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ARTICLE INFO ABSTRACT

Keywords: Aim: To determine the prevalence and associated factors of vitamin D deficiency in COVID-19 survivors and the
Aging relationship between vitamin D status and physical performance.
Six-minute walking test Methods: Vitamin D status was assessed in a sample of patients who had recovered from COVID-19 and were
Phy51'cal performance admitted to a post-acute outpatient service at the Fondazione Policlinico Universitario Agostino Gemelli IRCCS
Exercise tolerance .. . . . . .
(Rome, Italy). Participants were offered comprehensive medical assessment, including physical performance and
muscle strength tests. Self-rated health was assessed. Vitamin D deficiency was defined as a serum concentration
of 25-OH vitamin D < 20 ng/mL.
Results: Mean age of 681 participants was 53.4 + 15.2 years and 49% were women. Vitamin D deficiency was
detected in 35.6% of the whole study population, and in 40.2% of those 65 and older. Vitamin D deficiency was
associated with diabetes, higher body mass index, and COVID-19 severity, and showed a seasonal pattern with a
peak in autumn/winter. Participants with vitamin D deficiency performed poorer on the six-minute walking test,
with the lowest performance observed in those 65 and older. No significant associations with any other pa-
rameters were found.
Conclusion: Our findings indicate that vitamin D deficiency is frequent in COVID-19 survivors, especially in older
adults. Low vitamin D levels are associated with poor physical performance, in particular in old age.

Geriatrics

1. Introduction associated with a number of negative health-related outcomes (Theo-

doratou et al., 2014), including increased risk of falls and fractures,

Low vitamin D status is as a common condition worldwide (Amrein
et al., 2020; Cashman et al., 2016). The assessment of vitamin D status
and the use of vitamin D supplements have increased substantially in
recent years, though intervention trials testing vitamin D supplemen-
tation failed to show clear improvements in clinically relevant outcomes
(Amrein et al., 2020; Bouillon et al., 2022). Inadequate dietary intake,
insufficient sunlight exposure, and physical inactivity are among the key
factors associated with low vitamin D levels. Older adults are at greater
risk of vitamin D deficiency due to several age-related factors (e.g.,
reduced skin production and kidney conversion of vitamin D precursors)
(Remelli et al., 2019). Low serum concentrations of vitamin D are

impaired immune response, and lower muscle strength (Zhang and
Naughton, 2010). Conversely, adequate vitamin D levels may support
the beneficial effects of regular physical activity on physical perfor-
mance in healthy older adults (Koundourakis et al., 2016). In addition,
normal vitamin D levels are associated with reduced risk of cardiovas-
cular disease, hypertension, type 2 diabetes, obesity, and metabolic
syndrome (Theodoratou et al., 2014).

The active form of vitamin D (1,25-dihydroxyvitamin D) is involved
in different pathways of the innate and adaptive immune system
(Charoenngam and Holick, 2020). Persons with vitamin D deficiency
tend to be more vulnerable to infectious diseases. Notably, vitamin D
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deficiency has been associated with increased risk of SARS-CoV-2
infection and worse clinical outcomes of COVID-19 (Baktash et al.,
2021). However, whether poor vitamin D status per se or factors asso-
ciated with vitamin D deficiency, such as advanced age and comorbid-
ities, is related to COVID-19 severity is still a matter of debate (Rubin,
2021).

COVID-19 survivors often report persistent fatigue, joint pain, and
myalgia (Carfi et al., 2020). Long-lasting weakness and muscle ache
heavily impact quality of life (Glaser and Kiecolt-Glaser, 1987). Sequa-
lae of acute COVID-19 are reported in all age groups. The prevalence of
fatigue and joint and muscle pain in young adults is about 30-40%, and
reaches 50-60% in those 50 and older (Lombardo et al., 2021). How-
ever, little is known on the possible association between vitamin D status
and symptom persistence in COVID-19 survivors.

The aim of the present study was to determine the prevalence of low
serum vitamin D levels across ages in a sample of COVID-19 survivors
attending a dedicated outpatient service. The association of vitamin D
status with self-rated health and physical performance was also inves-
tigated, with particular focus on older adults.

2. Materials and methods

The Gemelli Against COVID-19 Post-Acute Care (GAC19-PAC) proj-
ect is an ongoing initiative developed by the Department of Geriatrics
and Orthopedics of the Universita Cattolica del Sacro Cuore (Rome,
Italy) to investigate long-term consequences of COVID-19 and their
impact on overall health, physical/cognitive performance, and quality
of life. In April 2020, the Fondazione Policlinico Universitario Agostino
Gemelli IRCCS (Rome, Italy) established a post-acute outpatient service
for people who recovered from COVID-19. Details on the post-acute
outpatient service and patient evaluation are reported elsewhere
(Gemelli Against COVID-19 Post-Acute Care Study Group, 2020).

2.1. Study sample

The study population included adults admitted to the post-COVID-19
outpatient service between April 2020 and March 2021. On admission,
all patients met the World Health Organization criteria for quarantine
discontinuation: a period of 10 days after symptom onset plus at least
three additional days without symptoms, for symptomatic patients,
followed by at least one negative SARS-CoV-2 swab; or 10 days after
positive test for SARS-CoV-2 for asymptomatic cases and at least one
negative SARS-CoV-2 test (World Health Organization, 2020).

2.2. Data collection

Patients were offered a comprehensive medical assessment. A
multidisciplinary approach was adopted to evaluate the long-term
consequences of SARS-CoV-2 infection (Amin, 2021; Tajbakhsh et al.,
2021; Wang et al., 2020; Aghagoli et al., 2021). Clinical parameters,
medical history, current medications, lifestyle habits including physical
activity and diet, and anthropometric measures were collected in a
structured electronic database. Body weight was measured through an
analog medical scale. Body height was measured using a standard sta-
diometer. Body mass index (BMI) was calculated as weight (kg) divided
by the square of height (m). Regular participation in physical activity
was operationalized as the engagement in leisure-time physical activity
at least twice weekly during the past year.

COVID-19 severity was categorized as follows: (a) no hospitalization;
(b) hospitalization with no oxygen supplementation; (c) hospitalization
with low-flow oxygen supplementation; (d) hospitalization with
noninvasive ventilation (NIV) or intensive care unit (ICU) admission
with invasive ventilation.

Since vitamin D levels may vary across seasons due to differences in
sun exposure, the timing of vitamin D assessment was categorized in two
half-year periods (i.e., spring/summer and fall/winter) defined by
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equinox-to-equinox interval periods (Kasahara et al., 2013).
2.3. Serum vitamin D levels and standard blood biochemistry

Blood samples were collected by venipuncture after overnight fast-
ing. Total serum 25-OH vitamin D levels were determined using a fully
automated immunoassay (ADVIA Centaur Vitamin D Total Assay,
Siemens Healthcare Diagnostics, Malvern, PA). Vitamin D deficiency
was defined as a serum concentration of 25-OH vitamin D lower than 20
ng/mL (Holick, 2007; de Smet et al., 2021). Severe vitamin D was
defined as serum 25-OH vitamin D levels lower than 12 ng/ml.

Plasma albumin, C-reactive protein (CRP), and hemoglobin levels
were measured using standard biochemistry methods on fully auto-
mated testing systems.

2.4. Assessment of muscle strength and physical performance

Upper extremity muscle strength was measured by handgrip strength
testing using a North Coast hand-held hydraulic dynamometer (North
Coast Medical, Inc, Morgan Hill, CA) (Landi et al., 2020). The partici-
pant was seated on a chair with shoulder in a neutral position, the elbow
near the trunk and flexed at 90°, and the wrist in a neutral position
(thumbs up) (Landi et al., 2020). After one familiarization trial, muscle
strength was measured in both hands and the higher value (kg) was used
for the analysis.

Physical performance was evaluated by the one-min sit-to-stand test
(1STST) and the six-minute walking test (6MWT). Both tests are
commonly used to assess exercise-induced respiratory impairment in
patients with respiratory diseases (Briand et al., 2018). For the 1STST,
participants were asked to stand up from a chair and sit down with their
arms folded across the chest for one minute as quickly as possible. A
standard armless chair (43-47 cm in height) was used. The back of the
chair was stabilized against a wall to ensure safety and stability. The
number of times the patient completed the sit-to-stand movements was
recorded; higher numbers reflect better performance (Bohannon and
Crouch, 2019). The 6MWT was performed on a 20-m long track and the
distance covered (m) was recorded; a longer distance covered indicates
better performance (Guyatt et al., 1985).

2.5. Self-rated health

A visual analog scale (VAS) was used to obtain a quick evaluation of
self-rated health, on a scale from 0 to 100, with O corresponding to the
worst imaginable health and 100 indicating the best imaginable health
(de Boer et al., 2004).

2.6. Statistical analyses

Continuous variables are expressed as mean + standard deviation
(SD), categorical variables are reported as frequencies by absolute value
and percentage (%). Descriptive statistics were used to describe the
clinical characteristics of the study population according to serum
vitamin D levels. Differences in proportions and means of covariates
between participants with and without vitamin D deficiency were
assessed using Fisher’s Exact Test and t test statistics, respectively.

Cox regression with robust variance was used to assess the associa-
tion between clinical and functional characteristics and vitamin D sta-
tus. Candidate variables to be included in the Cox model were selected
on the basis of biological and clinical plausibility. To identify factors
independently associated with vitamin D deficiency, we first estimated
the crude prevalence rate ratio (PR) and 95% confidence interval (CI). A
multivariable Cox model was then computed including all variables that
were associated with the outcome at an alpha level of 0.05, after
adjustment for age and sex.

Analysis of covariance (ANCOVA) was also used to examine the as-
sociation of vitamin D status with physical performance, muscle
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strength, and self-rated health, after adjustment for potential con-
founding variables. Variables considered as covariates were chosen ac-
cording to their clinical significance and/or their significant difference
at univariate analyses between participants with and without vitamin D
deficiency. Interactions of covariates on the relationship between
physical performance and muscle strength measures and vitamin D
deficiency were tested by adding the interaction term into the adjusted
models. No significant interactions were reported.

All analyses were performed using the SPSS software (version 11.0,
SPSS Inc., Chicago, IL).

3. Results

Between April 2020 and March 2021, 742 patients were admitted to
the post-COVID-19 outpatient service. The present investigation
included 681 participants (mean age 53.4 + 15.2 years; range 18-86,
49% women) for whom all variables of interest were available. The main
characteristics of the study population according to vitamin D status are
summarized in Table 1.

Vitamin D deficiency was detected in 35.6% of participants, with a
higher prevalence in men than in women (36.7% vs. 30.4%, respec-
tively; p = 0.05). Vitamin D deficiency was present in 29.6% of partic-
ipants younger than 45, 33.5% of those between 45% and 65%, and
40.2% of people 65 and older. As in the whole sample, in older adults,
the prevalence of vitamin D deficiency was higher in men than in women
(43.6% vs. 33.9%, p = 0.05, Fig. 1).

In participants 65 and older, mean 25-OH vitamin D levels were
20.5 ng/mL during autumn/winter and 26.1 ng/mL in spring/summer.
A similar seasonal pattern was observed in those younger than 65

Table 1
Characteristics of study participants according to vitamin D status.”.
Characteristics Whole Serum vitamin D p
S:;;lf le (n = Normal (n Deficient (n
= 452) = 229)
General and clinical characteristics
Age (years) 53.4 +£15.2 52.2 + 55.8 £15.3 0.004
15.0

Sex (female) 335 (49) 233 (52) 102 (44) 0.05
Education (years) 145 + 4.4 148+3.8 139+44 0.009
Physically active 374 (56) 266 (60) 108 (48) 0.003
Hypertension 203 (29) 121 (26) 82 (36) 0.01
Heart failure 17 (3) 8(2) 94 0.07
Diabetes 51 (7) 20 (4) 31 (13) < 0.001
Renal failure 21 (3) 8(2) 13 (5) 0.007
COPD 54 (8) 28 (6) 26 (11) 0.01
Cancer 15 (2) 9(2) 6 (3) 0.39
BMI (kg/mz) 25.7 £ 4.4 25.2 + 4.3 26.7 + 4.4 < 0.001
Severity of acute COVID-19
No hospitalization 285 (41) 210 (47) 73 (32) < 0.001
Hospitalization - no Oy 114 (17) 71 (16) 42 (19)

supplementation
Hospitalization - low- 176 (26) 112 (25) 65 (28)

flow O,

supplementation
Hospitalization - NIV or 106 (16) 59 (13) 49 (21)

v
Length of hospital stay 16.8 +13.9 16.9 + 16.6 +12.7 0.85

(days) 14.6
Blood parameters
Albumin (g/L) 42.7 +£ 3.2 43.1 + 3.0 42.1 £ 3.5 < 0.001
Hemoglobin (g/dL) 13.8+ 1.4 13.8+ 1.4 13.8+ 1.5 0.52
25-OH vitamin D (ng/ 25.6 £12.2 311 + 14.8 £ 4.6 < 0.001

mL) 11.2
CRP (mg/L) 2.4 +5.4 2.0t 4.4 33+7.0 < 0.001

BMI: body mass index; COPD: chronic obstructive pulmonary disease; CRP: C-
reactive protein; IV: invasive ventilation; NIV: non-invasive ventilation.

@ Data are given as number (percentage) for sex, physical activity, diseases,
and categories of COVID-19 severity; for all other variables, means + standard
deviations are reported.
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(24.2 ng/mL in autumn/winter and 27.5 ng/mL in spring/summer). The
prevalence of vitamin D deficiency also showed a seasonal distribution,
with a peak in autumn/winter (52.8% in older adults and 36.6% in
younger participants) and through in spring/summer (34.8% in older
adults and 27.6% in younger participants). The prevalence of severe
vitamin D deficiency was 6.9%, and was higher in people 65 and older
relative to younger adults (10.9% vs. 5.6%; p = 0.02). No differences
were found between men and women.

The average time elapsed from COVID-19 diagnosis to admission to
the outpatient service was similar between participants with and
without vitamin D deficiency (95.8 + 52.7 days vs. 85.3 + 44.8 days,
respectively; p = 0.1). Compared with those with no vitamin D defi-
ciency, participant with low serum vitamin D levels were older, had
higher prevalence of hypertension, diabetes, renal failure, and chronic
obstructive pulmonary disease (COPD). Participants with normal
vitamin D levels were more physically active and had higher education,
while those with vitamin D deficiency had higher BMI and circulating
CRP levels. The prevalence of vitamin D deficiency was higher in par-
ticipants who had been hospitalized, particularly among those who had
received supplemental oxygen. The length of hospital stay was similar
between participants with and without vitamin D deficiency.

Cox regression models were used to assess the association between
specific characteristics of the study population and vitamin D status.
Results of unadjusted and adjusted models are shown in Table 2.

In the unadjusted model, a lower risk of vitamin D deficiency was
found in participants with higher education (PR 0.94; 95% CI
0.91-0.98) and in those who were physically active (PR 0.62; 95% CI
0.45-0.86). Vitamin D deficiency was associated with hypertension,
diabetes, renal failure, COPD, higher BMI and CRP levels, and with
hospitalization during acute COVID-19. After multivariable adjustment,
the likelihood of being vitamin D deficient was still significantly higher
in participants with diabetes (PR 2.02; 95% CI 1.04-3.91), higher BMI
(PR 1.06; 95% CI 1.01-1.10), and in those who had been hospitalized
and required supplemental oxygen (PR 2.25; 95% CI 1.27-3.98). Sea-
sonality was significantly associated with vitamin D status, with higher
risk of vitamin D deficiency associated with assessment in autumn/
winter both in unadjusted and adjusted models.

Unadjusted and adjusted ANCOVA models were built to evaluate the
association between vitamin D status and physical performance and
muscle strength measures as well as self-rated health. In the whole
sample, vitamin D deficiency was associated with lower performance on
the 6MWT in both men and women (Table 3). No significant associations
with any other parameters were found. In age-stratified analysis,
vitamin D deficiency was associated with lower performance on the
6MWT in both younger and older participants (Table 4). Older adults
with normal vitamin D levels walked on average 50 m more than those
with vitamin D deficiency (475.0 m vs. 421.9 m, respectively; p < 0.01).
No other significant associations were determined in either age group.

4. DISCUSSION

In the present study, we investigated the prevalence of vitamin D
deficiency and its association with clinical and functional parameters in
a well-characterized sample of COVID-19 survivors. The overall preva-
lence of vitamin D deficiency was 35.6%, and reached 43.6% in men 65
and older. These findings are in keeping with those obtained in a post-
COVID-19 outpatient clinic in Dublin, where vitamin D deficiency was
found in approximately one-third of participants and more frequently in
men (Townsend et al., 2021). A recent systematic review reported a
wide range of prevalence of low vitamin D status (18-75%) in Southern
European adult population, mainly because of high heterogeneity across
studies (Manios et al., 2018). In the Italian population, the prevalence of
vitamin D deficiency was estimated to be 35% in adults and 36% in those
65 and older aged (Manios et al., 2018). The prevalence of severe
vitamin D deficiency (<10 ng/mL) was estimated to be around 16%
across all age groups. It is noteworthy that, in post-COVID-19 patients,
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Fig. 1. Prevalence of vitamin D deficiency according to age groups and sex.

Table 2
Unadjusted and adjusted association between specific participant characteristics
and vitamin D deficiency.

Characteristics Unadjusted
model

OR (95% CI)

Adjusted model

OR (95% CI)

Age (years) 1.01 (1.00-1.02) 1.00

(0.99-1.02)
Sex (female) 1.32 (0.96-1.82) 1.10
(0.75-1.60)
Education 0.94 (0.91-0.98)  0.98
(0.93-1.02)
Physically active 0.62 (0.45-0.86)  0.84
(0.58-1.21)
Hypertension 1.51 (1.07-2.12) 0.85
(0.54-1.34)
Diabetes 3.36 (1.87-6.04)  2.02
(1.04-3.91)
Renal failure 3.32(1.35-8.14) 1.53
(0.53-4.25)
COPD 1.93(1.10-3.37)  1.43
(0.73-2.82)
BMI 1.08 (1.04-1.12)  1.06
(1.01-1.10)
CRP 1.04 (1.01-1.08)  1.03
(0.99-1.06)

Severity of COVID-19
No hospitalization
Hospitalization — no O, supplementation

1.0 (Reference) 1.0 (Reference)
1.70 (1.07-2.70) 1.64

(0.94-2.85)

Hospitalization — low-flow Oy 1.65 (1.10-2.47) 1.62
supplementation (0.96-2.73)

Hospitalization — NIV or IV 2.36 (1.49-3.75) 2.25
(1.27-3.98)

Autumn/winter season 1.56 (1.13-2.15) 2.28
(1.53-3-38)

BMI: body mass index; COPD: chronic obstructive pulmonary disease; CI: con-
fidence interval; CRP: C-reactive protein; IV: invasive ventilation; NIV: non-
invasive ventilation; OR: odds ratio.

the prevalence of vitamin D deficiency shows a sex distribution different
from the general population of the same geographic areas, in which
lower vitamin D levels were found among adolescent girls, adult and
older women compared with their male counterparts (Manios et al.,
2018).

Findings on the association between serum vitamin D levels and
COVID-19 are mixed (Baktash et al., 2021; Bassatne et al., 2021;
Teshome et al., 2021). In older adults hospitalized with symptoms

consistent with COVID-19, serum vitamin D levels were found to be
lower in those who eventually tested positive for SARS-CoV-2 infection
(Rubin, 2021). Moreover, an Israeli population-based study reported an
association between low serum vitamin D levels and increased risk of
COVID-19 and hospitalization (Merzon et al., 2020). A similar finding
was reported in a retrospective cohort study of 489 patients at a medical
center in Chicago (Meltzer et al., 2020). However, a large study in UK
Biobank participants did not support a relationship between vitamin D
status and susceptibility to SARS-CoV-2 infection (Hastie et al., 2020).
Finally, in a cohort study of 18,148 individuals tested for SARS-CoV-2
seropositivity as part of a health screening program, 24.8% had a
serum vitamin D level lower than 20 ng/mL (Li et al., 2021). However,
SARS-CoV-2 seropositivity was not independently associated with
vitamin D deficiency. As for COVID-19 severity, low serum vitamin D
levels have been associated with worse clinical outcomes, including
more severe lung involvement (Sulli et al., 2021), need of NIV, ICU
admission, and mortality (Baktash et al., 2021).

In the present investigation, vitamin D deficiency was associated
with diabetes, higher BMI, and COVID-19 severity. Low vitamin D levels
are frequently observed in people with obesity, type 2 diabetes, and
inflammatory conditions (Cheng et al, 2010; Lips et al., 2017;
Pereira-Santos et al., 2015; Wobke et al., 2014). In particular, an asso-
ciation between higher BMI and low vitamin D levels has been described
and attributed to volumetric dilution in greater body structures
(including serum, fat tissue, liver, muscle) Drincic et al., 2012).
Noticeably, obesity and diabetes are among the strongest risk factors for
severe COVID-19 (Kompaniyets et al., 2021; Mohammad et al., 2021).
However, the design of our study does not allow causal relationships to
be established between vitamin D status, its associated factors, and
COVID-19 severity.

An association was found between vitamin D deficiency and lower
physical performance in both younger and older COVID-19 survivors. In
particular, participants 65 and older with vitamin D deficiency walked
approximately 50 m less on the 6MWT than their peers with normal
serum vitamin D levels. Consistent with our findings, a previous study
showed that COVID-19 survivors with vitamin D deficiency had reduced
exercise tolerance assessed using the Borg scale (Townsend et al., 2021).
Although no causation can be established between vitamin D deficiency
and poor physical performance in people who have recovered from
COVID-19, vitamin D is known to influence cardiac and respiratory
function, muscle health, and inflammation (Polly and Tan, 2014; Boxer
etal., 2008). Indeed, vitamin D deficiency has been associated with high
CRP levels and lower 6MWT performance in patients with heart failure
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Table 3
Unadjusted and adjusted” means of physical performance and muscle strength measures and self-rated health in men and women according to vitamin D status.
Unadjusted Adjusted”
Normal vitamin D (n = 452) Vitamin D deficiency (n =229) p Normal Vitamin D P
vitamin D deficiency
(n = 452) (n =229)
Physical performance measures
Men
Six-minute walking test (m) 563.2 (5.80) 521.4 (10.3) < 0.001 558.2 (5.52) 531.3 (7.62) < 0.001
One-minute chair stand test (no. of repetitions)  27.6 (0.62) 24.8 (1.05) 0.01 26.9 (0.65) 25.7 (0.87) 0.29
Women
Six-minute walking test (m) 531.3 (6.33) 493.7 (12.9) < 0.001 524.7 (5.65) 509.3 (9.21) 0.01
One-minute chair stand test (no. of repetitions)  26.0 (0.66) 24.5 (0.99) 0.21 25.7 (0.60) 24.8 (0.92) 0.42
Handgrip strength (kg)
Men 35.8 (0.76) 34.9 (1.05) 0.49 35.4 (0.73) 35.9 (0.99) 0.66
Women 21.8 (0.49) 21.2(0.67) 0.47 21.5(0.46) 21.7 (0.74) 0.79
Self-rated health (VAS)
Men 74.6 (1.02) 71.2 (1.46) 0.05 74.0 (1.07) 71.9 (1.45) 0.27
Women 66.1 (1.38) 67.3 (1.83) 0.63 66.6 (1.31) 67.7 (2.02) 0.65

@ Adjusted for age, education, physical activity, hypertension, chronic obstructive pulmonary disease, diabetes, renal failure, body mass index, albumin, C-reactive

protein, and acute COVID-19 severity. VAS: visual analog scale.

Table 4

Unadjusted and adjusted” means of physical performance and muscle strength measures and self-rated health in participants younger than 65 and 65 and older ac-

cording to vitamin D status.

Unadjusted Adjusted”
Normal vitamin D (n = 452)  Vitamin D deficiency (n =229) p Normal Vitamin D deficiency  p
vitamin D (n = 229)
(n = 452)
Physical performance measures
< 65 years
Six-minute walking test (m) 567.7 (3.90) 542.5 (7.5) < 0.001 563.0(4.28) 549.3 (6.53) 0.05
One-minute chair stand test (no. of repetitions) 28.1 (0.45) 25.6 (0.77) 0.05 27.8 (0.48) 26.6 (0.71) 0.10
> 65 years
Six-minute walking test (m) 475.0 (10.7) 421.9 (16.5) < 0.01 470.6 (12.2) 422.8 (16.7) 0.02
One-minute chair stand test (no. of repetitions) 21.7 (1.16) 19.5 (1.51) 0.21 20.9 (1.32) 19.9 (1.59) 0.66
Handgrip strength (kg)
< 65 years 29.6 (0.67) 30.5 (0.99) 0.48 29.7 (0.64) 30.4 (1.01) 0.53
> 65 years 24.9 (0.93) 24.2 (1.28) 0.64 24.9 (1.04) 23.7 (1.30) 0.51
Self-rated health (VAS)
< 65 years 70.7 (1.02) 70.1 (1.39) 0.70 71.3 (0.99) 69.9 (1.50) 0.46
> 65 years 68.8 (1.68) 67.9 (2.03) 0.75 67.7 (1.78) 68.2 (2.21) 0.89

# Adjusted for sex, education, physical activity, hypertension, chronic obstructive pulmonary disease, diabetes, renal failure, body mass index, albumin, C-reactive

protein, and acute COVID-19 severity. VAS: visual analog scale.

(Boxer et al., 2008). Furthermore, low serum vitamin D levels have been
linked with poor physical performance in older community-dwellers
(Toffanello et al., 2012; Annweiler et al., 2017). While an association
between vitamin D status and physical performance has consistently
been found in older adults across different age decades and clinical
conditions, a wide range of distances on the 6MWT has been reported,
mainly due to heterogeneity of study populations (Annweiler et al.,
2017). In a sample of frail older adults with heart failure (mean vitamin
D levels, 26.7 ng/mL), the average distance covered on the 6MWT was
309 m (Boxer et al., 2008), while in older community-dwellers with low
serum vitamin D levels (<20 ng/mL) from the Progetto Veneto Anziani
(Pro.V.A.), the average 6MWT performance was 283.5 m in women and
345.6 m in men, respectively (Toffanello et al., 2012). In Icelandic older
adults living in the community, serum vitamin D levels (mean value,
67 nmol/L) were associated with walking performance on the 6MWT
(459 m in women and 466 m in men) (Geirsdottir et al., 2016). How-
ever, the association was not independent and was mostly explained by
confounding factors, such as BMI and self-reported physical activity
(Geirsdottir et al., 2016). Our findings support the existence of an as-
sociation between vitamin D status and physical performance in older
adults that may be independent of pre-existing conditions, including
previous SARS-CoV-2 infection or long COVID. The effects of vitamin D
on physical performance may be mediated by vitamin D receptors that

are expressed throughout the cardiovascular system and the skeletal
muscle as well as by pleiotropic actions of vitamin D on metabolic and
inflammatory pathways (Bouillon et al., 2014, 2019; Rodriguez et al.,
2018; Gardner et al., 2013).

Some methodological issues should be taken into account in the
interpretation of results. Limitations of the study include the lack of
information on vitamin D status before COVID-19. Furthermore, this
was a single-center study with a relatively large number of COVID-19
survivors, but without a control group of participants who had recov-
ered from other acute conditions. Community-acquired pneumonia and
other viral diseases have also been associated with high prevalence of
vitamin D deficiency (Siddiqui et al., 2020; Zhou et al., 2019), sug-
gesting that our findings may be not exclusive to COVID-19. However,
the clinical characteristics of participants make it possible to exclude
that acute illnesses were present at the time of evaluation. The obser-
vational nature of our study prevents establishing a cause-effect rela-
tionship between vitamin D deficiency and poor physical performance
because reverse causation of residual confounding cannot be excluded.
Indeed, diabetes, obesity, and elevated CRP levels are all associated with
vitamin D deficiency and well-established risk factors for severe
COVID-19 (Luan et al., 2021; Kompaniyets et al., 2021). Moreover,
vitamin D status is a general marker of good health. Information
regarding the intake of macro- and micronutrients (including vitamin D
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and protein) or the use of vitamin D supplements was not available for
most study participants. Hence, influence of diet and/or supplementa-
tion on vitamin D status and physical performance could not be
evaluated.

In conclusion, we provide an appraisal of vitamin D status in a large
sample of well-characterized COVID-19 survivors. We found a high
prevalence of vitamin D deficiency, especially in older men. Low vitamin
D levels were more common in participants who had been hospitalized
and required supplemental oxygen during acute COVID-19. Moreover,
vitamin D deficiency was associated with lower performance on the
6MWT, with the shorter distance walked by older participants. Future
studies are warranted to clearly establish the association between
vitamin D status and acute and post-acute COVID-19 and to assess
whether vitamin D supplementation may improve physical performance
in COVID-19 survivors.
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