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Abstract

Background: “Long COVID” refers to a condition in which individuals continue to expe-
rience persistent signs and symptoms even after recovering from the initial COVID-19
infection. Signs and symptoms that persist can affect multiple organs in the body. Vitamin
D is an essential nutrient that plays a crucial role, particularly in the immune system, and
may be linked to the development of long COVID. Objective: The study aimed to investi-
gate the association between vitamin D levels and the prevalence of long COVID signs
and symptoms in COVID-19 patients. Materials and Methods: The study enrolled 170
COVID-19 patients with mild signs and symptoms and confirmed COVID-Ag or RT-PCR
tests. The subjects were aged 18-59 years. All patients had 25(OH)D levels measured
within 60 days of COVID-19 diagnosis and had been followed for at least 3 months post-
infection. Data collected included demographic characteristics, serum 25(OH)D levels,
and self-reported long COVID signs and symptoms questionnaire responses. Results: The
study results indicated a female-to-male ratio of 1.1:1 and a mean age of 45.87 + 8.65 years;
of these, 62.4% received three doses of the COVID-19 vaccine, and 64.7% developed long
COVID. The most prevalent signs and symptoms were respiratory (55.3%), skin (50.6%),
and general (39.4%). The median blood vitamin D level was 22.96 ng/mL, with 41.2% of
subjects having insufficient levels, 30.6% having deficient levels, and 28.2% having suffi-
cient levels. Patients with long COVID had significantly lower vitamin D levels compared
with those without long COVID (21.52 ng/mL vs. 25.46 ng/mL; p < 0.05). Multivariable
analysis found that vitamin D deficiency was significantly associated with overall long
COVID signs and symptoms (Adj. OR, 5.80 [95% CI: 2.10, 16.13]). Additionally, vitamin
D deficiency significantly increased the number of long COVID systemic signs and symp-
toms (Adj. IRR, 3.30 [2.12, 5.12]). Conclusion: Assessing and maintaining vitamin D levels,
vitamin D supplementation, and sunlight exposure in COVID-19 patients can reduce the
risk and severity of long-term COVID-19 signs and symptoms.
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1. Introduction

Coronavirus disease 2019 (COVID-19), caused by the novel coronavirus SARS-CoV-
2, was first identified in Wuhan, China, in December 2019. Since then, it has spread glob-
ally, significantly impacting health, economies, and societies [1]. Common signs and
symptoms include fever, dry cough, fatigue, and the production of sputum [2]. While
most people experience mild signs and symptoms, elderly people and those with under-
lying health conditions may develop more severe signs and symptoms. Control and pre-
vention measures include screening, mask-wearing, handwashing, social distancing,
quarantine, and vaccination. In 2022, Thailand declared COVID-19 an endemic disease
and eased its preventive measures [3].

Long COVID, also known as Post-Acute Sequelae of SARS-CoV-2 infection (PASC),
refers to a condition where patients continue to experience persistent signs and symptoms
after recovering from the acute phase of COVID-19. These signs and symptoms last for at
least 12 weeks following the initial infection. Both the World Health Organization (WHO)
and the National Institute for Health and Care Excellence (NICE) have issued various def-
initions of this condition [4,5].

Long COVID occurs in approximately 10-30% of COVID-19 patients [6]. A survey on
the incidence of long COVID in patients with a history of COVID-19 in the United States
found rates of 18.9% and 11.0% in 2022 and 2023, respectively. The condition was more
commonly observed in individuals aged 60 and older [7]. In Thailand, 29.9% of patients
have reported signs and symptoms consistent with long COVID [8]. A meta-analysis con-
ducted in 2024 reported a global prevalence of post-COVID-19 syndrome of approxi-
mately 41.79% (95% confidence interval [CI]: 39.70-43.88%, 12 = 51%, p = 0.03) [9]. More
than 200 signs and symptoms have been identified, affecting various body systems [10].
These include general signs and symptoms such as fatigue and fever; respiratory signs
and symptoms such as difficulty breathing and coughing; cardiovascular issues such as
heart palpitations and chest pain; neurological signs and symptoms such as loss of smell,
loss of taste, and headaches; gastrointestinal signs and symptoms such as diarrhea and
nausea; dermatological signs and symptoms such as rashes and hair loss; musculoskeletal
signs and symptoms such as muscle pain and joint pain; and psychiatric signs and symp-
toms such as anxiety and depression [6]. Risk factors for developing long COVID include
being female, over the age of 50, working in the transportation sector, smoking, having an
underlying disease, experiencing more than five signs and symptoms during the acute
phase of COVID-19, and having a severe form of the disease [11,12]. Additionally, abnor-
mal blood test results and deficiencies in vitamins and minerals have also been associated
with a higher risk of developing long COVID [13]. A community-based study in Rio de
Janeiro further confirmed risk factors, including age and comorbidities [14]. Recent evi-
dence also highlighted that long COVID subtypes remain clinically significant up to 2
years post-infection [15].

Serological markers of prior infection are important in contextualizing long COVID.
Anti-nucleocapsid (anti-N) antibodies are generated only by natural SARS-CoV-2 infec-
tion, not by vaccines targeting the spike protein. They therefore serve as useful markers
for identifying prior infection, especially in settings with high vaccination coverage. Anti-
N seropositivity has been shown to remain detectable for many months post infection,
although it declines over time [16,17].

Vitamin D is an essential vitamin that plays a key role in supporting various aspects
of health, particularly in regulating the immune systeme response. It enhances both in-
nate and adaptive immunity [18]. Studies have shown that vitamin D levels in the blood
are associated with the severity of COVID-19. Individuals with sufficient (>50 nmol/L) and
insufficient (25-50 nmol/L) vitamin D levels are approximately 50% less likely to develop
severe signs and symptoms of COVID-19 compared with individuals who are deficient in
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vitamin D (<25 nmol/L) [19]. It is clear that low blood levels of vitamin D impact the se-
verity of COVID-19, increasing mortality rates, ICU admissions, length of hospital stays,
and the need for ventilators; moreover, evidence from 2024 further emphasizes the thera-
peutic role of vitamin D supplementation in COVID-19 patients, showing reduced ICU
admissions and mortality [20,21].

The severity of COVID-19 also influences the likelihood of developing long COVID.
Patients with severe and critical COVID-19 infection are more likely to develop long
COVID compared with those with mild signs and symptoms [11]. Recent studies have
suggested that low levels of vitamin D may not only increase the severity of acute COVID-
19 but also contribute to long COVID; however, evidence regarding the association be-
tween vitamin D and the symptoms and signs of long COVID remains inconclusive. Fur-
ther studies are needed to explore the association between vitamin D levels and long
COVID signs and symptoms, specifically to determine whether low blood levels of vita-
min D increase the risk of long COVID in patients who have recovered from COVID-19.
This would involve evaluating signs and symptoms across eight body systems associated
with long COVID three months after recovery. The findings from such research could
provide insights into the role of vitamin D deficiency or insufficiency in long COVID and
help establish a potential relationship between vitamin D deficiency and the condition.
Understanding this connection is critical, as it could lead to preventive strategies, includ-
ing supplementation and lifestyle modifications, aimed at reducing the incidence and se-
verity of long COVID in populations at risk.

2. Materials and Methods

This was a descriptive cross-sectional study approved by the Research Ethics Com-
mittee of Mae Fah Luang University (COA: 166/2024, EC 24104-20, approval date: 13 Au-
gust 2024). Participants were COVID-19 patients whose diagnoses were confirmed
through COVID-Ag or RT-PCR tests. The inclusion criteria required participants to have
had mild signs and symptoms, be aged 18-59, have 25(OH)D results obtained within two
months of infection, and have received treatment at a clinic in Thailand with follow-up
more than 12 weeks after the index infection for long COVID assessment. Exclusion crite-
ria included any comorbidities and a history of vitamin D supplementation; therefore, all
participants had no comorbidities.

The sample size was calculated using the formula for comparing two independent
means, based on the research by Di Fillppo et al. [18], with parameters set at a = 0.05 and
[3 =0.20. The sample size was adjusted by 10%, resulting in 170 participants.

The data collection tools were divided into three parts: demographic data, 25(OH)D
levels, and a self-reported long COVID signs and symptoms questionnaire. The demo-
graphic data included details such as gender, age, body mass index, vaccination status,
and ethnicity (all participants were Thai). Long COVID signs and symptoms were catego-
rized into eight systems: general (e.g., fatigue, fever); respiratory (e.g., dyspnea, cough);
cardiovascular (e.g., palpitations, tachycardia, chest pain); neurological (e.g., loss of taste
or smell, headaches, dizziness); gastrointestinal (e.g., dizziness, diarrhea, stomach pain);
musculoskeletal (e.g., muscle, joint, and bone pain); skin-related (e.g., rash, hair loss); and
psychiatric (e.g., anxiety, depression, sleep disorders). The occurrence of long COVID
signs and symptoms was defined as the presence of signs and symptoms in any one of the
eight systems at least 12 weeks after the initial infection and was classified dichotomously
(either with or without the presence of that symptom). The self-reported long COVID
signs and symptoms questionnaire was adapted from the Long-Term Health Impact of
COVID-19 Patients Survey by the Department of Medical Services, Ministry of Public
Health (the Kuder—Richardson coefficient of reliability (KR-20) was 0.8638) [22]. Formal
validations in broader Thai populations have not been established.
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Serum vitamin D status was assessed using 25-hydroxy vitamin D (25(OH)D) levels
obtained from clinic electronic records. Samples (serum or plasma heparinized with so-
dium heparin) were analyzed using Chemiluminescent Microparticle Immunoassay
(CMIA). Results were reported in ng/mL and classified according to the Endocrine Soci-
ety criteria as deficiency (<20 ng/mL), insufficiency (20-30 ng/mL), and sufficiency (>30
ng/mL) [23]. Because none of the participants had serum 25(OH)D levels < 5 ng/mL, a
severely deficient category was not included. The flow of the study is presented in Figure
1.

COVID-19 patients confirmed by either I assessed serum 25(OH)D levels :
the Covid-Ag or RT-PCR methods : within two months before 1
(n=170) | infection !

v

Neurological, Gastrointestinal, Musculoskeletal, Psychiatric, and

Self-reported in Long COVID signs and symptoms in eight
systems including General, Respiratory, Cardiovascular,

Skin-related signs and symptoms

v

Data analysis and categories of vitamin D status

v

v v

Deficiency vitamin D
(n=52)

Insufficiency vitamin D Sufficiency vitamin D
(n=70) (n = 48)

Figure 1. Study flow and categorization of vitamin D status in relation to long COVID signs and
symptoms in COVID-19 patients.

Descriptive statistics were used to present demographic data and self-reported long
COVID signs and symptoms, expressed as means with standard deviations or medians
with interquartile ranges for continuous variables, and frequencies and percentages for
categorical variables. Demographic data among the three vitamin D status groups were
compared using one-way ANOVA for continuous variables and the chi-square test for
categorical variables. The association between vitamin D levels and the occurrence of long
COVID signs and symptoms was measured using the Mann—-Whitney U test. Multivaria-
ble analysis of the vitamin D level factor affecting the occurrence of long COVID signs and
symptoms was conducted using multiple logistic regression, presenting adjusted odds
ratios (ORs) and 95% confidence intervals (Cls). The enter method was applied, including
all predefined covariates simultaneously (sex, age, BMI, number of COVID-19 vaccine
doses, duration from vitamin D measurement to infection, and duration of infection to
long COVID self-report). Vitamin D sufficiency served as the reference category.

Additionally, factors of vitamin D level affecting the number of long COVID systemic
signs and symptoms were examined using negative binomial regression, with incident
rate ratios (IRRs) and 95% Cls reported. The data were analyzed using STATA (StataCorp.
Stata Statistical Software: Release 18. College Station, TX, USA: StataCorp LLC; 2023). All
statistical tests were two-tailed, and the level of statistical significance was set at 0.05 (a =
0.05).

3. Results

A total of 170 COVID-19 patients, comprising a similar number of males and females,
were enrolled in the study. The mean age was 45.87 + 8.65 years, and the body mass index
was 24.90 + 4.72 kg/m?2. Most (62.1%) were overweight. The majority (62.4%) had received
three doses of the COVID-19 vaccine. The median vitamin D level was 22.96 ng/mL (IQR
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28.77, 31.7). The majority (41.2%) had insufficient vitamin D levels (20-30 ng/mL), fol-
lowed by vitamin D deficiency (<20 ng/mL) at 30.6%, and vitamin D sufficiency (>30-100
ng/mL) at 28.2%. Comparison of demographic data across the three vitamin D status
groups showed no statistically significant differences for any variable (p > 0.05) (Table 1).

The majority of patients (64.7%) had long-term COVID signs and symptoms. When
categorized by body system, respiratory signs and symptoms were the most common at
55.3%, followed by skin signs and symptoms at 50.6%, general signs and symptoms (fa-
tigue and fever) at 39.4%, and mental signs and symptoms at 30.0%. Among those with
long COVID signs and symptoms, 24.1% had 1-2 signs and symptoms, 18.8% had 34
signs and symptoms, 13.5% had 5-6 signs and symptoms, and 8.3% had 7-8 signs and
symptoms. Comparison of vitamin D levels between those with and without long COVID
signs and symptoms revealed that those with long COVID signs and symptoms had a
median vitamin D level that was lower than those without long COVID signs and symp-
toms at a statistically significant level of 0.05 (21.52 and 25.46 ng/mL; p < 0.001). Similarly,
when classified by body systems, those with long COVID signs and symptoms consist-
ently had significantly lower vitamin D levels compared with those without long COVID
signs and symptoms (p < 0.05) (Table 2).

The prevalence of long COVID signs and symptoms was highest among those with
vitamin D deficiency (59.6%), followed by vitamin D insufficiency (34.3%) and vitamin D
sufficiency (25.0%). Similarly, the prevalence of long COVID signs and symptoms was
highest (78.9-80.8%) in those with vitamin D deficiency, particularly for respiratory and
skin signs and symptoms (Figure 2).
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Figure 2. Prevalence of eight clusters of long COVID signs and symptoms based on vitamin D status.
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Table 1. Demographic and COVID-19 vaccination data according vitamin D status.
Total Vitamin D Status
(1= 170) Deficiency Insufficiency (n = Sufficiency p-Value
(n = 52, 30.6%) 70, 41.2%) (n =48, 28.2%)
Sex, n (%)
Male 83 (48.8) 26 (50.0) 34 (48.6) 23 (47.9) 0.977
Female 87 (51.2) 26 (50.0) 36 (51.4) 25 (52.1) ’
Age (years), mean+ SD 45.87 + 8.65 45.85 + 8.87 45.17 + 8.85 46.92 +8.18 0.563
BMI (kg/m?), mean + SD 2490 +4.72 24.87 +4.55 24.48 +4.67 25.54 +5.01 0.489
<185 17 (10.1) 4 (7.8) 8 (11.4) 5(10.4)
18.5-22.9 47 (27.8) 16 (31.4) 20 (28.6) 11 (22.9) 0.866
>23.0 105 (62.1) 31 (60.8) 42 (60.0) 32 (66.7)
Number of COVID-19 vac-
cine doses, n (%)
1 dose 11 (6.5) 4(7.7) 4 (5.7) 3 (6.3)
2 doses 30 (17.7) 9 (17.3) 12 (17.1) 9 (18.8) 0911
3 doses 106 (62.4) 30 (57.7) 44 (62.9) 32 (66.7) ’
4 doses 23 (13.5) 9 (17.3) 10 (14.3) 4 (8.3)
Total 25(OH)D level (ng/mL), 22.96 16.98 23.34 34.15
median (IQR) (18.77, 31.7) (14.91, 18.35) (21.6, 26.7) (32.6, 37.34)

Data were analyzed with the Chi-square test and one-way ANOVA.

Table 2. Comparison of vitamin D levels between individuals with and without long COVID signs

and symptoms, classified by affected signs and symptoms.

Long COVID Yes No p-Value
Signs and Symptoms n (%) Median (IQR) n (%) Median (IQR)

Overall ¢ 110 (64.7) 21.52 (17.5, 28.48) 60 (35.3) 2546 (22.42,33.84)  <0.001 *
General 67 (39.4) 21.21 (16.36, 26.51) 103 (60.6) 25.46 (20.82,33.0)  <0.001*
Respiratory 94 (55.3) 21.32 (16.96, 27.61) 76 (44.7) 26.65 (22.48, 33.99) <0.001 *
Cardiovascular 20 (11.8) 15.33 (14.08, 16.39) 150 (88.2) 25.28 (20.77, 32.5) <0.001 *
Neurological 45 (26.5) 17.03 (14.84, 21.31) 125 (73.5) 26.67 (21.52, 32.97) <0.001 *
Gastrointestinal 2(1.2) 12.27 (10.28,14.25) 168 (98.8) 23.12 (18.85, 31.7) 0.002 *
Musculoskeletal 23 (13.5) 16.36 (14.03, 18.9) 147 (86.5) 25.46 (20.8, 32.5) <0.001 *
Skin 86 (50.6) 21.0 (16.42, 26.34) 84 (49.4) 27.82 (22.42,34.23)  <0.001 *
Psychiatric 51 (30.0) 20.91 (15.36, 26.2) 119 (70.0) 25.46(20.16, 33.0) <0.001 *

Data were analyzed with the Mann—-Whitney U test. * Overall: Had symptoms in any system. * Sta-
tistically significant at the 0.05 level (a = 0.05).

A multivariable analysis of factors influencing long COVID signs and symptoms re-
vealed that vitamin D deficiency had a statistically significant impact on long COVID
signs and symptoms at the 0.05 level (Adj. OR, 5.80 [95% CI: 2.10, 16.01]; p = 0.001); in other
words, patients with vitamin D deficiency were 5.80 times more likely to experience long
COVID signs and symptoms compared with patients with sufficient vitamin D levels.
When categorized by body system, vitamin D deficiency significantly influenced the oc-
currence of long COVID signs and symptoms in various body systems, with statistically
significant results at the 0.05 level; these included general signs and symptoms (Adj. OR,
4.55 [95% CI: 1.88, 10.87]; p = 0.001), respiratory signs and symptoms (Adj. OR, 6.06 [95%
CI: 2.37, 15.54]; p < 0.001), cardiovascular signs and symptoms (Adj. OR, 22.73 [95% CI:
5.88, 87.14]; p < 0.001), neurological signs and symptoms (Adj. OR, 16.22 [95% CI: 4.81,
54.65]; p < 0.001), musculoskeletal signs and symptoms (Adj. OR, 13.77 [95% CI: 4.54,
41.82]; p <0.001), skin signs and symptoms (Adj. OR, 11.28 [95% CI: 4.30, 29.57]; p <0.001),
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and psychiatric signs and symptoms (Adj. OR, 3.97 [95% CI: 1.56, 10.08]; p = 0.004) (Table
3).

Table 3. Multivariable analysis of vitamin D status associated with long COVID signs and symp-

toms.
Long COVID Vitamin D Deficiency Vitamin D Insufficiency

Signs and Symptoms Adjusted OR (95% CI)¥  p-Value  Adjusted OR (95% CI) ¥ p-Value
Overall # 5.80 (2.10, 16.01) 0.001 * 1.25(0.57, 2.74) 0.576
General 4.55 (1.88, 10.87) 0.001 * 1.65 (0.72, 3.79) 0.239
Respiratory 6.06 (2.37, 15.54) <0.001 * 1.10 (0.51, 2.37) 0.807
Cardiovascular * 22.63 (5.88, 87.14) <0.001 * (Combined with sufficiency group)
Neurological 16.22 (4.81, 54.65) <0.001 * 2.49 (0.74, 8.43) 0.142
Gastrointestinal N/At -
Musculoskeletal 13.77 (4.54, 41.82) <0.001 * (Combined with sufficiency group)
Skin 11.28 (4.30, 29.57) <0.001 * 2.44 (1.08, 5.50) 0.032 *
Psychiatric 3.97 (1.56, 10.08) 0.004 * 1.51 (0.61, 3.76) 0.335

Reference group: Vitamin D sufficiency status

Data were analyzed with multiple logistic regression (enter method). Vitamin D sufficiency was
used as the reference category. # Overall: Had symptoms in any system. ¥ Adjusted for sex, age, BMI,
number of COVID-19 vaccine doses, duration of vitamin D measurement to infection, and duration
of infection to long COVID self-report. ¥ Reference group combines insufficiency and sufficiency
groups because the frequency is 0 in the cross-tabulation table.  Adjusted odds ratio does not appear
because the frequency is 0 in the cross-tabulation table. * Statistically significant at the 0.05 level (a
=0.05).

A multivariable analysis of factors influencing long COVID signs and symptoms re-
vealed that vitamin D deficiency had a statistically significant impact on the number of
long COVID systemic signs and symptoms (p < 0.001). Patients with vitamin D deficiency
showed 3.3 times more long COVID systemic signs and symptoms compared with those
with sufficient vitamin D levels (IRR, 3.30 [95% CI:2.12, 5.12]; p < 0.001). Meanwhile, indi-
viduals with insufficient vitamin D levels had 1.54 times more long COVID systemic signs
and symptoms compared with those with sufficient vitamin D levels; however, this dif-
ference was not statistically significant (IRR, 1.54 [95% CI: 0.99, 2.40]; p = 0.057). The mean
systemic number of long COVID signs and symptoms was 3.92 for those with vitamin D
deficiency, 1.8 for those with insufficient vitamin D levels, and 1.22 for those with suffi-
cient vitamin D levels (Table 4). The scatter plot showing the association between vitamin
D levels and the number of long COVID systemic signs and symptoms reveals a negative
correlation; in other words, lower vitamin D levels are associated with a higher number
of long COVID systemic signs and symptoms, whereas higher vitamin D levels are corre-
lated with fewer long COVID signs and symptoms (Figure 3).
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Figure 3. Scatter plot of the correlation between vitamin D levels and the number of long COVID

systemic signs and symptoms.

Table 4. Multivariable analysis of vitamin D status associated with the number of long COVID sys-

temic signs and symptoms.

Vitamin D Status Adjusted IRR (95%CI) ¥ Margin (95%CI) p-Value
Deficiency 3.30 (2.12, 5.12) 3.92 (2.89, 4.95) <0.001 *
Insufficiency 1.54 (0.99, 2.40) 1.80 (1.33, 2.28) 0.057
Sufficiency Reference 1.22 (0.79, 1.64)

IRR: incidence rate ratio. Data were analyzed with negative binomial regression. ¥ Adjusted for sex,
age, BMI, number of COVID-19 vaccine doses, duration of vitamin D measurement to infection, and

duration of infection to long COVID self-report. * Statistically significant at the 0.05 level (a = 0.05).

4. Discussion

This study found a prevalence of 64.74% of long COVID among COVID-19 patients,
with the most common signs and symptoms being respiratory (55.3%), skin-related
(50.6%), and general (39.4%). The most frequently reported specific signs and symptoms
were cough (51.8%), hair loss (47.7%), and fatigue (39.4%). Long COVID refers to the con-
dition where patients, after recovering from COVID-19, continue to experience persistent
signs and symptoms across various body systems. These signs and symptoms cannot be
explained by other diagnoses and may be caused by viral genome fragments or viral an-
tigens that no longer contribute to infection but continue to affect the immune system,
leading to inflammation in different parts of the body [24].

The prevalence of long COVID in this study is comparable to that in another hospital-
based cross-sectional study conducted in Thailand, which reported a rate of 64.9% [25].
However, it is higher than those of cross-sectional community surveys, which reported
rates of 29.9% [8] and 40.5% [26]. Research studies conducted in different regions show
varied prevalence rates, including 40.7% in a population-based cohort study in the UK
[27], 29.6% in Braziles community-based cohort study [12], and 90.4% in China [11]. Meta-
analyses and systematic reviews have found an overall prevalence ranging from 43.0% to
56.9% (systematic reviews and meta-analyses across regions) [28,29], with regional
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variations: 44.0% in Europe, 51.0% in Asia, and 31.0% in the Americas. Common symp-
toms reported across studies tend to include general and respiratory signs and symptoms.
Variations in the prevalence of signs and symptoms may be due to differences in study
methods, populations, and follow-up periods.

The median vitamin D level among the COVID-19 patients in this study was 22.96
ng/mL. Most participants had insufficient vitamin D levels (20-30 ng/mL) (41.2%), 30.6%
were vitamin D deficient (<20 ng/mL), and the remaining 28.2% had sufficient vitamin D
levels (>30-100 ng/mL). Since the participants lived in Bangkok, their low vitamin D levels
may be attributed to several urban living factors, such as spending time indoors, working
in buildings with limited sunlight exposure, high levels of air pollution that block sun-
light, the use of sunscreen (which reduces vitamin D production from sunlight), low die-
tary intake of vitamin D-rich foods, and the high population density, which limits access
to sunny or outdoor areas. These factors collectively contribute to the insufficient vitamin
D levels in Bangkok residents. This finding is consistent with the study by Chailurkit et
al. [30] conducted between 2019 and 2020, which found that people living in Bangkok, or
the Central Region, had lower vitamin D levels compared with those living in other areas
in Thailand. Overall, 31.0% of the Thai population had insufficient (<30 ng/mL) vitamin D
levels [30].

This study demonstrated a significant association between vitamin D levels and the
development of long COVID. It found that individuals with long COVID signs and symp-
toms had significantly lower blood vitamin D levels compared with those without long
COVID signs and symptoms (21.52 ng/mL vs. 25.46 ng/mL, respectively) across both the
overall and each of the eight systemic signs and symptoms. Additionally, those with vit-
amin D deficiency were 5.80 times more likely to develop long COVID signs and symp-
toms and 3.3 times more likely to experience multiple long COVID systemic signs and
symptoms compared with those with sufficient vitamin D levels. Among those deficient
in vitamin D, the prevalence of long COVID signs and symptoms was as high as 84.6%,
with respiratory signs and symptoms reported by 80.8% of patients, skin-related signs
and symptoms reported by 78.9% of patients, and general signs and symptoms reported
by 59.6% of patients. These findings highlight the association between low vitamin D lev-
els and the prevalence of long COVID signs and symptoms.

Because individuals with a history of vitamin D supplementation were excluded and
no supplementation was provided during follow-up, our study did not address the re-
versibility of long COVID signs and symptoms after vitamin D supplementation.

Vitamin D plays a crucial role in supporting the immune system and the bodye re-
sponse to COVID-19 infections and post-infection complications by reducing inflamma-
tion. Sufficient vitamin D levels have been associated with reduced severity of COVID-19
at onset, as it enhances immune responses and attenuates cytokine storms [31,32], which
may contribute to lowering the risk of long-term complications.

Vitamin D has been recognized as a potent immunomodulator that enhances the ac-
tivity of the innate immune system, such as monocytes and macrophages, while also help-
ing to maintain immune tolerance and reduce the risk of autoimmune reactions [33]. In
addition, its anti-inflammatory properties are widely documented, including the ability
to suppress pro-inflammatory cytokine production and regulate systemic immune re-
sponses, thereby contributing to improved health outcomes [34]. Moreover, vitamin D
helps maintain the integrity of epithelial cells in the respiratory system [35], playing a
protective role against viral invasion and potentially reducing the severity of infections. It
also supports overall health, including bone and muscle function and mental well-being,
all of which can promote faster recovery from infections and reduce chronic symptoms
associated with long COVID [36]. There is also evidence that low vitamin D levels are
associated with long COVID, and that combined vitamin D and magnesium
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supplementation may help alleviate persistent signs and symptoms [37]. In addition to its
immunomodulatory and anti-inflammatory actions, vitamin D sufficiency has also been
implicated in multiple cardio-metabolic pathways. Adequate vitamin D status has been
shown to attenuate vascular inflammation and oxidative stress, enhance endothelial nitric
oxide (NO) bioavailability, suppress the renin—angiotensin—aldosterone system, and in-
hibit vascular smooth muscle cell proliferation. Clinically, vitamin D sufficiency has been
associated with lower arterial stiffness and blood pressure, improvements in lipid profiles,
and better glycemic control via effects on pancreatic 3-cell function and insulin sensitivity
[38].

The observational study conducted by Nielsen NM et al. [19] showed that individuals
with sufficient or insufficient vitamin D levels had a 50% lower risk of severe COVID-19
compared with individuals with vitamin D deficiency. Similarly, the retrospective
matched study conducted by Di Filippo et al. [18] found that vitamin D levels in patients
with long COVID were significantly lower than in patients without long COVID (20.1
ng/mL vs. 23.2 ng/mL, p = 0.030), with low vitamin D levels increasing the risk of long
COVID by 1.09 times. Another prospective case-control study conducted by Cardoso F et
al. [39] reported that the mean vitamin D level in patients with severe COVID-19 pneu-
monia was 26.8 + 7.6 ng/mL, which was lower than the control groupe& mean of 28.6 + 7.4
ng/mL. Patients with vitamin D deficiency were three times more likely to develop severe
COVID-19 pneumonia (95% CI: 1.79, 5.10); this result was statistically significant.

The findings on vitamin D deficiency contributing to the number of long COVID
signs and symptoms across multiple systems are consistent with the study conducted by
Guerrero-Romero et al. [40] who found that individuals with hypomagnesemia (<1.8
mg/dL) and vitamin D deficiency (<30 ng/mL) had 3.1 times more clinical signs and symp-
toms associated with long COVID compared with the control group. The common signs
and symptoms in these groups included fatigue, memory loss, attention disorders, joint
pain, anxiety, sleep disorders, myalgia, and depression [40].

Based on the findings of this study, it is recommended that vitamin D levels be mon-
itored in COVID-19 patients and at-risk groups, particularly the elderly and individuals
with underlying conditions and obesity, to prevent and reduce the risk of long COVID.
Promoting sunlight exposure and vitamin D supplementation both before and after infec-
tion is crucial for enhancing immune function, minimizing the severity of signs and symp-
toms, and facilitating faster recovery. Public health agencies should raise awareness about
the benefits of vitamin D and disseminate the findings of this research to the public and
relevant stakeholders to support effective treatment and rehabilitation planning for
COVID-19 patients.

This study has some limitations. First, the relatively small sample size and the use of
self-reported questionnaires may introduce response bias. The questionnaire has not been
fully validated in Thai populations, which may limit generalizability. Some odds ratios
were very high (e.g., OR > 20), which may reflect model instability due to sparse data. In
addition, vitamin D levels were measured up to 60 days before infection, which may not
accurately represent the status at the time of infection, because 25(OH)D can vary with
season, sunlight exposure, dietary intake, or intercurrent illness; this temporal misclassi-
fication could lead to an underestimation of the observed associations. Serum vitamin D
levels were not reassessed after recovery from COVID-19; therefore, changes in vitamin
D status during the post-infection period could not be evaluated.

Given these limitations, future long-term studies should be conducted to assess
changes in vitamin D levels and long COVID signs and symptoms over time. In-depth
research into the biological mechanisms linking vitamin D levels to signs and symptoms
across multiple body systems, such as the nervous, muscular, and cardiovascular systems,
is also required. Utilizing standardized medical tools and internationally recognized
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questionnaires will ensure the collection of detailed and reliable data. Finally, factors such
as physical activity, nutrition, and sunlight exposure should be further studied to accu-
rately assess the effects of vitamin D on long COVID.

5. Conclusions

This study highlights a significant association between vitamin D levels and the prev-
alence and severity of long COVID signs and symptoms across multiple body systems.
Patients with vitamin D deficiency were significantly more likely to experience long
COVID signs and symptoms, with an increased risk of experiencing systemic signs and
symptoms. These findings suggest the importance of monitoring and maintaining suffi-
cient vitamin D levels in COVID-19 patients to potentially reduce the risk of long COVID,
particularly through supplementing and promoting sunlight exposure. Public health ini-
tiatives might raise awareness of the benefits of vitamin D, especially for at-risk popula-
tions, such as elderly individuals and those with underlying diseases and obesity. Further
research is warranted to explore the underlying biological mechanisms and long-term ef-
fects of vitamin D on COVID-19 recovery.
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