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ABSTRACT
This study explored the prevalence of low serum 
vitamin D in patients admitted with acute respiratory 
tract infections (ARTIs) such as COVID-19. This study 
investigated whether patients with COVID-19 had lower 
serum vitamin D compared with patients with ARTIs of 
other aetiology. A case–control study was performed 
with cases of COVID-19 and controls of non-COVID-19 
ARTIs. Patients were enrolled from a single general 
medical ward in a secondary care hospital between 15 
April 2020 and 15 May 2020. Exclusion criteria were 
an oxygen requirement of >8 L/min. Data collected 
included serum 25-hydroxyvitamin D concentration, 
venous plasma glucose concentration and heamoglobin 
A1c. Outcomes measured were length of hospital stay, 
deaths, the need for high dependency and intensive care 
unit involvement. A total of 60 patients of five ethnic 
groups were enrolled, 85% (n=46) were of White-British 
ethnicity. The data analysis is based on these 46 patients 
of which 24 were non-COVID-19 patients with ARTI and 
22 were patients with COVID-19. Overall, 80% of the study 
population had a serum vitamin D concentration below 
50 nmol/L with median concentrations of 30 nmol/L and 
35 nmol/L for patients with COVID-19 and non-COVID-19 
ARTIs respectively. A Mann-Whitney sign-ranked test 
with respect to serum vitamin D concentration found no 
statistically significant difference between cases and 
controls, p=0.09. There was no significant difference in 
the length of stay, body mass index and rates of various 
comorbidities such as diabetes mellitus (DM), hypertension 
and lung disease in both study groups. However, DM 
was found to be associated with lower serum vitamin 
D concentrations. The results of this study support 
published literature showing an association between low 
serum vitamin D and ARTIs including COVID-19. However, 
this study did not identify patients with COVID-19 to 
have a statistically significant lower serum vitamin D 
concentration than non-COVID-19 patients with ARTI.

INTRODUCTION
SARS-CoV-2, a novel member of the corona-
virus family, is the cause of the COVID-19.

SARS-CoV-2 represents one of seven coro-
naviruses known to infect humans, and 

the third virulent strain causing severe 
pneumonia and acute respiratory distress 
syndrome (ARDS).1–3

Infections with SARS-CoV-2 have produced 
a wide spectrum of phenotypes, ranging from 
asymptomatic individuals to mild symptoms 
such as fever, dry cough, myalgia, diarrhoea 
and anosmia, to more severe disease manifes-
tations including hypoxaemia, pneumonia, 
ARDS, multiorgan failure and death.4

ARDS is a common cause of mortality and 
morbidity in patients with COVID-19. A cyto-
kine storm driven by the virus has been impli-
cated. Patients with the infection have shown 
the upregulation of inflammatory cytokines 
such as IL-6.5 Similarly, overactivation of 
proinflammatory Th17 cells and cytotoxic 
CD8 T cells have been observed.6 The subse-
quent astounding release of proinflammatory 
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cytokines has the capability to induce systemic conse-
quences such as shock and multiorgan failure.

In a similar manner to SARS-COV-1, SARS-CoV-2 is 
known to enter host cells via the cell surface receptor 
ACE 2 and reduce its expression in lung tissue.7 8

Experimental evidence from mice studies suggests that 
the manifestation of ARDS in relation to SARS COV-2 is 
partly due to a shift in the equilibrium away from ACE-2 
and angiotensin 1–7 towards a predominance of ACE 
and angiotensin 2 resulting in more severe acute lung 
injury.9–11

Vitamin D3 (1,25(OH)2D3) is a fat-soluble secoste-
roid which typically participates in calcium homeostasis. 
Multiple studies have demonstrated an extraskeletal role 
of vitamin D in its interaction with the immune system 
and the renin-angiotensin-aldosterone system (RAAS).

Vitamin D receptor (VDR)-negative mice demonstrate 
elevated renin and angiotensin II production as well as 
more severe pulmonary oedema compared with wild-type 
mice following lipopolysaccharide aspiration.12 13

A multitude of adaptive and innate immune cells possess 
VDR. The exact immunoregulatory effects of vitamin D 
are often disease specific. The effects of vitamin D on 
cells of the innate immune system are largely stimulatory, 
resulting in enhanced phagocytoses and an amplified 
production of antimicrobial peptides.14 On the contrary, 
the effects of vitamin D on the adaptive immune system 
are characteristically inhibitory.15–18

It is proposed then that low serum vitamin D concen-
trations may exacerbate COVID-19, first by worsening 
the already displaced equilibrium of ACE and ACE-2, 
and second, through the disinhibition of the adaptive 
immune system.

The risk factors associated with low serum vitamin D 
concentration are many. A cross-sectional survey of 1828 
middle aged Caucasian adults identified lower serum 
vitamin D concentrations in relation to obesity/under-
weight, female gender, reduced physical activity and 
reduced sun exposure.19 A meta-analysis of 23 studies also 
found that obesity was associated with a 35% increased 
prevalence of vitamin D deficiency when compared with 
normal body weight individuals.20 The biological mech-
anisms underpinning the associations between body 
mass index (BMI) and vitamin D deficiency are yet to 
be understood. It has been suggested that obesity may 
result in decreased serum concentrations of vitamin D 
secondary to decreased sun exposure and increased fat 
sequestration.21 22

A systematic review and meta-analysis of 17 observational 
studies consisting of 2756 patients identified an associa-
tion between vitamin D deficiency and higher mortality, 
higher rates of hospital admission and prolonged inpa-
tient stay in adults with COVID-19.23

Another meta-analysis of 26 observational studies 
consisting of 8176 patients with COVID-19 found that 
vitamin D deficiency did not increase the risk of devel-
oping COVID-19; however, severe cases of COVID-19 
were associated with vitamin D deficiency.24

A limitation to both of these meta-analyses included 
the inability to independently assess the impacts of 
confounding variables such as gender, ethnicity, BMI, 
diabetes and advanced age, all of which are known risk 
factors for vitamin D deficiency and severe COVID-19 
outcomes.23 24

Prior to COVID-19, vitamin D deficiency has been 
studied with particular interest in the context of acute 
respiratory tract infections (ARTIs). A 2017 individual 
participant data meta-analysis including 10 933 partic-
ipants in 25 randomised control trials found an overall 
protective effect of vitamin D supplementation against 
ARTI, the greatest benefit being seen in those with severe 
vitamin D deficiency.25

These studies in combination with the biological plausi-
bility reiterate the important immunomodulatory role of 
vitamin D in relation to ARTIs including COVID-19.

AIM
The aim of this study was to evaluate the vitamin D status 
of inpatients with COVID-19 and inpatients with non-
COVID-19 ARTIs.

METHOD
Research design
Case–control study.

Participants
The demographic information for the participants 
included in the study are shown in table 1. Participants 
included a total of 60 inpatients from a single general 
medical ward at Medway Maritime Hospital, Gillingham, 
Kent, United Kingdom between 15 April 2020 and 15 May 
2020.

Table 1  Participant demographics

COVID-19 +ve COVID-19 –ve

Total number of 
participants

30 30

Mean age (SD) 71 (SD 12.98) 69 (SD 12.51)

Number of men 18 (60%) 13 (43.3%)

Number of women 12 (40%) 17 (56.7%)

Number of White British 
patients

26 (87%) 26 (87%)

Number of Black British 
patients

0 1

Number of Black African 
patients

2 0

Number of Asian Indian 
patients

1 0

Number of patients for 
whom ethnicity was 
unrecorded

1 3
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Exclusion criteria for admission to this particular ward 
included an oxygen requirement of over 8 L/min.

Procedure
Blood sampling and determination of serum vitamin D 
concentration
At admission participants had three blood samples taken: 
one serum separating tube, one fluoride oxalate tube and 
one potassium EDTA tube. These samples were processed 
for 25-hydroxyvitamin D, random venous plasma glucose 
and haemoglobin A1c (HbA1c).

25-hydroxyvitamin D was processed by UniCel DxI 
Immunoassay System using Beckman Access 25(OH) 
Vitamin D UniCel DxI Reagent Pack. Serum vitamin D 
concentration reference ranges used in this study are the 
National Institute for Health and Care Excellence (NICE) 
recommended ranges as follows: Less than 25 nmol/L 
is vitamin D deficiency, 25–50 nmol/L is vitamin D 
insufficiency and greater than 50 nmol/L is vitamin D 
sufficiency.26

Plasma glucose and HbA1C determination
Enzymatic UV testing was used for the quantitative deter-
mination of glucose in human plasma on a Beckman 
Coulter AU analyser (AU680) using Beckman reagents. 
The glucose method used was a hexokinase/glucose 
6 phosphate dehydrogenase method. The quality of all 
glucose results was assured by the continued participation 
in the United Kingdom National External Quality Assess-
ment Service (UK NEQAS). High-pressure liquid chro-
matography was performed for HbA1C measurement 
using TOSOH BioScience system.

COVID-19 status determination
On admission to hospital, nasopharyngeal and oropharyn-
geal swabs were processed for the detection of COVID-19 
using real-time reverse transcription PCR amplification 
technology performed on VitaPCR Instrument.

Auxiliary patient information
Information was collected from general practice (GP) 
and hospital records regarding patient’s admission date, 
discharge date, comorbidities, BMI, medications and 
any intensive care/high dependency stay during the 
admission.

Data analysis
Data selection
Initially, 60 patients met the non-exclusion criteria. It was 
observed that 87% of the patients were of White British 
ethnicity. The rest of the ethnic groups consisted of Black 
British, Asian Indian, Black African and those for whom 
ethnicity was unrecorded. Due to the sparse and statis-
tically unrepresentative numbers, these groups were 
excluded from further analysis. The sample subjected 
to statistical analysis included only the White British 
discharged patients.

Principal component analysis:
The whole data set of 60 patients and seven variables 
consisting of random plasma glucose concentration, 
HbA1c, age, weight, height, length of hospital stay and 
serum vitamin D concentration were initially examined 
with Principal Component Analysis (PCA).27 28 PCA is a 
multivariate data analysis technique which enables the 
reduction of high dimensional data into a set of uncor-
related principal components that provide further insights 
into relationships between variables. Recent applications 
of PCA in COVID-19 studies have been published.28 29 A 
projection of serum vitamin D concentration (nmol/L), 
length of hospital stay (days) and BMI (kg/m2) onto 
the principal components graphically provided insights 
regarding the pattern distribution of patients relative to 
their COVID-19 status. Further information is provided in 
online supplemental material

Statistical analysis
With respect to the 46 discharged patients of White 
British ethnicity, normality tests by Kolmogorov-Smirnov 
(p=0.000), Lilliefors (p=0.023) and Anderson-Darling 
(p=0.007) showed that the data was not normally distrib-
uted. The Mann-Whitney sign-ranked test was used for 
ascertaining p values.

Graphical analysis
Graphical profiles were generated with respect to 
COVID-19 status; serum vitamin D concentration; length 
of stay; BMI; and comorbidities such as diabetes mellitus 
(DM), hypertension (HTN) and lung disease (LD).

PCA and statistical analysis were performed in Matlab.30 
Tabulations and visualisations were performed in Micro-
soft Excel and Tableau software.31 32

RESULTS
Comorbidities
Table  2 shows that the comorbidities among both 
cohorts were of similar frequency. The total number 

Table 2  Frequency of comorbidities in the patient cohorts

COVID-19 +ve 
(n=22)

COVID-19 –ve 
(n=24)

Ischaemic heart disease 5 6

Atrial fibrillation 4 3

Heart failure 3 1

Chronic obstructive 
pulmonary disease

2 2

Diabetes mellitus 8 9

Chronic kidney disease 3 5

Hypertension 11 12

Asthma 1 3

Total number of 
comorbidities

37 41

https://dx.doi.org/10.1136/bmjnph-2022-000428
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of comorbidities exceeds the total number of patients 
highlighting that some patients had more than one 
comorbidity.

Vitamin D analysis
Table 3 highlights the degree of vitamin D insufficiency 
and deficiency seen in the entire hospitalised patient 
cohort. Irrespective of COVID-19 status, 80% (N=37) of 
the entire cohort had low serum vitamin D concentra-
tions (<50 nmol/L) with 39% (N=18) having vitamin D 
deficiency.

The median vitamin D concentration for both study 
groups was within the insufficient range. A Mann-Whitney 
test revealed no statistically significant difference between 
the length of stay and serum vitamin D in both groups (p 
value 0.86 and 0.09, respectively).

The median serum vitamin D concentration for the 
patients who required high dependency unit or intensive 
treatment unit were paradoxically higher than those who 
did not. However, these numbers are too few to draw any 
statistically significant conclusion.

The histogram in figure  1 shows the left skew with 
respect to serum vitamin D concentration in both study 
groups.

Length of stay analysis
It is observed in figure 2 that the lowest p value of 0.122 
was seen when comparing patients discharged with a 

length of stay shorter than 14 days to those with a length 
of stay longer than 14 days.

Figure 3 shows that no patient with a vitamin D serum 
concentration of greater than 50 nmol/L stayed longer 
than 14 days.

Subgroup analysis with regards to BMI and comorbidity
Figure 4 shows that the median BMI of COVID-19-positive 
patients of 25.3 was not significantly different from the 
median BMI of 27.8 seen in the COVID-19-negative 
patients. It can be noted that eight underweight patients 
(BMI<18.5) were seen in the COVID-19-positive group 
while only one was seen in the COVID-19-negative group, 
unfortunately such a small number does not lend itself to 
statistical comparison. No association was seen between 

Figure 1  Distribution of study participants into serum 
vitamin D concentration intervals of 10 nmol/L.

Figure 2  The association analysis of serum vitamin D 
concentration with respect to length of stay using Mann-
Whitney ranked sign test. The x-axis represents the length 
of hospital stay used to generate dichotomous groups for 
comparison. The y-axis represents the p values generated 
when comparing dichotomous groups.

Table 3  COVID-19 positive and negative cohorts with regards to serum vitamin D concentration and length of inpatient stay

COVID-19 +ve (n=22) COVID-19 –ve (n=24)

Number of patients with vitamin D sufficiency 
(>50 nmol/L)

2 (9%) 7 (29%)

Number of patients with vitamin D insufficiency (25–
50 nmol/L)

9 (41%) 10 (42%)

Number of patients with vitamin D deficiency (<25 nmol/L) 11 (50%) 7 (29%)

Median vitamin D (nmol/L) 30 35 p=0.09

Number of patients that required HDU/ITU 4 2

Median serum vitamin D concentration for HDU/ITU 
escalations (nmol/L)

32.5 (n=4) 51 (n=2)

Median length of stay (days) 6 7 p=0.86

HDU, high dependency unit; ITU, intensive treatment unit.
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BMI and length of stay, BMI and serum vitamin D concen-
tration, BMI and COVID-19 status.

Figure  5 depicts the significant prevalence (37%) 
of DM in the study sample. There was no association 
between DM and length of stay or COVID-19 status. 
However, an association is noticed with regards to DM 
and serum vitamin D concentration irrespective of 
COVID-19 status. The majority of the patients with DM 
(88%) had serum vitamin D concentrations of less than 
50 nmol/L.

Figure 6 shows that hypertension was seen in 50% of the 
study sample. No obvious association was seen between 
hypertension and serum vitamin D concentration, hyper-
tension and length of stay, hypertension and COVID-19 
status.

Figure 7 shows lung disease (chronic obstructive pulmo-
nary disease (COPD) and asthma) to have been present 
in 15% of the study sample. No obvious association was 
seen between lung disease and serum vitamin D concen-
tration, lung disease and length of stay, lung disease and 
COVID-19 status.

DISCUSSION
The findings of this study demonstrate the significant 
prevalence of vitamin D insufficiency and deficiency 
in hospitalised patients with both COVID-19 and non-
COVID-19 ARTIs. Eighty per cent of the study sample 
had a serum vitamin D concentration <50 nmol/L. These 
results support previous studies demonstrating the pres-
ence of low serum vitamin D during ARTIs.25

Such prevalence would advocate for proactive screening 
of vitamin D, especially in those admitted to hospital 
for respiratory tract infections. It has been shown that 
improving overall vitamin D status could help reduce the 
economic burdens of several diseases.33

We did not observe a statistically significant differ-
ence in the serum vitamin D concentrations of patients 
with COVID-19 compared with non-COVID-19 patients 
with ARTI, both study groups had low median serum 
vitamin D concentrations of 30 nmol/L and 35 nmol/L, 
respectively.

The use of a control group consisting of a non-
hospitalised healthy cohort may have produced a starker 
contrast in serum vitamin D concentration.

In this study, we found no statistically significant asso-
ciation between length of stay and serum vitamin D 
concentration. However, we did note that no patient with 
a normal serum vitamin D concentration had a length of 

Figure 3  Serum vitamin D concentration with respect to 
length of stay irrespective of COVID-19 status. Horizontal 
lines highlight serum vitamin D concentrations of 50 nmol/L 
and 40 nmol/L.

Figure 4  Distinction between BMI (kg/m2), serum vitamin D 
concentration, COVID status and length of stay. The x-axis 
represents length of stay. The y-axis represents the BMI with 
horizontal lines delineating BMI thresholds. The size of the 
circle represents the serum vitamin D concentration.

Figure 5  Projection of diabetes mellitus (DM) on COVID-19 
status relative to serum vitamin D concentrations and length 
of stay.

Figure 6  Projection of hypertension (HTN) on COVID-19 
status relative to serum vitamin D concentrations and length 
of stay.
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stay beyond 14 days. Despite the lack of statistical signif-
icance, such an observation suggests further studies with 
larger sample sizes evaluating length of stay in relation to 
vitamin D are to be considered.

It is generally known that patients can have a delayed 
hospital discharge for non-medical reasons such as waiting 
for an available bed in a nursing home or other facility or 
waiting for adequate care provisions and equipment to 
be installed at home. When accounting for such discrep-
ancies, we found no significant difference in outcome to 
be present.

This study was conducted prior to the widespread use 
of corticosteroids, antivirals and immunotherapies for 
the management of COVID-19. Thus, there was no differ-
ence in the medical management between the two study 
cohorts. The treatment for both groups at the time of the 
study included oxygen therapy and antibiotics to treat for 
superadded bacterial infections.

A subgroup analysis of comorbidities identified that 
no significant difference in BMI, hypertension and 
lung disease were present between the COVID-19 and 
non-COVID-19 ARTI groups. BMI and the presence of 
hypertension and lung disease were not associated with 
discrepancies in length of stay and serum vitamin D 
concentration. Interestingly, DM was found to be more 
prevalent in patients with low serum vitamin D concen-
trations. This particular association has been noted in the 
literature.34

A large comparative analysis performed in the USA 
of 906 849 hospitalisations estimated the attributable 
risk of DM at 20.5%, obesity at 30.2% and hypertension 
at 26.2%.35 In this study, the substantial prevalence of 
hypertension and diabetes mellitus within the COVID-19-
positive group was apparent at 50% and 37%, respectively.

The limitations of this study include its nature as an 
ethnically homogenous small sample. This limitation 
was driven by external factors such as sample collection 
window and rates of patient turnover. The study was 
also confined to moderately unwell cases of hospitalised 
patients requiring less than 8 L/min of oxygen further 
limiting its size.

CONCLUSION
This study was able to demonstrate the significant preva-
lence of vitamin D insufficiency and deficiency in hospital-
ised patients with ARTIs including COVID-19. This study 
did not demonstrate patients with COVID-19 to have a 
statistically significant difference in serum vitamin D 
compared with non-COVID-19 patients with ARTIs. Both 
study groups demonstrated near similar insufficiencies 
and deficiencies in vitamin D. Further studies comparing 
such groups could provide useful insights into the rela-
tionship of serum vitamin D concentration and ARTIs of 
various aetiologies including COVID-19.

Current literature on COVID-19 and vitamin D is 
suggestive of an association, a meta-analysis consisting 
of 39 studies of various designs and sample sizes, along 
with a meta-analysis of 10 case–control studies have shown 
vitamin D deficiency to be associated with increased risk 
of COVID-19 infection.36 37

Further work is required to ascertain whether there is a 
genuine causation underpinning this relationship.
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