Endocrine (2024) 86:119-123
https://doi.org/10.1007/s12020-024-03900-6

BRIEF REPORT

Check for
updates

Novel protective circulating miRNA are associated with preserved
vitamin D levels in patients with mild COVID-19 presentation at
hospital admission not progressing into severe disease

Luigi di Filippo' - Umberto Terenzi' - Giovanni Di lenno’ - Silvia Trasciatti® - Silvano Bonaretti? - Andrea Giustina'

Received: 12 April 2024 / Accepted: 28 May 2024 / Published online: 10 June 2024
© The Author(s) 2024, corrected publication 2024

Abstract

Purpose Low vitamin D levels were reported to negatively influence the outcomes of acute COVID-19, as well as other
biochemical markers were linked to COVID-19, including microRNAs (miRNAs). This study aimed to prospectively
evaluate miRNAs and vitamin D relationship in predicting COVID-19 outcomes.

Methods COVID-19 patients were part of a previously reported cohort and enrolled in a matched-ratio based on the
presence/or not of severe disease at hospital admission. 25(OH) vitamin D levels and miRNAs expression were evaluated.
Results Patients affected by non-severe COVID-19 were characterized by a higher expression of miRNAs hsa-miR-3115
and hsa-miR-7151-3p, as compared to those affected by severe disease. In non-severe patients, these miRNAs were more
frequently expressed in those who subsequently did not develop worsening outcomes. In addition, patients with miRNA-
7151 expression and without worsening disease were characterized by higher 25(OH) vitamin D levels and lower prevalence
of vitamin D deficiency.

Conclusions The expression of two novel miRNAs was reported for the first-time to be associated with a less severe
COVID-19 form and to prospectively predict the occurrence of disease outcome. Furthermore, the association observed
between vitamin D deficiency and lack of miRNA-7151 expression in COVID-19 patients with worse outcomes may support
the hypothesis that the co-existence of these two conditions may have a strong negative prognostic role.
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Introduction

Coronavirus disease 2019 (COVID-19) manifestations are
known to range from asymptomatic forms to acute
respiratory-distress syndromes with high mortality risk. A
proper identification of severe forms and an early prediction
of high-risk patients is still required. Therefore, several
clinical and biochemical features have been identified and
proposed as useful tools in predicting disease severity and
future outcomes. In the context of the endocrine phenotype
of the disease [1, 2], the negative role of vitamin D
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deficiency was hypothesized early due to its the well-known
influence on immune response and immunocompetence
[3-5]. Lower vitamin D levels were reported consistently to
be associated with severe COVID-19, and also demon-
strated to prospectively predict the occurrence of worse
outcomes independently from the severity of disease at
presentation [6]. In addition, among the most promising
biochemical markers in predicting COVID-19 severity, also
those involved in regulation of gene expression such as
microRNAs (miRNAs) were reported consistently [7, 8].
MiRNAs are small noncoding RNAs that play a key-role in
various biological and pathological processes that in the last
decades have been progressively proposed as diagnostic and
predicting biomarkers for several diseases, including
infectious ones. Their physiological role is to silence gene
expression through messenger-RNA inhibition. Several
studies and meta-analyses have addressed miRNAs’ role in
COVID-19, highlighting consistent associations between
their expression and susceptibility to worse outcomes [7, 8].
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Fig. 1 25(OH) vitamin D levels across patients with miRNA-7151
expression and without worsening disease (group 1) (n.6), patients
without both miRNA-7151 expression and worsening disease (group
2) (n.21), and patients without miRNA-7151 expression but with
occurrence of worsening disease (group 3) (n.9)

Our aim was to report the results of an ancillary study of a
previously published observational trial [6] on miRNAs
expression in COVID-19 patients carrying out also, for the
first-time, a prospective evaluation of miRNAs and vitamin
D relationship in predicting COVID-19 outcomes.

Patients and methods
Study design

We performed a prospective ancillary study with post-hoc
analyses on a cohort of patients evaluated at San Raffaele
University Hospital, Milan, Italy, and previously described
(hospital ethics committee protocol: ABIO/NC/03 no. 367/
2020) [6]. Study design was detailed in our previous report.
Briefly, adult patients (age >18 years) admitted for COVID-
19 from March to June 2021 were evaluated for the
enrollment. At admission in Emergency-Department (ED),
patients were consecutively enrolled in a matched for age,
sex and comorbidities 1:1 ratio based on the presence or not
of respiratory-distress (complete list of criteria detailed in
[6]) defining those with severe and non-severe disease.
Worsening disease was defined by the subsequent occur-
rence of severe clinical course in patients initially char-
acterized as non-severe in ED [6].

Data collection

Data collected included demographics, comorbidities,
inflammatory parameters, and clinical outcomes (complete
list in [6]). 25(OH) vitamin D was measured, at study
enrollment in ED, by Roche Cobas 8000WKC/MET/036
using electrochemiluminescence-immunoassays (ECLIA)
(ng/mL) (coefficient of variation 5%). Vitamin D deficiency
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was defined as 25(OH) vitamin D levels below 20 ng/mL.
25(0OH) vitamin D data of the patients evaluated in this
ancillary study were already included in the core trial pre-
viously published [6]. The expression levels of circulating
miRNAs were estimated using Next Generation Sequencing
system (Illumina) on patients’ plasma samples collected at
admission. RNA was isolated using miRNeasy Serum/
Plasma Kit (Qiagen) and the RNA Library was prepared
using NEXTFlex Small RNA-Seq Kit v3 (Bioo Scientific).
On the basis of occurrence or not of worsening disease
and concomitant presence or absence of the specific miRNA
expression, the patient’s cohort was also retrospectively
subdivided into three groups compared in Fig. 1. Group 1:
without occurrence of worsening disease and with miRNA
expression; group 2: without occurrence of worsening dis-
ease and without miRNA expression; group 3: with
occurrence of worsening disease and without miRNA
expression. Only one patient with occurrence of worsening
disease and with miRNA-7151 expression was observed
(data not included in the analysis for statistical reasons).

Statistical analysis

Descriptive statistics were obtained for all study-variables.
Categorical variables were summarized as counts and per-
centages. Kolmogorov—Smirnov normality-test was per-
formed (p < 0.05) and continuous variables were expressed
as medians and interquartile range [IQR] [25th—75th per-
centile]. Fisher exact test or y2 test and the Wilcoxon
signed-rank test or the Kruskal-Wallis test were used to
determine the statistical significance of differences in pro-
portions and medians, respectively. All statistical tests were
two-sided. P value of <0.05 was considered statistically
significant. Analysis was conducted using IBM SPSS Sta-
tistics (Statistics for Windows, 23.0, IBM Corp.).

Results

As previously described, a total of 73 patients were
prospectively enrolled including 36 (49.3%) and 37
(50.7%) with and without severe disease at hospital
admission, respectively [6]. Briefly, median age of
patients was 68 [54-73] years, 43 (58.9%) were male, and
history of hypertension was the most frequent comor-
bidity (57.5%). Median 25(OH) vitamin D level was 13.8
[8.8-20.1] ng/mL and vitamin D deficiency was found in
55 patients (75%) [6].

The evaluation of levels of circulating miRNAs revealed
that patients affected by non-severe COVID-19 were char-
acterized by more frequent expression of miRNAs hsa-miR-
3115 and hsa-miR-7151-3p, as compared to those affected
by severe disease.



Endocrine (2024) 86:119-123

121

Table 1 Demographic characteristics, concomitant comorbidities and
disease outcomes in COVID-19 patients with and without miRNA-
3115 expression

Table 2 Demographic characteristics, concomitant comorbidities and
disease outcomes in COVID-19 patients with and without miRNA-
7151 expression

miRNA- miRNA-3115 - p value miRNA- miRNA-7151 —  p value
3115+ (n.9) (n.28) 7151 + (n.7) (n.30)
Age, years 61 (52-73) 64 (52-73) 0.99 Age, years 60 (53-74) 65 (51-73) 0.89
Male gender, n (%) 6 (66%) 17 (61%) 0.99 Male gender, n (%) 4 (57%) 19 (63%) 0.99
BMI, kg/m® 27 (26-31) 26 (25-30) 0.22 BMI, kg/m® 27 (26-29) 26 (25-30) 0.61
Obesity, n (%) 2 (22%) 5 (18%) 0.99 Obesity, n (%) 1 (14%) 6 (20%) 0.99
Hypertension, n (%) 6 (66%) 16 (57%) 0.71 Hypertension, n (%) 4 (57%) 18 (60%) 0.99
Cardiovascular 0 (0%) 3 (11%) 0.56 Cardiovascular 1 (14%) 2 (7%) 0.48
disease, n (%) disease, n (%)
Diabetes mellitus, 3 (33%) 3 (11%) 0.14 Diabetes mellitus, 0 (0%) 6 (20%) 0.57
n (%) n (%)
History of 1 (11%) 1 (3%) 0.43 History of neoplasia, 0 (0%) 2 (7%) 0.99
neoplasia, n (%) n (%)

25(0OH) vitamin D
levels, ng/mL

14.1 (10.1-21.8)  13.2 (8.4-35) 0.96

Vitamin D 6 (66%) 20 (71%) 0.99
deficiency, n (%)

LDH, U/L 258 (206-327) 327 (251-350)  0.021
CRP, mg/L 41 (13-64) 57 (17-79) 0.29
Ferritin, ng/mL 474 (118-860) 723 (427-994)  0.012
IL6, pg/mL 0.19 (0.09-1) 0.97 (0.53-3.1)  0.015
Worsening disease, 0 (0%) 10 (36%) 0.079
n (%)

25(OH) vitamin D
levels, ng/mL

20.6 (11.4-33) 13.5 (9.5-20.3)  0.11

Vitamin D 3 (43%) 23 (76%) 0.16
deficiency, n (%)

LDH, U/L 278 (227-307) 306 (271-345) 0.41
CRP, mg/L 31 (11-67) 58 (20-75) 0.031
Ferritin, ng/mL 565 (215-885) 658 (385-901) 0.35
IL6, pg/mL 0.34 (0.14-3) 1.2 (0.8-4.1) 0.041
Worsening disease, 1 (14%) 9 (30%) 0.65
n (%)

P values reported in bold are statistically significant
n number, BMI body mass index, LDH lactate dehydrogenase, CRP
c-reactive protein, /L6 interleukin 6

As previously reported, in the non-severe group (n.37), a
worsening disease subsequently occurred in 10 patients
(27%) [6]. MiRNA-3115 was found in a total of 9 patients,
of whom no one developed a worsening disease (0/10 vs
9/27, p=0.079). MiRNA-7151 was found in a total of 7
patients, of whom only one showed a worsening disease
(1710 vs 6/27, p=0.65). No differences were observed
between those with and without the expression of miRNA-
3115 or miRNA-7151 regarding demographics and
comorbidities (Table 1; Table 2). However, subjects in
whom those miRNAs were found were also characterized
by statistically significant lower levels of inflammatory
biomarkers (Table 1; Table 2).

In non-severe patients, we had previously reported that,
in multivariate analyses, lower 25(OH) vitamin D levels
resulted as the only variable independently associated with
the occurrence of worsening disease [6]. Regarding vitamin
D and miRNAs relationship, no differences in 25(OH)
vitamin D levels and vitamin D deficiency prevalence were
observed between those with miRNA-3115 expression and
without worsening disease (n.9) vs those either without both
miRNA-3115 expression and worsening disease (n.18) or

P values reported in bold are statistically significant
n number, BMI body mass index, LDH lactate dehydrogenase, CRP
c-reactive protein, /L6 interleukin 6

without miRNA-3115 expression but with occurrence of
worsening disease (n.10) (Table 1). On the other hand,
25(0OH) vitamin D levels were significantly higher in those
with miRNA-7151 expression and without worsening dis-
ease (n.6) as compared to those without both miRNA-7151
expression and worsening disease (n.21) and to those
without miRNA-7151 expression but with occurrence of
worsening disease (n.9) (25.7 [12.8-35.5] vs 16.3
[10.3-259] vs 10.6 [6.1-14.2] ng/mL, respectively,
p =0.022) (Fig. 1). In addition, vitamin D deficiency pre-
valence was lower in those with miRNA-7151 expression
and without worsening disease as compared to the other two
groups (33% vs 66% in group 2 and vs 100% in group 3,
p=0.021).

Discussion
In our previously reported cohort, miRNA-3115 and
miRNA-7151 were expressed in non-severe group exclu-

sively. In addition, patients who expressed miRNA-3115
and miRNA-7151 were characterized by a lower
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inflammatory response, and these miRNAs were present
more prevalently in those who did not develop a subsequent
worsening disease as compared to those who worsened.

To date, no data are available on miRNA-3115 and
miRNA-7151 effects in COVID-19 and our data seem to
potentially support, for the first-time, a possible protective
role of these miRNAs in COVID-19 patients. The patho-
physiological roles of miRNA-3115 and miRNA-7151 are
currently poorly understood. Interestingly, using a widely
accepted database for prediction of miRNAs functional
targets, we have evaluated candidate transcripts with very
high scores 280 (range 0—100) observing that miRNA-3115
is potentially related to a negative modulation of G-protein-
coupled receptor 17 (GPR17) and miRNA-7151 to an
inhibitory effect on cathepsins B/L (CTSB/L) and Kringle
Containing Transmembrane Protein 1 (KREMEN1) [9].
Interestingly, GPR17 is a seven-transmembrane domains
receptor with a tissue broad distribution playing different
roles in cells remodeling and repairing [10]. Recently, the
inhibition of GPR17 in mouse models using Cangrelor, an
antagonist anti-platelet drug, was associated with a sig-
nificant decrease in the inflammatory response injury and
pulmonary fibrosis during sepsis [11]. Also, CTSB/L is an
endosomal protease involved in cleaving and activating
SARS-CoV-2 spike-protein, a required step for viral entry
in host-cells [12, 13]. In vitro studies have demonstrated
that blocking CTSB/L effectively reduces and prevents viral
entry [12, 13]. Finally, KREMENI is a transmembrane
protein expressed in various tissues and, recently, was also
demonstrated to act as an ACE2-alternative viral entry
receptor for SARS-CoV-2 and its in vitro blockage was
associated with a substantial reduction of viral infectivity
[14, 15]. These evidences may support the hypothesis that
miRNA-3115 and miRNA-7151 expression could represent
a protective factor against worse COVID-19 through the
inhibition of the pathways mentioned above.

Besides miRNAs effects, in our cohort, vitamin D defi-
ciency was previously demonstrated to predict the occur-
rence of severe outcomes prospectively and independently
[6]. Several pathophysiological hypotheses were proposed
to explain the negative influences of vitamin D deficiency in
COVID-19 [1, 16-19], however, no data are currently
available regarding vitamin D and miRNAs relationship in
this clinical setting. Despite the non-statistically significant
differences in either rates of hypovitaminosis D or 25(OH)
vitamin D levels among patients with and without miRNAs
expression, possibly also due to the limited number of study
subjects, we found an association between vitamin D defi-
ciency and lack of miRNA-7151 expression in COVID-19
patients with worse outcomes which may support the
hypothesis that the co-existence of these two conditions
may have a strong negative prognostic role. It remains to be
investigated in larger cohorts if lack of vitamin D and
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miRNA-7151 can act synergistically and independently, or
with a cause-effect relationship or even if supplementation
of vitamin D may have more effective protective role in
those with vitamin D deficiency and lack of protective
miRNA expression [20].

First limitation of our study is the low number of
patients included. This is mainly related to the stringent
inclusion and exclusion criteria adopted. Another important
limitation is the lack of evaluation of potential pathophy-
siological mechanisms underlying the associations between
miRNAs expression, vitamin D deficiency, and COVID-19
severity.

However, besides these limitations, this is the first study
that specifically evaluated vitamin D and miRNAs rela-
tionships in influencing COVID-19 outcome. Moreover, we
firstly reported on the expression of two novel miRNAs as
potentially useful protective biomarkers of COVID-19
severity and the prospective design used in the study
allowed us to hypothesize a combined predictive role of low
vitamin D levels and miRNA expression.

In conclusion, the expression of two novel miRNAs was
reported for the first-time to be associated with a less severe
COVID-19 form and to prospectively predict the occurrence
of disease outcome. Moreover, the association observed
between vitamin D levels and miRNA expression may
potentially expand our knowledge about vitamin D role in
acute COVID-19, but further investigations should be also
performed in Long COVID scenario and in response to anti-
COVID-19 vaccination, settings in which vitamin D levels
were recently proposed to have a potential role [21-23].

Acknowledgements Research activities of L.d.F. are partially sup-
ported by Glucocorticoid induced Osteoporosis Skeletal Endocrinol-
ogy Group (GIOSEG) research grant. Funding: Study was supported
by a research grant from Abiogen Pharma S.p.A, Italy. The sponsors
had no role in manuscript preparation and finalization.

Author contributions All authors contributed to the manuscript con-
ception and design. All authors read and approved the final manuscript.

Conflict of interest A.G. is consultant for Abiogen Pharma S.p.A. and
Takeda and received research grant to Institution from Takeda. L.d.F.
received research grants to Institution from Abiogen Pharma S.p.A.
All other authors have no conflict of interest to declare.

Ethics approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards. The study protocol was approved by the Hospital Ethics
Committee (protocol ABIO/NC/03 no. 367/2020).

Informed consent Signed informed consent was obtained from all
individuals participating in this study.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



Endocrine (2024) 86:119-123

123

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. S. Frara, A. Allora, L. Castellino, L. di Filippo, P. Loli, A.
Giustina, COVID-19 and the pituitary. Pituitary 24(3), 465-481
(2021). https://doi.org/10.1007/s11102-021-01148-1

2. M. Puig-Domingo, M. Marazuela, B.O. Yildiz, A. Giustina,
COVID-19 and endocrine and metabolic diseases. An updated
statement from the European Society of Endocrinology. Endocrine
72(2), 301-316 (2021). https://doi.org/10.1007/s12020-021-
02734-w

3. J.P. Bilezikian, N. Binkley, H.F. De Luca et al. Consensus and
controversial aspects of Vitamin D and COVID-19. J. Clin.
Endocrinol. Metab. 108(5), 1034-1042 (2023). https://doi.org/10.
1210/clinem/dgac719

4. A. Giustina, M. Lazaretti-Castro, A.R. Martineau, R.S. Mason,
C.J. Rosen, 1. Schoenmakers, A view on vitamin D: a pleiotropic
factor? Nat. Rev. Endocrinol. Published online January 22,
(2024). https://doi.org/10.1038/341574-023-00942-0

5. J.P. Bilezikian, D. Bikle, M. Hewison et al. Mechanisms in
endocrinology: Vitamin D and COVID-19. Eur. J. Endocrinol.
183(5), R133-R147 (2020). https://doi.org/10.1530/EJE-20-0665

6. L. di Filippo, M. Uygur, M. Locatelli, F. Nannipieri, S. Frara, A.
Giustina, Low vitamin D levels predict outcomes of COVID-19 in
patients with both severe and non-severe disease at hospitaliza-
tion. Endocrine 80(3), 669683 (2023). https://doi.org/10.1007/
$12020-023-03331-9

7. L. Gao, EM. Kyubwa, M.A. Starbird et al. Circulating miRNA
profiles in COVID-19 patients and meta-analysis: implications for
disease progression and prognosis. Sci. Rep. 13(1), 21656 (2023).
https://doi.org/10.1038/s41598-023-48227-w

8. W. Ahmad, B. Gull, J. Baby et al. Differentially-regulated miR-
NAs in COVID-19: a systematic review. Rev. Med. Virol. 33(4),
€2449 (2023). https://doi.org/10.1002/rmv.2449

9. W. Liu, X. Wang, Prediction of functional microRNA targets by
integrative modeling of microRNA binding and target expression
data. Genome Biol. 20(1), 18 (2019). https://doi.org/10.1186/
$13059-019-1629-z

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

G. Marucci, D. Dal Ben, C. Lambertucci et al. The G protein-coupled
receptor GPR17: overview and update. ChemMedChem 11(23),
2567-2574 (2016). https://doi.org/10.1002/cmdc.201600453

Q. Luo, R. Liu, K. Qu et al. Cangrelor ameliorates CLP-induced
pulmonary injury in sepsis by inhibiting GPR17. Eur. J. Med. Res.
26(1), 70 (2021). https://doi.org/10.1186/s40001-021-00536-4

T. Liu, S. Luo, P. Libby, G.P. Shi, Cathepsin L-selective inhibi-
tors: a potentially promising treatment for COVID-19 patients.
Pharmacol. Ther. 213, 107587 (2020). https://doi.org/10.1016/].
pharmthera.2020.107587

S. Zhao, M. Jiang, H. Qing, J. Ni, Cathepsins and SARS-CoV-2
infection: from pathogenic factors to potential therapeutic targets.
Br. J. Pharmacol. 180(19), 2455-2481 (2023). https://doi.org/10.
1111/bph.16187

Y. Gu, J. Cao, X. Zhang et al. Receptome profiling identifies
KREMENI1 and ASGRI1 as alternative functional receptors of
SARS-CoV-2 [published correction appears in Cell Res. 2022
Jun;32(6):600]. Cell Res. 32(1), 24-37 (2022). https://doi.org/10.
1038/s41422-021-00595-6

M. Hoffmann, S. Pohlmann, Novel SARS-CoV-2 receptors:
ASGR1 and KREMENI. Cell Res. 32(1), 1-2 (2022). https://doi.
org/10.1038/s41422-021-00603-9

L. di Filippo, S. Frara, A. Giustina, The emerging osteo-metabolic
phenotype of COVID-19: clinical and pathophysiological aspects.
Nat. Rev. Endocrinol. 17(8), 445-446 (2021). https://doi.org/10.
1038/s41574-021-00516-y

L. di Filippo, S. Frara, M. Doga, A. Giustina, The osteo-metabolic
phenotype of COVID-19: an update. Endocrine 78(2), 247-254
(2022). https://doi.org/10.1007/312020-022-03135-3

L. di Filippo, A. Allora, M. Doga et al. Vitamin D levels are
associated with blood glucose and BMI in COVID-19 patients,
predicting disease severity. J. Clin. Endocrinol. Metab. 107(1),
e348-e360 (2022). https://doi.org/10.1210/clinem/dgab599

L. di Filippo, M. Doga, S. Frara, A. Giustina, Hypocalcemia in
COVID-19: prevalence, clinical significance and therapeutic
implications. Rev. Endocr. Metab. Disord. 23(2), 299-308 (2022).
https://doi.org/10.1007/s11154-021-09655-z

J.P. Bilezikian, A.M. Formenti, R.A. Adler et al. Vitamin D:
dosing, levels, form, and route of administration: does one
approach fit all? Rev. Endocr. Metab. Disord. 22(4), 1201-1218
(2021). https://doi.org/10.1007/311154-021-09693-7

L. di Filippo, S. Frara, F. Nannipieri et al. Low Vitamin D levels
are associated with long COVID syndrome in COVID-19 survi-
vors. J. Clin. Endocrinol. Metab. 108(10), e1106—-1116 (2023).
https://doi.org/10.1210/clinem/dgad207

L. di Filippo, S. Frara, U. Terenzi et al. Lack of vitamin D predicts
impaired long-term immune response to COVID-19 vaccination.
Endocrine 82(3), 536-541 (2023). https://doi.org/10.1007/
$12020-023-03481-w

A. Giustina, J.P. Bilezikian, R.A. Adler et al. Consensus State-
ment on Vitamin D status assessment and supplementation: Whys,
Whens, and Hows. Endocr. Rev. Published online April 27,
(2024). https://doi.org/10.1210/endrev/bnae009

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s11102-021-01148-1
https://doi.org/10.1007/s12020-021-02734-w
https://doi.org/10.1007/s12020-021-02734-w
https://doi.org/10.1210/clinem/dgac719
https://doi.org/10.1210/clinem/dgac719
https://doi.org/10.1038/s41574-023-00942-0
https://doi.org/10.1530/EJE-20-0665
https://doi.org/10.1007/s12020-023-03331-9
https://doi.org/10.1007/s12020-023-03331-9
https://doi.org/10.1038/s41598-023-48227-w
https://doi.org/10.1002/rmv.2449
https://doi.org/10.1186/s13059-019-1629-z
https://doi.org/10.1186/s13059-019-1629-z
https://doi.org/10.1002/cmdc.201600453
https://doi.org/10.1186/s40001-021-00536-4
https://doi.org/10.1016/j.pharmthera.2020.107587
https://doi.org/10.1016/j.pharmthera.2020.107587
https://doi.org/10.1111/bph.16187
https://doi.org/10.1111/bph.16187
https://doi.org/10.1038/s41422-021-00595-6
https://doi.org/10.1038/s41422-021-00595-6
https://doi.org/10.1038/s41422-021-00603-9
https://doi.org/10.1038/s41422-021-00603-9
https://doi.org/10.1038/s41574-021-00516-y
https://doi.org/10.1038/s41574-021-00516-y
https://doi.org/10.1007/s12020-022-03135-3
https://doi.org/10.1210/clinem/dgab599
https://doi.org/10.1007/s11154-021-09655-z
https://doi.org/10.1007/s11154-021-09693-7
https://doi.org/10.1210/clinem/dgad207
https://doi.org/10.1007/s12020-023-03481-w
https://doi.org/10.1007/s12020-023-03481-w
https://doi.org/10.1210/endrev/bnae009

	Novel protective circulating miRNA are associated with preserved vitamin D levels in patients with mild COVID-19 presentation at hospital admission not progressing into severe disease
	Abstract
	Introduction
	Patients and methods
	Study design
	Data collection
	Statistical analysis

	Results
	Discussion
	ACKNOWLEDGMENTS
	ACKNOWLEDGMENTS
	References




