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ARTICLE INFO ABSTRACT

Keywords: There is recent evidence that interleukin-6 (IL-6) levels are elevated in cases of complicated COVID-19, but it is
IL-6 also possible that this cytokine may have a far more important role in the pathogenesis of viral infection. IL-6 is

COVID-19 known to be modulated by Vitamin D, and there is preliminary evidence that deficiency of this vitamin is linked
Vitam?“ D to poorer outcomes. To identify whether IL-6 levels prior to infection might predict outcome, early data on
g;’tﬂlo‘;;:‘fnsiorm COVID-19 mortality from Italy and the UK were compared with previously published results of mean IL-6 levels
ACE2 from these countries as well as from the USA. There was a highly significant correlation (r = 0.9883;

p = 0.00025) between age-stratified mortality rates and IL-6 levels from previously published data on healthy
individuals. To determine whether Vitamin D may be beneficial at lowering IL-6 levels in patients, a limited
analysis of trials examining the relationship between these entities published since 2015 was undertaken. Eight
out of 11 studies described a significant lowering effect of Vitamin D on IL-6. Given that IL-6 likely facilitates
viral cell entry and replication, levels prior to infection may predict mortality. This provides a rationale for

prophylactic and therapeutic measures directed at lowering IL-6, including Vitamin D prescription.

1. Introduction

Old age, obesity, BAME (Black, Asian, and minority ethnicity) and
male gender are all associated with higher IL6 levels [1-4]. Ob-
servationally, interleukin-6 (IL-6) elevation has been associated with
poorer outcomes in severe covid-19 infection [5,6]. It is possible that
constitutive (premorbid) IL-6 elevation may also increase the likelihood
of Covid-19 infection through the following mechanisms: COVID-19
requires cathepsin L to infect pulmonary epithelial cells [7], with ca-
thepsin L production upregulated by IL-6 [8]. This interleukin also
likely upregulates expression of the ACE2 receptor which the virus
utilizes for cellular entry - see Table S2 of the article by Schouten et al.
[9].

Low vitamin D levels are common in older adults, the obese and
those with darkly pigmented skin [10]. These constituencies have also
experienced disproportionately high morbidity and mortality from
Covid-19 [11,12].

This paper proposes that IL6 elevation lies at the nexus between low
vitamin D status and higher risk of Covid-19 infection, severe morbidity
and death in these vulnerable populations. It further proposes that these
IL6-mediated risks can be ameliorated by vitamin D supplementation
which appears to inhibit IL6 expression [13].

The primary objective of this study was to determine whether IL-6
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levels in healthy individuals from a similar demographic to patients
infected with COVID-19 correlate with severity of clinical manifesta-
tions. A secondary objective was to review evidence from recent clinical
trials supporting the use of Vitamin D to lower IL-6 levels.

2. Materials and methods
2.1. IL-6 levels and severity of clinical manifestations

Given the range of severity of clinical manifestations of COVID-19,
analysis was limited to assessment of mortality. To limit any potential
confounding factors, the literature was searched for results of IL-6 de-
terminations in healthy individuals with included age and sex data from
specific geographical regions for which published mortality rates from
COVID-19 were available. The largest study, in terms of numbers of
subjects, by Stowe and colleagues [3], did not include detailed demo-
graphic information broken down into age groups, so analysis was
performed on data from an Italian study that examined IL-6 from the
Tuscany region [14]. Data on COVID-19 mortality from Italy broken
down by age were sourced from statista.com [15] with a time point (to
end of May 2020) chosen to correspond with the results of the study by
Williamson et al. [11]. Italian gender mortality data published as raw
numbers [16] were converted to death rates/million derived from
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accepted sources [17]. Statistical analysis on age data was carried out
using the Pearson Correlation Coefficient Calculator. Data on sex,
ethnic minority status and BMI were insufficient for statistical analysis,
and these were assessed qualitatively. Age data were stratified slightly
differently in each study, with the majority quoting in increments of
10 years from 20 years of age upwards. Where included studies strati-
fied age groups in different formats, ages were rounded to nearest
multiple of 10. For example, recently published UK data included a
category of 18-40 years of age [1]; this category was rounded up to 20
to 40 in the analysis. Other studies, including that by Ferruci and col-
leagues [14] included a category in the format “20-39” years of age,
which was rounded up to 20-40.

2.2. Vitamin D and IL-6 levels

A limited narrative review of recent clinical trials supporting the use
of Vitamin D administration to lower IL-6 levels was performed by
searching PubMed and Google Scholar for adult human research studies
published from January 1, 2015 that included key words “vitamin D”
and/or “interleukin-6” and/or “IL-6”. A total of 11 studies satisfied the
inclusion criteria. As there was heterogeneity in the format of how re-
sults were published, analysis was limited to whether administration of
Vitamin D resulted in a statistically significant reduction in IL-6 level.

3. Results
3.1. Premorbid IL-6 levels correlate strongly with age-stratified mortality

The data on Italian mortality [15] provided raw numerical deaths
by population groups but did not provide information on stratified
mortality rates by age group. To assess the validity of using this data,
these results were compared with stratified mortality rate data in a
large UK study [11] (see Table 1). There was an extremely strong
correlation between age stratified Italian raw numerical deaths and UK
mortality rates (r(6) = 0.9837; 95% CI: 0.85-1.0; p = 0.00396, see
Fig. 1). Given the likely validity of using the Italian data, these were
compared with IL-6 levels derived from a healthy Italian population
[14]. There was an extremely strong correlation between age stratified
Italian raw numerical deaths and IL-6 levels (r(6) = 0.9883; 95% CI:
0.89-1.0; p = 0.00025, see Table 2 and Fig. 2). As a broad test to
confirm this, UK death rates were also compared with historic UK data
published by Wei and colleagues [1] on IL-6 levels in a similar popu-
lation. Mean death rates in patients over 60 were more than 10 times
higher than in patients under 50; mean levels of IL-6 were higher in
older patients, although only by 26%.

3.2. Beneficial effect of Vitamin D on lowering IL-6 levels

Of the 11 studies included in the analysis, 11 identified a significant
effect of Vitamin D administration on IL-6 (p < 0.05) and the re-
maining 3 found no effect. The results of this analysis are displayed in
Table 3.

Table 1
Age and death data from Italy and UK populations. Age-stratified deaths in Italy
correlate strongly with UK death rates.

Age Italy Deaths UK Deaths/mill
20-40 67 6.7

40-50 257 32.7

50-60 1051 115.7

60-70 3107 288.1

70-80 8196 800.8

80+ 16,842 2587.2
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4. Discussion

This is the first study to have demonstrated a significant correlation
between IL-6 levels in matched healthy individuals and age-stratified
mortality from COVID-19. The large analysis by Williamson et al. [11]
also indicated other risk factors for increased mortality including sex,
obesity and ethnicity. Interestingly, UK male death rates were 72%
higher than amongst females [11]; this compares with data published
by Wei et al. in 1992 [1] in which mean UK IL-6 levels for males were
112% greater than mean female levels. Italian death rates were 55%
higher than amongst females [11]; this compares with data published
by Ferruci and colleagues [14] in 2006 in which mean Italian IL-6 levels
for males were 23% higher than mean female levels. Similarly, death
rates amongst UK patients of black ethnicity were 40% higher than
amongst white patients [11], compared with 59% greater IL-6 levels
amongst black patients derived from a US study [3]. Mean UK death
rates in obese patients were 48% higher than in non-obese patients
[11]; this compared with IL-6 levels more than 300 times greater in
obese patients from a US study [2]. These findings on sex, obesity and
ethnicity, together with the age data analysis herein reported, suggest
that IL-6 may have a far more important role in the pathogenesis of
viral infection than previously thought. IL-6 upregulates cathepsin L
production [8], which then cleaves the virus, enabling it to infect
pulmonary epithelial cells [7]. IL-6 also upregulates the Angiotensin II
AT1 receptor [18], and likely upregulates pulmonary epithelial cell
ACE2 receptors, with a positive correlation between IL-6 and ACE2
levels in bronchioalveolar lavage (BAL) in patients with severe acute
pulmonary inflammation [9]. Viral reproduction within pulmonary
epithelial cells then recruits inflammatory cells which, in turn produce
cytokines, as part of the “cytokine storm” phenomenon [19] including
IL-6. This could be expected to set up a noxious cycle between immune
cells and pulmonary epithelium which the virus utilizes to enter cells
and replicate (see Fig. 3). The principal predisposing factor could well
be IL-6, with premorbid levels correlating with stratified mortality
rates. There are other manifestations of this infection that could readily
be attributed to IL-6. Levels of this interleukin are generally low in
children, but there is a short spurt in early childhood [20], correlating
with a recently described severe COVID-19 manifestation in young
children, a Kawasaki-like condition [21]. IL-6 is also thrombogenic,
which may well account for this significant cause of death from the
virus [22]. Intense exercise also produces large quantities of IL-6 [23],
which may account for the more severe clinical manifestations of in-
fection amongst athletes [24]. Indeed, dexamethasone, which lowers
production of IL-6 by human bronchial epithelium [25], has recently
been successfully trialled in COVID-19 patients [26], and there is in-
creasing evidence that tocilizumab, an IL-6 antagonist, can result in
improved outcomes amongst severely affected patients [27].

Can these findings be utilized to offer a rationale for Vitamin D
prescription for COVID-19? The role of Vitamin D deficiency as a pre-
dictor for worse clinical outcomes remains the focus of investigation,
although early results appear to support this contention [10]. What is
unclear is whether Vitamin D exerts a general immune-enhancing ef-
fect, given that it appears to be protective in patients with acute re-
spiratory tract infections [28], or whether it may have a specific role in
prevention and treatment of COVID-19. Vitamin D lowers immune cell
production of IL-6 in laboratory studies [13], but does it have a similar
effect in human populations? Since Khoo et al. suggested that increased
Vitamin D levels reduced cytokine production, including IL-6 in 2011
[29], there have been multiple studies of the relationship between Vi-
tamin D and cytokines. Cannell and colleagues reviewed the literature
in 2015, and found that Vitamin D appeared to reduce production of
certain cytokines, including IL-6, in patients with inflammatory medical
conditions [30]. Subsequently, Calton et al. completed a systematic
review and meta-analysis of Vitamin D supplementation and IL-6 [31].
Although they could not confirm a definite impact overall, they did find
a significant Vitamin D-induced reduction in the elderly [31]. In an
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Fig. 1. Age and death data from Italy and UK populations. Age-stratified deaths in Italy correlate strongly with UK death rates.

Table 2
Mean IL-6 levels by age and death data from Italy Legend. Mean IL-6 levels
correlate strongly with deaths in Italy.

Age IL-6 (pg/ml] Italy Deaths
20-40 0.6 67
40-50 0.9 257
50-60 1.0 1051
60-70 1.2 3107
70-80 1.7 8196
80+ 2.6 16,842
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Fig. 2. Mean IL-6 levels by age and death data from Italy. Mean IL-6 levels
correlate strongly with deaths in Italy.

analysis of 11 published studies since 2015, reported herein, 8 de-
monstrated a significant IL-6 lowering effect of Vitamin D supple-
mentation including amongst fit and healthy individuals, as well as in
patients with acute pneumonia and some chronic diseases including
diabetes and multiple sclerosis. Although there is a need for additional
research on the relationship between Vitamin D supplementation, IL-6
and COVID-19 outcomes, and, in particular a meta-analysis, these
findings support a role for Vitamin D prescription, both prophylactic,
and, potentially as a specific therapy [19]. There may well be other
therapeutic strategies which could also be deployed, including nutri-
tional supplementation with selenium [32], such as ingesting Brazil
nuts [33], and administration of drugs which lower IL-6 production
such as doxycycline [34] and budesonide/formoterol [35].

It should also be noted that IL-6 depletion may, potentially, have
deleterious effects. Potentiation of further immunosuppression is a re-
cognised phenomenon in patients with Rheumatoid arthritis treated
with tocilizumab [36]. Hence, prolonged duration of COVID-19 pro-
phylaxis with, for example, Vitamin D may potentially worsen mortality
in some patient groups.

While the results of this work offer a rationale for the diverse
clinical manifestations of COVID-19 and a range of therapeutic options
for trial, this must be tempered by the limitations of this analysis. The
data analysed were not strictly comparable, with premorbid data on IL-
6 levels derived from different populations to those with mortality data.
Further, only the age-stratified results are supported by statistical
analysis as the other data on other factors including sex, ethnicity and
obesity could not be assessed directly for statistical significance. While
the age-stratified data comprised only 6 groups, 95% Confidence
Intervals for correlation coefficient were still very high [0.89-1.0],
supporting the conclusions drawn. In addition, the IL-6 analysis was
tailored to correspond with mortality data published by Williamson
et al. [11]; mortality rates would be expected to have fallen subse-
quently as communities introduced additional measures to combat viral
spread, such as obligatory mask-wearing and social distancing,
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Analysis of impact of Vitamin D supplementation on IL-6 levels in controlled trials published since 2015. The first column lists first author for each study. The final

column details reported statistical effect of Vitamin D at lowering IL-6 level.

Reference Location Condition Age (yrs] N Duration (wks] D3 Dose (IU/day) Outcome
Bueloni-Dias [39] Brazil Healthy Women 57 £ 7 160 39 1000 p < 0.05
Costenbader [40] Boston Healthy Older Adults 65 + 8 1561 52 2000 p > 0.05
Duggan [41] Seattle Overweight Women 62 *+ 12 218 52 2000 p = 0.004
Goncalves-Mendes [42] France Healthy Older Adults 71 = 6 38 13 6667 p = 0.046
Hashemi [43] Iran Multiple Sclerosis 30 £+ 9 75 8 7143 p < 0.001
Hashemi [44] Iran Multiple Sclerosis 30 = 10 75 8 7143 p < 0.001
Miroliaee [45] Iran Ventilator Pneumonia 56 = 20 46 Single 300,000 p = 0.01
Reid [46] St Louis Asthma 40 = 13 100 12 4000 p > 0.05
Stepanova [47] Russia Type 2 Diabetes Not Stated 62 24 5714 p = 0.0001
Tuomainen [48] Finland Prediabetic Adults 66 = 7 66 22 3200 p = 0.38
Zebrowska [49] Poland Healthy runners 34 £ 7 24 3 2000 p < 0.01

potentially confounding later data analysis. Nonetheless, the links
drawn between the IL6 data and the Covid-19 incidence and severity
data might be considered tenuous: data sets are separated by substantial
time; IL6 levels presented were not taken from the same people; and
there is no evidence that these IL6 levels or the individuals that they are
taken from are a representative sample of the population under ex-
amination. Furthermore, no multivariate analysis was possible to adjust
for other substantial confounding factors (including ethnicity, socio-
economic status, living conditions, lockdown and other social distan-
cing measures) which could intercede in terms of causality: for instance,
are the high IL-6 cohort also more obese than those with low IL6 levels?
Finally, a number of cytokines are released following infection, and, as
this analysis was limited to only IL-6, it is not possible to exclude other

interleukins from having a role in predisposing to worse outcomes.
While substantial premorbid data on IL-6 levels may never be obtain-
able in patients who die from COVID-19, prospective trials of ther-
apeutic measures can and should be undertaken. However, given that
Vitamin D causes little harm if administered under clinical supervision,
the populations most vulnerable to this disease are likely vitamin D
deficient [37], and this vitamin also likely modulates the oxidative
stress occurring in severe COVID-19 [38] there is strong supports for its
widespread prescription.

In conclusion, this study has demonstrated a highly significant
correlation between premorbid IL-6 levels and mortality rates from
COVID-19, accounting for a range of previously described clinical
predictors and, potentially directing future therapeutic strategies,

1. Inhaled virus particles reach pulmonary epithelium

6. IL-6 binds to macrophage
inducing cathepsin L production

O
O
5. Macrophage produces IL-6 O
in response to viral challenge O
O
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2. Macrophage cathepsin L
enables virus to bind to receptor

3. Infected cell produces IL-6,
recruiting more macrophages
and upregulating epithelial receptors

4. Infected cell produces
new copies ofvirus

Fig. 3. Noxious cycle induced by IL-6 interaction with macrophages and pulmonary epithelium. IL-6 enables viral binding and replication both through upregulation
of ACE2 receptors (step 3] and induction of macrophage cathepsin L (step 6]. This provides a strategy for a range of therapeutic options, including Vitamin D

prescription which directly lowers macrophage IL-6 production.
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including in relation to Vitamin D.
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