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Dexamethasone treatment may mitigate adverse effects of
vitamin D deficiency in hospitalized Covid-19 patients
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Email: dinos.missouris@nhs.net cohort not treated with dexamethasone (n = 107) was divided into vitamin D deficient

(25-OH-D < 30 nmol/L) (n=47) and replete subgroups (25-OH-D > 30 nmol/L) (n = 60).
The second cohort treated with dexamethasone (n = 85) was similarly divided into defi-
cient (25-OH-D < 30nmol/L) (n=27) and replete subgroups (25-OH-D > 30 nmol/L)
(n = 58). Primary outcome was in-hospital mortality and secondary outcomes were ele-
vation in markers of cytokine storm and ventilatory requirement.

Results: No mortality difference was identified between cohorts and subgroups. The
“no dexamethasone” cohort 25-OH-D deplete subgroup recorded significantly
higher peak p-Dimer levels (1874 vs. 1233 ugFEU/L) (p = 0.0309), CRP (177 vs.
107.5) (p=0.0055), and ventilatory support requirement (25.5% vs. 6.67%)
(p =0.007) compared to the replete subgroup. Among the 25-OH-D deplete sub-
group higher peak neutrophil counts, peak CRP, peak LDH, peak ferritin, and lower
trough lymphocyte counts were observed, without statistical significance. In the
“dexamethasone” cohort, there was no apparent association between 25-OH-D
deficiency and markers of cytokine storm or ventilatory requirement.

Conclusion: Vitamin D deficiency is associated with elevated markers of cytokine
storm and higher ventilatory requirements in hospitalized Covid-19 patients. Dex-

amethasone treatment appears to mitigate adverse effects of vitamin D deficiency.
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1 | INTRODUCTION

The emergence of coronavirus disease (Covid-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has fueled
global efforts to identify risk factors for adverse outcomes, of which
vitamin D is one potential marker subject to scientific interest.

Vitamin D is a secosteroid with important immunomodulatory, anti-
inflammatory, antifibrotic, and antioxidant actions. There is growing evi-
dence of a relationship between vitamin D insufficiency and worse out-
comes in Covid-19." Indeed, Covid-19 hospitalization and mortality rates
appear to be higher at northern latitudes compared with equatorial re-
gions and the disease disproportionately affects people from ethnic
minorities. These factors may suggest correlation between sun exposure,
vitamin D levels, and Covid-19 outcomes.”®

We previously assessed the potential relationship between vi-
tamin D deficiency and Covid-19 disease severity in hospitalized
adults and demonstrated that patients with lower serum concentra-
tions of vitamin D during active Covid-19 were more likely to develop
features of cytokine storm and require ventilatory support.”

The RECOVERY trial” demonstrated a reduction in all-cause re-
duction in mortality amongst Covid-19 patients after 28 days treated
with dexamethasone. In light of these data, we aimed to identify the
impact of dexamethasone therapy on the association between vita-
min D deficiency and Covid-19 severity, as defined by markers of

cytokine storm and ventilatory requirement in hospitalized patients.

2 | METHODS

2.1 | Population

Patients treated for active Covid-19 at our institution were recruited
during two separate time periods. Active Covid-19 infection was
defined as those with positive real-time reverse-transcriptase poly-
merase chain reaction (RT-PCR) assay for SARS-CoV-2 on naso-
pharyngeal swab or those being treated for Covid-19 on clinical and
radiological evidence.® During the first recruitment period between
March 2020-April 2020, no patients received dexamethasone for
Covid-19. In the second recruitment period between October 2020-
December 2020, standard treatment for Covid-19 in patients with an
oxygen requirement was 6 mg dexamethasone daily for 7-10 days.
Patients were grouped into those who received dexamethasone and
those who did not. Each group was subsequently divided into sub-
groups for vitamin D-deficient (25-OH-D < 30 nmol/L) and -replete
(25-OH-D > 30 nmol/L), as per national guidelines and local labora-
tory standards.” Patients found vitamin D-deficient were supple-

mented in accordance with national guidelines.

2.2 | Data collection

Patient demographics and comorbidities were extracted from patient
records. Vitamin D (25-OH-D) levels were measured for all patients

during admission. Biochemical/hematological markers of cytokine
storm measured throughout the admission were recorded, including
peak values for neutrophils, C reactive protein (CRP), lactate dehy-
drogenase (LDH), ferritin, troponin T, p-dimer, and trough values for
lymphocyte count. The primary outcome was in-hospital mortality
whilst secondary outcomes included ventilatory support (defined as
continuous positive airway pressure, non-invasive ventilation, or
mechanical invasive ventilation) and laboratory markers of cytokine
storm.

2.3 | Statistical analysis

All statistical analyses were performed on GraphPad Prism version 8.
Continuous variables were assessed for normality using Shapiro-Wilk
and Kolmogorov-Smirnov tests and tested for significance with ei-
ther an unpaired t test if parametric or a Mann-Whitney U test if
non-parametric. If possible, outcome sets were normalized by loga-
rithmic transformation and tested for significance using a parametric
method. A p<0.05 (two-tailed test) was considered statistically

significant.

2.4 | Ethics

This study was approved by our institution's audit department with
reference FH119 using clinically collected, non-identifiable data
which does not fall under the remit of the NHS Research Ethics
Committee. All data were collected locally and handled in accordance
with local data protection policies. Serum 25-OH-D levels were
tested alongside routine serum laboratory investigations without the
need for any extra phlebotomy. Patients received care as per stan-
dard practices for the management of Covid-19 throughout the study
period.

3 | RESULTS

During both recruitment periods, a total of 192 Covid-19 patients
were recruited to the study; 85 patients (44%) received dex-
amethasone and 107 patients (56%) did not (Figure 1). In the “dex-
amethasone” group”, 27 patients had 25-OH-D levels <30 nmol/L,
with 58 patients having levels >30nmol/L. In the “no dex-
amethasone” group, 47 patients were found to have a 25-OH-D level
<30 nmol/L, while 60 had levels >30 nmol/L.

Overall, the mean age of the entire study population was 77.7
years +12.2. Demographics (age, gender, frailty, and body mass index)
and comorbidities between the “dexamethasone” and “no dex-
amethasone groups” and between the subgroups divided by 25-OH-
D levels were comparable (Table 1). Among the entire cohort, only 7
patients required treatment in the intensive care unit (ICU).

There was no significant difference in mortality rate between all

groups or subgroups. In the “no dexamethasone” group, low
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Patients treated for
active Covid-19 (n=192)

!

Dexamethasone group
(n=85)

|
l |

|

No dexamethasone
group (n=107)

|
l l

25-OH-D levels 25-OH-D levels
< 30 nmol/L (n=27) > 30 nmol/L (n=58)

25-OH-D levels 25-OH-D levels
< 30 nmol/L (n=47) > 30 nmol/L (n=60)

FIGURE 1 Flow chart depicting allocation of patients to groups based on dexamethasone therapy and subgroups based on inpatient 25-OH-D level

TABLE 1 Population characteristics of dexamethasone treatment subgroups further subdivided by 25-OH-D status. In addition, the relative

prevalence of common co-morbidities is noted

No Dexamethasone

25-OH-D Level <30 nmol/L >30 nmol/L
Number 47 60

Age Mean (SD) 79.3 (+/- 9.3) 82.7 (+/- 8.4)
Gender (M:F) 30:17 33:27
Rockwood Frailty Score Median (IQR) 6 (6-7) 6 (4-6)

Body Mass Index Median (IQR) 25 (23-32) 24 (21-28)

Number (%)

Hypertension 21 (44.68) 29 (48.33)
Diabetes 21 (44.68) 16 (26.67)
Ischaemic Heart Disease 9 (19.15) 17 (28.33)
Chronic Respiratory Disease 8 (17.02) 17 (28.33)
Heart Failure 7 (14.89) 13 (21.67)
Stroke 9 (19.15) 7 (11.67)
Dementia 8 (17.02) 8 (13.33)
Chronic Kidney Disease 13 (27.66) 16 (26.67)
Atrial Fibrillation 7 (14.89) 13(21.67)
Malignancy 4 (8.51) 6 (10.00)
Endocrine Disease 2 (4.26) 2 (3.33)

Note: In addition, the relative prevalence of common comorbidities is noted.
Abbreviation: IQR, interquartile range.

25-OH-D levels were associated with statistically significant higher
peak CRP (177 vs. 107.5mg/L, p=0.006) and p-dimer (1874 vs.
1233 ugFEU/L, p =0.03) values (Table 2). The low 25-OH-D sub-
group produced higher peak neutrophil counts, peak LDH, peak
ferritin, and lower trough lymphocyte counts without reaching sta-
tistical significance. Amongst patients with lower 25-OH-D levels,
there was a greater incidence in ventilatory requirement (25.5% vs.
6.67%, p=0.007). However, in the “dexamethasone” group, there

was no apparent association between 25-OH-D deficiency and

p value Dexamethasone Treated p value
<30 nmol/L >30 nmol/L
27 58

70.1 (+/- 16.6) 74.9 (+/- 13.0)

12:15 33:25
0.1118 3(1-5) 4 (3-5) 0.2019
0.0583 28 (24-33) 28 (25-31) 0.7436
p value Number (%) p value
0.7085 15 (55.56) 25 (43.10) 0.2868
0.053 12 (44.44) 20 (34.48) 0.3804
0.2741 5(18.52) 12 (20.69) 0.8169
0.172 9 (33.33) 20 (34.48) 0.9176
0.3742 3(11.11) 7 (12.07) 0.8988
0.2839 5(18.52) 3(5.17) 0.0511
0.597 4 (14.81) 4 (6.90) 0.2477
0.9094 7 (25.93) 11 (18.97) 0.4673
0.3742 6 (22.22) 16 (27.59) 0.6009
0.7937 1(3.70) 6 (10.34) 0.3026
0.8022 4 (14.81) 6 (10.34) 0.5538

markers of cytokine storm, including neutrophils, CRP, LDH, ferritin,
troponin T, p-dimer, and lymphocytes; or ventilatory requirement.

A similar pattern of results was obtained from a post-hoc analysis
using a 25-OH-D cut-off value of 50nmol/L. The non-
dexamethasone-treated group showed statistically higher CRP
(p=0.0396) and ventilation requirement (p=0.023) for the low
25-OH-D subgroup. Notably, in this group, mean p-dimer was still
higher in the low 25-OH-D cohort, but did not achieve statistical

significance. There were no statistically significant differences
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TABLE 2 Biochemical markers of cytokine storm and clinical markers of severity in the dexamethasone and 25-OH-D subgroups

25-OH-D Level

Number

Peak Neutrophil count
[x107/L]

Trough Lymphocyte
count [x10%/L]

Peak CRP [mg/L]
Peak LDH [IU/L]
Peak Ferritin [ug/L]
Peak Troponin [ng/L]

Peak D-Dimer
[ugFEU/L]

Ventilation

Mortality

Abbreviations: CRP, C reactive protein; IQR, interquartile range; LDH, lactate

No Dexamethsone
<30 nmol/L

47

Median Value (IQR)
8.13 (4.22-10.31)

0.95 (0.74-1.27)

177 (108-260)
264 (217-351)
507 (283-1166)
37 (26-93)

1874 (1195-2654)

Number (%)
12 (25.5)
7 (14.8)

>30 nmol/L
60

6.85 (4.96-10.34)

0.97 (0.63-1.40)

107.50 (66.25-175.50)
232 (176-309)

461 (259-889)

46 ( 28-89)

1233 (768-2246)

4 (6.67)
10 (16.6)

p value Dexamethasone Treated p value
<30 nmol/L >30 nmol/L
27 58
p value Median Value (IQR) p value
0.6855 8.86 (6.16-11.39) 12.35(8.88-16.30)  0.4441
0.9368 0.55 (0.45-0.69) 0.50 (0.35-0.71) 0.0809
0.0055 105.5 (72.5) 137 (86.5-193) 0.1571
0.0691 415 (225-572) 372 (284-511) 0.1588
0.3625 890 (532-1118) 962 (486-2159) 0.4354
0.8437 31 (15-42) 25 (11-51) 0.8436
0.0309 1951 (1171-5564) 2018 (699-3568) 0.1232
Number (%)
0.007 11 (40.74) 15 (25.92) 0.1701
0.8 7 (25.92) 17 (29.31) 0.7472
dehydrogenase.

between the 25-OH-D deficient and replete subgroups in those

treated with dexamethasone.

4 | DISCUSSION

We have previously demonstrated that, in the absence of dex-
amethasone therapy, patients with vitamin D deficiency recorded
increased markers of cytokine storm release (namely CRP and
p-dimer) which are associated with severe Covid-19. Furthermore,
low vitamin D levels were associated with worsened patient out-
comes defined by ventilatory requirement.”

Our current data suggest that, in the presence of dex-
amethasone, the impact of vitamin D deficiency on cytokine storm
markers and ventilatory requirement is reduced. Both legs of our
study were performed in the same center and given similarities in
demographics and comorbidities between patient populations trea-
ted with and without dexamethasone, it is likely that dexamethasone
independently mitigates the effects of vitamin D deficiency on cy-
tokine storm and ventilatory requirements.

Vitamin D is a secosteroid synthesized in the skin, liver, and kidneys,
and its active hormone, 1,25(0OH),D3, controls phosphate and calcium
homeostasis under physiological conditions. As well as being essential for
musculoskeletal health, vitamin D plays an important role in interacting
with the innate and adaptive immune system. This study adds to the
growing body of evidence that vitamin D deficiency is associated with
worsened outcomes in Covid-19. As yet, the underlying pathophysiolo-

gical mechanism have not been fully elucidated. It has been postulated

that vitamin D switches the adaptive immune reaction phenotype®’ and
downregulates differentiation into proinflammatory Th17 cells,**** which
may reduce the cytokine storm in Covid-19. Vitamin D also exerts a
protective effect on alveolar cells by preserving endothelial integrity and
reducing vascular permeability.*?

Combined evidence suggests that dexamethasone should be
considered standard of care for critically ill patients with Covid-19
pneumonitis requiring supplemental oxygen therapy or ventilatory
support. Dexamethasone is presently the only corticosteroid to show
a statistically significant reduction in all-cause mortality at 28 days.*®
The mortality benefit was specifically recognized in patients with
supplemental oxygen or mechanical ventilatory requirements.

Dexamethasone is a corticosteroid used in a range of conditions
for its anti-inflammatory and immunosuppressive properties with
immediate and longer-term effects. Initial actions of corticosteroids
result from: binding to the membrane-associated glucocorticoid re-
ceptors (GR) on target cells (such as T-lymphocytes) which impairs
the cell-mediated immune response and, secondly, from alterations in
trans-membranous calcium and sodium flux, which provides an acute
anti-inflammatory effect.’* Sustained effects arise from intracellular
GR binding, which results in stimulation of key anti-inflammatory
cytokines and suppression of the proinflammatory cascade. Thereby,
corticosteroids modulate important components of the inflammatory
and immune response seen in cytokine storm. This may explain why
dexamethasone treatment seemingly negates the effects of vitamin
D deficiency in hospitalized patients with Covid-19.

It has also been established that the diverse physiological actions

of 1,25(0OH),D3 are initiated through morphisms in gene expression
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which are mediated by an intracellular vitamin D receptor (VDR).*
The VDR regulates a variety of metabolic pathways including those
involved in the immune response.’® Both vitamin D and dex-
amethasone share many VDR pathways.!” On the basis of these
shared VDR attributes, it is reasonable to assume that interplay be-
tween both vitamin D and dexamethasone could influence Covid-19
severity through related pathophysiological mechanisms.*®

There are a growing number of observational studies worldwide
connecting the risk of contracting Covid-19 and severity of illness with
vitamin D status. A meta-analysis of 27 studies found that vitamin D
insufficiency among patients with Covid-19 was significantly associated
with higher risks of severe infection, hospitalization, and mortality.’” At
the time of writing, there are several ongoing clinical trials aiming to
identify a possible benefit of vitamin D supplementation on hospitalized
patient outcomes in Covid-19. However, the use of dexamethasone is
likely to mitigate the identification of any signals due to vitamin D on
inpatient outcomes such as respiratory failure.

5 | LIMITATIONS

As a single-center study at a district general hospital in Southern
England, we cannot generalize our results. Population demographics
and socioeconomic status may not be representative of populations
in other areas. Our results may not be as relevant in populations at
different latitudes or populations with different ethnicities.

As a study with a limited sample size, the power of our results is
reduced. Even though statistical significance was achieved for certain
variables, the lack of significance in others does not necessarily mean
that there was no association; instead, it may be attributed to the
small sample size. Since multiple comparisons were performed in this
study, the likelihood of observing a significant difference due to
chance is increased. In addition, outcomes may have also been in-
fluenced by the changing local and national protocols on manage-
ment of Covid-19.%°

We acknowledge that data collection through medical notes
requires individual interpretation of those records which despite best
efforts, may not demonstrate the full clinical picture. Data collection
was performed by more than one individual to reduce such inter-
pretation bias.

We understand that sun exposure may affect the levels of vita-
min D and unfortunately, it was a factor we could not accurately

21

quantify or account for.”~ Our study recruited patients over a

5-month period during which exposure to sunlight greatly varied.

6 | CONCLUSION

Our study demonstrates that dexamethasone therapy may lessen ad-
verse effects of vitamin D deficiency in terms of cytokine release and
ventilation requirement in hospitalized patients with Covid-19. How-
ever, it is undisputed that vitamin D is a safe and cost-effective in-
tervention with multiple health benefits and efforts to achieve

MEDICAL VIROLOGY

reference nutrient intakes should be encouraged. Further research
might focus on the impact of Vitamin D supplementation in the

community and the prevention of hospitalization of Covid-19 patients.
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