.61 0.543
SD: Standard deviation ~ U: Mann-Whitney test
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Table (3): Comparison between intervention and placebo groups regarding post-

intervention gastrointestinal, musculoskeletal, and general symptoms

Intervention | Placebo group Test of P-value
Parameter group(N=55) (N=56) significance
Meanz+ SD (V)

Gastrointestinal symptoms
Loss of appetite 2.6%2.2 1.7+£1.7 2.18 0.029*
Diarrhea 1.5+1.0 1.1+0.6 2.95 0.003*
Abdominal pain 1.4+0.9 1.2+0.6 0.71 0.480
Nausea/vomiting 1.2+0.6 1.1+0.3 0.98 0.325
Dysphagia 1.8+1.9 1.5+1.2 0.43 0.666

Musculoskeletal symptoms
Myalgia 1.9+1.1 3.742.2 4.74 <0.001**
Arthralgia 2.0£1.5 3.6+£2.3 3.67 <0.001**
Tingling sensation 1.4+0.8 2.0+1.6 1.44 0.149

General symptoms

Sore throat 1.3+0.8 1.7+¢1.2 1.93 0.054
Lost weight (>3kg) 1.3+0.9 1.5+1.6 0.51 0.607
Skin rash\hair loss 1.2+0.4 2.3+1.6 3.71 <0.001**
Menstrual cycle irregular 1.3+0.8 14+1.1 0.311 0.756

SD: Standard deviation  U: Mann-Whitney test
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Figure (2): Comparative analysis of post-COVID-19 symptom severity pre-intervention
(3a) and post-intervention (3b) in the studied cases
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