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ABSTRACT:

—  Objective: Vitamin D (Vit. D) deficiency has been demonstrated to be a risk factor in the develop-
ment of respiratory tract infection and inflammatory processes. However, the effect of Vit. D status
on the outcome of coronavirus disease 2019 (COVID-19) infection remains uncertain. In this retro-
spective study, we aimed to determine the role of serum Vit. D level in the outcome of COVID-19
patients in terms of severity and mortality.

— Patients and Methods: We included in the study 452 adult patients (i.e., >18 years old) diag-
nosed with COVID-19 between March 2020 and December 2021 (before the availability of the
COVID-19 vaccine). We reviewed patient charts to collect demographic, clinical, and laboratory
data. We categorized serum Vit. D concentrations as follows: deficient (<20 ng/mL), insufficient
(20-30 ng/mL), and sufficient (>30 ng/mL). We assessed disease severity in terms of hospitaliza-
tion (requiring oxygen), intensive care unit (ICU) admission (requiring high-flow oxygen or ventila-
tion), and mortality.
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— Results: Serum Vit. D levels were available for 27.4% of the 452 studied adult COVID-19 patients (mean
age=56.2+17.0 years; 57% male). However, we found no statistically significant differences in the rates
of hospitalization requiring supplemental oxygen, ICU admission requiring high-flow oxygen or venti-
lation, mortality, or hypoxia based on vit. D status (p=0.658). COVID-19 severity was strongly linked to
age, with higher average ages seen in hospitalized patients requiring oxygen, those admitted to the
ICU, and those who died (p<0.001, p=0.013, and p<0.001, respectively); inflammatory markers were
also significantly higher in these groups (p<0.001). Higher blood pressure was associated with hos-
pitalization (p=0.017), ICU admission (p=0.003), and mortality (p<0.001). Dyslipidemia and pulmo-
nary fibrosis were also linked to higher mortality. Although Hispanic patients accounted for 37.4% of the
study population, they had a lower proportion of deaths compared to other ethnicities (7.4% vs. 42.7%;
0<0.001).

— Conclusions: The study included 452 adult patients diagnosed with COVID-19. We found no signif-
icant differences in hospitalization, ICU admission, mortality, or hypoxia based on Vit. D status. We
identified age, inflammatory markers, and blood pressure as factors associated with COVID-19 se-
verity and mortality. We suggest further research examining the impact of Vit. D levels, comorbidi-
ties, and ethnic disparities to help to understand the causes of COVID-19 severity and mortality.

—  Keywords: Ethnicity, Mortality, Morbidity, COVID-19, 25-hydroxy vitamin D.

INTRODUCTION

Since late 2019, the world has faced a significant pan-
demic of coronavirus infection originating in Wuhan,
Hubei Province, China. Coronavirus disease 2019
(COVID-19) is a novel and highly contagious viral in-
fection that has impacted healthcare systems globally.
COVID-19 is caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)!. SARS-CoV-2
can induce a pro-inflammatory state, which leads to a
cytokine storm, and has been associated with more se-
vere outcomes in COVID-19 patients®?.

Observational and supplementation trials have in-
dicated that higher levels of 25-hydroxy vitamin D
(25[OH]D) are associated with a reduced risk of vari-
ous infections, including dengue, herpesvirus, hepa-
titis B and C viruses, human immunodeficiency virus
(HIV), influenza, respiratory syncytial virus infections,
pneumonia, tuberculosis, and sepsis®. Vitamin D (Vit.
D) modulates immune function in several ways by inter-
acting with macrophages, B and T lymphocytes, neutro-
phils, and dendritic cells, thereby affecting the process-
es of physical barriers, natural immunity, and adaptive
immunity®®.

Vit. D is a hormone that is activated in the skin (vi-
tamin D2) and obtained through one’s diet (vitamin D3).
It undergoes hydroxylation in the liver and kidneys for
conversion into its active form, 1.25-dihydroxy vitamin
D (1.25[OH]2DY’. Vit. D acts as an immunomodulatory
hormone and regulates gene expression within immune
cells, potentially leading to both antiviral effects and
modulation of the inflammatory response®. Epidemio-
logical and clinical evidence suggests that Vit. D can
reduce lung injuries through various mechanisms (e.g.,
modulating the adaptive immune system and cell-me-
diated immunity), thereby inducing antimicrobial pep-
tides, reducing pro-inflammatory cytokine concentra-

tions, increasing anti-inflammatory cytokine levels, and
enhancing the expression of antioxidant-related genes>’.

Several epidemiological studies'®!! have reported an
increased risk of severe infection and mortality in patients
with low Vit. D levels. In a 15-year retrospective cohort
study involving patients aged 50-75 years in Germany, the
authors found that patients with Vit. D insufficiency or
deficiency had a higher risk of respiratory disease mortal-
ity'2. Evidence suggests that Vit. D, with its immune-mod-
ulatory effects, could be a crucial supportive agent for
the immune system, particularly in suppressing cytokine
storms, mitigating the risk of respiratory tract infection in
COVID-19, and reducing the incidence of acute respirato-
ry distress syndrome in SARS-CoV-2-infected patients”>.
SARS-CoV-2 can substantially down-regulate the ex-
pression of angiotensin-converting enzyme 2 (ACE2),
which is associated with the virus'!>. It also affects the
renin-angiotensin system pathway and promotes ACE2
expression. However, as high ACE2 expression can also
be a risk factor for disease severity'e, the extent to which
Vit. D helps the condition remains unclear. Although var-
ious observational studies”'® have demonstrated reduced
COVID-19 severity in patients without Vit. D deficiency,
conflicting evidence also exists.

The association between Vit. D status and COVID-19
incidence and severity remains uncertain across all pa-
tient populations. Therefore, the primary objective of
this retrospective observational study was to investi-
gate whether there is a correlation between serum Vit.
D levels and vulnerability to COVID-19, specifically in
terms of severity and mortality. We also aimed to as-
sess whether there was a relationship between Vit. D
levels and inflammatory markers, and the severity of
COVID-19 infection. Furthermore, we considered the
impact of factors such as ethnicity, obesity, and underly-
ing health conditions on the development of COVID-19
within the study population.
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PATIENTS AND METHODS

This retrospective study involved a chart review of adult
patients (>18 years) who were hospitalized at NYC Health
and Hospitals/Metropolitan Hospital (NY, USA) between
March 2020 and December 2021 (prior to the availabili-
ty of the COVID-19 vaccine). In the study, we included
patients who tested positive for SARS-CoV-2 through
real-time reverse transcriptase polymerase chain reac-
tion (RT-PCR) during their hospitalization, whereas we
excluded those with a negative RT-PCR result.

Baseline demographic and clinical data, including
age, gender, race, ethnicity, body mass index (BMI), and
comorbidities (e.g., dementia, psychosis, depression, anx-
iety, cerebrovascular accident, coronary artery disease,
hypertension, dyslipidemias, heart failure, chronic atrial
fibrillation, diabetes mellitus, obesity [BMI>30], chron-
ic kidney injury [GFR<60 mL/min], chronic obstructive
pulmonary disease, asthma, pulmonary fibrosis, malig-
nancy, immunosuppressive medication usage, arthritis,
and HIV), as well as Vit. D status, were extracted from
the patients’ health records. The hospitalization data
comprised the dates of hospital admission and discharge,
the dates of intensive care unit (ICU) admission and dis-
charge, inflammatory markers (procalcitonin, C-reactive
protein, lactate dehydrogenase, ferritin, d-dimer, creati-
nine phosphokinase, albumin), mortality, new organ fail-
ure during admission (e.g., acute kidney injury requiring
continuous renal replacement therapy or intermittent he-
modialysis), and pulmonary emboli. We considered Vit.
D values measured within two years to two weeks prior
to admission, and Vit. D supplementation status was nei-
ther available nor considered. We defined serum concen-
tration cut-off points for 25[OH]D following Giustina et
al”levels: deficient (<20 ng/mL), insufficient (20-30 ng/
mL), and sufficient (>30 ng/mL).

Statistical Analysis

We performed a statistical analysis using descriptive
statistics, including frequencies and percentages for
categorical variables, and means/standard deviations or
medians/interquartile ranges for continuous measures,
as appropriate. We assessed differences in demographic
characteristics, clinical measures, and COVID-19 out-
comes based on Vit. D status using one-way analysis of
variance (ANOVA) for normally distributed continuous
measures, the Kruskal-Wallis’ test for non-normally dis-
tributed continuous variables, and Pearson’s Chi-square
test or Fisher’s exact test (for expected cell counts <5) for
categorical variables. We categorized race/ethnicity as
non-Hispanic (Asian, Black/African American, White,
and Other) and Hispanic for analysis due to small cell
counts. We adjusted all reported p-values by using the
Benjamini-Hochberg procedure to control the false dis-
covery rate (adjusted p<0.05 for statistical significance).
We conducted the statistical analysis using R statistical
program, version 4.2.2 (The R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS
Patients Characteristics

A total of 452 patients who tested positive for SARS-
CoV-2 through RT-PCR were admitted to the hospital
during the study period. The average age at admission
was 56.2+17.0 years, and 57% of the admitted patients
were male. Regarding race and ethnicity, 4% of patients
were reported as Asian, 21% as African-American,
37% as Hispanic, and 32% as Other. Approximately
20% of the patients had a BMI of 18.5-24.9, whereas
over three-quarters had a BMI of 25 or higher. On the
first presentation day, the mean systolic and diastolic
blood pressures were recorded as 127.2+19.7 mmHg
and 75.7+13.0 mmHg, respectively (Supplementary
Table 1).

Association Between Demographic
Characteristics and Vitamin D Status

As depicted in Supplementary Table 2, among the 124
patients with available Vit. D data, 49% had Vit. D defi-
ciency (<20 ng/mL), 26% had Vit. D insufficiency (20—
30 ng/mL), and 25% had Vit. D sufficiency (>30 ng/mL).
Patients with Vit. D deficiency tended to be younger on
average (55.6£16.5 years vs. 63.1£15.5 years vs. 64.9+14.4
years; p=0.387) and had lower rates of hypertension
(55.7% vs. 56.2% vs. 83.9 %; p=0.334) and diabetes mel-
litus (34.4% vs. 31.2% vs. 61.3%; p=0.334), although
none of the differences in these categories reached sta-
tistical significance. The median levels of hemoglobin
A1C were 6.0% (interquartile range [IQR]: 5.6-7.1) for
the deficient group, 5.7% (IQR: 5.5-6.1) for the insuf-
ficient group, and 6.6% (IQR: 5.8-7.4) for the sufficient
group (p=0.334).

We did not observe any significant differences be-
tween Vit. D status and various investigated factors, in-
cluding hospitalization requiring supplemental oxygen
(p=0.658), ICU admission requiring high-flow oxygen
or ventilation (p=0.658), mortality (»p=0.658), or hypox-
ia (p=0.658), as shown in Supplementary Table 3.

Severity of COVID-19 Infection
Hospitalization

The average age of hospitalized patients requiring oxy-
gen was significantly higher compared to those who did
not require oxygen (59.9+15.8 years vs. 52.3+17.7 years;
p<0.001). A higher percentage of non-Hispanic patients
were hospitalized and required oxygen compared to
Hispanic patients (66% vs. 51%; p=0.008). We did not
observe any statistically significant differences based on
gender (p=0.778), BMI status (p=0.752), systolic blood
pressure at day one of presentation (p=0.801), diastolic
blood pressure at day one of presentation (p=0.778) or
mean arterial blood pressure at day one of presentation
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(p=0.932). Hospitalization requiring oxygen was signifi-
cantly associated with higher levels of procalcitonin (0.4
ng/mL vs. 0.1 ng/mL; p<0.001), C-reactive protein (23.3
mg/L vs. 12.2 mg/L; p<0.001), lactate dehydrogenase
(493.0 U/L vs. 303.0 U/L; p<0.001), ferritin (1,082.5 ng/
mL vs. 565.0 ng/mL; p<0.001), and D-dimer (904.0 ng/
dL vs. 260.0 ng/dL; p<0.001). Patients hospitalized and
requiring oxygen had higher rates of coronary artery
disease (13.8% vs. 6.5%; p=0.047), hypertension (58.1%
vs. 44.7%; p=0.019), and dyslipidemia (41.2% vs. 27.1%;
p=0.009) but lower rates of psychosis, depression, and
anxiety status (7.8% vs. 19.4%; p=0.001), as seen in
Supplementary Table 4.

ICU admission

We observed significant differences in ICU admission
rates for patients requiring high-flow oxygen or ven-
tilation across various factors. Age at admission dif-
fered significantly between groups (59.3£17.0 years vs.
54.4416.8 years; p=0.014), as did procalcitonin levels (0.6
ng/mL vs. 0.1 ng/mL; p<0.001), C-reactive protein levels
(29.8 mg/L vs. 12.4 mg/L; p<0.001), lactate dehydroge-
nase levels (5§93.0 U/L vs. 351.0 U/L; p<0.001), ferritin
levels (1,351.0 ng/mL vs. 595.0 ng/mL; p<0.001), and
D-dimer levels (2,371.0 ng/dL vs. 322.0 ng/dL; p<0.001).
Additionally, patients with hypertension were more like-
ly to be admitted to the ICU requiring high-flow oxy-
gen or ventilation compared to those without (61.8% vs.
45.5%; p=0.003), as seen in Supplementary Table 5.

Mortality

Mortality was associated with a higher average age at ad-
mission (68.6+15.4 years vs. 54.0+16.3 years; p<0.001).
Hispanic patients had a lower proportion of deaths com-
pared to other ethnicities (3% vs. 22%; p<0.001). Fur-
thermore, mortality cases showed a higher percentage
of comorbidities such as hypertension (75.0% vs. 47.8%;
p<0.001), dyslipidemia (5.0% vs. 31.9%; p=0.010),
and pulmonary fibrosis (7.4% vs. 1.3%; p=0.023). Ad-
ditionally, mortality was associated with higher median
levels at admission of procalcitonin (1.4 ng/mL vs. 0.2
ng/mL; p<0.001), C-reactive protein (27.5 mg/L vs. 17.3
mg/L; p=0.024), lactate dehydrogenase (747.5 U/L vs.
382.0 U/L; p<0.001), ferritin (1,844.5 ng/mL vs. 739.5
ng/mL; p<0.001), and D-dimer (3,637.0 ng/dL vs. 384.5
ng/dL; p<0.001), as seen in Supplementary Table 6.

DISCUSSION

In recent years, Vit. D deficiency and insufficiency have
emerged as global health concerns, and their impact on
respiratory viral infections has been extensively studied
in literature. In this retrospective study, we investigated
the association between Vit. D levels and the severity
and mortality of COVID-19 infection.

Researchers suggest that COVID-19 patients with Vit.
D deficiency may exhibit a higher inflammatory response
due to the antiviral effects of Vit. D against enveloped vi-
ruses®*?!. Studies?? have reported a higher rate of SARS-
CoV-2 positivity among individuals with Vit. D deficien-
cy. Additionally, Vit. D deficiency has been linked to a
three-fold higher risk of SARS-CoV-2 infection and a five-
fold higher likelihood of developing severe disease?. How-
ever, the impact of Vit. D deficiency on mortality rates in
COVID-19 patients remains inconclusive?*2¢,

Our findings did not indicate a significant correlation
between Vit. D levels and COVID-19 severity or mor-
tality. Older individuals generally experienced worse
outcomes.

There was a significant difference in age between in-
dividuals who survived COVID-19 infection and those
who did not, with the latter group having a significantly
higher mean age (68.6 years vs. 54.0 years). This result
suggests that advanced age may be a contributing fac-
tor to the increased mortality in this population. We did
observe higher levels of inflammatory markers in severe
cases, which were also associated with increased mor-
tality rates.

Among the 452 individuals included in the study,
the overall mortality rate was 15%, and those who
succumbed to the disease had a longer hospitalization
duration (10.9 days vs. 6.1 days; p<0.001). There were
significant differences in inflammatory markers be-
tween survivors and non-survivors (p<0.05). Patients
who expired exhibited significantly higher levels of
procalcitonin, lactate dehydrogenase, ferritin, D-dimer,
and albumin (p<0.05). Notably, although we observed
thrombocytopenia in 17.8% of cases, it was not found to
be associated with disease severity.

Comorbidities also play a crucial role in COVID-19
outcomes. Various factors, such as male sex, older age,
cardiovascular disease, hypertension, chronic lung dis-
ease, obesity, and chronic kidney disease, have been pro-
posed®?” as risk factors for worse COVID-19 outcomes.
Obesity has also been linked?** to higher COVID-19
mortality rates in multiple studies. Additionally, elder-
ly patients and those with pre-existing comorbidities
such as diabetes, hypertension, cardiovascular disease,
chronic respiratory disease, and cancer are more sus-
ceptible to severe COVID-19 infection®.

Our study revealed a higher prevalence of hyperten-
sion and dyslipidemia among hospitalized patients re-
quiring oxygen, whereas hypertension was more com-
mon among those admitted to the ICU. Hypertension,
dyslipidemia, and pulmonary fibrosis were associated
with higher mortality. We also found a significant as-
sociation between hypertension and both morbidity and
mortality in COVID-19 patients.

Ethnicity has consistently been associated with
COVID-19 outcomes, with several studies?®3°33 report-
ing higher mortality rates among African-American
individuals. However, other studies* have yielded con-
flicting results regarding this association. Our results
indicated a lower prevalence of COVID-19 severity and
mortality among Hispanic patients.
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Strengths and Limitations

Overall, our findings highlight the importance of age,
ethnicity, length of hospital stay, inflammatory markers,
and specific comorbidities in predicting mortality in the
studied population. The limitations of our study include
the unavailability of serum Vit. D levels for all cases and
the small sample size, which may have influenced the
results. Also, the lack of multivariant analysis may have
led to confounding results.

CONCLUSIONS

In this retrospective study, we analyzed the impact of
serum Vit. D levels on the disease severity and mor-
tality of COVID-19 patients. The study included 452
adult patients diagnosed with COVID-19. However, we
found no significant differences in hospitalization, ICU
admission, mortality, or hypoxia based on Vit. D sta-
tus. We identified age, inflammatory markers, and blood
pressure as factors associated with COVID-19 severity
and mortality. As this study was observational and had
certain limitations, we emphasize the need for addition-
al research to establish causation.

Suggested areas of investigation include prospective
studies with larger and more diverse cohorts, which
can establish a clearer association between Vit. D de-
ficiency/insufficiency and disease severity, mortality,
and other clinical parameters. Additionally, randomized
controlled trials can assess the efficacy of Vit. D sup-
plementation as an adjunctive treatment for COVID-19,
potentially improving patient outcomes. Long-term
follow-up studies are also necessary to evaluate the
post-COVID-19 outcomes of individuals with different
comorbidities and Vit. D statuses, including the devel-
opment of chronic conditions and subsequent mortality
rates. This knowledge can inform clinical management,
public health interventions, and the development of tar-
geted therapies to improve patient outcomes.
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