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Abstract
Context: Long COVID is an emerging syndrome affecting 50% to 70% of COVID-19 survivors that still lacks predicting factors.

Objective: Due to the extraskeletal effects of vitamin D, we retrospectively assessed the association between 25(0OH) vitamin D levels and long
COVID in COVID-19 survivors 6 months after hospitalization.

Methods: Long COVID was defined according to NICE guidelines. Fifty long COVID and 50 non-long-COVID subjects matched ona 1:1 basis were
enrolled from an outpatient clinic post-COVID cohort seen from August to November 2020. Therapies/comorbidities affecting calcium/vitamin D/
bone metabolism, and/or admission to the intensive care unit during hospitalization were exclusion criteria. 25(0OH) Vitamin D was measured at
hospital admission and 6 months after discharge.

Results: We observed lower 25(0H) vitamin D levels, evaluated at follow-up, in subjects with long COVID than those without (20.1 vs 23.2 ng/mL,
P=.03). Regarding the affected health areas evaluated in the entire cohort, we observed lower 25(0OH) vitamin D levels in those
with neurocognitive symptoms at follow-up (n =7) than those without (n =93) (14.6 vs 20.6 ng/mL, P=.042). In patients presenting
vitamin D deficiency (<20 ng/mL), both at admission and at follow-up (n=42), those affected by long COVID (n=22) presented lower
25(0OH) vitamin D levels at follow-up than those not affected (n=20) (12.7 vs 15.2 ng/mL, P=.041). In multiple regression analyses, lower
25(0OH) vitamin D levels at follow-up were the only variable significantly associated with long COVID in our cohort (P=.008, OR 1.09, Cl 1.01-1.16).

Conclusion: COVID-19 survivors with long COVID have lower 25(0OH) vitamin D levels than matched patients without long COVID. Our data
suggest that vitamin D levels should be evaluated in COVID-19 patients after hospital discharge. The role of vitamin D supplementation as a
preventive strategy of COVID-19 sequelae should be tested in randomized controlled trials.

Key Words: COVID-19, vitamin D, Long COVID, SARS-CoV-2, hypovitaminosis D

Abbreviations: BMI, body mass index; COVID-19, Coronavirus disease-19; CRP, C-reactive protein, LDH, lactate dehydrogenase; NIMV, noninvasive
mechanical ventilation.

The negative role of lower vitamin D levels in patients affected
by Coronavirus disease-19 (COVID-19) was reported early to
be a possible risk factor for worse acute clinical outcomes (1).
Several retrospective case—control studies, meta-analyses, in-
cluding observational and interventional studies, as well as
prospective studies consistently revealed inverse associations
between serum vitamin D levels and the risk of developing
acute severe COVID-19 with an increased risk of mortality,
intensive care unit (ICU) admission, length of ICU stay, and
need for mechanical ventilation (2-10).

After the first pandemic wave, emerging evidence observed
early that patients previously affected by SARS-CoV-2 infec-
tion often reported several persistent clinical symptoms and
signs, even for long periods after the acute disease, with a
marked impairment of their quality of life (11). The

concomitant presence of multiple and different persistent
symptoms continuing for more than 12 weeks after acute
COVID-19 was early denominated as long COVID syndrome
(12, 13). This syndrome was described to involve different
health systems in patients, including neurocognitive, cardio-
respiratory, gastrointestinal, constitutional, and musculoskel-
etal areas, and taste and smell disorders (11). To date, most of
published studies on long COVID suggest that in 50% to 70%
of COVID-19 survivors several post-COVID symptoms can
be observed up to 3 months after acute disease (11).
However, to date, the predisposing factors for this syndrome
are still poorly understood. A meta-analysis including 20 ar-
ticles and involving 13 340 patients highlighted the role of fe-
male sex and severity of acute disease as independent
prognostic factors for long-term sequelae (14). Similarly,
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another meta-analysis, including 37 peer-reviewed studies, re-
vealed that female sex and presence of concomitant comorbid-
ities, such as pulmonary disease, diabetes, and obesity, could
be identified as potential risk factors for long COVID occur-
rence (15).

Vitamin D is well-known to regulate the immune response
and immunocompetence regarding both innate and adaptive
immunity, supporting antimicrobial and antiviral immune
responses (16-18). Furthermore, among the consistently
reported extraskeletal effects of vitamin D, this hormone is
also characterized to, firstly, influence musculoskeletal health
and function, improving muscle recovery and cellular turn-
over and reducing muscle cells atrophy (19-21); secondly, re-
duce nonspecific musculoskeletal pain, myalgia, and
arthralgia (22-24); thirdly, influence neurocognitive functions
and disorders (25-27); and, finally, promote respiratory recov-
ery after pneumonia (28, 29). However, despite these findings
and the negative influence of hypovitaminosis D on the acute
clinical course of patients affected by COVID-19, very little is
known regarding the role of vitamin D in recovery from symp-
toms and signs often present in COVID-19 survivors after the
acute disease. To date, only a few studies have investigated
the role of vitamin D in risk the of long COVID occurrence
(30-34), reporting conflicting results principally due the inclu-
sion of different cohorts of patients (ie, including those with
different grades of acute disease severity), different timing of
follow-up evaluations (ie, mostly up to only 3 months after
the acute infection), and different health areas of symptoms
and signs collected (ie, some studies evaluated only muscle
and physical performances).

The aim of this study was to evaluate the impact of circulat-
ing 25(OH) vitamin D levels on risk of long COVID occurrence
in a cohort of patients previously hospitalized for acute
COVID-19 and reassessed 6 months after hospital discharge.

Material and Methods
Study Design

This was an observational cross-sectional retrospective study
performed at IRCCS Ospedale San Raffaele, a tertiary health
care center in Milan, Italy. The study protocol complies with
the Declaration of Helsinki and was approved by the hospital
ethics committee (protocol ABIO/NC/04 no. 36/2022). This
study is a cohort substudy part of monocentric prospective ob-
servational research, the COVID-BioB study, conducted in
our hospital (35). Signed informed consent was obtained
from all patients participating in this study.

Confirmed COVID-19 was defined by a positive real-time
reverse transcriptase polymerase chain reaction (RT-PCR)
from a nasal and/or throat swab together with signs, symptoms,
and/or radiological findings suggestive of COVID-19 pneumo-
nia. Patients admitted to hospital for other reasons and subse-
quently diagnosed with superimposed SARS-CoV-2 infection
were excluded. Remission was defined as 2 negative RT-PCR
from a nasal and/or throat swab performed 24 hours apart,
and no symptoms of acute infection.

We included only adult (age >18 years) patients with a con-
firmed diagnosis of COVID-19 who had been hospitalized
and subsequently discharged from IRCCS Ospedale San
Raffaele during the first pandemic wave from March to May
2020, and were re-evaluated 6 months after discharge at the
outpatient COVID-19 follow-up clinic in the same institution.
Accordingly, 500 patients were consecutively evaluated in our
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follow-up clinic from August 31 to November 30, 2020, after
the first pandemic as being potentially eligible for the study
(36). However, only those fulfilling the following inclusion
and exclusion criteria were included: (1) patients with the fol-
lowing comorbidities and concomitant active therapies influ-
encing vitamin D metabolism including chronic kidney
disease, osteoporosis, chronic glucocorticoid and antiepileptic
treatments, vitamin D/calcium supplements, loop/thiazide
diuretics, and patients with an estimated glomerular filtration
rate of less than or equal to 30 mL/min/1.73 m*> were
excluded; (2) in order to minimize the possible bias due to
the reported negative influence of severe acute disease on
risk of post-COVID symptom persistence (11, 14, 15), we ex-
cluded patients who were only managed at home, and those
who, during the hospitalization, were admitted to the ICU;
(3) only patients with available medical data recorded upon
admission and at 6-month follow-up were included; (4) only
patients with available blood samples for 25(OH) vitamin D
measurements collected upon admission and at 6-month
follow-up were included. In our study, based on the
National Institute for Health and Care Excellence (NICE)
guidelines (12, 13), long COVID was defined by the concomi-
tant presence of at least 2 or more symptoms and signs (com-
plete list reported below under “Data Collection”) observed
at the 6-month follow-up visits that were not explained by
an alternative medical diagnosis and could only be attributed
to the previous COVID-19. As defined by NICE guidelines,
none of the symptoms and signs characterizing long COVID
were present before the acute disease. After excluding patients
who did not fulfil the above-mentioned criteria, 50 patients
with long COVID were eligible for study enrolment. From
the same cohort attending the COVID follow-up outpatient
clinic and based on the same inclusion and exclusion criteria,
we also enrolled in the study, on a 1:1 ratio, 50 subjects
without long COVID matched for age, sex, concomitant co-
morbidities, and need for noninvasive mechanical ventilation
(NIMV) with long COVID patients included in the study. In
order to minimize the possible differences related to the
known seasonality effects on the 25(OH) vitamin D measure-
ments (37), the matched non-long COVID subjects were spe-
cifically selected from those evaluated at follow-up in the same
week of the corresponding enrolled long COVID patients.
Therefore, each patient with long COVID and matched sub-
jects without long COVID were evaluated at follow-up and
previously admitted in hospital in the same time periods.
The study design and the enrolment flow chart are summar-
ized in detail in Fig. 1.

Data Collection

Data were collected directly by patient interview or from med-
ical chart review and entered on a dedicated electronic case re-
cord form specifically developed for the study. Before the
analysis, data were cross-checked with medical charts and
verified by data managers and clinicians for accuracy. For
this study the following variables were collected: age, sex,
body mass index (BMI) (calculated as the ratio of weight in
kilograms divided by height in meters squared. Data from
overweight (defined as a BMI >25 kg/m?) and obese (defined
as BMI >30 kg/m?) patients were analyzed together. We col-
lected comorbidities (including history of hypertension, dia-
betes mellitus, cardiovascular disease, active neoplasia,
chronic kidney disease), biochemical parameters including
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at least two or more:
1. asthenia [YES/NO]
2. fever [YES/NO]

Long COVID diagnosis
based on presence at 6-months of:

3. myalgia [YES/NO]
4. arthralgia [YES/NO]
5. cough [YES/NO]

1. comorbidities and
concomitant therapies

78

Long COVID-19
patients

1
1

1

1

1

1

1

i

6. dyspnea [YES/NO] :

7. chest pain [YES/NO] :

8. abdominal pain [YES/NO] 1

9. nausea/vomiting [YES/NO] :
10. diarrhea [YES/NO] 1

11. headache [YES/NO] :

12. brain fog/confusion [YES/NO] 1
13. sore throat [YES/NO] i

14. rhinorrhea [YES/NO] 1

15. ear pain [YES/NO] H

16. anosmia [YES/NO] 1

17. dysgeusia [YES/NO] :

influencing vitamin D
metabolism (n.6)

Exclusion criteria:

2. managed at home (n.5)
3. admitted in ICU (n.8)
4. no blood samples collection
at admission or follow-up (n.9)

50

Long COVID-19
patients enrolled

1:1 matched with non-Long COVID subjects
evaluated in the same week based on:

age

comorbidities

50
Long COVID-19
patients enrolled

N /

1
1
sex 1
|
1
1

NIMV use

7N

50
non-Long COVID-19
subjects enrolled

25(OH) vitamin D measurements

Figure 1. Study design and enrolment flow chart.

lactate dehydrogenase (LDH, U/L), high-sensitivity C-reactive
protein (CRP, mg/dL), leukocyte count, albumin levels (g/L),
and clinical outcomes occurred during the entire disease
course (hospitalization, need for NIMV, and admission to
ICU). Data about the initial onset presentation of
COVID-19 and the disease course were retrospectively scruti-
nized from medical records in the presence of the patient dur-
ing follow-up evaluation and collected.

A comprehensive evaluation of physical, constitutional,
neurocognitive, cardiorespiratory, and gastrointestinal health
systems was performed by a multidisciplinary team during the
follow-up visits (36, 38). The complete physical examination
was integrated with detailed patient medical history.
Symptoms and signs collected at the 6-month follow-up visits

and included in the present study for the analyses were catego-
rized into: constitutional (asthenia [yes/no], fever [yes/no], my-
algia [yes/no], arthralgia [yes/no]), cardiorespiratory (cough
[yes/no], dyspnea [yes/no], chest pain [yes/no]), gastrointes-
tinal (abdominal pain [yes/no], nausea/vomiting [yes/no], diar-
rhea [yes/no)], neurocognitive (headache [yes/no], brain fog/
confusion [yes/no]), ear nose and throat (sore throat [yes/
no], rhinorrhea [yes/no], ear pain [yes/no]), and senses area
(anosmia [yes/no] and dysgeusia [yes/no]). At follow-up visits
for all patients fasting blood glucose levels using a point of care
capillary-based glucometer were also evaluated. Laboratory
parameter assessments at follow-up were recommended on
the basis of the physician’s decisions and were not routinely as-
sessed in all patients. In our center, a COVID-19 biobank was
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established with the aim of collecting high-quality and well-
annotated human biospecimens of patients affected in acute
and post-COVID-19 phases (35). In this specific study, after
the enrolment of long COVID and non-long COVID pa-
tients who fulfilled the requested inclusion and exclusion cri-
teria, 25(OH) vitamin D levels were retrospectively
measured using the blood samples collected at hospital ad-
mission and at 6-month follow-up visits (using Roche
Cobas 8000 WKC/MET/036 electrochemiluminescence im-
munoassays (ng/mL) (coefficient of variation of 5%)).
Vitamin D deficiency was defined as 25(OH) vitamin D levels
below 20 ng/mL, according to the cut-off values reported by
Sempos et al (37).

Statistical Analysis

Descriptive statistics were obtained for all study variables.
Categorical variables were summarized as counts and percen-
tages. The Kolmogorov—Smirnov normality test was per-
formed (P <.05); continuous variables are expressed as
medians and interquartile range (IQR) (25th-75th percentile).
The Fisher exact test or chi-squared test and the Wilcoxon
signed-rank test or the Kruskal-Wallis test were used to deter-
mine statistical significance of the differences in proportions
and medians, respectively. Correlations were analyzed using
the Spearman rank correlation analysis.

Multiple logistic regression analyses were used to esti-
mate the odds ratio (OR) with 95% CI of 25(OH) vitamin
D levels for long COVID occurrence risk. All statistical tests
were 2-sided. P < .05 was considered to be statistically sig-
nificant. Statistical analysis was conducted using IBM SPSS
Statistics (IBM SPSS Statistics for Windows, Version 23.0;
IBM Corp., Armonk, NY) and GraphPad Prism
(GraphPad Software for Windows, version 9.0.0, San
Diego, CA USA).

Results

Long COVID Features

A total of 100 patients were enrolled in the study ina 1:1 ra-
tio for the presence/absence of long COVID and matched for
age, sex, comorbidities and previous COVID-19 severity.
The cohort included 50 (50%) patients with and 50 (50%)
without long COVID. Demographic characteristics and
concomitant comorbidities prevalence of these groups are
summarized in Table 1. Median (IQR) age of patients was
61 (51-70) years, and 56 (56%) were male. The most fre-
quent concomitant comorbidity in our cohort was history
of hypertension (39%), followed by cardiovascular disease
(9%). Twenty-nine patients (29%) required NIMV during
hospitalization. Median BMI was 27.5 (24.6-31.7),
32 (32%) patients were obese, and 42 (42%) were over-
weight. There were no statistical differences regarding
demographic characteristics, comorbidities prevalence,
NIMYV needs, inflammatory parameters at admission and
at follow-up, and glucose levels at follow-up between pa-
tients with long COVID and those without (Table 1).

The most frequent symptoms reported in our long COVID
cohort were asthenia (19%), followed by dysgeusia (17%),
and dyspnea (17%) (Table 2). The most frequent affected
health areas were the constitutional and the cardiorespiratory
ones (both 21%), followed by senses (18 %) and neurocogni-
tive areas (7%) (Table 2).

e1109

25(0OH) Vitamin D Levels

In the entire cohort, median 25(OH) vitamin D levels were
14.7 (9.3-21.7) ng/mL and 20.6 (15.2-25.2) ng/mL at hospital
admission and at 6-month follow-up, respectively. At admis-
sion, vitamin D deficiency was found in 71 patients (71%)
and at the 6-month follow-up visit in 46 patients (46%).
Although there were no differences in demographic character-
istics, comorbidity prevalence, NIMV needs, and inflamma-
tory response between patients with long COVID compared
with those without, we observed lower 25(OH) vitamin D lev-
els, evaluated at 6-month follow-up visit, in patients with long
COVID than in those without (20.1 [13.6-21.8] ng/mL vs
23.2 [16.7-26.6] ng/mL, P=.03) (Table 3). No differences
were observed regarding 25(OH) vitamin D levels at hospital-
ization and prevalence of vitamin D deficiency at hospital ad-
mission and at follow-up visits between those with and
without long COVID. In overweight/obese patients, we ob-
served more frequently vitamin D deficiency at admission
than those with normal weight (77% vs 54%, P =.025); vita-
min D deficiency at admission was also found more frequently
in male patients than in females (84% vs 54%, P =.002). No
other differences were found regarding demographic charac-
teristics, comorbidities prevalence, NIMV needs, and glucose
levels at follow-up between patients with vitamin D deficiency
and those without, at admission and at follow-up visits.
Consistently, lower 25(OH) vitamin D levels at admission
were observed in male patients (12.4 [8.8-28.6] ng/mL vs
18.1 [10.9-30.1] ng/mL; P =.009). A nonsignificant trend to-
ward lower 25(OH) vitamin D levels at admission was ob-
served in patients who required NIMV compared with those
without (11.9 [8.2-18.9] ng/mL vs 15.8 [10.8-25.5] ng/mL;
P=.077). No other differences were found regarding
25(OH) vitamin D levels, at admission and at follow-up visits,
and the other demographic characteristics.

Subgroup Analysis and Correlations

No significant correlations were observed between 25(OH)
vitamin D levels, at hospital admission and follow-up visits,
and age, and between 25(OH) vitamin D levels, at hospitaliza-
tion and follow-up visits, and BMI. We found significant nega-
tive correlations between 25(OH) vitamin D levels, at
admission and follow-up visits, and glucose levels, evaluated
at follow-up visits (admission: P =.008, r = —0.29; follow-up:
P=.038, r=-0.22) (Fig. 2).

In patients presenting vitamin D deficiency both at hospital
admission and at the follow-up visit (n = 42), those affected by
long COVID (n=22) were characterized by lower 25(OH)
vitamin D levels, evaluated at follow-up visits, than those
not affected (n=20) (12.7 [11.4-15.1] ng/mL vs 15.2
[12.1-18.2] ng/mL, P = .041).

Regarding the different affected health areas evaluated in
the entire cohort, we observed lower 25(OH) vitamin D levels,
evaluated at both hospital-admission and follow-up visits, in
those with neurocognitive symptoms at 6-month follow-up
(n=7) than in those without (n=93) (admission: 9.1
[7.1-11.7] ng/mL vs 15.3 [10.3-23.4] ng/mL, P = .03) (follow-
up: 14.6 [12.621.2] ng/mL vs 20.6 [15.3-25.6] ng/mL,
P=.042) (Table 3). No other significant differences were
found regarding demographic and disease characteristics be-
tween patients with neurocognitive symptoms at 6-month
follow-up (n=7) compared with those without (n=93)
(Table 4). Three patients with neurocognitive symptoms at
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Table 1. Demographic characteristics, concomitant comorbidities prevalence and NIMV requirement in patients with and without long COVID

Long COVID (n=50) Non-long COVID (n = 50) P value

Age, years 1(51-73) 1(53-69) .85
Male gender, n (%) 8(56%) 8(56%) >.99
BMI at follow-up, kg/m> 27.5 (25-32) 27.7 (24-31) .63
Overweight/obese, n (%) 7 (74%) 7 (74%) >.99
Hypertension, n (%) 7 (34%) 2 (44%) 4

Cardiovascular disease, n (%) 5(10%) 4 (8%) >.99
Diabetes mellitus, n (%) 3(6%) 5(10%) 71
Active neoplasia, n (%) 2 (4%) 1(2%) >.99
NIMV, n (%) 4 (28%) 5(30%) >.99
CRP at admission, mg/dL 73.8 (31-133) 78.5 (29-119) .68
LDH at admission, U/L 456 (315-584) 411 (288 504) 71
N/L ratio at admission 1(3.3-7.2) 8 (3.1-7) .82
Albumin at admission, g/L 1(28- 37) 32.1(27.5-38) .56
CRP at follow-up, mg/dL (n=41) 4.1 (2.5-8) (n=36) 3.9 (2.2-6.8) .55
LDH at follow-up, U/L (n 18 ) 168 (113-235) (n 22 ) 147 (108-215) .81
N/L ratio at follow-up 1.8 (1.4-2.1) 1.74 (1.2-2.4) .85
Glucose levels at follow-up, mg/dL 98.5 (92 106) 97.5 (89 113) 71

Abbreviations: BMI, body mass index; CRP, C-reactive protein; LDH, lactate dehydrogenase; NIMV, noninvasive mechanical ventilation; N/L neutrophil to

lymphocyte.

Table 2. Signs, symptoms, and health areas affected in patients with
long COVID 6 months after hospital discharge

Signs and symptoms reported at 6-month follow-up visit (n = 50)

Dysgeusia, n (%) 17 (34%)
Anosmia, n (%) 2 (24%)
Asthenia, n (%) 9 (38%)
Fever, n (%) 1(2%)
Myalgia, n (%) 8 (16%)
Arthralgia, n (%) 5(10%)
Cough, n (%) 3(6%)
Dyspnea, n (%) 17 (34%)
Chest pain, n (%) 2 (4%)
Abdominal pain, n (%) 2 (4%)
Nausea/vomiting, n (%) 0(0%)
Diarrhea, n (%) 0 (0%)
Headache, n (%) 4 (8%)
Brain fog/confusion, n (%) 3(6%)
Sore throat, n (%) 2 (4%)
Rhinorrhea, n (%) 5(10%)
Ear pain, n. (%) 0(0%)
Health areas affected at 6-month follow-up visit (n = 50)

Senses area, n (%) 8 (36%)
Constitutional, n (%) 1(42%)
Cardiorespiratory, n (%) 1(42%)
Gastrointestinal, n (%) 2 (4%)
Neurocognitive, n (%) 7 (14%)
Ear nose and throat, n (%) 6 (12%)

follow-up who were previously admitted to hospital for acute
disease in March were subsequently re-evaluated in the
follow-up outpatient clinic in September, 2 admitted in

April were then re-evaluated in October, and 2 admitted in
May were re-evaluated in November, in line with the season-
ality evaluation of the whole cohort. None of these 7 patients
had neurocognitive symptoms before the acute disease. A non-
significant trend toward lower 25(OH) vitamin D levels at
hospital admission was observed in patients who presented
dysgeusia at 6-month follow-up (n = 17) compared with those
without (n=83) (11.8 [8.1-16.5] ng/mL vs 15.8 [9.9-25.5] ng/
mL, P=.072). A significant higher prevalence of vitamin D
deficiency at the follow-up visit was observed in those who
presented with headache at the 6-month follow-up (n=4)
compared with those without (n=96) (8.7% vs 0%,
P =.042). A significant higher prevalence of vitamin D defi-
ciency at admission was observed in those who presented dys-
geusia at the 6-month follow-up (n = 17) compared with those
without (n = 83) (22.5% vs 3.4%, P =.02), and a nonsignifi-
cant trend toward a higher prevalence of vitamin D deficiency
at admission was observed in those who presented an im-
paired senses area at 6-month follow-up (n=18) compared
with those without (n=382) (22.5% vs 6.8%, P =.086). No
other statistically significant differences were observed regard-
ing 25(OH) vitamin D levels at admission and follow-up vis-
its, prevalence of vitamin D deficiency at admission and at
follow-up visits, and symptoms and impaired health areas re-
ported at 6-month follow-up visits.

In patients presenting vitamin D deficiency both at admis-
sion and at follow-up visits (n=42), we observed lower
25(0OH) vitamin D levels, evaluated at follow-up visits, in
those with constitutional symptoms at the 6-month follow-up
(n=9) compared with those without (n=33) (11.7
[10.9-13.4] ng/mL vs 15.2 [12.2-17.7] ng/mL, P =.025) and
in those with asthenia (n=8) compared with those without
(n=34) (11.6 [10.7-12.7] ng/mL vs 15.2 [12.3-17.5] ng/mL,
P=.009).

Multiple logistic regression analyses including demographic
characteristics, comorbidities, and 25(OH) vitamin D levels
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Table 3. 25(0OH) Vitamin D levels at admission and at 6-month follow-up visit in the entire study cohort subdivided by presence of long COVID

and of specific alterations in each affected clinical area

25(OH) vitamin D levels at admission (ng/mL) P value
Long COVID, yes/no Yes (n=150): 13 (9-21) No (n=50): 15.8 (9.9-25) 41
Senses area, yes/no Yes (n=18): 12.1 (8-17.5) No (n=82): 15.5 (9.8-25.5) 12
Constitutional, yes/no Yes (n=21): 13.2 (9.3-36) No (n=79): 15.1 (9.2-21) 57
Cardiorespiratory, yes/no Yes (n=21): 14.3 (9.2-21) No (n=79): 16.1 (9.8-25.8) .63
Gastrointestinal, yes/no Yes (n=2): 13.8 (11.6-13.8) No (n=98): 14.7 (9.1-22) .82
Neurocognitive, yes/no Yes (n=7): 9.1 (7.1-11.7) No (n=93): 15.3 (10.3-23.4) .03
Ear nose and throat, yes/no Yes (n=6): 13 (9.1-21.4) No (n=94): 19 (16-29.5) A2
25(OH) Vitamin D levels at 6-month follow-up (ng/mL)
Long COVID, yes/no Yes (n=50): 20.1 (13.6-22) No (n=50): 23.2 (16.7-26.6) .03
Senses area, yes/no Yes (n=18): 18.4 (14-21.5) No (n=82): 20.7 (15.1-29) 15
Constitutional, yes/no Yes (n=21): 20 (12-26) No (n=79): 20.8 (15.3-25) 41
Cardiorespiratory, yes/no Yes (n=21): 20.4 (15-26) No (n=79): 20.6 (14-22) .68
Gastrointestinal, yes/no Yes (n=2): 16.2 (12-16.2) No (n=98): 20.6 (15.2-25) .38
Neurocognitive, yes/no Yes (n=7): 14.6 (12.6-21.2) No (n=93): 20.6 (15.3-25.6) .042
Ear nose and throat, yes/no Yes (n=6): 20.9 (18-22.1) No (n=94): 20.4 (14-25.5) .81
P values in bold are statistically significant.
150 - were performed for long COVID occurrence risk. Lower
- 9 p=0.008 r=-0.29 25(OH) vitamin D levels, evaluated at follow-up visits, were
o o® the only factor significantly and independently associated
g‘ 1254 08 5 g & with the long COVID occurrence (P=.008, OR 1.09, CI
‘;" & ' e 0. © . 1.01-1.16) in our cohort (Table 5).
° ] 9564 £ w6
> 1004 0% Ol -~~~ . .
b ﬁ,gb R ° 0 0% "5 0 Discussion
2 e %&o oo ° In this study we have observed that COVID-19 survivors who
g 754 reported persistent signs and symptoms 6 months after hos-
= ° o pital discharge consistent with long COVID syndrome were
o characterized by lower 25(OH) vitamin D levels than those
50 J J ! ! ! without the syndrome, and lower 25(OH) vitamin D levels
0 10 = 30 40 50 were an independent risk factor for long COVID occurrence.
25(0OH) vitamin D levels During the last 3 years, increasing evidence has highlighted
at admission (ng/mL) the potential role of hypovitaminosis D as a modifiable risk
factor for SARS-CoV-2 infection and worse acute
COVID-19 (1). These findings were initially reported by
. 150+ o only retrospective and observational studies conducted during
%' p=0,038.r=0.22 the first pandemic wave, and therefore were unable to ad-
Ee) 125+ equately clarify the possible reverse causality between acute
L= o illness and lower 25(OH) vitamin D levels, which are known
L) o to possibly decrease during the acute inflammatory and im-
2 100+ 92 mune responses (1). Subsequent prospective and intervention-
K O-g‘ -9, al studies conducted with better and rigorous study designs
2 """ were able to consistently confirm the negative role of low vita-
8 75+ min D in these patients not supporting a central role for re-
3 ° o verse causality between COVID-19 and hypovitaminosis D
o observed during the acute illness (1, 7-9, 39). These findings,
50 T T T T 1 in addition to the highly reported rates of acute hypocalcemia
0 10 20 30 40 50 (40, 41) and skeletal complications (42, 43), have suggested

25(0H) vitamin D levels
at follow-up (ng/mL)

Figure 2. Linear correlations between 25(0OH) vitamin D levels, at
admission and at follow-up, and glucose levels evaluated at
follow-up.

the presence of a distinct and emerging osteo-metabolic
COVID-19 phenotype within the endocrine and metabolic co-
morbidities reported in these patients (44-46). In contrast, the
consequences of low vitamin D levels and hypovitaminosis D
after the acute phase of COVID-19 are still poorly under-
stood. In fact, COVID-19 survivors are often characterized
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Table 4. Demographic characteristics and concomitant comorbidities prevalence in patients with and without neurocognitive symptoms at

follow-up visits

Neurocognitive symptoms—yes (n=7) Neurocognitive symptoms—no (n = 93) P value
Age, years 62 (52-71) 1(53-70) 77
Male gender, n (%) 3(43%) 3(57%) .69
BMI at follow-up, kg/m? 27.3 (24-32) 27.1 (23-30) .53
Overweight/obese, n (%) 5(70%) 9 (74%) >.99
Hypertension, n (%) 3 (43%) 6 (39%) 43
Cardiovascular disease, n (%) 1(14%) 8 (8.6%) 49
Diabetes mellitus, n (%) 1(14%) 7(7.5%) 45
Active neoplasia, n (%) 0(0%) 3(3.2%) >.99
NIMV, n. (%) 1(14%) 28 (30%) .67
CRP at admission, mg/dL 77.7 (35-151) 74 (33-139) .86
LDH at admission, U/L 426 (305-545) 444 (311-564) .81
N/L ratio at admission 4.9 (3.5-7.1) 2 (3.8-8) .54
Albumin at admission, g/L 31.5 (29-37) 31.8 (28-36) .85
CRP at follow-up, mg/dL (n=35)4.2(2.7-7.6) (n=72) 4 (2.2-7) .75
LDH at follow-up, U/L (n=3) 158 (131-225) (n=37) 145 (112-218) 38
N/L ratio at follow-up 1.78 (1.3-2.1) 1.76 (1.2-2.4) .82

Abbreviations: BMI, body mass index; CRP, C-reactive protein; LDH, lactate dehydrogenase; NIMV, noninvasive mechanical ventilation; N/L neutrophil to

lymphocyte.

Table 5. Multiple logistic regression analysis of possible risk factors
to predict long COVID in a matched cohort for age, sex,
concomitant comorbidities and acute disease severity

OR 95% CI P value

Sex 1.29 0.53-3.14 .58
BMI 0.97 0.9-1.05 .44
Age 0.99 0.96-1.03 .56
Hypertension 1.69 0.65-4.13 .26
Cardiovascular disease 0.53 0.11-2.7 .44
Diabetes mellitus 1.76 0.24-12.9 .57
Active neoplasia 0.32 0.02-4.4 .39
NIMYV requirement 1.3 0.45-3.72 .63
Glucose levels at follow-up visit 1.02 0.99-1.05 .11

25(OH) vitamin D levels at follow-up visit 1.09 1.01-1.16 .008

P values in bold are statistically significant.
Abbreviations: BMI, body mass index; OR, odds ratio.

by the presence of persistent clinically relevant signs and
symptoms not explained by other medical conditions and
only attributable to the previous SARS-CoV-2 infection,
markedly impairing their quality of life and postinfection re-
covery even several months after the acute phase (11-15). So
far, different characteristics of patients including gender, con-
comitant comorbidities, and grade of acute disease severity
have been implicated to be possible underlying factors influen-
cing long COVID occurrence risk (14, 15).

Due to the well-known extraskeletal role of vitamin D in
regulating immune response and immunocompetence and
the consistently reported positive effects on musculoskeletal,
neurocognitive, metabolic, and cardiorespiratory health
areas, a possible role of vitamin D in recovery of COVID-19
survivors was also hypothesized.

This hypothesis is firstly supported by the observed lower
25(OH) vitamin D levels reported among 120 not-hospitalized
young COVID-19 survivors 3 months after acute disease com-
pared with matched healthy participants. COVID-19 survi-
vors were also characterized by higher inflammatory markers
and therefore reverse causality could not be excluded (47).
Later studies have subsequently investigated the effect of vita-
min D on the risk of the presence of persistent symptoms in
these patients, reporting, to date, contrasting results.

Townsend et al investigated the relationship between vita-
min D and fatigue and reduced exercise tolerance in a total
of 149 patients recruited at a median of 79 days after
COVID-19 illness (30). The median vitamin D level was
62 nmol/L (about 24 ng/dL), higher than the levels observed
in our cohort in which, differently from the study conducted
by Townsend et al, we excluded those with vitamin D supple-
mentation, and fatigue was very common (58%), possibly re-
lated to the short-term follow-up visits and to the inclusion in
the study also of those who were previously admitted to the
ICU. The authors reported no significant relationships be-
tween vitamin D status and any of the physical performance
outcomes assessed. A later pilot clinical trial aimed at analyz-
ing the effect of vitamin D supplementation on muscle fitness
in 30 elderly patients during the recovery phase after
SARS-CoV-2 infection has reported that treatment with
cholecalciferol (2000 IU/day) vs placebo carried out for
6 weeks was associated with a reduction of serum creatine kin-
ase levels and with slight nonsignificant improvements in
physical tests (31). An Egyptian cross-sectional study aimed
to evaluate the frequency of vitamin D deficiency in
post-COVID-19 patients and its relation to persistent symp-
toms included 219 patients with confirmed COVID-19 diag-
noses in the previous 3 months and who were mostly
managed at home during the acute clinical course (32). The
authors evaluated different symptom categories, including
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constitutional, respiratory, neuropsychiatric, and gastrointes-
tinal areas, and reported no differences among vitamin D sta-
tus and these symptoms, although only 16% of the entire
cohort presented with not-deficient vitamin D levels. A recent
study conducted in an Italian center aimed to determine the re-
lationship between vitamin D status and physical performance
including a sample of recovered patients, both hospitalized
and not hospitalized, with a mean age of 53 years and
re-evaluated in a post-acute outpatient service about 3 months
after COVID-19 diagnosis (33). Vitamin D deficiency was de-
tected in 35.6% of participants, with a higher prevalence in
men than in women, similarly to our data. The authors re-
ported that patients with vitamin D deficiency performed
worse on the 6-minute walking test, particularly in those older
than 65 years. Finally, in a very recent interventional clinical
trial including patients receiving a single dose of 200 000 IU
of vitamin D3 or placebo at the time of hospital admission
for acute COVID-19 and re-evaluated by telephone interviews
at 6 months and 1 year after hospital discharge, no significant
differences between vitamin D-treated and placebo groups
were observed for the different constitutional and respiratory
post-COVID-19 symptoms (34). The authors concluded that
the use of vitamin D supplementation was not useful for the
management of post-COVID-19 symptoms. In this study, no
data regarding 25(OH) vitamin D levels after supplementa-
tion was reported, both during hospitalization and during
follow-up; moreover, at baseline, both vitamin D-treated
and placebo groups presented median vitamin D levels around
21 ng/mL, reducing the potential beneficial effect of vitamin D
supplementation in a population yet to be characterized by a
not-deficient vitamin D status (48); finally, the study did not
rule out the possibility that intermediate doses of vitamin D
administered during follow-up, and not tested, could modify
the clinical course of these patients.

The contrasting results reported in these studies can be, at
least in part, explained, as already mentioned, by the different
inclusion and exclusion criteria of the patients, the different
symptoms and outcomes collected, and the different time-
points evaluated after acute disease.

In our study, in order to minimize the possible biases de-
rived from the influence on long COVID occurrence
of patient characteristics, such as gender and age, presence
of comorbidities, and the different grade of acute disease se-
verity, we aimed to evaluate the role of vitamin D in
post-COVID recovery in the presence of a controlled cohort
matched 1:1 for long COVID presence/absence, baseline char-
acteristics, and acute disease severity. Moreover, we excluded
patients previously admitted to the ICU and those managed at
home in order to include a homogeneous population.

In this controlled clinical situation, we observed that pa-
tients affected by long COVID syndrome were characterized
by lower 25(OH) vitamin D levels than those without. No dif-
ferences were observed regarding vitamin D deficiency preva-
lence. These data could be related, at least in part, to the
adequate vitamin D status observed in part of our cohort
mostly characterized by non—older patients with a low preva-
lence of severe comorbidities and re-evaluated with
medium-long term follow-up visits after acute disease.

Furthermore, two-thirds of the patients with low vitamin D
levels at hospital admission still presented hypovitaminosis D
at the 6-month follow-up. This suggests that reverse causality
of COVID-19 on vitamin D levels may occur in some patients
but also shows that poor vitamin D status may be intrinsic to
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several COVID-19 patients (1). In fact, reinforcing the pos-
sible negative role of hypovitaminosis D in the recovery of
COVID-19 survivors, we also observed that considering
only patients presenting vitamin D deficiency both at hospital
admission and at follow-up visits, thus excluding those with a
possible reverse causality effect of the acute disease on hypo-
vitaminosis D occurrence, long COVID patients were charac-
terized by lower 25(OH) vitamin D levels than controls.

Confirming these findings, no differences regarding inflam-
matory parameters at admission and at follow-up were found
between patients with and without long COVID; therefore,
these data did not support the influence of disease severity
on the differences in 25(OH) vitamin D levels observed in
our cohort. Previous studies have hypothesized a possible
role of higher inflammation or immunological dysfunction
in long COVID risk occurrence (49, 50), particularly in the
first months after the acute disease. However, these observa-
tions were not confirmed in several later studies evaluating
commonly used and available inflammatory biomarkers
(51-54). One possible explanation for our findings could be
persistent inflammation in patients with long COVID, but
not in patients without long COVID, reducing vitamin D
binding protein, which in turn could lead to reduced
25(OH) vitamin D levels. Interestingly, we were not able to
observe any significant differences in commonly used inflam-
matory parameters such as CRP, LDH (available only in a
part of patients), and neutrophil to lymphocyte ratio between
patients with long COVID and patients with non-long
COVID. This may be due to the careful selection of study sub-
jects excluding those with more severe acute COVID-19, such
as patients requiring ICU admission and including patients
with long COVID and patients without long COVID with
comparable acute disease severity. Therefore, it appears un-
likely that different degrees of inflammation could explain
the differences observed in 25(OH) vitamin D levels.

Interestingly, we observed in our entire cohort lower base-
line and follow-up 25(OH) vitamin D levels in patients pre-
senting long-term neurocognitive impairment than those
without, possibly also confirming the well-known influence
of vitamin D in this specific health area, since interfering
data such as differences in seasonality of 25(OH) vitamin D
measurements and in demographic and comorbidities data
were excluded (25-27, 55). Furthermore, for the first time,
to our knowledge, we observed strict negative correlations be-
tween baseline and follow-up 25(OH) vitamin D levels and
follow-up glucose levels, reinforcing the associations between
vitamin D and glucose levels previously reported in patients
with acute COVID-19 (5, 56, 57) and the well-known rela-
tionships between vitamin D and glycemic status (58-60).
Moreover, this finding could represent an additional novel
mechanism implicated in long COVID occurrence. The
risk of occurrence of this syndrome was reported to be in-
creased in patients with diabetes (14, 61-63), and, since
low circulating vitamin D levels have been extensively re-
ported to be associated with poor glycemic control in pa-
tients with diabetes and with a higher predisposition of
developing impaired fasting glucose and diabetes (64-66),
hypovitaminosis D could be, firstly, associated with the in-
creased risk of new developing and incident diabetes after
acute COVID-19 (67-71) and, secondly, represent, at least
in part, the underlying common pathophysiological factor
with a bidirectional negative effect associating diabetes
and long COVID occurrence.
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Finally, we also confirmed the possible negative role of low-
er 25(OH) vitamin D levels in long COVID occurrence in
multivariate logistic regression as an independent risk factor
associated with its development.

Our study has limitations. First of all, the number of en-
rolled patients was relatively limited due to the use of stringent
entry criteria, excluding those with factors possibly affecting
vitamin D metabolism and including only those with available
data and collected blood samples. Moreover, we included
only patients who were previously hospitalized, excluding
those who required ICU admission and/or those managed at
home only. We accurately performed enrolment in a 1:1 ratio
matched for age, sex, comorbidities, and acute disease severity
on the basis of long COVID presence/absence. Therefore, the
highly controlled nature of the study made it a candidate to
recognize at best the possible role of lower 25(OH) vitamin
D levels in long COVID occurrence. Secondly, its retrospect-
ive nature meant we could not evaluate the direct influence
of vitamin D on persistence of symptoms and signs. Thirdly,
the monocentric cohort, lack of evaluation of other biologic-
ally active forms of serum vitamin D as well as vitamin D bind-
ing protein, and a complete immunological profile evaluation
at follow-up (inflammatory markers at follow-up were also
only available in a subgroup of patients) also limit definitive
conclusions. However, although a single center experience
cannot definitively assign cause and effect, these evaluations
should be considered for future larger studies to clarify the
underlying mechanisms on the relationship between vitamin
D and long COVID syndrome. Fourthly, we cannot exclude
the effects of seasonality on the 25(OH) vitamin D levels ob-
served at admission, evaluated with blood samples collected
in spring, and at follow-up visits, evaluated with blood sam-
ples collected in autumn. Indeed, the improvement of about
6 ng/mL in 25(OH) vitamin D levels observed between these
2 timepoints in our cohort, including only subjects without
vitamin D supplementation, should also be related, in add-
ition to the recovery from the acute disease, to different sea-
sonality measurement. Besides this finding, in our study, the
seasonality effects cannot explain the differences observed
in 25(OH) vitamin D levels between long COVID and
non-long COVID patients, since they were individually se-
lected and matched for the time of follow-up visits, and con-
sequentially evaluated 6 months before in the same time
periods of hospital admission.

In conclusion, we have reported that patients with long
COVID re-assessed 6 months after hospital discharge are
characterized by lower 25(OH) vitamin D levels; lower vita-
min D were an independent risk factor for the occurrence of
this syndrome. Differently from other previous reports, we
observed these findings in a controlled study with a homoge-
neous population; we did not limit our evaluation during
follow-up visits to specific health areas but performed a multi-
disciplinary evaluation, including the collection of a broad
spectrum of symptoms and signs reported by patients with
long COVID. Furthermore, the medium-long term follow-up
used in our study could probably better identify and charac-
terize patients with post-infection recovery impairment, and
thus those who needed more intensive follow-up, possibly re-
quiring preventive and therapeutic strategies, including also
vitamin D supplementation. This aspect strongly reinforces
the clinical usefulness of 25(OH) vitamin D evaluation as a
possible modifiable pathophysiological factor underlying
this emerging worldwide critical health issue. Finally, our
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data if confirmed in large, interventional, randomized con-
trolled trials suggests that vitamin D supplementation could
represent a possible preventive strategy in reducing the burden
of COVID-19 sequelae.
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