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Abstract

Objectives: The pattern of global COVID-19 has caused
many to propose a possible link between susceptibility,
severity and vitamin-D levels. Vitamin-D has known

immunemodulatory effects and deficiency has been linked
to increased severity of viral infections.
Methods: We evaluated patients admitted with confirmed
SARS-COV-2 to our hospital between March-June 2020.
Demographics and outcomes were assessed for those
admitted to the intensive care unit (ICU) with normal
(>50 nmol/L) and low (<50 nmol/L) vitamin-D.
Results: There were 646 SARS-COV-2 PCR positive hos-
pitalisations and 165 (25.5%) had plasma vitamin-D
levels. Fifty patients were admitted to ICU. There was no
difference in vitamin-D levels of those hospitalised
(34, IQR 18.5–66 nmol/L) and those admitted to the ICU
(31.5, IQR 21–42 nmol/L). Higher proportion of vitamin-D
deficiency (<50 nmol/L) noted in the ICU group (82.0 vs.
65.2%). Among the ICU patients, low vitamin D level
(<50 nmol/L) was associated with younger age (57 vs. 67
years, p=0.04) and lower cycle threshold (CT) real time
polymerase chain reaction values (RT-PCR) (26.96 vs.
33.6, p=0.02) analogous to higher viral loads. However,
there were no significant differences in ICU clinical out-
comes (invasive and non-invasive mechanical ventila-
tion, acute kidney injury andmechanical ventilation and
hospital days) between patients with low and normal
vitamin-D levels.
Conclusions: Despite the association of low vitamin-D
levels with low CT values, there is no difference in clinical
outcomes in this small cohort of critically ill COVID-19
patients. The complex relationship between vitamin-D
levels and COVID-19 infection needs further exploration
with large scale randomized controlled trials.
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Introduction

The ongoing COVID-19 (coronavirus disease-19) pandemic
remains at the forefront of global biomedical research ef-
forts. The causative enveloped RNA virus, SARS-CoV-2
(severe acute respiratory syndrome coronavirus-2) is highly
contagious through respiratory droplets, and so far, the
current pandemic is linked to worldwide mortality of more
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than a million. Unfortunately, there are limitations in the
understanding of the exact pathophysiological process
that leads to the development of critical illness andhypoxic
respiratory failure, which occurs in a minority of patients
with COVID-19 infection [1].

Although several targeted therapies are currently be-
ing evaluated, few have been found to be effective and
corticosteroids appear to improve survival in a select group
of patients requiring oxygen therapy [2]. Several risk fac-
tors, such as older age, ethnicity, raised body mass index
(BMI), the presence of diabetes mellitus, and cardiovas-
cular disease, are postulated to be associated with
increased risk of infection and subsequent progression to
critical illness [1, 3]. Moreover, nutritional imbalance,
including vitamin-D deficiency, has been proposed to in-
crease the rate and severity of the COVID-19 infection [4, 5].

Vitamin-D is a fat-soluble hormone, of which defi-
ciency has been linked to increased risk of COVID-19
infection and severity [6, 7]. An association between viral
infections and vitamin-D deficiency has been long recog-
nised, particularly in winter months where the vitamin-D
levels are in general at their lowest [8, 9]. During the first
wave of the pandemic in the UK, the National Institute for
Health and Care Excellence (NICE) published a rapid re-
view of the current literature relating to vitamin-D treat-
ment for COVID-19 and concluded that there was ‘no
evidence to support vitamin-D supplements to prevent or
treat COVID-19’ [10]. However, since then, there have been
several observational cohort studies suggesting an asso-
ciation between low vitamin-D levels and worse clinical
outcomes. To explore this further, we evaluated the
vitamin-D levels in a cohort of critically ill COVID-19 pa-
tients to review any associations between severity of illness
and outcomes.

Materials and methods

This is a cohort study of COVID-19 patients admitted to the University
Hospital Southampton and that subsequently required organ sup-
portive measures in the General Intensive Care Unit. All patients
included in the cohort had a positive test for SARS-CoV-2 following a
real time polymerase chain reaction (RT-PCR) test from nose and
throat swabs, or from tracheal secretions obtained after endotracheal
intubation. Samples were transported in VIROCULT virus transport
medium. Sampleswere extracted and purified usingmagnetic particle
extractionon the ThermoScientific KingFisher Flex. PCRamplification
was performed on the Applied Biosystems (ABI) 7,500 by using the
Viasure SAR-CoV-2 RT-PCR kit, targeting ORF1ab and N gene. Addi-
tionally, primers and probes for theWorld Health Organization E gene
assay (including an internal positive amplification control from
extraction), were also used to enhance the sensitivity.

Positive PCR test results were recorded between 19th of March
and 15th of June 2020 and the clinical outcomes are up to date as of
30th of September 2020. Due to the observational nature of the study,
only patients who had serum vitamin-D levels measured during this
admission are included in the study. This study was part of a larger
observational cohort study (REACT-COVID Observational Database)
and has the approval of the local research and development and Na-
tional Heath Research Authority (IRAS:285145) with a REC Reference
20/HRA/2986.

Vitamin-D is measured by DxI800 (Beckman Coulter, Brea, CA,
USA). The total coefficient of variations (CV) provided by the manu-
facturer were 9.3% for 38.94 nmol/L and 5.6% for 399 nmol/L. Line-
arity was given as 4.99–524 nmol/L. All hospitalised COVID-19
patients with admission vitamin-D levels were included in the study.
We defined a low serum vitamin-D level as less than 50 nmol/L in
accordance with the local hospital laboratory standards. Detailed
analysis was performed for all patients subsequently admitted to the
Intensive Care Unit (ICU). Additional data of baseline patient’s de-
mographics, such as age, gender, ethnicity, duration of onset, pres-
ence of comorbidities, intensive care severity illness scores (Acute
Physiology and Chronic Health evaluation-II (APACHE II) and
Sequential Organ Failure Assessment (SOFA)), oxygenation severity
variables (PaO2/FiO2), admission cycle threshold polymerase chain
reaction (CT PCR) values and blood laboratory profiles, were collected
from all available hospital electronic databases. The reported clinical
outcomes are: the need for mechanical ventilation either invasive or
noninvasive; the development of acute kidney injury (AKI) of any
stage in accordance with the Kidney Disease Improving Global
Outcome (KDIGO) criteria [11]; and the duration of intensive care.
Hospital length of stay and overall hospital mortality were also
documented.

The continuous variables are expressed as median and inter-
quartile range. Nominal variables are summarised as numbers and
percentages. For comparisons between patients with normal
(>50 nmol/L) and low (<50 nmol/L) vitamin-D levels, Fisher’s exact
test and Mann–Whitney U test were performed. Pearson correlation
coefficient (r) was used to assess the correlation between various
variables, including ICU severity scores (APACHE-II and SOFA) and
degree of hypoxia on admission. All statistical analyses were caried
out using MedCalc (Version 19.4.0) and Graph Pad Prism (Version
8.0.0).

Results

There were 646 SARS-CoV-2 positive patients hospitalised
during this period. Among those, 165 patients (25.5%) had a
plasma vitamin-D level measured during admission. The
local hospital standardised cut off value for the plasma
vitamin-D level was 50 nmol/L. Forty-nine patients (29.7%)
had normal levels (>50 nmol/L) and the rest (70.3%) had
vitamin-D deficiency (<50 nmol/L) as defined by the local
laboratory standards. Among those who had vitamin-D
measurements, 50 patients were admitted to the ICU, and
of those, 82% had levels less than 50 nmol/L (Figure 1).
For those admitted to the ICU and with vitamin-D
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measurements (n=50), the median age was 60 (IQR 51–67)
and the majority needed respiratory support either in the
form of invasive (72%) or non-invasive (13%) mechanical
ventilation. The baseline demographics, ethnicity, comor-
bidities, and the laboratory variables at ICU admission are
presented in Table 1. For comparison, the demographics
of the hospitalised non-ICU patients are presented in
Supplementary Material (Table 1). The ethnicity is differ-
entiated and presented as five groups (White, Asian/In-
dian, Black, other/mixed, and unknown). Details of
ethnicity from the studied group is presented in Supple-
mentary Material (Table 2).

The ICU admission demographics and baseline
variables between patients with normal and low
vitamin-D levels showed similar baseline characteris-
tics, except for age, presence of hypertension and other
comorbidities, and a worse admission PaO2/FiO2 ratio. It
appears patients with normal vitamin-D levels were
older and had more severe hypoxemia on admission.
The median vitamin-D levels for hospitalised and ICU
patients were 34 nmol/L (IQR 18.5–66.0) and 31.5 nmol/
L (IQR 21.0–42.0) (p=0.41) respectively (Figure 2A).

Among the ICU patients there was no difference in the
vitamin-D levels between White Caucasians and the rest
of the ethnic groups (Figure 2B). However, ethnicity
other than White Caucasians was associated with
increased incidence of low vitamin-D levels; 94.4% of
the ethnic groups consisting of Black and Asians had
levels <50 nmol/L, compared to 74.2% of White Cauca-
sians. The ranges of vitamin-D levels measured varied
between patients and 8% had very low levels of
<10 nmol/L (Figure 2C).

The ICU group with low vitamin-D levels (<50 nmol/L)
had a significantly lower mean cycle threshold (CT) for real
time polymerize chain reaction (PCR) value: 27.0 for the
low vitamin-D (<50 nmol/L) group vs. 33.6 for the group
with normal vitamin-D levels (>50 nmol/L) p=0.02
(Figure 2D and Table 1).

We assessed ICU admission disease severity indices
alongside plasma vitamin-D levels by using scatter plots
with further subgrouping according to the ethnicity. We
subsequently found no associations with ICU severity
indices and plasma vitamin-D levels (Figure 3). The overall
ICU outcomes of these patients are presented in Table 2.

Figure 1: Flow chart displaying the
proportion of patients who were admitted
with COVID-19, had a vitamin-D level taken
during admission and required ITU
admission.
As well as the proportions within each
group with normal (>50 nmol/L) and low
(<50 nmol/L) vitamin-D levels.
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The hospital mortality for those with measured vitamin-D
levels in ICUwas 14%,with no significant difference between
patients with normal vitamin-D levels (11%) and those with

low levels (14.6%). There were no differences in incidence of
mechanical ventilation, acute kidney injury and length of
hospitalisation between both groups (Table 2 and Figure 4).

Table : All COVID- patients admitted to ICU demographics on admission, disease severity indices, intensive care interventions and
admission laboratory markers.

Demographics ICU Tested patients, n= Vitamin-D levels >, n= Vitamin-D levels <, n= p-Value

Age, years . (.–.) . (.–.) . (.–.) .a

Male, n (%)  (.%)  (.%)  (.%) .
Symptomatic days prior to hospitalisation . (.–.) . (.–.)  (.–.) .
BMI, kg/m

. (.–.) . (.–.) . (.–.) .
Race/ethnic group
White  (.%)  (.%)  (.%) .
Black  (.%)  (.%)  (.%) .
Asian/Indian  (.%)  (.%)  (.%) .
Mixed/other  (.%)  (.%)  (.%) .
Unknown  (.%)  (.%)  (.%) .
Comorbidities, n (%)
Type I diabetes mellitus  (.%)  (.%)  (.%) .
Type II diabetes mellitus  (.%)  (.%)  (.%) .
Asthma  (.%)  (.%)  (.%) .
COPD  (.%)  (.%)  (.%) .
Other chronic respiratory disorders  (.%)  (.%)  (.%) .
Hypertension  (.%)  (.%)  (.%) .a

Ischaemic heart disease  (.%)  (.%)  (.%) .
Congestive cardiac failure  (.%)  (.%)  (.%) .
Arrhythmia  (.%)  (.%)  (.%) .
Chronic kidney disease  (.%)  (.%)  (.%) .
Immunosuppression  (.%)  (.%)  (.%) .
Corticosteroid use  (.%)  (.%)  (.%) .
Use of ACEi or ARB  (.%)  (.%)  (.%) .
Another comorbidity  (.%)  (.%)  (.%) .a

Severity indices
APACHE II score . (.–.) . (.–.) . (.–.) .
SOFA score  (.–.) . (.–.)  (.–.) .
PaO/FiO ratio, kPa . (.–.) . (.–.) . (.–.) .a

Admission laboratory profile
Bilirubin, mmol/L . (.–.) . (.–.) . (.–.) .
Creatinine, mmol/L . (.–.) . (.–.) . (.–.) .
Creatine kinase, U/L . (.–.) . (.–.) . (.–.) .
C-reactive protein, mg/L . (.–.) . (.–.) . (.–.) .
Viral CT-PCR . (.–.) . (.–.) . (.–.) .a

D-dimer, mg/L . (.–.) . (.–.) . (.–.) .
Ferritin, mg/L . (.–,.) . (.–.) ,. (.–.) .
Lactate, mmol/L . (.–.) . (.–.) . (.–.) .
LDH, U/L , (.–,.) . (.–,.) , (.–,.) .
Lymphocytes, ×/L . (.–.) .. (.–.) . (.–.) .
HS troponin, ng/L . (.–.) . (.–.) . (.–.) .
White cell counts, ×/L . (.–.) . (.–.) . (.–.) .
Vitamin-D, nmol/L . (.–.) . (.–.) . (.–.) < .a

Data are presented asmedian (interquartile range) or numbers (percentage) unless otherwise stated. ap<. as assessed by Fisher’s exact test
for categorical variables and Mann–Whitney U test for continuous variables. ACEi, angiotensin converting enzyme inhibitor; APACHE II, acute
physiology and chronic health evaluation II score; ARB, angiotensin receptor blocker; BMI, body mass index; LDH, lactate dehydrogenase; HS
troponin, high sensitivity troponin; PaO/FiO, ratio of arterial oxygen partial pressure to fractional inspired oxygen-worst during admission;
SOFA, sequential organ failure assessment score; CT-PCR, viral cycle threshold polymerize chain reaction.
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Discussion

This observational study suggests that a high proportion
(70.3%) of patients hospitalised with COVID-19 had
vitamin-D deficiency. A third of those hospitalised were
subsequently admitted to ICU with critical illness, the
majority of which required mechanical ventilation. In
comparison to those not requiring ICU admission (65.2%),
a greater proportion (82%) of critically ill COVID-19 pa-
tients had vitamin-D deficiency. This is much higher than

the anticipated incidence of vitamin-D deficiency in the UK
population, which is around 20% [12].

Within ICU, the group with low vitamin-D (<50 nmol/L)
levelswas significantly younger than thenormal group (67vs.
57 years), and although it is not possible to make direct as-
sumptions, this finding may suggest that younger patients
with low vitamin-D are disproportionately affected by
COVID-19 for their age. Within this deficient cohort, ethnic
patients comprisedover40%,as theywereyounger than their
Caucasian counterparts and had lower vitamin-D levels,

Figure 2: Comparison of vitamin-D levels.
(A) Comparison of vitamin-D levels between
non-ICU hospitalized and ICU patients.
(B) Vitamin-D levels between white
Caucasian and non-white ethnic groups
(ethnicity other than white Caucasians).
(C) The ranges of vitamin-D levels in the ICU
population as presented between <10 and
>80 nmol/L. (D) Comparison of RT-PCR
values of ICU patients with normal
(>50 nmol/L) and low (<50 nmol/L) vitamin-
D levels. All boxes in subsets A, B and D
show median and interquartile ranges and
the dots show individual observations.
Comparisons between groups were made
with Mann–Whitney U test and a p value of
<0.05 was considered statistically
significant.

Figure 3: Pictorial scatter plots for
correlations between vitamin-D levels with
age (A), and ICU severity scores Acute
Physiology and Chronic Health Evaluation
(APACHE II) score (B), admission worst
PaO2/FiO2 ratio (C) and Sequential Organ
Failure Assessment (SOFA) Score (D).
Each dot represents a patient with varying
ethnicity (1. White Caucasian, 2. Black, 3.
Asian, 4. Other/mixed or unknown).
Correlations were made with Pearson
Correlation Coefficient r and p-value of
<0.05 was considered statistical
significance.
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which may partly explain the inverse relationship between
age and vitamin-D deficiency. This finding of young ICU pa-
tients with vitamin-D deficiency has also been previously
shown by a study of critically ill COVID-19 patients in the UK
[13].

Despite this age difference between the groups, there
was no association between ICU severity indices (APACHE
II and SOFA scores) and vitamin-D levels. Moreover, there
were no differences in ICU outcomes (mortality, need for
mechanical ventilation and development of acute kidney
injury) between the groups. However, the degree of hyp-
oxia as defined by the PaO2/FiO2 ratio on admission was
slightly higher for patients with low vitamin-D levels,

which was an unexpected finding compared to previously
reported ARDS studies [14].

Vitamin-D deficiency is a common finding in critically
ill patients, and lower levels are associated with adverse
outcomes [15, 16]. In contrast, our study did not show any
differences in clinical outcomes and vitamin-D levels. This
may be due to several reasons: (1) our study consisted of
small sample size, preventing any robust correlations or
clinical extrapolations; (2) there may be other variables
such as patient-specific risk factors, ICU interventions and
bacterial co-infections, that may influence the overall
clinical outcomes more than vitamin-D levels alone.

For the critically ill ICU patients, we calculated the
cycle threshold (CT) for polymerase chain reaction (PCR)
used to detect the viral RNA. The CT value represents the
amount of replication cycles required during real time PCR
to expand the target sample up over a threshold level. A
higher initial sample concentration of a target gene will
require fewer cycles to achieve threshold level, therefore a
lower CT value [17]. CT value can therefore be used as an
indirect measure of viral load. However, this must be
viewed with caution, as the PCR is not fully quantitative
and CT values may vary from one sample to another.
Interestingly we showed that the ICU group with low
vitamin-D levels (<50 nmol/L) had a significantly lower
mean CT value (27.0 vs. 33.6, p=0.02) compared to the
patients with normal vitamin-D (>50 nmol/L). To our
knowledge, thisfinding has not beenpublished previously.
Lower CT values have been linked to increased severity and
increased mortality from COVID-19, although this link re-
mains disputed [17–19].

Table : Outcome of ICU patients with vitamin-D levels > and
< ng/mL.

Outcomes Vitamin-D level
> ng/mL, n=

Vitamin-D level
< ng/mL, n=

p-Value

Length of hospital
stay, days

. (.)  (.) .

Invasive mechani-
cal ventilation

 (.%)  (.%) .

Non-invasive venti-
lation only

 (.%)  (.%) .

No respiratory
support

 (.%)  (.%) .

Acute kidney injury  (.%)  (.%) .
Death  (.%)  (.%) .
Discharged home  (.%)  (.%) .

AKI, acute kidney injury; ICU, intensive care unit; RRT, renal
replacement therapy. Data are presented as median (interquartile
range) or numbers (percentage) unless otherwise stated.

Figure 4: ICU outcome variables and
vitamin-D levels.
(A) The need for mechanical ventilation
(MV). (B) The development of acute kidney
injury (AKI). (C) The hospital length of stay
(days). (D) Survival outcome. All boxes
show median and interquartile ranges, and
the dots show individual observations.
Comparisons between groups were made
with Mann–Whitney U test and a p value of
<0.05 was considered statistically
significant.
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SARS-CoV-2 is an RNA stranded BETA coronavirus and
enters the host primarily by via the respiratory tract. The
surface glycoprotein (Spike protein) binds to the host cells
via the angiotensin converting enzyme 2 (ACE2), which is
highly expressed on the alveolar epithelial cells. It appears
that the severity of the disease is dependent on the host’s
innate susceptibility to infection, and the extent of the
host’s inflammatory response once infected. In severe
cases, local inflammation in the lungs leads to a local lung
injury, similar to Acute Respiratory Distress Syndrome
(ARDS) with local cytokine production (particularly IL-6
and IL-8) driving the infiltration of large numbers of im-
mune cells, including neutrophils and T-cells. This may be
combined with a systemic ‘cytokine storm’ driven by
T-helper cells leading to multi-organ derangement
requiring intensive support [1, 3]. It is thought that
T-regulatory cells have an important role in moderating
this systemic inflammatory response, curtailing the
runaway positive feedback of a cytokine storm. There are
several potential underlying mechanisms which may
explain the association between vitamin-D deficiency and
COVID-19 susceptibility and severity [20].

Apart from the commonly known function on bone
health, vitamin-D appears to have a role in immune modu-
lation and control via the vitamin-D receptor (VDR). It has
been demonstrated that vitamin-D up-regulates the
expression of ACE2 [21], this could help to counter the
downregulation caused by the binding of SARS-CoV-2, and
therefore, help protect against the pro-inflammatory and
vasoconstrictive effects of a build-up of angiotensin-II (1–8)
[22]. This has been demonstrated in mouse models, where
pre-treatment with vitamin-D was protective against ARDS
[21]. Vitamin-D has been shown to influence both innate and
adaptive immunity during infections [23]. It modifies
macrophageandmonocyte activity, reducing the circulating
levels of pro-inflammatory cytokines [24–26]. Vitamin-D has
been also shown to influence human adaptive immune
response of T-cells, promoting a humoral Th2 as opposed to
the Th1, which is also linked to pro-inflammatory cytokine
release [27]. Moreover, it has direct antiviral properties,
particularly against enveloped respiratory viruses [28].

The association of low vitamin-D levels and clinical
COVID-19 infection needs further exploration. Large
studies of historical databases have shown that people
with low vitamin-D levels are more likely to become
infected with the SARS-COV-2 virus [29, 30]. Moreover,
there is a temporal link between low vitamin-D levels and
both risk of infection and hospitalization [31]. However,
contrary to these findings, UK studies using historical
‘BIOBANK’ data, show that, corrected for multivariant
factors, there is no significant link between COVID-19 and

vitamin-D deficiency [32–34]. However, these are large
retrospective studies which rely on historical vitamin-D
levels from volunteers taken over 10 years ago andmay not
be reflective of the current nutritional status during the
COVID-19 pandemic. Moreover, although there is some
evidence that vitamin-D status will remain consistent, it is
likely that there will be large enough variation over this
timescale to making these results difficult to interpret,
particularly in those hospitalised and with critical illness.
Another recent study from the UK used a prospective
cohort model with 103 patients presenting with symptoms
of COVID-19. Vitamin-D levels were tested on admission,
and of these patients, 70 were positive for SARS-COV-2.
This positive group had a significantly lower vitamin-D
level (27 nmol/L) compared to the non-positive group
(52 nmol/L) [35]. Although patients with lower vitamin-D
levels (<30 nmol/L) had increased D-Dimer, non-invasive
ventilation requirements and critical care admissions,
there were no differences in the mortality [35].

Despite this growing evidence, we found no associa-
tion of vitamin-D deficiency and ICU severity indices and
outcomes. Studies focused on COVID-19 and vitamin-D
measurements specific to ICU population are lacking.
Similar to our findings, using 50 nmol/L as the cut off
value, a retrospective study of ICU patients showed amuch
higher rate of vitamin-D deficiency among the ICU patients
compared to non-ICU patients [13]. Despite this associa-
tion, there is no outcome difference. There may be several
reasons for these findings. Firstly, our cohort consists of a
specific critically ill patient group and their outcome is
likely influenced by a number of factors, rather than a
single nutritional variable. Secondly, we used the cut off
for the normal values as 50 nmol/L as guided by the local
protocols. However, we did not see any direct correlation
between the degree of vitamin-D deficiency and ICU out-
comes. Thirdly, our study consisted of a small sample size,
particularly in the normal group (n=9) and may not have
the statistical power to detect a robust clinical outcome.
However, it is reassuring that despite a high prevalence of
vitamin-D deficiency with associated reduced viral CT-PCR
status, the intensive care outcomes are relatively compa-
rable between patients with normal and low values.

Conclusions

In our observational study, ICU admission with COVID-19
was associated with a higher incidence of vitamin-D defi-
ciency. This is unexpected given the lower age of this
cohort. Critically ill COVID-19 patients with low vitamin-D
levels were found to be younger with lower CT-PCR levels,
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which could imply a higher viral load. There were no
measurable differences in overall clinical outcomes be-
tween those with normal (>50 nmol/L) and deficient
(<50 nmol/L) vitamin-D levels. However, this was a small
observational study specific to critically ill COVID-19 pa-
tients, so the possibility for detailed analysis or clinical
inferences is more limited. If vitamin-D influences the
susceptibility or severity of COVID-19, it is likely via a
complex immune modulatory process, and this may be
difficult to measure in uncontrolled observational studies
such as this one. There is a clear need for large randomized
controlled trials to correctly measure the effect, if any, that
vitamin-D has on COVID 19.
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