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Background: As effective medication to treat COVID-19 is currently unavailable, preventive rem-
edies may be particularly important.

Objective: To examine the relationship between serum 25-hydroxy vitamin D (25(0OH)D) level and
COVID-19 infection, its severity, and its clinical case characteristics.

Methods: This case-control study compared serum 25(0OH)D levels and rates of vitamin D defi-
ciency (VDD) between 80 healthy controls and 62 patients diagnosed with COVID-19 and admitted
to Guangxi People’s Hospital, China, 2/16/2020-3/16/2020. Cases were categorized into asymptom-
atic, mild/moderate, and severe/critical disease. Logistic regression analysis was conducted to
examine the associations between 25(OH)D level, or VDD, and case status/severity of COVID-19
while controlling for demographics and comorbidities. A threshold level of vitamin D for convey-
ing COVID-19 risk was estimated.

Results: Severe/critical COVID-19 cases were significantly older and had higher percentages of
comorbidity (renal failure) compared to mild cases. The serum 25(0OH)D concentration in COVID-19
patient was much lower than that in healthy control. And 25(0OH)D level was the lowest in severe/
critical cases, compared with mild cases. In further, significantly higher rates of VDD were found in
COVID-19 cases (41.9%) compared to healthy controls (11.1%). And VDD was the greatest in
severe/critical cases (80%), compared with mild cases (36%). These statistically significant associa-
tions remained even after controlling for demographics and comorbidities. A potential threshold
of 25(0OH)D (41.19 nmol/L) to protect against COVID-19 was identified.

Conclusion: Elderly and people with comorbidities were susceptible to severe COVID-19 infection.
VDD was a risk factor for COVID-19, especially for severe/critical cases. While further confirmation
is needed, vitamin D supplementation may have prevention or treatment potential for COVID-
19 disease.

KEYWORDS
COVID-19; vitamin D
deficiency; severity;
risk factor

Abbreviations: COVID-19: Coronavirus Disease 2019; VDD: vitamin D deficient; OR: odds ratio;
95% Cl: 95% confidence interval

Introduction

The outbreak of Corona Virus Disease 2019 (COVID-19) is
ongoing globally and poses a major public health challenge
(1). As of September 5, 2020 there are 26,383,872 confirmed
cases and 870,126 deaths worldwide (2). Severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) causes
illness ranging from common cold to pneumonia (3). It has

been reported that about 19% of patients with COVID-19
have severe symptoms and require hospitalization (3). Of
those hospitalized, 3.37%-17% of patients develop acute
respiratory distress syndrome and 5.0%-26.1% patients are
admitted to intensive care units (4, 5). It has been reported
that one in ten hospitalized patients progress rapidly and
develop fatal multiple organ failure (4). In the early stages of
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the outbreak, the mortality rate in adults with cases of
COVID-19 severe enough to require hospitalization has
been reported to be as high as 28% (6). Limited case reports
have reported that elderly, males, and people with comor-
bidities and excessive immune activation may be particularly
susceptible to severe COVID-19 disease or progression to
death (3, 6). No broadly effective treatment is cur-
rently available.

Vitamin D is a key hormone involved in the regulation
of immune response, and prevention of inflammation and
autoimmunity (7). Vitamin D deficiency (VDD) was defined
as serum 25-hydroxyvitamin D (25(OH)D) concentration
lower than 50 nmol/L (8). Numerous studies demonstrated
that low 25(OH)D level was associated with the severity of
infectious respiratory diseases, such as pharyngotonsillitis
(9), bronchiolitis (10), pneumonia, and influenza (11).
Vitamin D supplementation has been found to reduce illness
severity in patients with respiratory infection in clinical trials
(12). Clinical trials in adults with chronic obstructive pul-
monary disease (COPD) also reveal that vitamin D supple-
mentation could promote lung function recovery (13). In
addition, vitamin D has been reported to be associated with
risk factors of COVID-19, such as age and male (14), and
vitamin D supplementation has shown therapeutic potential
for risky comorbidities, such as obesity (15) and cardiovas-
cular diseases (16). Therefore, vitamin D may modify or
reduce the risk and susceptibility of COVID-19.

Several studies had reported the possible association
between 25(OH)D level and COVID-19 (17, 18). While sci-
entists are still seeking effective medication to treat COVID-
19 cases, supplemental vitamin D may have potential to pre-
vent healthy people from virus infection or reduce disease
severity. No studies to date have evaluated vitamin D’s
potential effect on COVID-19 in Chinese population. To fill
these knowledge gaps, we examined the association between
25(OH)D levels and COVID-19 disease, its severity, and its
clinical characteristics in Chinese population.

Methods
Study design and study population

In this case-control study, the cases included all patients
with COVID-19 disease, from February 16th, 2020 to March
16th, 2020, treated at the Yongwu Hospital of The People’s
Hospital of Guangxi Zhuang Autonomous Region, Nanning,
China, the largest designated hospital to provide care to
patients with COVID-19 in Guangxi Province. Generally,
the patients came from all regions of Guangxi, and repre-
sented most of the confirmed cases in the region who were
transferred to a hospital for treatment. The cases of
COVID-19 were diagnosed according to the guidelines of
the National Health Commission of China (19) and were
confirmed by positive SARS-CoV-2 RNA with throat swab
samples (Sansure Biotechnology, Changsha, Hunan, China).
Controls were recruited from The Physical Examination
Center of our Institution with no medical disorder (hyper-
tention, diabetes, renal disease, and pneumonia) , and were
frequency matched by sex and age as the cases. The ethics

committee of The People’s Hospital of Guangxi Zhuang
Autonomous Region approved this study (No. KY-LW-
2020-002). Informed consent was obtained from all
participants.

Data collection

Demographic (sex and age) and clinical variables were
extracted from medical records. Clinical variables include
clinical symptoms (fever, cough, chest tightness, chest pain,
and diarrhea) and comorbidities (hypertension, diabetes,
COPD, asthma, liver injury, and renal failure). COPD and
asthma were self-reported. Diabetes was considered as pre-
sent whenever the use of antidiabetic drug treatment was
reported. The patient who had a fasting blood sugar of
greater than or equal to 126 mg/dl, or a 2hour blood sugar
of greater than or equal to 200mg/dl, or an Alc greater
than or equal to 6.5%, were diagnosed with diabetes.
Hypertension was defined as mean systolic BP (SBP)
>140 mmHg or mean diastolic BP (DBP) >90 mmHg, or
the presence of antihypertensive medication. Liver injury
was defined as increase of alanine aminotransferase or con-
jugated bilirubin by more than 2-fold, or increased aspartate
aminotransferase, alkaline phosphatase as well as total biliru-
bin by at least 2-fold. Renal function was estimated based
on glomerular filtration rate (GFR) using the CKD-EPI
equation (20). Renal failure was defined as GRF <90 mL/
min * 1.73 m’.

Serum samples were collected for each patient at admis-
sion and stored at —80°C before measuring the concentra-
tion of 25-hydroxyvitamin D (25(OH)D) wusing an
electrochemiluminescent immunoassay (ECLIA) with a
Roche Elecsys 10100/201 system.

Disease severity and vitamin D deficiency classification

Severe COVID-19 case was defined according to the
guidelines of the National Health Commission of China.
Severe cases met at least one of the following criteria: 1)
breathing rate >30/min; 2) pulse oximeter oxygen satur-
ation (SpO,) <93% when breathing ambient air; 3) ratio
of partial oxygen pressure (PaO,) to the fraction of
inspired oxygen (FiO,) <300mmHg (1mmHg =
0.133kpa); and 4) lung imaging showing significant pro-
gression of >50% within 24 to 48hours. Critical cases
were defined as having at least one of the following: 1)
respiratory failure (PaO, <60mmHg when breathing
ambient air); 2) hemodynamic shock (persisting hypoten-
sion requiring vasopressors to maintain MAP >65mmHg
and serum lactate level >2mmol/L despite volume resusci-
tation; and 3) organ failure or admittance to intensive
care unit (ICU). According to the Endocrine Society clin-
ical practice guideline, vitamin D deficiency (VDD) was
defined as a 25(OH)D < 50 nmol/L, vitamin D insufficiency
as 50nmol/L <25(0OH)D < 75 nmol/L and vitamin D suffi-
ciency as 25(OH)D > 75nmol/L (8).
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Table 1. Demographic characteristics and 25(0OH)D levels of the participants in Guangxi, China from February 16th, 2020 to March 16th, 2020.

Healthy controls (n =80)

All cases (n=62)

Mild/moderate (n = 50) Severe/critical (n=10)

Gender

Female 48 (60) 39 (63) 31 (62) 6 (60)
Male 32 (40) 23 (37) 19 (38) 4 (40)
Age, y

Median [IQR] 42 [31-52] 43 [32-59] 39 [30-49] 65 [54-69]°
Range 4-78 0.1-85 0.1-68 45-85
Area

Urban 80 (100) 44 (71) 36 (72) 7 (70)
Rural 0 18 (29) 14 (28) 3 (30)
25(0OH)D (nmol/L) 71.8 [57.6-83.7] 55.6 [41.9-66.1]° 56.6 [44.6-66.4] 38.2 [33.2-50.5]°
Vitamin D status

Deficiency® 15 (19) 26 (42) 18 (36) 8 (80)
Non-deficiency 65 (81) 36 (58) 32 (64) 2 (20)
OR (95CI) 3.13 (1.47-6.66)° 7.11 (1.36-37.16)°

Data are present as n(%) or Median[IQR], unless indicated. IQR = interquartile range. OR = odds ratio. 95 Cl = 95 confidence interval.

aMild/moderate cases vs Severe/critical cases, P < 0.05.
PAll cases vs Healthy controls, P < 0.05.
“Vitamin D deficiency is defined as 25(0H)D < 50 nmol/L.

Table 2. Clinical characteristics of COVID-19 patients stratified by dis-
ease severity.

Mild/moderate (n=150) Severe/critical (n=10) P value
Onset Symptoms
Fever 32 (64) 8 (80) 0.540
Cough 24 (48) 7 (70) 0.355
Chest tightness 4 (8) 0 .
Chest pain 2 (4) 0 .
Diarrhea 2(4) 1(10) 0.427°
Comorbidities
Diabetes 3 (6) 2 (20) 0.190°
Hypertension 4 (8) 2 (20) 0.564
Liver injury 0 1 (10) .
COPD 1(2) 0
Asthma 0 0 .
Renal failure® 8 (16) 8 (80) <0.001

Data are present as n(%). COPD = chronic obstructive pulmonary disease.
Fisher's exact test.
PRenal failure is defined as GRF <90 mL/min * 1.73 m?.

Confounding variables and statistical analysis

Potential confounding variables include age, sex, and comor-
bidities which are suspected risk factors of COVID-19 or
thought to be associated with both COVID-19 infection and
VDD according to previous limited studies. Continuous varia-
bles without normal distribution were analyzed using the
Mann-Whitney U test. Continuous variables following normal
distribution are presented as mean + standard deviation (SD)
and were analyzed using Students t-test. Categorical variables
are presented as number and percentage and were analyzed
using the chi-square test or Fishers exact test (when expected
counts <1). Multivariate analysis was conducted using an
unconditional logistic regression model, with all measured
risk factors included as independent variables, and the
dependent variable as either severe/critical disease or all
COVID-19 cases vs controls. Statistical analyses were per-
formed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA).

Results
Demographic characteristics of all participants

We identified 62 patients with laboratory-confirmed
COVID-19 (median age of 43years; 39 (63%) females; and

44 (71%) from urban areas) and enrolled 80 healthy individ-
uals as controls (age and sex were frequency matched with
cases). No patient died during hospitalization. As described
in Table 1, severe/critical cases were significantly older than
mild/moderate cases (median: 65 vs 39 years; P < 0.001).

Clinical features of COVID-19 patients stratified by
illness severity

As presented in Table 2, the frequencies of certain symp-
toms, including fever (eight [80%]), cough (seven [70%]),
and diarrhea (one [10%]), were higher in severe/critical
COVID-19 cases than in mild/moderate cases (32 [64%], 24
[48%] and two [4%] respectively), but differences were not
statistically significant. We also found higher rates of under-
lying conditions, including diabetes (two [20%]), hyperten-
sion (two [20%]), and renal failure (eight [80%]), in the
severe/critical cases compared to mild/moderate cases (three
[6%], four [8%], and eight [16%] respectively), yet only renal
failure showed statistical significance.

The association between vitamin D and COVID-
19/severity

As is shown in Table 1, the serum 25(OH)D levels in
COVID-19 patients (55.6nmol/L) were statistically lower
than in healthy controls (71.8nmol/L). Additionally, we
found that 26 [41.9%] COVID-19 patients had VDD, while
only 15 [18.8%] healthy individuals had VDD (OR, 3.13;
95% CI, 1.47-6.66)

The relationship between vitamin D and COVID-19
severity is described in Table 1. Serum 25(OH)D levels in
severe/critical COVID-19 cases (38.2nmol/L) were signifi-
cantly lower than that in mild/moderate cases (56.6 nmol/L).
Moreover, eight [80%] severe/critical cases had VDD, while
only 18 [36.0%] mild/moderate diseases had VDD (OR,
7.11; 95% CI, 1.63-37.16).

Results of multivariate regression analysis (Table 3),
including all potential risk factors as independent variables
(including VDD, age, sex, renal failure, diabetes, and hyper-
tension), indicate a statistically significant association
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Table 3. Multivariate logistic regression analysis of all potential risk factors as
predictors of severe/critical COVID-19.

B SE Wald ¢ OR (95CI) P value
VDD 2720 1.282 4499 15.18 (1.23-187.45) 0.034
Age® 0.897 0.552 2.642 2.45 (0.83-7.23) 0.104
Gender (female) 1437 1392 0.302 4.21 (0.28-64.35) 0.429
Renal Failure 2.649 1473 3.233 14.14 (0.79-253.9) 0.072
Hypertension —0.651 1.612 0.163 0.52 (0.02-12.29) 0.687
Diabetes —0.540 1.726 0.098 0.58 (0.02-18.17) 0.754

B =regression coefficient. SE=standard error. OR=odds ratio. 95CI = 95
confidence interval. VDD = vitamin D deficiency.
“Every ten years per level (level 1-9).

between VDD and severe/critical disease (OR, 15.18; 95%
CI, 1.23-187.45). The very large confidence interval indicates
a small sample size being used. A separate linear regression
analysis (data not shown) also showed an inverse association
between serum 25(OH)D level as a continuous variable and
severe/critical ~disease (OR per nmol/L, 091; 95%
CI, 0.84-0.99).

Vitamin D status in different severity groups of
coviD-19

To assess the association consistency, we also investigated
the vitamin D status in relation to different severity groups
and adverse events of COVID-19. As shown in Table 4, two
(100%)asymptomatic cases were vitamin D sufficient, and
eight (80%) severe cases were VDD (Mantel-Haenszel P
value = 0.004). Additionally, all patients experiencing shock
(ten [100%]) and requiring mechanical ventilation (ten
[100%]) had VDD, while only 22 [37.9%] and 21 [36.8%]
patients without shock or without mechanical ventilation
were VDD (Table 4, P=0.025 and 0.012, respetively). Similar
trends of VDD (three [75%] and four [80%]) were found
among patients with FiO, <300 mmHg and lung infiltra-
tion >50%.

Predicting illness severity of COVID-19 with
25(0H)D level

A receiver operator characteristic curve was estimated to
investigate the 25(OH)D level threshold for predicting illness
severity of COVID-19 (mild/moderate vs severe/critical). As
shown in Figure 1, the area under the curve is 0.778 (95%
CI, 0.620-0.936; P=0.006), and the cutoff point of
25(OH)D level is 41.19 nmol/L (sensitivity = 0.865; specifi-
city = 0.7).

Discussion
Demographic factors or clinical symptoms of COVID-19

Consistent with previous studies, our study found that
severe COVID-19 infection was significantly associated with
older age. We also found significantly higher rate of comor-
bidity renal failure in the severe/critical COVID-19 cases
compared to mild/moderate cases. A previous case-series
study conducted by Guan and colleagues in China found
that severe cases are older than non-severe cases (median;

52 vs 45years old), and had a higher prevalence of symp-
toms, such as fever (82 [48%] vs 391 [43%]), cough (122
[70.5%] vs 623 [67.3%]), and diarrhea (ten [5.8%] vs 32
[3.5%]) and comorbidities, such as diabetes (28 [16.2%] vs
53 [5.7%]), hypertension (41 [23.7%] vs 124 [13.4%]), and
chronic renal disease (three [1.7%] vs five [0.5%]) (21).

In the present study, the percentages of female in
COVID-19 cases and severe cases were 39 [62.9%], and six
[60%], respectively. However, in Guan’s study, the percent-
age of females in COVID-19 cases and severe diseases was
459 [41.9%] and 73 [42.2%] (21). A retrospective case-series
study of 1591 COVID-19 cases referred for ICU admission
in Italy also demonstrated that the majority of cases were
male (1304 [82%]), but they did not report the distribution
of sex in all COVID-19 patients in the study (22). As sex in
the control group was frequency matched with the case
group, we were not be able to examine sex difference in
this study.

Vitamin D deficiency and COVID-19 infection/severity

We found significantly higher rates of VDD among
COVID-19 cases compared to healthy controls, as age and
sex were matched between the two groups, the possible
effect of these cofounding factors were excluded. The result
is consistent with previous studies in respiratory diseases
research. In Canada, McNally and colleagues conducted a
case-control study including 46 pneumonia cases and 76
controls and found a higher rates of VDD in patients with
pneumonia compared to a healthy population (14 [30%] vs
12 [16%]) (23). Another case control study conducted by
Mamani and colleagues in Iran indicated that the percentage
of VDD in community-acquired pneumonia (CAP) cases
was 2.77 times higher than in healthy controls (24). These
results suggest a possible association between VDD and
respiratory tract infections.

Our study also showed a significantly greater rate of
VDD in severe/critical COVID-19 cases than in mild/mod-
erate cases. This finding was confirmed after adjusting for
confounders, and was very consistent across all clinical indi-
cators and by checking each critical COVID-19 adverse
event. Numerous studies have demonstrated the association
between vitamin D and the severity of respiratory tract
infections (10, 24, 25), such as CAP and bronchiolitis.
Mamani and colleagues found that the risk of severe CAP
among patients with VDD was 3.15 (95% CI, 1.20-8.26)
times higher than among those without VDD (24). A pro-
spective study in CAP patients also indicated that patients
with severe CAP had lower vitamin D concentrations than
non-severe CAP (25). A large prospective cohort study of
1016 infants with bronchiolitis suggested that patients with
VDD had higher risk of requiring intensive care (OR, 1.72;
95% CI, 1.12-2.64), and longer lengths of stay at hospital
(OR, 1.39; 95% CI, 1.17-1.65) (10). To date, there are sev-
eral studies which had investigated the association between
vitamin D and COVID-19.Panagiotou et al. conducted a
retrospect study including 134 patients, suggested that
patients admitted to intense therapy unit (ITU) had greater



JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION e 5

Table 4. Distribution of vitamin D level among different severity status.

Sufficient (n=10) Insufficient (n = 26) Deficient (n = 26) P value
Clinical classification of severity
Asymptomatic 2 (100) 0 0 0.004*
Mild/moderate 7 (14) 25 (50) 18 (36)
Severe/critical 1 (10) 1 (10) 8 (80)
Adverse events
Shock
Yes 0 0 4 (100) 0.025
No 10 (17) 26 (45) 22 (38) .
Mechanical ventilation
Yes 0 0 5 (100) 0.012
No 10 (17) 26 (46) 21 (37)
Fi0,<300 mmHg
Yes 1(12.5) 1(12.5) 3 (75) 0.575
No 9 (16) 25 (44) 23 (40) .
Lung infiltration >50
Yes 0 (0) 1 (20) 4 (80) 0.099
No 10 (17) 25 (44) 22 (39)

Data are presented as n(%).
FiO,=Fraction of inspired oxygen.

The proportion was compared by using Mantel-Haenszel chi square test among different illness severity.

100

80 Cut-off = 41.19 nmol/L
N sensitivity = 0.865
Z 60+ specificity = 0.7
=
2w
@

2 AUC, 0.778; 95%CI, 0.620-0.936; P = 0.006

0 ~po0cx T T T T 1
0 20 40 60 80 100

100% - Specificity%
Figure 1. ROC of predicting illness severity of COVID-19 with 25(0H)D level.

prevalence of VDD than non-ITU patients (81% vs 60.9%,
P=0.02) (26), and Munshi et al. conducted a meta analysis
including 1368 patients found that Patients with poor prog-
nosis (N'=634) had significantly lower serum levels of vita-
min D compared to those with good prognosis (N =669)
(18). A Israeli population-based study including 782
COVID-19 positive and 7025 COVID-19 negative, and
found that low 25(OH)D level (<75nmol/L) was associated
with the incidence and severity of COVID-19 (27).
Furthermore, the ecological studies from Europe also
reported the correlations between vitamin D status and
COVID-19 (28, 29). These findings, along with our current
results, suggest that VDD may be a common risk factor for
illness severity of COVID-19 infection (17). The patients
with lower serum vitamin D levels were susceptible to
COVID-19 infection and progressed to severity (26).
However, the results from these reports are still controver-
tial. A study from UK showed no such associations between
vitamin D level and COVID-19 (30). Therefore, further
investigation is still needed in future study.

Potential biological mechanisms

Although the exact biological mechanism is unknown, sev-
eral studies had proposed that an excessive autoimmune

response, or dysregulation of one’s immune response, may
contribute to COVID-19, these study also suggested that the
host’s innate immune response is a key determinant of
COVID-19 severity (3, 31, 32). A study from Wuhan has
revealed that the patients admitted to ICU had significantly
higher neutrophils and lower lymphocytes than the patients
not admitted to ICU (31), and the number of immune cells
were closely associated with case severity and mortality (31).
Another observational study from Wuhan has suggested that
the patients in ICU had a robust increase of pro-inflamma-
tory cytokines, including tumor necrosis factor-o, monocyte
chemoattractant protein-1 and CXC motif chemokine

10 (33).
Vitamin D in the tissue might play a critical role in to
regulate immunopathological inflammatory responses.

Studies had found that vitamin D receptors exert an anti-
inflammatory effect via downregulation of NF-xB-dependent
(34). There is also evidence that vitamin D metabolites in
immune cells could induce endogenous antimicrobial pepti-
des and autophage, then support innate antiviral effector
mechanisms in response to various infectious diseases (35).
Therefore, vitamin D supplementation might be helpful in
the treatment of severe COVID-19 by balancing the immune
system and its response to infection. However, further stud-
ies that compare the immune status in subjects with VDD
vs without VDD are needed to verify such a poten-
tial pathway.

Vitamin D levels among different groups and a
potential effect threshold

We found that COVID-19 patients had lower levels of
25(OH)D, compared with healthy, non-infected individuals
(median, 55.6 vs 71.8nmol/L). In further, severe/critical
COVID-19 patients have lower 25(OH)D concentrations
than mild/moderate COVID = 19 (Median, 38.2 vs
56.6nmol/L). Similarly, the rate of VDD was higher in
COVID-19 patients compared with healthy, non-infected
individuals, and VDD was the highest in severe/critical
cases. These findings suggest that identifying an appropriate
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level or threshold of vitamin D supplementation for prevent-
ing COVID-19 infection may be feasible and useful.
Furthermore, evaluating serum 25(OH)D level at the early
stage of disease may provide an index for predicting disease
progression, or an indicator for possible vitamin D treat-
ment in advance to reduce COVID-19 severity.

We have identified a potential protective threshold for
COVID-19 illness progression. In particular, this study
found that COVID-19 patients with a serum 25(OH)D con-
centration below 41.19 nmol/L tends to be more susceptible
to become COVID-19 infection and also tends to have more
severe or critical illness. Therefore, daily vitamin D supple-
mentation may be administrated as add-on therapy for such
patients. A randomized, placebo-controlled trial including
163 healthy white women with VDD (with mean 25(OH)D
level of 39 nmol/L, which is close to our identified thresh-
hold) has demonstrated that the effective dose of vitamin D3
supplementation to achieve a 25(OH)D level >50 nmol/L is
8001U/d (36). Whether this recommended dose of vitamin
D; is effective for COVID-19 cases is unclear. Further stud-
ies are needed to evaluate the effect of vitamin D supple-
ments on COVID-19.

Strengths and limitations

To our knowledge, the present study is one of the few stud-
ies using a healthy, non-infected control group to compare
25(OH)D levels among healthy people, cases with mild/
moderate symptoms, and cases with severe/critical symp-
toms in order to address two important questions: 1) how
do 25(OH)D levels differ between healthy people vs
COVID-19 cases? and 2) how do clinical symptoms and
VDD differ between mild/moderate cases vs severe/critical
cases? Previous research has mostly used case-report and
case-series designs, without use of a healthy control group
as a reference.

Still, our findings must be interpreted with caution due
to the following potential limitations. The first obvious
weakness is our small sample size of the cases. The esti-
mated statistical power of this study is 0.764, slightly lower
than the standard for most epidemiologic studies of 0.80.
Due to this limitation, we may not have had adequate power
to detect the difference in some clinical symptoms and indi-
cators between the mild and severe cases. Despite this lack
of power, however, we still did detect strong and consistent
relationships between low 25(OH)D and COVID-19 infec-
tion/severity, which may be a strong indication of the
importance of VDD in the development of COVID-19 infec-
tion. Second, the categorization of vitamin D was defined
according to Endocrine Society Clinical Practice Guideline
in the present study, however, it is likely represent a null
bias due to the small size, and the protective effect of serum
25(OH)D > 75nmol/l is quite possibly greater than observed
here which could have been better demonstrated if a wider
range of serum 25(OH)D was present in the controls. Third,
selection bias is a common concern in observational studies.
Both the cases and controls came from the same source
population in Guangxi Zhuang Autonomous Region in

Nanning, China. As the majority of participants (44 [71%])
came from urban areas, our findings may not be generaliz-
able to populations in rural areas, or other regions of China.
Forth, the controls were not tested for COVID-19.
Therefore, there is the possibility of residual COVID-19
infection in the control group. The net effect of this would
be a null bias that would tend to minimize any differences
between the cases and controls. Lastly, serum 25(OH)D lev-
els among the cases was determined only during hospital
admission, after the onset of COVID-19 symptoms.
However, prior research shows that blood vitamin D level is
stable, and not affected by acute respiratory infection (37),
so the 25(OH)D level at admission most probably reflects
the level before infection.

The current study provides preliminary evidence to dem-
onstrate an association between VDD and COVID-19 dis-
ease incidence and severity. Our analyses also show
consistent findings of the protective effects of vitamin D
against severe/critical symptoms and severe adverse events
among the COVID-19 patients. In addition to social distanc-
ing, optimal vitamin D supplementation may provide a
potential supplemental strategy for preventing COVID-19 or
reducing its severity. Further studies with larger sample size
and better representativeness are needed to validate the
beneficial therapeutic effects of vitamin D on COVID-
19 infection.
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