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Vitamin D Supplementation During COVID-19
Infection Is Associated With an Unfavorable Impact
of Increased Total Number of Organ Systems Involved
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ABSTRACT

Introduction: COVID-19 is a systemic disease that affects multiple organ systems. We investi-
gated the association between vitamin D supplementation and the number of organ systems

involved in hospitalized patients with COVID-19.

Methods: This retrospective study included 808 consecutive patients with COVID-19 treated at
a tertiary care hospital in the metropolitan New York City area between March 2020 and May
2020. The outcome variable was the total number of involved organ systems, defined as a score
reflecting involvement of the respiratory, neurologic, renal, cardiovascular, hepatic, endocrine,

musculoskeletal, and hematologic organ systems.

Results: Overall, 249 patients (30.8%) received vitamin D supplementation. The number of organ
systems involved was significantly greater among patients who received vitamin D supplementa-
tion (mean [SD], 4.7 [1.82]) than among those who did not (mean [SD], 3.5 [1.93]; P<.001). Vitamin
D supplementation was significantly associated with an increased number of organ systems

involved (B,0.30; SE, 0.11; P=.01).

Conclusions: Vitamin D supplementation was associated with a greater number of involved
organ systems among hospitalized patients with COVID-19. Prospective studies, including ran-

domized clinical trials, are needed to confirm this association.
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INTRODUCTION
COVID-19 is a systemic disease that
affects multiple organ systems, most com-
monly the respiratory system, but also
the endocrine, musculoskeletal, hemato-
logic,! neurologic, renal, cardiovascular,
and hepatic systems.2 COVID-19 symp-
toms range from asymptomatic to severe
illness.34 Increased disease severity and
mortality are associated with age older
than 70 years, male sex, and the Black
and Hispanic race/ethnicities.>¢ Increased
disease severity is also associated with
comorbidities, including obesity, diabetes,
hypertension, lipid disorders, cardiovas-
cular disease, chronic lung disease, and
immunodeficiencies.”:8

Vitamin D supplementation has been
investigated in patients with COVID-19
across several organ systems. Findings for
the respiratory system are mixed. Some studies report that vita-
min D supplementation is associated with respiratory improve-
ment, including a decreased need for noninvasive and invasive
mechanical ventilation, increased oxygen saturation, decreased
respiratory rate, an increased ratio of arterial oxygen partial pres-
sure to fractional inspired oxygen (PaO,/FiO,),? decreased breath-
ing difficulty, decreased chest congestion, decreased cough,!® and
a lower Pneumonia Severity Index score.!! However, others report
no association between vitamin D supplementation and duration
of respiratory support.12

Findings for the hematologic system are also mixed. Some
studies report that vitamin D supplementation is associated with
increased anti-inflammatory cytokines,!3 increased T-helper lym-
phocytes,4 decreased fibrinogen,!> and decreased occurrence of

sepsis,® suggesting hematologic improvement. However, another
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study found no association between vitamin D supplementation
and sepsis. 16

For the renal system, vitamin D supplementation is associ-
ated with a lower risk of COVID-19 infection, severe COVID-19
infection, and mortality among patients with advanced chronic
kidney disease,!7 as well as decreased blood urea nitrogen levels.
For the hepatic system, vitamin D supplementation is associated
with lower alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) levels? and decreased alkaline phosphatase
(ALP).1 For the musculoskeletal system, vitamin D supplemen-
tation is associated with lower creatine kinase levels, suggesting
improved muscle function.20

The vitamin D endocrine system creates an active form of
vitamin D, which acts on multiple systems, including the endo-
crine,2122 neurologic,2324 and cardiovascular systems.2s Because
vitamin D deficiency is associated with increased COVID-19 dis-
ease severity,2¢ several review articles have suggested that vitamin
D supplementation may improve COVID-19-related health con-
cerns involving the endocrine,?” neurologic,?8 and cardiovascular?
systems. However, studies examining vitamin D supplementation
in patients with COVID-19, regardless of baseline vitamin D sta-
tus, and its association with endocrine, neurologic, and cardiovas-
cular system involvement have not been reported. Furthermore,
we are unaware of any studies evaluating the association between
vitamin D supplementation and multisystem organ involvement
in hospitalized patients with COVID-19. Therefore, we examined
the association between vitamin D supplementation and the num-
ber of organ systems, including the respiratory, neurologic, renal,
cardiovascular, hepatic, endocrine, musculoskeletal, and hemato-

logic systems.

METHODS

Setting

This retrospective study included 808 consecutive patients with
COVID-19 treated at a public tertiary care hospital in the met-
ropolitan New York City area. All patients were admitted from
March through May 2020. Ethical approval was obtained from
the hospital institutional review board. A waiver for informed con-

sent was granted because of the retrospective study design.

Variables
Demographic variables included age (years), sex (male/female), and
race/ethnicity (White, African American, Hispanic, East Asian,
Southeast Asian [eg, India, Pakistan], and Other). Comorbidities
included obesity (body mass index >30kg/m2) and the Charlson
Comorbidity Index (CCI), which is based on the presence of mul-
tiple comorbidities.30

Disease severity variables included the quick Sequential (Sepsis-
Related) Organ Failure Assessment (qQSOFA) score3! (range, 0-3;
1 point each for respiratory rate >22 breaths/min, systolic blood

pressure <100 mmHg, and Glasgow Coma Scale <1532), intensive
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Table 1. Sample Characteristics of Vitamin D Supplementation and Patients With
COVID-19 (N=808)

Variables No Vitamin D Vitamin D P value
Mean [SD] or Mean [SD] or
Frequency (%) Frequency (%)
(n=559) (n=249)

Demographics
Age (years), mean 59.3 [1713] 61.1[15.06] 16
Female sex 250 (44.7) 77 (30.9) <.001
Race/ethnicity .01

White 130 (23.3) 74 (29.7)

African American 137 (24.5) 55 (22.)

Hispanic 259 (46.3) 95 (38.2)

East Asian 18 (3.2) 8(3.2)

Southeast Asian 9 (1.6) 7(2.8)

Other 6 (11) 10 (4.0)
Comorbidities
Obesity 215 (38.5) 86 (34.5) .29
CCl, mean 2.7[2.46] 31[2.46] .02
Disease severity
gSOFA, mean 1.5[0.63] 1.5[0.61] 78
Intensive care unit admission 222 (39.7) 164 (65.9) <.001
Invasive mechanical ventilation 23 (49) 21(8.4) .01

admission
Oxygen requirement hospitalization <.001

None 117 (20.9) 20 (8.0)

Low FiO7 (<55%) 217 (38.8) 72 (28.9)

High FiO7 (>55%) 135 (24.2) 59 (23.7)

Invasive mechanical ventilation 90 (16.1) 98 (39.4)
Treatment management
Vasopressor 56 (10.0) 68 (27.3) <.001
All other treatments 521(93.2) 244 (98.0) .01
Organ system involvement
No. of organ systems involved, mean 3.5 [1.93] 4.71.82] <.001

Abbreviations: CCI, Charlson Comorbidity Index; qSOFA, quick Sequential/
Sepsis-related Organ Failure Assessment.

Note: Fisher exact test comparisons performed for race/ethnicity due to ex-
pected cell size less than 5.

care unit (ICU) admission at any point during hospitalization,
invasive mechanical ventilation at admission, and oxygen require-
ments during hospitalization (none, low FiO2 [£55%], high FiO2
[>55%], and invasive mechanical ventilation).

Treatment management variables included the use of vasopres-
sors (phenylephrine, dobutamine, norepinephrine, epinephrine, or
dopamine) and other treatments (defined as receipt of 1 or more
of the following: therapeutic anticoagulation, glucocorticoids, or
antibiotics at admission; remdesivir; interleukin-6 inhibitors; and
convalescent plasma).

We investigated the involvement of 8 organ systems: respiratory,
cardiovascular, endocrine, hematologic, hepatic, musculoskeletal,
neurologic, and renal. Respiratory involvement was defined as a

new requirement for supplemental oxygen or nadir oxygen satura-
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tion <95%. Cardiovascular involvement was defined as a new ele-
vation in troponin I (>0.04 ng/mL), new supraventricular tachy-
cardia, new or worsening atrial fibrillation, new atrioventricular
block, new ventricular tachycardia, new-onset or acute-on-chronic
heart failure, or new use of inotropes or vasopressors. Endocrine
involvement was defined as a new or increased baseline insulin
requirement or blood glucose level <60 mg/dL or >140mg/dL.
Hematologic involvement was defined as an absolute neutrophil
count <1.8 x 109/L or >7 x 109/L, hemoglobin <9.2 g/dL, platelet
count <110x109/L, or a white blood cell count (WBC) <4 x 109/L
or >11x 109/L. Hepatic involvement was defined as a total serum
bilirubin level >1.1 mg/dL or an ALT level greater than 1.5 times
the upper limit of normal limit (> 60IU/L). Musculoskeletal
involvement was defined as a creatine kinase (CK) level >1000
U/L. Neurologic involvement was defined as a change in baseline
mental status, a new decrease in Glasgow Coma Scale score,32 or
new-onset cerebrovascular accident, transient ischemic attack, or
seizure. Renal involvement was defined as a 1.5-fold increase in
serum creatinine from baseline according to Acute Kidney Injury
Network criteria33 or an absolute increase in serum creatinine
>0.3 mg/dL.

Organ system involvement was summarized as a score rang-
ing from 0 (no organ systems involved) to 8 (all 8 organ systems

involved).

Statistical Analysis

Continuous variables were summarized using means and standard
deviations. Categorical variables were summarized using frequen-
cies and percentages. Analysis of variance was used to compare
patients who did and did not receive vitamin D supplementation
with respect to potential continuous covariates. The chi-square
test or Fisher exact test was used to compare vitamin D supple-
mentation status with potential categorical covariates.

Any variable that was statistically significant in the univariable
analyses was included in the multivariable linear regression analy-
sis for the outcome variable of number of organ systems involved.

Four additional sensitivity analyses were conducted. The first
added qSOFA as a continuous predictor to the multivariable
model. The second added qSOFA as a categorical predictor (not
high risk, scores of 0-1; high risk, scores of 2-3). This cut-off was
based on previous literature indicating that QSOFA scores of 2 and
3 are associated with a high risk of organ dysfunction.34 The third
analysis consisted of a stratified analysis of patients with non-high-
risk gSOFA scores. The fourth consisted of a stratified analysis of
patients with high-risk qSOFA scores.

Forest plots are presented for the multivariable regression
analyses shown in the Tables. All P values were 2-sided, and
statistical significance was set at P<.05. IBM SPSS Statistics,
Version 29 (IBM Corporation) was used for the statistical analy-
ses. Stata/SE Version 17 (StataCorp LLC) was used to generate
the forest plots.
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Table 2. Multivariate Linear Regression Analysis for Number of Organ Systems
Involved
Variables Vitamin D 95% Cl P value
B (SE)
Vitamin D supplementation 0.30 (0.11) 0.10 to 0.52 .01
Female sex -0.29 (0.10) -0.48t0-010 .003
Race/ethnicity
White ref ref
African American 0.04 (0.13) -0.22t0 0.30 a7
Hispanic -0.32(0.12) -0.56 to 0.08 .01
East Asian -0.34 (0.28) -0.881t00.20 .22
Southeast Asian 0.11(0.34) -0.54 to 0.81 .76
Other -0.43 (0.34) -113t0 0.23 .21
ccl 012 (0.02) 0.08t0 016  <.001
Intensive care unit admission 0.56 (0.24) 0.07 to 1.02 .02
Invasive mechanical ventilation 0.03 (0.03) -0.03 to 0.10 .08
admission
Oxygen requirement hospitalization
None ref ref
Low FiO7 (<55%) 0.71(0.14) 0.40t00.96 <.001
High FiO7 (>55%) 1.48 (0.27) 0.88t01.97 <.001
Invasive mechanical ventilation 2.28 (0.30) 1.69t02.89 <.001
Vasopressor 1.09 (0.18) 075t01.45 <.001
All other treatments 0.30 (0.22) -014 t0 0.72 a7
Constant 1.80 (0.24) 1.33t02.27 <.001
Abbreviations: B, unstandardized beta; SE, standard error; CCI, Charlson
Comorbidity Index; ref, reference.
Note: adjusted R square=0.56.

RESULTS

The sample included 249 patients (30.8%) who received vitamin
D supplementation and 559 (69.2%) who did not. Table 1 com-
pares patients who did and did not receive vitamin D supplemen-
tation. Patients who received vitamin D supplementation had a
lower percentage of females and Hispanic individuals than those
who did not receive vitamin D supplementation. Patients who
received vitamin D supplementation had a higher mean CCI than
those who did not receive vitamin D supplementation. They also
had a higher frequency of ICU admission, invasive mechanical
ventilation at admission, and invasive mechanical ventilation dur-
ing hospitalization. In addition, patients who received vitamin D
supplementation had a higher frequency of vasopressor use and
receipt of other treatments than those who did not receive vitamin
D supplementation.

Table 2 shows the multivariable linear regression analysis for
the number of organ systems involved. Vitamin D supplemen-
tation was significantly associated with an increased number of
organ systems involved. Female sex and Hispanic race/ethnicity
were significantly associated with a decreased number of organ
systems involved. Higher CCI, ICU admission, and all levels of
oxygen support during hospitalization were significantly associated
with an increased number of organ systems involved. Vasopressor

use was also significantly associated with an increased number of
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organ systems involved. The Figure shows
Figure. Forest Plot for Predictor Variables in the Multivariate Linear Regression Analysis for Number of Organ .
Systems Involved the corresponding forest plot.
Sensitivity analyses were conducted
Variabl Beta (95% CI Pval . . . .
s eta ) e with qSOFA included as a predictor vari-
Vitamin D L 0.30(010t0 0.52) 01 able (data not shown). In the analysis that
Female L -0.29(04810-010) 003 included qSOFA as a continuous variable,
African American —.— 0.04 (-0.22 to 0.30, 77 . . .
( ) vitamin D supplementation (B, 0.33; SE,
Hispanic E & -0.32 (-0.56 t0-0.08) .01 0.11: 95% CL 0.12-0.53, P-.002) and
11, , 0.12-0.53, P=. an
East Asian —,— 034(0.8810020) .22 ? .
Southeast Asian —a— 01105410 0.8) 76 qSOFA (B, 0.29; SE, 0.08; 95% CI; 0.14-
Other S — 1043 (11310 0.23) Py 0.45, P<.001) were each significantly
cal [ 012(0.0810016)  <.001 associated with an increased number of
Intensive care unit —— 056(0.07t01.02) .02 organ systems involved. In the analysis that
Invasive mechanical ventilation admission — 0.41(-0.03 to 0.10) .08 included qSOFA as a Categorical variable,
Low Fi02 & 071(0.4010 0.96)  <.001 vitamin D supplementation (B, 0.32, SE,
High Fi02 = 148(0.88101.97)  <.001 0.11; 95% CI, 0.11-0.53; P=.003) and a
Invasive mechanical ventilation —— 228(169t02.89)  <.001 high-risk gSOFA score (B, 0.33; SE, 0.10;
V . 1. .7 1.4 .001
asopressor 09(075t0145)  <.00 95% CI, 0.14-0.52; P<.001) were each
All other treatments —— 0.30 (-014 to 0.72) 17 o i ) .
significantly associated with an increased
‘ ‘ . . . number of organ systems involved.
1 0 1 2 3 Supplemental Table 1 shows compari-
sons between patients who did and did not
Abbreviation: CCI, Charlson Comorbidity Index. . . . A
receive vitamin D supplementation among

Table 3. Multivariable Linear Regression Analysis for Number of Organ Systems
Involved From the Subset of Patients With Non-High-Risk Quick Sequential/
Sepsis-Related Organ Failure Assessment Scores

Variables Vitamin D 95% Cl P value
B (SE)

Vitamin D supplementation 0.32 (0.14) 0.04 to 0.60 .03
Age (years) 0.02 (0.01) 0.004t00.03 .01
Female sex -0.44 (0.12) -0.68t0-0.20 .003
Race/ethnicity

White ref ref

African American 015 (0.18) -0.20 to 0.49 4

Hispanic -0.24 (0.16) -0.54 to 0.07 13

East Asian -0.06 (0.52) -1.08 to 0.96 91

Southeast Asian 0.27 (0.52) -0.75t0 1.29 .61

Other -0.51(0.73) -1.95 to 0.92 48
cCl 0.01(0.04) -0.07t0 0.08 .82
Intensive care unit 0.74 (0.34) 0.07 to 1.02 0.03
Oxygen requirement hospitalization

None ref ref

Low FiO7 (<55%) 0.56 (0.16) 0.25t00.88  <.001

High FiO2 (>55%) 1.08 (0.37) 0.37t01.80  .003

Invasive mechanical ventilation 2.22 (0.40) 144t03.00 <.001
Vasopressor 1.01(0.25) 0.52t0149 <.001
All other treatments 0.51(0.25) 0.02 to 1.00 .04
Constant 0.99 (0.37) 0.26 to 1.72 .01

Abbreviations: B, unstandardized beta; SE, standard error; CCI, Charlson
Comorbidity Index; ref, reference.

Note: adjusted R square=0.60.

those with non-high-risk qSOFA scores.
The pattern of significant findings was similar to that of the overall
sample, except that age was significantly different, with a higher
mean age among patients who received vitamin D supplementa-
tion, and invasive mechanical ventilation at admission no longer
differed significantly between groups. Supplemental Table 2 shows
comparisons between patients who did and did not receive vitamin
D supplementation among those with high-risk gQSOFA scores. The
pattern of significant findings was similar to that of the overall sam-
ple, except that race/ethnicity, CCI, and receipt of other treatments
did not differ significantly between groups.

Additional sensitivity analyses were conducted separately
among patients with non-high-risk and high-risk gSOFA scores.
Table 3 shows the multivariable linear regression analysis for the
number of organ systems involved among patients with non-high-
risk qSOFA scores. Vitamin D supplementation was significantly
associated with an increased number of organ systems involved.
Table 4 shows the multivariable linear regression analysis among
patients with high-risk qSOFA scores. Vitamin D supplementa-
tion was again significantly associated with an increased number
of organ systems involved. Supplemental Figures 1 and 2 show the
corresponding forest plots.

DISCUSSION

In this study, vitamin D supplementation was significantly asso-
ciated with a greater number of organ systems involved. Female
sex and Hispanic race/ethnicity were significantly associated with
a lower number of organ systems involved. CCI, ICU admis-
sion, oxygen requirements (low FiO2 <55%, high FiO2 >55%,

478 WMJ - 2026



invasive mechanical ventilation), and vasopressor use were sig-
nificantly associated with a greater number of organ systems
involved.

Previous studies have reported either no association!2 or a favor-
able association between vitamin D supplementation and reduced
COVID-19 disease severity when examining individual organ sys-
tems.?1113.35 Our findings differ from this pattern. The COVID-
19 virus enters the body by binding to the angiotensin-converting
enzyme 2 (ACE2) receptor, which is expressed on endothelial
and epithelial cells throughout the body.3637 The ACE2 receptor
is involved in the breakdown of angiotensin 11.3839 Angiotensin
IT helps maintain blood pressure through vasoconstriction and
may contribute to fibrosis, inflammation, and cellular hypertro-
phy.39-42 Elevated angiotensin II levels are associated with more
severe COVID-19 symptoms.4344 Binding of the virus to ACE2
results in decreased ACE2 expression and a subsequent increase
in angiotensin II levels.45-47 Vitamin D upregulates ACE2 recep-
tor expression, resulting in increased breakdown of angiotensin
[1.48:49 Because SARS-CoV-2 binds to ACE2 receptors, it is pos-
sible that increased ACE2 expression associated with vitamin D
supplementation could facilitate viral spread to additional organs
and contribute to more extensive disease involvement.5* A greater
number of involved organ systems has been associated with worse
prognosis in patients with COVID-19.51 Thus, this hypothesis
may help explain our finding that vitamin D supplementation was
associated with a greater number of organ systems involved.

Female sex was associated with a lower number of organ sys-
tems involved compared with male sex. Previous research shows
that COVID-19 severity and mortality are increased in males
compared with females.5253 Our findings regarding the number of
organ systems involved are consistent with this pattern and may
reflect lower disease severity among females.

Hispanic patients had a lower number of involved organ sys-
tems than White patients. Individuals older than 65 years are at
increased risk for severe COVID-19 infection.5 In our sample,
Hispanic patients had a mean age of 54.2 (SD, 14.47) years com-
pared with 65.6 (SD, 18.07) years among White patients. Because
Hispanic patients in our sample were substantially younger, age
may partially explain their lower number of involved organ sys-
tems.

Higher CCI, ICU admission, oxygen requirements, and vaso-
pressor use were each associated with a greater number of involved
organ systems. These measures are markers of greater COVID-19
severity.85557 Accordingly, the observed association with a higher
number of organ systems involved is consistent with this pat-
tern. These findings may also reflect confounding by indication,
whereby patients with more severe illness experience greater mul-

tisystem involvement.

Strengths, Limitations, and Future Research
This study has several strengths. To our knowledge, it is the first
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Table 4. Multivariable Linear Regression Analysis for Number of Organ Systems
Involved From the Subset of Patients With High-Risk Quick Sequential/Sepsis-
Related Organ Failure Assessment Scores

Variables Vitamin D 95% CI P value
B (SE)

Vitamin D supplementation 0.39 (0.16) 0.06 to 0.71 .02

Female sex 0.09 (0.15) -0.21t00.39  0.55

Intensive care unit 0.39 (0.35) 0.31t0 1.08 0.27

Invasive mechanical ventilation 0.54 (0.30) -0.04 to 112 0.07

admission

Oxygen requirement hospitalization
None ref ref

Low FiO7 (<55%) 0.63 (0.29) 0.06 to 119 .03

High FiO7 (>55%) 1.60 (0.43) 076 t0 2.44  <.001

Invasive mechanical ventilation 2.21(0.47) 1.28t0313  <.001
Vasopressor 110 (0.27) 0.57t0162 <.001
Constant 2.37(0.27) 1.85t02.90 <.001

Abbreviations: B, unstandardized beta; SE, standard error; CCI, Charlson
Comorbidity Index; ref, reference.

Note: adjusted R square=0.44.

study to report an association between vitamin D supplemen-
tation and a greater number of involved organ systems among
hospitalized patients with COVID-19. A second strength is the
use of the novel outcome measure of number of organ systems
involved.

The study also has several limitations. First, the dose of vita-
min D dose supplementation was not recorded. Second, we did
not determine whether vitamin D supplementation was initiated
during hospitalization or represented continuation of prehospital
supplementation. However, the primary research question was
whether vitamin D supplementation during hospitalization was
associated with improvement, no change, or worsening of physi-
ologic manifestations of COVID-19 during acute illness. Third,
baseline vitamin D levels were unavailable; therefore, vitamin D
deficiency status could not be determined. Fourth, as an obser-
vational study, the findings cannot establish causality. Future
randomized clinical trials are needed to evaluate causal relation-
ships. Fifth, because the study was conducted at a single tertiary
care hospital, generalizability may be limited. Sixth, although the
outcome measure is novel, it is not a standardized clinical end-
point such as mortality. Finally, although sensitivity analyses were
conducted to address potential unmeasured confounders of dis-
ease severity, other unmeasured confounders may exist that could

introduce potential bias.

CONCLUSIONS

Vitamin D supplementation was associated with a greater num-
ber of organ systems involved among hospitalized patients with
COVID-19. Prospective studies, including randomized clinical
trials, are needed to determine whether this association is causal

and to confirm these findings.
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