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Abstract

Introduction Vitamin D deficiency has been associated with adverse acute and long-term COVID-19 outcomes. However,
data on its supplementation on post-acute recovery are still limited. This retrospective observational study investigated the
role of chronic cholecalciferol supplementation and 25(OH) vitamin D concentrations on Long COVID risk.

Methods We included patients with COVID-19 between March 2020 and May 2021 previously followed at our Endocrine
Department. Long COVID was defined according to NICE criteria. Patients chronically supplemented with cholecalciferol
were compared with matched controls for age, sex, comorbidities, and COVID-19 severity.

Results A total of 132 patients were evaluated; 50 (38%) received cholecalciferol supplementation and 30 (22.7%) devel-
oped Long COVID. Long COVID occurred less frequently among supplemented patients (14% vs. 28%, p=0.086), particu-
larly with daily-doses>750 IU (12.5% vs. 28.6%, p=0.051) and >1000 IU (10.5% vs. 27.6%, p=0.039). Baseline 25(OH)
D concentrations were significantly lower in those with Long COVID (p=0.02), and showed a significant predictive perfor-
mance for Long COVID (AUROC 67.3%, p=0.023). In the matched cohort (n=86), Long COVID occurred less frequently
among supplemented patients (11.6% vs. 32.6%, p=0.036) and similar findings were confirmed in the matched subgroup
receiving> 1000 IU/day (8.5% vs. 34.2%, p=0.018). Multivariate analyses showed a protective role of cholecalciferol sup-
plementation on Long COVID in both entire and matched cohorts.

Conclusions Chronic cholecalciferol supplementation, particularly at daily doses>750-1000 IU, was associated with a sig-
nificantly lower risk of Long COVID. Ensuring adequate vitamin D status may represent a potential useful preventive strat-
egy for post-COVID sequelae.
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Introduction Long COVID is a multisystem condition characterized by
neurocognitive, cardiorespiratory, constitutional, and mus-

Vitamin D has been well demonstrated to modulate both  culoskeletal sequelae [8—10]. A potential role of vitamin

innate and adaptive immune responses. Consistent evidence
has linked vitamin D deficiency to worse clinical outcomes
during the COVID-19 pandemic [1-7] . Beyond its impact
on the acute phase of the disease, the extra-skeletal effects
of this hormone have also been implicated in post-acute
recovery and the development of Long COVID syndrome.
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D in modulating recovery after acute COVID-19 has been
hypothesized based on its known effects on musculoskel-
etal health and pain modulation [11, 12], neurological func-
tion and disorders [13, 14], as well as respiratory recovery
following pneumonia [15, 16]. For the first time in the
literature, we previously reported that patients with Long
COVID were characterized by significantly lower 25(OH)
vitamin D concentrations, assessed six months after hospi-
tal discharge, compared with those without Long COVID,
particularly among individuals experiencing neurocognitive
symptoms [17]. Our findings were subsequently confirmed
by several studies conducted worldwide, which consistently
demonstrated lower 25(OH) vitamin D concentrations in
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patients with Long COVID or persistent post-acute symp-
toms compared with control subjects [18-22], especially
among those presenting neurological manifestations [19,
20]. To date, only a few seminal studies have investigated
the potential role of vitamin D supplementation in reduc-
ing the occurrence of Long COVID, generally reporting
promising, although sometimes null, effects [23-27]. These
inconsistent results can, at least in part, be attributed to
methodological limitations and heterogeneity across studies,
including the administration of vitamin D supplementation
regardless of baseline vitamin D status, the short duration
of supplementation (mostly limited to a few months), the
lack of comprehensive multisystemic assessments to accu-
rately characterize Long COVID, and the variable timing
of follow-up evaluations for post-acute symptoms. Indeed,
the benefits of vitamin D may be attenuated or not apparent
when supplementation is administered in vitamin D—replete
populations or over short time periods [2, 28].

The aim of our study was to investigate the impact of
chronic vitamin D supplementation, administered according
to routine clinical practice and in line with international and
national guidelines [2, 28-31], on the occurrence of Long
COVID in patients who had previously experienced acute
COVID-19.

Materials and methods
Study design

This was an observational cross-sectional retrospective
study performed in a tertiary health care centre, the IRCCS
Ospedale San Raffaele, Milan, Italy. The study-protocol
complies with the Declaration of Helsinki and was approved
by the hospital ethics committee (protocol no. CET 178—
2023 ABIO/NC/06 ClinicalTrials.gov ID NCT06452082).
Signed informed consent was obtained from all patients
participating in this study. We included only adult (age>18
years) patients with a confirmed diagnosis of COVID-19
from March 2020 to May 2021 and who were previously
admitted in years 2019 and 2020 in our Hospital Endocrine
Outpatient Department for general endocrine consultations.

A comprehensive assessment of the acute COVID-19
outcomes and the post-acute recovery was specifically col-
lected from all patients though telephone interviews con-
ducted by trained and dedicated personnels. Interviewers
had access to patients’ clinical information recorded during
endocrine visits to ensure consistency and completeness of
data collection. On the basis of the National Institute for
Health and Care Excellence (NICE) guidelines [8, 32],
Long COVID was defined by the concomitant presence of at
least 2 or more symptoms and signs (complete list reported
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below under “Data Collection™) at six months after acute
disease recovery that were not explained by an alternative
medical diagnosis and could only be attributed to the pre-
vious COVID-19. As defined by NICE guidelines, none of
the symptoms and signs characterizing Long COVID were
present before the acute disease.

Only patients fulfilling the following inclusion and exclu-
sion criteria were enrolled: (1) we excluded patients who
were admitted to the intensive care unit (ICU) for COVID-
19 management in order to minimize the possible bias due
to the reported influence of worse acute disease severity in
increasing the risk of post-COVID symptom persistence [8,
32]; (2) only patients with available medical data recorded
upon hospital endocrine visits and detailed information
about the COVID-19 acute presentation and the recovery
in the first six months after acute disease were enrolled; (3)
patients with the following comorbidities and concomitant
active therapies influencing vitamin D metabolism includ-
ing chronic kidney disease (CKD), active neoplasia, chronic
glucocorticoid and antiepileptic treatments were excluded,;
(4) patients immunized with at least one anti-SARS-CoV-2
vaccination dose before the occurrence of acute COVID-
19 or in the first six months after acute disease were not
enrolled.

Patients treated with vitamin D supplementation were
also subsequently matched on a 1:1 ratio for age, sex, con-
comitant comorbidities, and acute COVID-19 severity with
patients not supplemented in order to assess the impact of
vitamin D supplementation on Long COVID occurrence. In
addition, specific analyses were performed to investigate the
impact of cholecalciferol supplementation with a median
daily dose>1000 International Units (IU), which are the
dosages recommended by most guidelines to effectively
prevent vitamin D deficiency and also to be potentially asso-
ciated with extra-skeletal effects in adult subjects [2, 28].

The study enrolment flow chart is summarized in detail
in Fig. 1.

Data collection

Data recorded upon endocrine visits were collected directly
by patient interview or from medical chart review. Data
assessing the acute COVID-19 outcomes and the post-
acute recovery were collected from patients interviewed by
telephone. All the data were entered on a dedicated elec-
tronic case record form specifically developed for the study.
Before the analysis, data were cross-checked with medical
charts and verified by data managers and clinicians for accu-
racy. The following variables were collected: age, gender,
body mass index (BMI) calculated as the ratio of weight in
kilograms divided by height in meters squared and obesity
was defined as BMI>30 kg/m?. We collected comorbidities
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Fig. 1 Study enrolment flow chart
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including history of arterial hypertension, diabetes mellitus,
cardiovascular disease, CKD, history of active neoplasia,
and COVID-19 outcomes occurred during the acute disease
including hospitalization and admission to ICU. A com-
prehensive assessment of constitutional, neurocognitive,
cardiorespiratory, gastrointestinal, ear nose and throat, and
sensory health systems was performed collecting symptoms
and signs present or not at six months after disease recovery
and used in the present study for Long COVID diagnosis:
constitutional (asthenia, fever, myalgia, arthralgia), cardio-
respiratory (cough, dyspnea, chest pain, tachycardia), gas-
trointestinal (abdominal pain, nausea/vomiting, diarrhea),
neurocognitive (headache, brain fog/confusion), ear nose
and throat (sore throat, rhinorrhea, ear pain), and sensory
(anosmia and dysgeusia).

Detailed information about vitamin D supplementation
were specifically recorded upon the endocrine visits and
were cross-checked with patients during telephone inter-
views. To homogenise the investigation of the vitamin D
supplementation role, for this study, we considered only
patients with or without non-active vitamin D formulations,
in particular vitamin D3 cholecalciferol. Thus, the vitamin
D supplemented patients’ group only included those who
were treated, for at least 24 months before the hospital endo-
crine visit, with cholecalciferol as for clinical practice and
recommended guidelines [2, 28-31]. Data about type of
supplementation, dosages and starting time were routinely
and systematically collected. Serum 25(OH) vitamin D con-
centrations were recorded upon hospital endocrine visits or,
alternatively, if not available, they were retrospectively and
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specifically collected for the study purpose from electronic
regional health-care information system if performed up
to 12 months before the hospital visit. 25(OH) vitamin D
concentrations were measured using electrochemilumines-
cence immunoassays (ng/mL) and vitamin D deficiency was
defined with concentrations below 20 ng/mL [2].

Statistical analysis

Descriptive statistics were obtained for all study variables.
Categorical variables were summarized as counts and per-
centages. Kolmogorov—Smirnov normality test was per-
formed (p<0.05) and continuous variables were expressed
as medians and interquartile range (IQR) (25th—75th percen-
tile). Fisher exact test or 2 test and the Wilcoxon signed-
rank test or the Kruskal-Wallis test were used to determine
the statistical significance of differences in proportions and
medians, respectively. Multiple logistic regression analyses
were used to estimate the odds ratio (OR) with 95% confi-
dence interval (CI) of the different assessed variables for the
Long COVID outcome occurrence risk. The performance
of 25(OH) vitamin D concentrations in predicting the Long

Table 1 Comparisons of demographics, clinical characteristics and
COVID-19 outcomes between patients treated or not with cholecalcif-
erol in the entire cohort

Entire Vitamin  Non- p
cohort D group VitaminD value*
group

N. of patients 132 50 82

Age, years 56 63 55 (47-62) <0.001
(50-65)  (53-70)

Male sex, n. (%) 65 (49%) 13 (26%) 52(63%) <0.001

BMI, kg/m? 26.8 27.1 26.7 0.95
(24.2- (24.5-  (23.831.2)
30.9) 28.9)

Obesity, n. (%) 39 (29%) 14 (28%) 25(30%) 0.84

Arterial hypertension, 48 20 (40%) 28 (34%) 0.58

n. (%) (36.4%)

Cardiovascular Dis- 9(6.8%) 4(18%) 5(6%) 0.73

ease, n. (%)

Diabetes mellitus, n. 12 (9.1%) 6(12%) 6(7.3%) 0.37

(%)

COPD, n. (%) 10(7%)  5(10%) 5(6.1%) 0.5

25(OH) vitamin D 21 28 15 (12-19) <0.001

concentrations, ng/mL  (15-28) (25-31)

Vitamin D deficiency, 44/96 4/45 40/51 <0.001

n. (%) (46%) (8.8%)  (78%)

Hospitalization for 92 30 (60%) 62 (76%) 0.079

acute COVID-19, n. (69.7%)

(%)

Long COVID, n. (%) 30 7 (14%) 23 (28%) 0.086
(22.7%)

n. number, BMI body mass index, COPD chronic obstructive pulmo-
nary disease * p values are referred to analysis of differences between
patients supplemented or not with cholecalciferol.

P values reported in bold are those statically significant
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COVID outcome was estimated using the area under the
receiver operating characteristic curve (AUROC) with the
95% CI, and the optimal cut-off value was chosen to maxi-
mize the sum of the sensitivity and specificity on the Youden
index. All statistical tests were two-sided. P value of <0.05
was considered statistically significant. Statistical analysis
was conducted using IBM SPSS Statistics (IBM SPSS Sta-
tistics for Windows, Version 23.0. Armonk, NY: IBM Corp.)
and GraphPad Prism (GraphPad Software for Windows,
version 9.0.0, San Diego, California USA).

Results

Demographics, vitamin D supplementation and
outcomes

A total of 132 patients with available information during
the 6-months recovery after acute COVID-19 collected by
telephone interview and who did fulfil the above-mentioned
criteria, were included in this study. Demographic character-
istics of patients’ cohort are summarized in Table 1. Median
[IQR] age was 56 [50—65] years and 65 (49%) were male.
The main comorbidities were history of arterial hyperten-
sion (36.4%) and diabetes (9.1%). Median BMI value was
26.8 [24.2-30.9] kg/m? and 39 patients were obese (29%).
At baseline visit, 50 patients (38%) were treated with vita-
min D cholecalciferol chronic supplementation that was
subsequently maintained for the entire study-period. Forty-
eight patients of them were treated with a median daily
dose of cholecalciferol>750 IU, and 38 with median daily
dose>1000 IU. Median time of supplementation was 38
[28-83] months. A biochemical assessment of serum cir-
culating 25(OH) vitamin D concentrations was available
in 96 patients (45 supplemented receiving cholecalciferol
and 51 without) and median values were 21 [15-28] ng/mL.
The median time interval between hospital endocrine visit
and the occurrence of acute SARS-CoV-2 infection was
4.4 months [1.8-7.5], while the median interval between
serum 25(OH) vitamin D measurement and infection was
5.5 months [2-8.8]. Among these 96 patients, a status of
vitamin D deficiency was observed in 44 of them (45.8%),
and its prevalence was significantly higher in patients with-
out supplementation (40/51 78%) as compared to those
supplemented (4/45 8.8%) (p<0.001). Serum 25(OH) vita-
min D concentrations were significantly higher in patients
receiving cholecalciferol as compared to those without sup-
plementation (28 [25-31] vs 15 [12-19] ng/mL; p<0.001).
Nine-two patients (92/132 69.7%) were hospitalized for
acute COVID-19 and, on the basis on symptoms and signs
present six months after acute disease, Long COVID was
diagnosed in 30 patients (30/132 22.7%) (Table 1).
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Long COVID and predictive factors

Long COVID was diagnosed in 30 patients (30/132 22.7%).
No statistically significant differences were observed
between patients with and without Long COVID regard-
ing age, gender, comorbidities and hospitalization need
(Table 2). Patients with Long COVID were characterized by
a statistically significant higher BMI as compared to those
without Long COVID (29 [25-35.7] vs. 26.5 [24-29.9],
p=0.041), and obesity was more prevalent in Long COVID
patients (14/30 46% vs. 25/102 24%, p=0.024) (Table 2).
A lower occurrence rate of Long COVID was observed in
patients supplemented with cholecalciferol (7/50 14% vs.
23/82 28%, p=0.086), especially in those receiving a daily
dose>1000 IU (total n.38) (4/38 10.5% vs. 26/94 27.6%,
»=0.039), and in those with a daily dose>750 IU (total
n.48) (6/48 12.5% vs. 24/84 28.6%, p=0.051). Circulat-
ing 25(0OH) vitamin D concentrations were available in 18
(60%) patients with Long COVID and in 78 (76%) without.
Patients presenting with Long COVID were characterized
by statistically significant lower 25(OH) vitamin D concen-
trations as compared to those without, and by a non-signifi-
cant trend toward higher prevalence of vitamin D deficiency
(Table 2).

Patients supplemented with cholecalciferol were signifi-
cantly older, more frequently female, and characterized by

Table 2 Demographics, clinical characteristics and cholecalciferol
supplementations of patients with and without Long COVID in the
entire cohort

Long Non-Long P
COVID COVID value
(n.30) (n.102)
Age, years 55(48-63) 58 (50-66) 0.81
Male gender, n. (%) 15 (50%) 50 (49%) >0.99
BMI, kg/m> 29 (25-35.7) 26.5 0.041
(24-29.9)
Obesity, n. (%) 14 (46%) 25 (24%) 0.024
Arterial hypertension, n. (%) 13 (43%) 35 (34%) 0.39

Cardiovascular disease, n. (%) 3 (10%) 6 (5.8%) 0.42

Diabetes mellitus, n. (%) 4 (13%) 8 (7.8%) 0.47
COPD, n. (%) 4 (13%) 6 (5.7%) 0.24
Hospitalization for acute 22 (73%) 70 (68%) 0.82

COVID-19, n. (%)

25(0OH) vitamin D concentra-
tions, ng/mL

Vitamin D deficiency, n. (%)

17.5 (14-21) 24(15-29)  0.023

12/18 (67%) 32/78 (41%) 0.067

Cholecalciferol supplementa- 7 (23%) 43 (42%) 0.086
tion, n. (%)

Cholecalciferol supplementa- 6 (20%) 42 (41%) 0.051
tion>750 IU, n. (%)

Cholecalciferol supplementa- 4 (13%) 34 (33%) 0.039

tion>1000 IU, n. (%)
n. number, BMI body mass index, COPD chronic obstructive pulmo-
nary disease, IU international units

P values reported in bold are those statistically significant

a non-significant trend toward lower needs of hospitaliza-
tion for acute COVID-19 management (Table 1). Significant
higher 25(OH) vitamin D concentrations and lower preva-
lence of vitamin D deficiency were found in patients receiv-
ing cholecalciferol as compared to those without (Table 1).
No significant differences regarding age, BMI and comor-
bidities were observed (Table 1). ROC analyses showed that
the global performances of 25(OH) vitamin D concentra-
tions to predict Long COVID was significant with the best
youden index of 18.5 ng/mL (63% sensitivity, 67% specific-
ity and AUROC 67.3%, p=0.023, CI 0.56-0.78) (Fig. 2a).
Multiple regression analyses including demographic char-
acteristics, comorbidities, and cholecalciferol supplementa-
tion (analysis model 1) or 25(OH) vitamin D concentrations
(analysis model 2) were performed to estimate the predictor
risk factors for Long COVID occurrence. In model 1 analy-
sis, cholecalciferol supplementation and obesity resulted
as the only variables significantly and independently asso-
ciated with the Long COVID occurrence (Table 3a). In
model 2 analysis, lower 25(OH) vitamin D concentrations
and obesity resulted as the only variables significantly and
independently associated with the Long COVID occurrence
(Table 3b).

Vitamin D supplementation matched analyses and
Long COVID

Patients supplemented with cholecalciferol were matched
on a 1:1 ratio for age, sex, concomitant comorbidities, and
acute COVID-19 severity with those without vitamin D
supplementation. A total of 86 patients were included in the
analyses, 43 supplemented and 43 without supplementation.
Demographic characteristics of patients’ cohort are summa-
rized in Table 4. Twenty-six (26/86 30.2%) were male and 28
patients were obese (28/86 32.6%). Forty-one patients were
treated with a median daily dose of cholecalciferol>750
IU, and 35 with median daily dose>1000 IU. A biochemi-
cal assessment of serum circulating 25(OH) vitamin D con-
centrations was available in 68 patients (40 supplemented
with cholecalciferol and 28 without) and median values
were 24 [15-29] ng/mL. In this matched cohort as well,
prevalence of vitamin D deficient status was significantly
higher in patients without supplementation as compared to
those supplemented, and serum 25(OH) vitamin D concen-
trations were significantly higher in patients receiving cho-
lecalciferol as compared to those without supplementation
(Table 4). Fifty-six patients (56/86 65.1%) were hospital-
ized for acute COVID-19 and Long COVID was diagnosed
in 19 patients (19/86 22.1%) (Table 4). In this matched
cohort, no statistically significant differences were observed
between patients with and without Long COVID regard-
ing age, gender, BMI, comorbidities and hospitalization
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Fig.2 Correlation and receiver operating characteristic (ROC) analysis
and area under the receiver operating characteristic curve (AUROC) of
25(0OH) vitamin D concentrations to predict Long COVID. a) entire

needs (Table 5). A significant lower occurrence rate of Long
COVID was observed in patients supplemented with cho-
lecalciferol (5/43 11.6% vs. 14/43 32.6%, p=0.036), espe-
cially in those receiving a daily dose>1000 IU (total n.35)
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cohort; b) matched cohort for cholecalciferol supplementation; c)
matched cohort for cholecalciferol supplementation>1000 [U/daily

(3/35 8.6% vs. 16/51 31.4%, p=0.016), and in those with a
daily dose>750 IU (total n.41) (4/41 9.7% vs. 15/45 33%,
p=0.01) (Tables 4 and 5). Circulating 25(OH) vitamin D
concentrations were available in 14 (14/19 73%) patients
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Table 3 Multiple logistic regression analysis of possible risk factors to
predict Long COVID presence in the entire cohort
a) Model 1 analysis

OR  95%Cl P value
Male gender 0.61 0.24-156 0.3
Obesity 29 1.15-7.33  0.024
Age 0.99 0.95-1.04 0.94
Arterial hypertension 1.55 05742 039
Cardiovascular disease 1.6 0.32-7.8  0.56
Diabetes mellitus 1.14  0.23-5.6 0.87
COPD 225 0.46-10.1 0.32
Hospitalization for acute COVID-19  0.82 0.27-2.44 0.71
Cholecalciferol supplementation 0.31 0.1-0.94  0.038
b) Model 2 analysis

OR 95%CI  Pvalue
Male gender 0.28 0.074-1.1 0.07
Obesity 35 1.05-8.5  0.039
Age 1.02  0.96-1.09 0.38
Arterial hypertension 24 0.66-8.4  0.18
Cardiovascular disease 0.84 0.04-75 091
Diabetes mellitus 032 0.0345 0.39
COPD 29 0.22-8.1  0.41
Hospitalization for acute COVID-19 131 0.26-3.54 0.74
25(0OH) vitamin D concentrations 0.88 0.8-0.97  0.009

OR, odds ratio; CI, confidence interval, COPD, chronic obstructive
pulmonary disease

P values reported in bold are those statistically significant

with Long COVID and in 54 (54/67 81%) without. Patients
presenting with Long COVID were characterized by statis-
tically significant lower 25(OH) vitamin D concentrations
as compared to those without, and by a non-significant trend
toward higher prevalence of vitamin D deficiency (Table 5).

As resulted with the match 1:1, no statistically significant
differences were observed between patients with and with-
out cholecalciferol supplementation regarding age, gender,
BMI, comorbidities and hospitalization needs (Table 4).
ROC analyses showed that the global performances of
25(0OH) vitamin D concentrations to predict Long COVID
was significant with the best youden index of 21.5 ng/mL
(67% sensitivity, 79% specificity and AUROC 74.3%,
p=0.005, CI 0.63-0.86) (Fig. 2b). Multiple regression
analyses including demographic characteristics, comorbidi-
ties, and cholecalciferol supplementation (analysis model
1) or 25(OH) vitamin D concentrations (analysis model 2)
were performed to estimate the predictor risk factors for
Long COVID occurrence in this matched cohort. In model
1 analysis, cholecalciferol supplementation resulted as the
only variable significantly and independently associated
with the Long COVID (Table 6a). In model 2 analysis,
lower 25(OH) vitamin D concentrations resulted as the only
variable significantly and independently associated with the
Long COVID occurrence (Table 6b).

Table 4 Comparisons of demographics, clinical characteristics and
COVID-19 outcomes between patients treated or not with cholecalcif-
erol in the matched cohort for vitamin D supplementation

Matched Vitamin D Non-Vita- p
cohort group min D group value*

N. of patients 86 43 43

Age, years 56 58 56 (46-64) 0.09
(50-67) (53-68)

Male sex, n. (%) 26 13 13 (30.2%) >0.99
(30.2%)  (30.2%)

BMI, kg/m> 26.3 27 (23.8—- 26.3(24-32) 0.61
(23.9-32) 31.8)

Obesity, n. (%) 28 14 14 (32.6%) >0.99
(32.6%) (32.6%)

Arterial hyperten- 32 16 16 (37.2%) >0.99

sion, n. (%) (37.2%) (37.2%)

Cardiovascular 8(9.3%) 4(93%) 4(9.3%) >0.99

Disease, n. (%)

Diabetes mellitus, 9 4(9.3%) 5(11.6%) >0.99

n. (%) (10.5%)

COPD, n. (%) 6(7.1%) 3(71%) 3 (7.1%) >0.99

25(0OH) vitamin D 24 28 15 (12-19.7) <0.001

concentrations, ng/  (15-29) (25-31)

mL

Vitamin D defi- 24/68 3/40 21/28 (75%) <0.001

ciency, n. (%) (353%) (7.5%)

Hospitalization for 56 25 (58%) 31 (73%) 0.25

acute COVID-19, (65.1%)

n. (%)

Long COVID, n. 19 5(11.6%) 14(32.6%) 0.036

(%) (22.1%)

n. number, BMI body mass index, COPD chronic obstructive pulmo-
nary disease * p values are referred to analysis of differences between
patients supplemented or not with cholecalciferol

P values reported in bold are those statically significant

Vitamin D supplementation with cholecalciferol at
daily doses = 1000 IU matched analyses and Long
coviD

Patients supplemented with cholecalciferol with median
daily dose>1000 IU were matched on a 1:1 ratio for age,
sex, concomitant comorbidities, and acute COVID-19
severity with those without supplementation. A total of 70
patients were included in the analyses and characteristics of
patients’ cohort are summarized in Table 7. Long COVID
was diagnosed in 15 patients (15/70 21.4%). A biochemi-
cal assessment of serum circulating 25(OH) vitamin D con-
centrations was available in 59 patients (35 supplemented
with cholecalciferol and 24 without) and median values
were 25 [16-29] ng/mL. In this matched cohort as well,
prevalence of vitamin D deficient status was significantly
higher in patients without supplementation as compared to
those supplemented, and serum 25(OH) vitamin D concen-
trations were significantly higher in patients receiving cho-
lecalciferol as compared to those without supplementation
(Table 7). In this matched cohort, no statistically significant
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Table 5 Demographics, clinical characteristics and cholecalciferol
supplementations of patients with and without Long COVID in the
matched cohort for vitamin D supplementation

Table 6 Multiple logistic regression analysis of possible risk factors
to predict Long COVID presence in the matched cohort for vitamin D
supplementation

Long Non-Long P
COVID COVID value
(n.19) (n.67)
Age, years 60 56 (50-67) 0.54
(52-70)
Male gender, n. (%) 6 (31.6%) 20(29.8%) >0.99
BMI, kg/m? 26.8 26 0.31
(25.4- (23.8-31.9)
33.7)
Obesity, n. (%) 8(42%) 20(29.8%) 04
Arterial hypertension, n. (%) 10 (52%) 35 (33%) 0.17
Cardiovascular disease, n. (%) 3(16%)  5(7.5%) 0.68
Diabetes mellitus, n. (%) 3(16%)  6(8.9%) 0.41
COPD, n. (%) 3(16%)  3(4.3%) 0.12

Hospitalization for acute COVID- 14 (73%) 42 (63%) 0.43

19, n. (%)

25(OH) vitamin D concentrations, 18 26 (17-30)  0.005

ng/mL (14.7-21)

Vitamin D deficiency, n. (%) 8/14 16/54 0.066
(57%) (30%)

Cholecalciferol supplementation, 5 (26%) 38 (57%) 0.036

n. (%)

Cholecalciferol supplementa- 4(21%) 37 (55%) 0.01

tion>750 IU, n. (%)
Cholecalciferol supplementa-
tion>1000 IU, n. (%)

n. number, BMI body mass index, COPD chronic obstructive pulmo-
nary disease, U international units

3(16%)  32(48%)  0.016

P values reported in bold are those statistically significant

differences were observed between patients with and with-
out Long COVID regarding age, gender, BMI, comorbidi-
ties and hospitalization needs (Table 8). A significant lower
occurrence rate of Long COVID was observed in patients
supplemented with cholecalciferol at daily doses>1000 [U
(3/35 8.5% vs. 12/35 34.2%, p=0.018). Circulating 25(OH)
vitamin D concentrations were available in 12 (12/15 80%)
patients with Long COVID and in 47 (47/55 85%) without.
Patients presenting with Long COVID were characterized
by statistically significant lower 25(OH) vitamin D concen-
trations as compared to those without (Table 8).

As resulted with the match 1:1, no statistically significant
differences were observed between patients with and with-
out cholecalciferol supplementation regarding age, gender,
BMI, comorbidities and hospitalization needs (Table 7).
ROC analyses showed that the global performances of
25(0OH) vitamin D concentrations to predict Long COVID
was significant with the best youden index of 23 ng/mL (64%
sensitivity, 75% specificity and AUROC 68.9%, p=0.045,
CI 0.53-0.84) (Fig. 2c). A multiple regression analysis
including demographic characteristics, comorbidities, and
cholecalciferol supplementation was performed to estimate
the predictor risk factors for Long COVID occurrence in
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a) Model 1 analysis

OR  95%CI P value
Male gender 0.44 0.1-195 0.28
Obesity 1.9 0.58-6.48 0.27
Age 1.02  0.97-1.05 0.38
Arterial hypertension 2.4 0.66-8.7 0.18
Cardiovascular disease 1.5 0.23-9.2  0.68
Diabetes mellitus 1.02 0.15-6.5 098
COPD 35 0.43-10.5 0.24
Hospitalization for acute COVID-19  0.76  0.18-3.14 0.7
Cholecalciferol supplementation 0.22  0.06-0.76 0.017
b) Model 2 analysis

OR 95%CI  Pvalue
Male gender 022 0.033-14 0.11
Obesity 3.8 0.75-9.2 0.1
Age 1.04 096-1.12 0.22
Hypertension 3.6 0.68-7.4  0.13
Cardiovascular disease 031 0.004-8.5 0.58
Diabetes mellitus 031 0.02-5.8 043
COPD 7.3 0.19-9.1 0.22
Hospitalization for acute COVID-19  0.71  0.1-4.54  0.72
25(OH) vitamin D concentrations 0.86 0.76-0.96 0.01

OR, odds ratio; CI, confidence interval; COPD, chronic obstructive
pulmonary disease;

P values reported in bold are those statistically significant

this matched cohort. Cholecalciferol supplementation with
a daily dose>1000 IU resulted as the only variable signifi-
cantly and independently associated with the Long COVID
occurrence (Table 9).

Discussion

To our knowledge, this is the first study to evaluate the
impact of chronic cholecalciferol supplementation on post-
acute COVID-19 recovery, and we observed a potential pro-
tective role of vitamin D supplementation in reducing the
occurrence of Long COVID syndrome through the increase
in serum 25(OH) vitamin D concentrations.

The role of vitamin D in regulating both the innate and
adaptive immune systems, as well as in modulating several
extra-skeletal processes, is well established. A large num-
ber of genes and immune cells are directly or indirectly
regulated by active vitamin D through the activation of
vitamin D receptors (VDRs). Within the innate immune sys-
tem, active vitamin D enhances the function of monocytes
and macrophages, stimulating antibacterial mechanisms
such as phagocytosis and bactericidal activity [33]. Con-
versely, in the adaptive immune system, active vitamin D
has been shown to downregulate T-helper type 1-mediated
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Table 7 Comparisons of demographics, clinical characteristics and
COVID-19 outcomes between patients treated or not with cholecal-
ciferol in the matched cohort for vitamin D supplementation at daily
doses>1000 IU

Table 8 Demographics, clinical characteristics and cholecalciferol
supplementations of patients with and without Long COVID in the
matched cohort for vitamin D supplementation at daily doses>1000
U

Matched Vitamin D Non-Vita-  p
cohort group min D group value*

N. of patients 70 35 35

Age, years 61 65 61 (51-67) 0.36
(53-68) (53-70)

Male sex, n. (%) 26 13 13 (37.1%) >0.99
(37.1%) (37.1%)

BMI, kg/m? 27 27 26.8 0.74
(24-32.9) (23.8-34) (25-32.7)

Obesity, n. (%) 25 12 13 (37.1%) >0.99
(35.7%) (34.3%)

Hypertension, n. (%) 29 13 16 (45.7%) 0.63
(41.4%) (37.1%)

Cardiovascular 8 4 (11.4%) 4 (11.4%) >0.99

Disease, n. (%) (11.4%)

Diabetes mellitus, 9 4 (11.4%) 5 (14.2%) >0.99

n. (%) (12.9%)

COPD, n. (%) 6 (8.6%) 3(8.6%) 3(8.6%) >0.99

25(0OH) vitamin D 25 29 15 (12-19.7) <0.001

concentrations, ng/  (16-29) (26-33)

mL

Vitamin D defi- 20/59 2/35 18/24 (75%) <0.001

ciency, n. (%) (33.8%) (5.7%)

Hospitalization for 52 23 29 (82.8%) 0.17

acute COVID-19, (74.3%)  (65.7%)

n. (%)

Long COVID, n. 15 3(8.5%) 12(34.2%) 0.018

(%) (21.4%)

n. number, BMI body mass index, COPD chronic obstructive pulmo-
nary disease, IU international units * p values are referred to analysis
of differences between patients supplemented or not with cholecal-
ciferol

P values reported in bold are those statically significant

Table 9 Multiple logistic regression analysis of possible risk factors
to predict Long COVID presence in the matched cohort for vitamin D
supplementation at daily doses>1000 IU

OR  95% CI P value

Male gender 0.56 0.12-2.6  0.46
Obesity 1.36  0.35-5.35 0.66
Age 1.36  096-1.11 0.35
Arterial hypertension 2.2 0.53-9.1  0.27
Cardiovascular disease 146 0.23-95  0.69
Diabetes mellitus 1.18 0.18-7.7  0.86
COPD 396 0.46-108 0.2
Hospitalization for acute COVID-19  1.55 0.27-9.1  0.65
Cholecalciferol supplementation 0.16 0.035-0.7 0.016

OR, odds ratio; CI, confidence interval; COPD, chronic obstructive
pulmonary disease, IU international units

P values reported in bold are those statistically significant

Long Non-Long P
COVID COVID value
(n.15) (n.55)
Age, years 63 (53-77) 61 (53-68) 0.35
Male gender, n. (%) 6 (40%) 20 (36.3%) >0.99
BMI, kg/m? 26.8 27 (24-32) 048
(25.4-34)
Obesity, n. (%) 6 (40%) 19 (54.3%) 0.76
Arterial hypertension, n. (%) 9 (60%) 35(36.3%) 0.14
Cardiovascular disease, n. (%) 3 (20%) 5(9.1%) 0.35
Diabetes mellitus, n. (%) 3 (20%) 6 (10.9%) 0.39
COPD, n. (%) 3 (20%) 3 (5.5%) 0.11
Hospitalization for acute 13 (87%) 42 (71%) 0.32

COVID-19, n. (%)

25(0OH) vitamin D concentra- 19.5

tions, ng/mL (14.2-24)

Vitamin D deficiency, n. (%) 6/12
(50%)

Cholecalciferol supplementation, 3 (20%)

n. (%)

n. number, BMI body mass index, COPD chronic obstructive pulmo-

nary disease, IU international units

26 (18-30)  0.045
14/47 (30%) 0.3

32(58%)  0.018

P values reported in bold are those statistically significant

inflammatory responses, inhibit the secretion of proinflam-
matory cytokines, and promote the maturation of regula-
tory T lymphocytes with anti-inflammatory properties [34].
Consequently, active vitamin D contributes to a shift from
a proinflammatory state toward adaptive immune tolerance.
Beyond its immunomodulatory effects, vitamin D may
also influence other clinical domains typically affected in
the context of Long COVID. Emerging evidence suggests
that vitamin D plays a crucial role in brain health, with defi-
ciency consistently associated with cognitive decline and an
increased risk of neurodegenerative and neurological dis-
orders [35]. Although the underlying mechanisms remain
not fully understood and are still under investigation, the
widespread expression of VDRs in brain regions critical
for neuronal function suggests that vitamin D may exert
its neuroprotective effects through both genomic and non-
genomic pathways. These include the modulation of neu-
roinflammation, enhancement of amyloid-p clearance, and
reduction of oxidative stress, ultimately promoting synaptic
plasticity, neuronal survival, and neurotransmitter synthesis
[35-37]. Several recent large meta-analyses strongly sup-
port that vitamin D deficiency predisposes individuals to the
development of various neurological and neurodegenerative
disorders, while vitamin D supplementation has been shown
to potentially attenuate disease progression and mitigate
cognitive decline [38—41]. In the context of Long COVID,
vitamin D deficiency has been consistently associated with
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the persistence of neurological symptoms in several stud-
ies. In our previous work conducted on a cohort of adult
patients evaluated six months after hospital discharge for
acute COVID-19, we observed significantly lower 25(OH)
vitamin D concentrations in those with persistent neurocog-
nitive symptoms compared with those without (14.6 vs. 20.6
ng/mL) [17]. Similarly, in a study assessing children three
months after hospitalization for COVID-19, Long COVID
was more frequently observed among those with vitamin
D deficiency [19]. Moreover, vitamin D—deficient children
more often exhibited neurological symptoms than those
without deficiency (80% vs. 41.9%) [19]. Finally, in a study
specifically including patients with Long COVID, individu-
als with vitamin D deficiency presented significantly higher
scores for memory impairment, mental fatigue, and depres-
sive symptoms compared with those with normal vitamin D
status [20].

Beyond its role in neurocognitive function, vitamin D
may also play a relevant role in modulating musculoskeletal
health in the context of Long COVID, given the typical det-
rimental impact of the syndrome on this system. VDRs have
been shown to participate in intracellular signaling path-
ways related to calcium metabolism and in the regulation of
myoblast proliferation and differentiation, processes essen-
tial for maintaining adequate muscle mass and strength [42,
43]. Clinical evidence supports the beneficial effects of vita-
min D supplementation on the preservation of muscle mass
and strength, particularly in individuals with vitamin D
deficiency [44, 45]. Conversely, several studies investigat-
ing Long COVID have reported that patients experiencing
physical fatigue, musculoskeletal pain, or reduced physical
performance exhibited lower 25(OH) vitamin D concentra-
tions compared with those without musculoskeletal impair-
ments [19-21].

Based on the potential role of vitamin D in modulating
post-acute recovery after COVID-19, several seminal stud-
ies have reported promising benefits of its supplementa-
tion, particularly in the musculoskeletal and neurocognitive
domains, in line with the findings discussed above. A pilot
double-blind trial demonstrated that treatment with chole-
calciferol (2000 IU/day) for six weeks following COVID-
19 was associated with reduced serum creatine kinase
levels and slight, although non-significant, improvements in
physical performance as assessed by the six-minute walk
test compared with placebo [23]. In another double-blind,
randomized, placebo-controlled trial, patients presenting
with post-COVID fatigue or neuropsychiatric symptoms
were assigned to receive either 60000 IU of vitamin D
weekly or placebo for eight weeks. Significant improve-
ments were observed in the vitamin D group in the Chal-
der Fatigue Scale, the 21-item Depression, Anxiety, and
Stress Scale, and the Addenbrooke’s Cognitive Examination
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II1, reflecting reductions in fatigue and anxiety, as well as
improvements in cognitive performance [26]. Interestingly,
differences in efficacy have also been observed among the
various vitamin D supplementation strategies adopted. In
a prospective interventional study involving patients diag-
nosed with post-COVID syndrome, most of whom presented
with vitamin D deficiency, oral cholecalciferol was adminis-
tered for two months using different regimens, either daily
dosing or weekly bolus administration [24]. Both bolus and
daily supplementation were significantly associated with
enhanced antioxidant defense activity and reduced inflam-
matory parameters; however, only the daily regimen was
additionally linked to a significant reduction in anxiety and
depression scores. Conversely, some studies have reported
null effects of vitamin D supplementation in this context.
In an interventional clinical trial, patients received a single
oral bolus of 200,000 IU vitamin D;s or placebo at the time
of hospital admission for acute COVID-19 and were re-
evaluated by telephone interviews at six months and one
year after discharge. No significant improvements in post-
COVID symptoms were observed in the vitamin D—treated
group compared with placebo [28]. Importantly, no data on
25(0OH) vitamin D concentrations after supplementation
were reported, and at baseline most participants were not
vitamin D deficient, which may have limited the effective-
ness of the intervention.

Indeed, as widely recognized for skeletal outcomes [46],
the effects of vitamin D supplementation on extra-skeletal
conditions also appear to be markedly influenced by several
key factors, as demonstrated in multiple meta-analyses and
post-hoc investigations of major randomized controlled tri-
als evaluating the extra-skeletal role of vitamin D [2, 29,
47]. Firstly, since the potential benefits of vitamin D supple-
mentation may be limited when administered to individuals
who are not vitamin D deficient, the assessment of baseline
25(0OH) vitamin D concentrations is essential to appropri-
ately determine dosing regimens initiating supplementation
only when deficiency is confirmed, and avoiding unneces-
sary treatment in those with sufficient status. Secondly, most
of the beneficial effects of vitamin D supplementation are
achieved when deficiency is properly corrected and main-
tained. Therefore, it is recommended to re-evaluate 25(OH)
vitamin D concentrations after supplementation to assess
the individual’s response and adjust the dosage if necessary,
particularly considering the difficulty some populations
have in sustaining adequate vitamin D status over time.
Thirdly, given the genomic and non-genomic mechanisms
through which vitamin D exerts its biological effects, espe-
cially those implicated in extra-skeletal outcomes, it is rea-
sonable to hypothesize that such effects cannot be achieved
through short-term supplementation alone. These findings
collectively suggest that the effectiveness of vitamin D
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supplementation in post-COVID recovery may depend on
baseline vitamin D status, supplementation strategy, and
duration of treatment.

In light of these considerations, the present study aimed,
for the first time, to specifically investigate the role of chronic
cholecalciferol supplementation, prescribed for the manage-
ment of vitamin D deficiency, in influencing the occurrence
of Long COVID in a cohort of patients who had previously
experienced acute COVID-19. We observed that patients
treated with cholecalciferol for at least 24 months exhib-
ited a reduced risk of developing Long COVID compared
with a matched control population not receiving vitamin
D supplementation. Although matching was performed on
age and other major covariates, minor residual differences
in age were observed between groups; however, age was
consistently included in multivariable models, where it did
not emerge as an independent predictor of Long COVID.

Notably, the potential protective effect of vitamin D was
most evident when doses equivalent to at least 750—1000
IU/day were used. These dosages correspond to the mini-
mum regimens currently recommended by several interna-
tional and national guidelines for the effective correction of
vitamin D deficiency in adult populations [2, 29-31]. This
finding is further supported by the adequate median 25(OH)
vitamin D concentrations achieved in our supplemented
cohort, reinforcing the potential benefits of vitamin D when
administered at appropriate doses and over sufficient dura-
tion. In addition, we found that vitamin D deficiency and
lower pre-infection 25(OH) vitamin D concentrations were
significantly associated with an increased risk of subsequent
Long COVID development. Expanding our previous report,
which demonstrated an association between the presence of
Long COVID and lower 25(OH) vitamin D concentrations
measured at 6-month follow-up [17], these novel findings
further suggest a potential prospective and predictive role
of vitamin D status in influencing the risk of Long COVID.

The role of vitamin D deficiency as merely a biochemi-
cal epiphenomenon of COVID-19 or as a potential pre-
existing risk factor for adverse disease outcomes has long
been debated. In most studies, 25(OH) vitamin D concen-
trations were assessed after the onset of the acute phase of
the disease, raising the possibility that vitamin D deficiency
could represent part of the so-called “acute phase reaction,”
in which systemic inflammation leads to a transient reduc-
tion in circulating 25(OH) vitamin D concentrations [48,
49]. However, in a previous work, lower 25(OH) vitamin
D concentrations were found to predict worse COVID-
19 outcomes even among patients with non-severe dis-
ease, thereby minimizing the potential confounding effect
of acute systemic inflammation on vitamin D status [7].
Furthermore, in the present study, 25(OH) vitamin D con-
centrations were measured prior to COVID-19 infection,

definitively excluding the influence of the acute phase
response on vitamin D status and reinforcing the hypoth-
esis that pre-existing vitamin D deficiency may exert a
detrimental impact on health outcomes. Given the rela-
tively mild changes in vitamin D status in the absence of
major therapeutic or lifestyle modifications, and consider-
ing that chronic supplementation was maintained over time
in treated individuals, 25(OH) vitamin D concentrations
assessed up to 12 months prior to infection were consid-
ered representative of chronic pre-infectious vitamin D sta-
tus. The 12-month time window also reflected the practical
real-word restriction policies in healthcare access during the
pandemic period, when non-urgent routine laboratory test-
ing was not always readily available. In addition, although
seasonal variability cannot be entirely excluded, the median
intervals between hospital visits, 25(OH) vitamin D mea-
surements and SARS-CoV-2 infection were relatively short,
and most supplemented patients were on stable long-term
regimens, further supporting that the assessed 25(OH) vita-
min D concentrations reflected baseline status rather than
transient fluctuations. Consistent with previous findings, our
study also confirmed that obesity represents a significant
risk factor for the development of Long COVID syndrome
[50, 51]. Within the context of our work, this observation
deserves particular attention given the well-established
relationship between vitamin D metabolism and obesity [6,
11, 52]. Indeed, obese individuals are typically character-
ized by lower circulating 25(OH) vitamin D concentrations
and a higher prevalence of vitamin D deficiency compared
with normal-weight counterparts. Vitamin D is a fat-soluble
steroid and its volumetric dilution into adipose tissue mass
when increased supports the relationship between lower
vitamin D concentrations and obesity. Moreover, several
additional pathophysiological mechanisms, such as reduced
time spent outdoors and consequently lower sunlight expo-
sure, decreased dietary intake of vitamin D, and impaired
hepatic and adipose tissue hydroxylation, have been pro-
posed to further account for the association between obesity
and vitamin D deficiency [11, 52]. Although no significant
differences in cholecalciferol use were observed between
obese and non-obese participants in our cohort, a potential
influence of obesity on modulating the effects of vitamin D
supplementation on Long COVID risk cannot be excluded.
Importantly, however, the protective effect of chronic chole-
calciferol supplementation remained statistically significant
even after matching for BMI and obesity prevalence.
Another noteworthy finding of our study is the high prev-
alence of individuals with vitamin D deficiency who did not
receive specific supplementation within our community
healthcare setting. This observation is not surprising, as in our
country the Italian Medicines Agency (AIFA), the national
regulatory authority that defines the therapeutic indications
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of drugs eligible for reimbursement by the Italian National
Health Service (INHS), has, in recent years, restricted the
reimbursement of vitamin D formulations (cholecalciferol
and calcifediol) only to adult patients with osteoporosis
or to those with severe vitamin D deficiency (<12 ng/mL)
[31]. This policy was introduced given the increase in vita-
min D prescription in the general population, which raised
concerns about the potential for inappropriate supplementa-
tion. However, the potential extra-skeletal effects of vitamin
D were not taken into account and, although, in the months
following the introduction of these regulatory restrictions, a
20-40% reduction in reimbursable vitamin D prescriptions
was indeed reported, an alarming rate of supplementation
discontinuation was observed particularly among patients
with osteometabolic disorders and high-risk fragile indi-
viduals, precisely those who would benefit from it the most
[53]. Thus, these findings suggest that restrictive reimburse-
ment policies may have unintentionally limited vitamin
D supplementation among individuals who would benefit
most, and a more balanced approach that considers not only
healthcare costs but also the potential extra-skeletal health
consequences of vitamin D deficiency, as highlighted by the
current literature, should therefore be recommended to miti-
gate the potential negative impact of the widespread vitamin
D deficiency affecting the general population.

Our study has some limitations. The retrospective design
did not allow for an exhaustive evaluation of the direct
causal influence of vitamin D supplementation on Long
COVID, and the underlying biological mechanisms warrant
further investigation. The number of patients included was
relatively limited due to the strict inclusion and exclusion
criteria adopted. However, this approach allowed detailed
analyses with appropriate statistical adjustments for mul-
tiple potential confounders. Another limitation is the lack
of circulating vitamin D measurements in the entire cohort,
which would have been useful to more comprehensively
assess the overall effects of vitamin D status on Long
COVID risk. Nevertheless, we were able to confirm that
the supplementation regimens adopted were effective in
correcting vitamin D deficiency, and that vitamin D defi-
ciency resulted as a potential predictive risk factor for Long
COVID. An additional limitation derived from the observa-
tional and retrospective design of our study is the possible
presence of residual confounding related to variables not
systematically assessed in our cohort. Individuals receiv-
ing chronic vitamin D supplementation may potentially
differ from non-supplemented subjects in healthy behavior,
dietary habits, physical activity, sun exposure, or socioeco-
nomic status, all of which could potentially influence both
vitamin D status and the risk of Long COVID. However,
although residual confounding cannot be fully excluded,
our cohort was derived from a single tertiary center within
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the same geographical and temporal setting, and matching
was performed for major demographic and clinical vari-
ables, and, importantly, the primary exposure of interest in
our study was chronic supplementation rather than vitamin
D status per se, which may partially reduce the influence
of short-term behavioral or environmental variability on
our findings. In addition, since the present cohort reflects
patients evaluated during the early phase of the pandemic,
prior to widespread vaccination and in the context of earlier
SARS-CoV-2 variants, the external validity of our results to
contemporary clinical settings needs to be further investi-
gated. Indeed, vaccination has been consistently associated
with reduced severity of acute COVID-19 and a lower inci-
dence of Long COVID, and newer virus variants may differ
in their inflammatory burden and systemic impact. There-
fore, these factors could potentially modify the associations
observed in our study. Finally, to ensure homogeneity we
specifically evaluated the effects of only cholecalciferol,
excluding other forms of vitamin D supplementation avail-
able in clinical practice. Despite these limitations, this is
the first study to investigate the role of chronic vitamin D
supplementation in influencing post-acute recovery follow-
ing COVID-19, providing novel insights into its potential
protective role against Long COVID.

In conclusion, we report that chronic vitamin D supple-
mentation may act as a potential protective factor against
the development of Long COVID through normalization
of vitamin D status. This association remained significant
after adjustment for multiple potential confounders and was
particularly evident with daily doses of at least 750—1000
IU. Unlike previous studies, we observed this protective
effect in a cohort chronically treated with vitamin D, rather
than following short-term supplementation. Furthermore,
the medium-to-long-term follow-up after acute infection
adopted in our study likely allowed a more accurate identi-
fication and characterization of patients with post-infectious
recovery impairment who may benefit from closer clinical
monitoring and preventive or therapeutic interventions,
potentially including safe and low-cost strategies such as
vitamin D supplementation. Overall, these findings rein-
force the clinical relevance of assessing and maintaining
adequate vitamin D status as a modifiable pathophysiologi-
cal factor in the context of Long COVID, particularly given
the widespread prevalence of vitamin D deficiency in the
general population worldwide. Although the single-center
nature of our study does not allow for definitive conclusions
regarding causality, future large-scale investigations are
warranted to elucidate the underlying mechanisms linking
vitamin D status to Long COVID syndrome. Preventive and
therapeutic strategies, particularly in populations at higher
risk of both hypovitaminosis D and adverse post-COVID
outcomes, such as older adults and individuals with obesity
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or comorbid conditions, should include the assessment of
circulating vitamin D status and, when appropriate, correc-
tion through supplementation.

Authors’ contributions All authors contributed equally.
Funding This work was funded by Abiogen Pharma S.p.A, Pisa, Italy.

Data availability The data supporting the findings of this study are
owned jointly by the sponsor and the investigator and are not publicly
available. Data are available from the corresponding author upon rea-
sonable request and subject to approval by the sponsor.

Declarations

Conflict of interest Andrea Giustina has occasionally consulted for
Abiogen. Luigi di Filippo received research grant to Institution from
Abiogen and his research activities are partly supported by Glucocorti-
coid induced Osteoporosis Skeletal (GIOSEG). All other authors have
no conflict of interest to declare. The Work submitted for publication
is original and has not been published in any language or format and
has not been submitted elsewhere for print or electronic publication
consideration.

Ethical approval The study-protocol complies with the Declara-
tion of Helsinki and was approved by the hospital ethics committee
(protocol no. CET 178-2023 ABIO/NC/06 ClinicalTrials.gov ID
NCT06452082).

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Bouillon R, Marcocci C, Carmeliet G et al (2019) Skeletal and
Extraskeletal Actions of Vitamin D: Current Evidence and Out-
standing Questions. Endocr Rev 40(4):1109—-1151. https://doi.org
/10.1210/er.2018-00126

2. Giustina A, Bilezikian JP, Adler RA et al (2024) Consensus State-
ment on Vitamin D Status Assessment and Supplementation:
Whys, Whens, and Hows. Endocr Rev 45(5):625-654. https://d
oi.org/10.1210/endrev/bnae009

3. di Filippo L, Frara S, Terenzi U et al (2023) Lack of vitamin D
predicts impaired long-term immune response to COVID-19 vac-
cination. Endocrine 82(3):536-541. https://doi.org/10.1007/s120
20-023-03481-w

4. diFilippo L, Frara S, Giustina A (2021) The emerging osteo-met-
abolic phenotype of COVID-19: clinical and pathophysiological

10.

12.

13.

15.

17.

18.

aspects. Nat Rev Endocrinol 17(8):445-446. https://doi.org/10.1
038/s41574-021-00516-y

di Filippo L, Formenti AM, Doga M, Pedone E, Rovere-Querini
P, Giustina A (2021) Radiological Thoracic Vertebral Fractures
are Highly Prevalent in COVID-19 and Predict Disease Out-
comes. J Clin Endocrinol Metab 106(2):e602—e614. https://doi.or
2/10.1210/clinem/dgaa738

di Filippo L, Allora A, Doga M et al (2022) Vitamin D Levels
Are Associated With Blood Glucose and BMI in COVID-19
Patients, Predicting Disease Severity. J Clin Endocrinol Metab
107(1):e348-e360. https://doi.org/10.1210/clinem/dgab599

di Filippo L, Uygur M, Locatelli M, Nannipieri F, Frara S,
Giustina A (2023) Low vitamin D levels predict outcomes of
COVID-19 in patients with both severe and non-severe disease at
hospitalization. Endocrine 80(3):669—683. https://doi.org/10.100
7/s12020-023-03331-9

Sivan M, Taylor S (2020) NICE guideline on long covid. BMJ
371:m4938 Published 2020 Dec 23. https://doi.org/10.1136/bmj
.m4938

di Filippo L, Doga M, Mangini F et al (2025) Morphometric ver-
tebral fractures at hospitalization associate with Long COVID
occurrence. J Endocrinol Invest Published online Febr 11. https
://doi.org/10.1007/s40618-025-02544-1

di Filippo L, Franzese V, Santoro S, Doga M, Giustina A (2024)
Long COVID and pituitary dysfunctions: a bidirectional relation-
ship? Pituitary 27(6):955-969. https://doi.org/10.1007/s11102-02
4-01442-8

Di Filippo L, De Lorenzo R, Giustina A, Rovere-Querini P,
Conte C (2022) Vitamin D in Osteosarcopenic Obesity. Nutrients
14(9):1816 Published 2022 Apr 26. https://doi.org/10.3390/nul4
091816

Ellis SD, Kelly ST, Shurlock JH, Hepburn ALN (2018) The role
of vitamin D testing and replacement in fibromyalgia: a system-
atic literature review. BMC Rheumatol 2:28. https://doi.org/10.11
86/341927-018-0035-6. Published 2018 Oct 5

Nowaczewska M, Wicinski M, Osinski S, Kazmierczak H (2020)
The Role of Vitamin D in Primary Headache-from Potential
Mechanism to Treatment. Nutrients 12(1):243. https://doi.org/10.
3390/nu12010243. Published 2020 Jan 17

Khairy EY, Attia MM (2021) Protective effects of vitamin D on
neurophysiologic alterations in brain aging: role of brain-derived
neurotrophic factor (BDNF). Nutr Neurosci 24(8):650-659. https
://doi.org/10.1080/1028415X.2019.1665854

Jolliffe DA, Camargo CA Jr, Sluyter JD et al (2021) Vitamin D
supplementation to prevent acute respiratory infections: a system-
atic review and meta-analysis of aggregate data from randomised
controlled trials. Lancet Diabetes Endocrinol 9(5):276-292. https
://doi.org/10.1016/S2213-8587(21)00051-6

Haugen J, Basnet S, Hardang IM et al (2017) Vitamin D status is
associated with treatment failure and duration of illness in Nepal-
ese children with severe pneumonia. Pediatr Res 82(6):986—993.
https://doi.org/10.1038/pr.2017.71

di Filippo L, Frara S, Nannipieri F et al (2023) Low Vitamin D
Levels Are Associated With Long COVID Syndrome in COVID-
19 Survivors. J Clin Endocrinol Metab 108(10):e1106—e1116. htt
ps://doi.org/10.1210/clinem/dgad207

Braunlich J, Dinse-Lambracht A (2025) Decreased levels of vita-
min D in Post-Corona Virus-19 Disease syndrome (PCS) patients
compared to a control group. Clin Nutr ESPEN 65:246-248. http
s://doi.org/10.1016/j.clnesp.2024.11.023

Perestiuk V, Kosovska T, Dyvoniak O, Volianska L, Boyarchuk
O (2025) Vitamin D status in children with COVID-19: does it
affect the development of long COVID and its symptoms? Front
Pediatr 13:1507169 Published 2025 Feb 14. https://doi.org/10.33
89/fped.2025.1507169

@ Springer


https://doi.org/10.1038/s41574-021-00516-y
https://doi.org/10.1038/s41574-021-00516-y
https://doi.org/10.1210/clinem/dgaa738
https://doi.org/10.1210/clinem/dgaa738
https://doi.org/10.1210/clinem/dgab599
https://doi.org/10.1007/s12020-023-03331-9
https://doi.org/10.1007/s12020-023-03331-9
https://doi.org/10.1136/bmj.m4938
https://doi.org/10.1136/bmj.m4938
https://doi.org/10.1007/s40618-025-02544-1
https://doi.org/10.1007/s40618-025-02544-1
https://doi.org/10.1007/s11102-024-01442-8
https://doi.org/10.1007/s11102-024-01442-8
https://doi.org/10.3390/nu14091816
https://doi.org/10.3390/nu14091816
https://doi.org/10.1186/s41927-018-0035-6
https://doi.org/10.1186/s41927-018-0035-6
https://doi.org/10.3390/nu12010243
https://doi.org/10.3390/nu12010243
https://doi.org/10.1080/1028415X.2019.1665854
https://doi.org/10.1080/1028415X.2019.1665854
https://doi.org/10.1016/S2213-8587(21)00051-6
https://doi.org/10.1016/S2213-8587(21)00051-6
https://doi.org/10.1038/pr.2017.71
https://doi.org/10.1038/pr.2017.71
https://doi.org/10.1210/clinem/dgad207
https://doi.org/10.1210/clinem/dgad207
https://doi.org/10.1016/j.clnesp.2024.11.023
https://doi.org/10.1016/j.clnesp.2024.11.023
https://doi.org/10.3389/fped.2025.1507169
https://doi.org/10.3389/fped.2025.1507169
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1210/er.2018-00126
https://doi.org/10.1210/er.2018-00126
https://doi.org/10.1210/endrev/bnae009
https://doi.org/10.1210/endrev/bnae009
https://doi.org/10.1007/s12020-023-03481-w
https://doi.org/10.1007/s12020-023-03481-w

Journal of Endocrinological Investigation

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.
32.

33.

34.

35.

36.

Matsuda Y, Sakurada Y, Nakano Y et al (2025) Clinical Char-
acteristics of Vitamin D Deficiency Detected in Long COVID
Patients During the Omicron Phase. Nutrients 17(10):1692 Pub-
lished 2025 May 16. https://doi.org/10.3390/nu17101692
Galluzzo V, Ciciarello F, Tosato M et al (2022) Association
between vitamin D status and physical performance in COVID-
19 survivors: results from the Gemelli against COVID-19 post-
acute care project. Mech Ageing Dev 205:111684

Choi MG, Joo YW, Kim MH, Park S, Shin YY, Chun EM (2024)
Prognostic Factors for Predicting Post-COVID-19 Condition in
Patients With COVID-19 in an Outpatient Setting. J Korean Med
Sci. ;39(2):e23. Published 2024 Jan 15. https://doi.org/10.3346/jk
ms.2024.39.¢23

Caballero-Garcia A, Pérez-Valdecantos D, Guallar P et al (2021)
Effect of vitamin D supplementation on muscle status in old
patients recovering from COVID-19 infection. Med (Kaunas)
57(10):1079

Ignacio-Mejia I, Bandala C, Gonzalez-Zamora JF et al (2025)
Association of Vitamin D Supplementation with Glutathione Per-
oxidase (GPx) Activity, Interleukine-6 (IL-6) Levels, and Anxiety
and Depression Scores in Patients with Post-COVID-19 Condi-
tion. Int J Mol Sci 26(10):4582 Published 2025 May 10. https://d
0i.org/10.3390/ijms26104582

Atieh O, Daher J, Durieux JC et al (2025) Vitamins K2 and D3
Improve Long COVID, Fungal Translocation, and Inflammation:
Randomized Controlled Trial. Nutrients. ;17(2):304. Published
2025 Jan 16. https://doi.org/10.3390/nu17020304

Charoenporn V, Tungsukruthai P, Teacharushatakit P et al (2024)
Effects of an 8-week high-dose vitamin D supplementation on
fatigue and neuropsychiatric manifestations in post-COVID syn-
drome: A randomized controlled trial. Psychiatry Clin Neurosci
78(10):595-604. https://doi.org/10.1111/pen.13716

Fernandes AL, Sales LP, Santos MD, Caparbo VF, Murai IH,
Pereira RMR (2022) Persistent or new symptoms 1 year after
a single high dose of vitamin D3 in patients with moderate to
severe COVID-19. Front Nutr 9:979667

Bilezikian JP, Formenti AM, Adler RA et al (2021) Vitamin
D: dosing, levels, form, and route of administration: does one
approach fit all? Rev Endocr Metab Disord 22(4):1201-1218
Bertoldo F, Cianferotti L, Di Monaco M et al (2022) Definition,
Assessment, and Management of Vitamin D Inadequacy: Sug-
gestions, Recommendations, and Warnings from the Italian Soci-
ety for Osteoporosis, Mineral Metabolism and Bone Diseases
(SIOMMMS). Nutrients 14(19):4148 Published 2022 Oct 6. htt
ps://doi.org/10.3390/nu14194148

Demay MB, Pittas AG, Bikle DD et al (2024) Vitamin D for the
Prevention of Disease: An Endocrine Society Clinical Practice
Guideline. J Clin Endocrinol Metab 109(8):1907—1947. https://d
oi.org/10.1210/clinem/dgae290

https://www.aifa.gov.it/nota-96 [Accessed 13.02.2026]
Overview | COVID-19 rapid guideline: managing the long-term
effects of COVID-19 | Guidance | NICE. Accessed: Jul. 09, 2024.
[Online]. Available: https://www.nice.org.uk/guidance/ng188
Bilezikian JP, Bikle D, Hewison M et al (2020) MECHANISMS
IN ENDOCRINOLOGY: Vitamin D and COVID-19. Eur J Endo-
crinol 183(5):R133-R147. https://doi.org/10.1530/EJE-20-0665
Charoenngam N, Holick MF (2020) Immunologic Effects of Vita-
min D on Human Health and Disease. Nutrients 12(7):2097 Pub-
lished 2020 Jul 15. https://doi.org/10.3390/nu12072097
D’Amelio P, Quacquarelli L (2020) Hypovitaminosis D and
Aging: Is There a Role in Muscle and Brain Health? Nutrients
12(3):628 Published 2020 Feb 27. https://doi.org/10.3390/nul20
30628

Plantone D, Primiano G, Manco C, Locci S, Servidei S, De Ste-
fano N (2022) Vitamin D in Neurological Diseases. Int ] Mol Sci

Springer

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

24(1):87. https://doi.org/10.3390/ijms24010087. Published 2022
Dec 21

Shea MK, Xuan AY, Booth SL, Vitamin D (2024) Alzheimer’s
disease and related dementia. Adv Food Nutr Res 109:185-219. h
ttps://doi.org/10.1016/bs.afnr.2023.12.003

Balion C, Griffith LE, Strifler L et al (2012) Vitamin D, cognition,
and dementia: a systematic review and meta-analysis. Neurology
79(13):1397-1405. https://doi.org/10.1212/WNL.0b013e31826¢
197

Sommer I, Griebler U, Kien C et al (2017) Vitamin D deficiency
as a risk factor for dementia: a systematic review and meta-analy-
sis. BMC Geriatr 17(1):16. https://doi.org/10.1186/s12877-016-0
405-0. Published 2017 Jan 13

Du Y, Liang F, Zhang L, Liu J, Dou H (2020) Vitamin D Sup-
plement for Prevention of Alzheimer’s Disease: A Systematic
Review and Meta-Analysis. Am J Ther 28(6):e638—e648 Pub-
lished 2020 Dec 26. https://doi.org/10.1097/MJT.000000000000
1302

Yang T, Wang H, Xiong Y et al (2020) Vitamin D Supplementa-
tion Improves Cognitive Function Through Reducing Oxidative
Stress Regulated by Telomere Length in Older Adults with Mild
Cognitive Impairment: A 12-Month Randomized Controlled
Trial. J Alzheimers Dis 78(4):1509-1518. https://doi.org/10.323
3/JAD-200926

Remelli F, Vitali A, Zurlo A, Volpato S (2019) Vitamin D Defi-
ciency and Sarcopenia in Older Persons. Nutrients 11(12):2861
Published 2019 Nov 21. https://doi.org/10.3390/nu11122861
Latham CM, Brightwell CR, Keeble AR et al (2021) Vitamin
D Promotes Skeletal Muscle Regeneration and Mitochondrial
Health. Front Physiol. ;12:660498. Published 2021 Apr 14. https:
//doi.org/10.3389/fphys.2021.660498

Yang A, Lv Q, Chen F et al (2020) The effect of vitamin D on sar-
copenia depends on the level of physical activity in older adults.
J Cachexia Sarcopenia Muscle 11(3):678-689. https://doi.org/10.
1002/jcsm. 12545

Beaudart C, Buckinx F, Rabenda V et al (2014) The effects of
vitamin D on skeletal muscle strength, muscle mass, and muscle
power: a systematic review and meta-analysis of randomized
controlled trials. J Clin Endocrinol Metab 99(11):4336—4345. htt
ps://doi.org/10.1210/jc.2014-1742

di Filippo L, Ulivieri FM, Nuti R, Giustina A (2024) Use of vita-
min D with anti-osteoporotic drugs: are available clinical trials
telling us the whole story? Endocrine 83(2):342—-348. https://doi.
org/10.1007/s12020-023-03551-z

Lips P, Bilezikian JP, Bouillon R, Vitamin D (2019) Giveth to
Those Who Needeth. JBMR Plus 4(1):e10232 Published 2019
Nov 14. https://doi.org/10.1002/jbm4.10232

Waldron JL, Ashby HL, Cornes MP et al (2013) Vitamin D: a
negative acute phase reactant. J Clin Pathol 66(7):620-622. https
://doi.org/10.1136/jclinpath-2012-201301

Louw JA, Werbeck A, Louw ME, Kotze TJ, Cooper R, Labadarios
D (1992) Blood vitamin concentrations during the acute-phase
response. Crit Care Med 20(7):934-941. https://doi.org/10.1097/
00003246-199207000-00007

Subramanian A, Nirantharakumar K, Hughes S et al (2022)
Symptoms and risk factors for long COVID in non-hospitalized
adults. Nat Med 28(8):1706—1714. https://doi.org/10.1038/s4159
1-022-01909-w

Xiang M, Wu X, Jing H, Novakovic VA, Shi J (2023) The inter-
section of obesity and (long) COVID-19: Hypoxia, thrombotic
inflammation, and vascular endothelial injury. Front Cardiovasc
Med 10:1062491 Published 2023 Feb 7. https://doi.org/10.3389/f
cvm.2023.1062491

Giustina A, di Filippo L, Facciorusso A et al (2023) Vitamin D sta-
tus and supplementation before and after Bariatric Surgery: Rec-
ommendations based on a systematic review and meta-analysis.


https://doi.org/10.3390/ijms24010087
https://doi.org/10.1016/bs.afnr.2023.12.003
https://doi.org/10.1016/bs.afnr.2023.12.003
https://doi.org/10.1212/WNL.0b013e31826c197f
https://doi.org/10.1212/WNL.0b013e31826c197f
https://doi.org/10.1186/s12877-016-0405-0
https://doi.org/10.1186/s12877-016-0405-0
https://doi.org/10.1097/MJT.0000000000001302
https://doi.org/10.1097/MJT.0000000000001302
https://doi.org/10.3233/JAD-200926
https://doi.org/10.3233/JAD-200926
https://doi.org/10.3390/nu11122861
https://doi.org/10.3389/fphys.2021.660498
https://doi.org/10.3389/fphys.2021.660498
https://doi.org/10.1002/jcsm.12545
https://doi.org/10.1002/jcsm.12545
https://doi.org/10.1210/jc.2014-1742
https://doi.org/10.1210/jc.2014-1742
https://doi.org/10.1007/s12020-023-03551-z
https://doi.org/10.1007/s12020-023-03551-z
https://doi.org/10.1002/jbm4.10232
https://doi.org/10.1136/jclinpath-2012-201301
https://doi.org/10.1136/jclinpath-2012-201301
https://doi.org/10.1097/00003246-199207000-00007
https://doi.org/10.1097/00003246-199207000-00007
https://doi.org/10.1038/s41591-022-01909-w
https://doi.org/10.1038/s41591-022-01909-w
https://doi.org/10.3389/fcvm.2023.1062491
https://doi.org/10.3389/fcvm.2023.1062491
https://doi.org/10.3390/nu17101692
https://doi.org/10.3346/jkms.2024.39.e23
https://doi.org/10.3346/jkms.2024.39.e23
https://doi.org/10.3390/ijms26104582
https://doi.org/10.3390/ijms26104582
https://doi.org/10.3390/nu17020304
https://doi.org/10.1111/pcn.13716
https://doi.org/10.3390/nu14194148
https://doi.org/10.3390/nu14194148
https://doi.org/10.1210/clinem/dgae290
https://doi.org/10.1210/clinem/dgae290
http://www.aifa.gov.it/nota-96
https://www.nice.org.uk/guidance/ng188
https://doi.org/10.1530/EJE-20-0665
https://doi.org/10.3390/nu12072097
https://doi.org/10.3390/nu12030628
https://doi.org/10.3390/nu12030628

Journal of Endocrinological Investigation

53.

Rev Endocr Metab Disord 24(6):1011-1029. https://doi.org/10.1
007/s11154-023-09831-3

Esposti LD, Perrone V, Sella S et al (2022) The Potential Impact
of Inducing a Restriction in Reimbursement Criteria on Vitamin
D Supplementation in Osteoporotic Patients with or without

Fractures. Nutrients 14(9):1877 Published 2022 Apr 29. https://
doi.org/10.3390/nu14091877

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3390/nu14091877
https://doi.org/10.3390/nu14091877
https://doi.org/10.1007/s11154-023-09831-3
https://doi.org/10.1007/s11154-023-09831-3

	﻿Chronic cholecalciferol supplementation and adequate vitamin D status are associated with reduced risk of Long COVID
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Demographics, vitamin D supplementation and outcomes
	﻿Long COVID and predictive factors
	﻿Vitamin D supplementation matched analyses and Long COVID
	﻿Vitamin D supplementation with cholecalciferol at daily doses ≥ 1000 IU matched analyses and Long COVID

	﻿Discussion
	﻿References


