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Abstract

Type 1 diabetes (T1D) is an autoimmune disease, causing
hyperglycaemia. Evidence suggests Human Leukocyte Antigen Class
| (HLA-1) hyperexpression causes CD8+ T-cells to destroy pancreatic
B-cells, reducing insulin. This is caused by interferon stimulation
via the Janus Kinase (JAK) - Signal Transducer and Activator of
Transcription (STAT) pathway. No cure exists, creating urgency to
design drugs targeting disease pathology. JAK inhibitors show
promise in reducing HLA-1 expression. This review aims to explore
how JAKinhibitors can target this pathway to treat T1D, by considering
hallmark features, driving mechanisms and targeting. Studies
conclude HLA-1 hyperexpression is observed in human islets, with
interferon signalling causing and driving hyperexpression. Studies
also agree JAK inhibitors target this, which reduces hyperexpression
in mice; this is reflected in humans by producing more insulin.
Longer randomised controlled trials should be conducted, in
individuals at risk of disease with predictive biomarkers, to prevent
disease pathology and reduce onset.

Abbreviations
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MHC-1 - Major Histocompatibility Complex Class |
NOD - non-obese diabetic

RCT - randomised controlled trial

STAT - Signal Transducer and Activator of Transcription
T1D - type 1 diabetes
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Introduction

Type 1 diabetes (T1D) is an autoimmune disease leading to the
destruction of insulin-producing pancreatic -cells, causing
hyperglycaemia, which is high blood glucose in this case from lack of
insulin."? Around 376,000 people in the UK are affected,® with nearly
90% of children and young people with diabetes having type 1.
Currently, there is no cure and individuals require exogenous insulin
replacement for survival to prevent life-threatening complications
such as ketoacidosis,' emphasising the need for new therapeutics to
reduce -cell demise early on, potentially delaying or preventing T1D.

A characteristic feature of TID is the hyperexpression of
Human Leukocyte Antigen Class | (HLA-1), encoding the Major
Histocompatibility Complex Class | receptor (MHC-1).* As part of
protein synthesis, its transcription, where mRNA is synthesised from
DNA, is regulated by cell signalling molecules called cytokines. A
family of cytokines calledinterferons (IFNs),aandy, regulate thisviathe
Janus Kinase (JAK) — Signal Transducer and Activator of Transcription
(STAT) signalling pathway. IFNs bind to receptors on their target cells.
This activates receptor-associated enzymes of the JAK family, which
phosphorylate each other by transphosphorylation, which leads to
another addition of a phosphate group in phosphorylation of STAT
transcription factors. Phosphorylated STAT1 and/or STAT2 then
dimerise and translocate to the nucleus, where they regulate and
modulate target gene transcription and cause downstream effects,
causing HLA-1 hyperexpression. IFNa-induced hyperexpression is
mediated by members of the JAK family JAK1/TYK2, and IFNy by
JAK1/JAK2. Since JAK1 is present in both pathways, it is sensible to
target this for maximal effect.*

MHC-1 is essential for CD8+ cytotoxic T-cell interaction.
Hyperexpression causes identification of (-cell antigens as non-



self, precipitating selective destruction by cytotoxic T lymphocytes
(CTLs).* This significantly reduces insulin production, making HLA-1
hyperexpression central to T1D pathogenesis.* JAK inhibitors can
reduce CTL-mediated demise, by inhibiting STAT phosphorylation.
This prevents downstream effects of IFNs and reduces HLA-1
hyperexpression, preserving B-cell function and insulin secretion
which maintains normoglycaemia. This review aims to explore how
JAKinhibitors target the JAK-STAT pathway to treat T1D by evaluating
evidence of HLA-1 hyperexpression on 3-cells, understanding how
IFNs drive this, and exploring JAK inhibitor potential to target this
pathway.

Methods

PubMed, Cochrane Library, Trip Database and Web of Science were
searched, using the search string: (“type 1 diabetes” AND “HLA-1
hyperexpression”) OR (“MHC-1") OR (“type 1 diabetes” AND “JAK”
OR “STAT”) OR (“type 1 diabetes” AND “JAK inhibitor”) OR (“type 1
diabetes” AND “STAT1” AND “beta cells”). Randomised controlled
trials (RCTs) and clinical trials were included, and papers not written
in English were excluded, which yielded 115 results. After screening
and forwards and backwards citations, nine studies were selected.
Figure 1 illustrates the process of primary evidence synthesis.

Results and discussion
HLA-1 hyperexpression

A study by Coppieters et al found HLA-1 hyperexpression specific to
T1D.*Contrastingly, Skog et al reported intense HLA-1 staining in more
T1D subjects than controls, for formalin-fixed paraffin-embedded
(FFPE) pancreatic specimens,’ however, even distribution was
observed with frozen specimens. Protein data is supported at mRNA
level, as RNA sequencing showed comparable mRNA expression of
HLA-ABC, common HLA-1 isoforms, and no difference for MHC-1 in
islets between people with diabetes and people without, suggesting
hyperexpression due to staining artefacts. Opposingly, Richardson et
al reported HLA-1 hyperexpression in T1D islets? at protein and RNA
levels, since RNA expression of HLA isoforms in laser captured islets
was elevated compared to controls. Benkahla et al supports this,’
finding HLA-1 hyperexpression in T1D donor islets.

Most favourably, Coppieters et al had the largest sample size®
increasing generalisability and reducing anomalous participant skew.
Richardson et al and Benkahla et al had moderate sample sizes,??
however Richardson et al obtained samples from three significant
T1D pancreas collections, thus is more representative. However, Skog
et al’s is the least generalisable with eight subjects.’

All studies used human pancreas samples, either frozen and/or FFPE
pancreata, to obtain islets,%® increasing transfer ability to humans,
although each has limitations. FFPE preserves proteins, however
they become denatured so antibody binding may differ between
active and inactive forms, limiting staining value, whereas freezing
may provide more accuracy through preservation in their active
state.’® Additionally, nucleic acids are not preserved well so are not
ideal for molecular genetic analysis, contrarily to frozen samples,™
affecting precision and accuracy of FFPE tissue. This may explain
Skog et al’s discordant results. FFPE protocol is not standardised, so
no guarantee of similar preparation exists,'® affecting reproducibility.
Skog et al claims reported hyperexpression is due to formalin-fixation
techniques.” However, Richardson et al confirmed staining specificity
in FFPE samples, using a secondary antibody to confirm HLA-1
hyperexpression detection.®? Despite similar staining findings, this
increases Richardson et al’s cross-validity, considering Skog et al used
only one antibody.

Islet isolation processes may alter HLA-1 expression.” RNA expression
reflects the time of sampling. To minimise downregulation, Skog
et al immediately reduced biopsy temperature to reduce tissue
metabolism,” although no RNA elevation may be due to this. However,
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laser-capture microscopy verifies these findings through RNA
expression, though only two individuals were used: Richardson et al
used more,”# so is more reliable. Benkahla et al goes further than Skog
et al, by quantifying HLA-1 in islets, providing further evidence of this
hallmark feature.® Using high resolution confocal microscopy, instead
of light microscopy, creates higher-resolution imaging than Skog et
al,"" improving accuracy. Despite Skog et al’s unconvincing evidence
against HLA-1 hyperexpression, data disproves this hypothesis, with
further supporting studies suggesting HLA-1 hyperexpression is a
hallmark feature of T1D and not artefactual.

Role of interferons

Marroqui et al reports IFNa activated STAT1-3, inducing MHC-1
expression in human cell line EndoC-BH1 and human islets.'? They
observed IFNa and IFNy inducing similar MHC-1 expression. STAT1
knockdown prevented IFNy-induced MHC-1 expression but not
IFNa-induced expression. Both STAT2 and STAT1/STAT2 double
knockdown, almost completely prevented IFNa-induced expression,
implicating STAT1 in IFNy and both STAT1 and STAT2 in IFNa pathways.
Richardson et al observed elevated STAT1 in hyperexpressing B-cells.?
A Spearman’s Rank Coefficient of r=0.5454, p<0.0001 reported
between STAT1 and HLA-ABC, suggests a statistically significant
positive correlation between the two, supporting STAT1’s role in
HLA-1 hyperexpression. Another study by Coomans de Brachéne
et al reported IFNa induced MHC-1 production in EndoC-BH1 cells,
however, upon withdrawal, MHC-1 remained overexpressed in
human islets.”? Additionally, JAK inhibitors did not accelerate MHC-1
decrease when added post-IFN withdrawal. However, pre-treatment
with JAK inhibitors prevented IFNa-induced HLA-ABC expression
dose-dependently, suggesting continuous IFNa signalling is
unnecessary for long-lasting MHC-1 hyperexpression in human
[3-cells. Early intervention may be promising as type 1 IFNa signature
expression precedes autoantibody detection in children at risk for
T1D. If signature detection became part of routine follow up for at-
risk children, it could indicate an ideal moment for intervention.”

Studies using the human cell line EndoC-fH1,'?"* should be
interpreted with caution. Despite glucose-responsiveness and insulin
production, islet cytokine responsiveness is not fully reflected,' nor
proliferation and insulin content.’ Furthermore, islet composition or
orientation is not imitated, nor B-cell interactions with other cells.’
Although similarly expressing 3-cell specific genes,” data from this
line needs validating with human islets, which increases transferable
potential to humans in vivo.

Two studies used anti-MHC-1 antibodies during staining; Marroqui
et al’s was derived from rabbits and Coomans de Brachéne’s mice.'>'
In canine tissue, rabbit antibodies have higher antigen affinity than
mice antibodies, although this differs from human tissue results.'
Therefore, differences may exist in antibody affinity between studies,
introducing confounding variables and reducing accuracy.

Despite the limitations of human cell lines, results were validated
with human islets, providing congruent results linking IFNa and y
with STAT1 and STAT2, to induced HLA-1 hyperexpression and MHC-1
upregulation.

JAK inhibitors

Trivedi et al found AZD1480, a JAK1/JAK2 inhibitor, inhibited IFNy-
induced STAT1 phosphorylation, preventing MHC-1 upregulation in
non-obese diabetic (NOD) mouse and human islets.' Supporting in
vivo results show >=50% STAT1 phosphorylation decrease, causing
significant MHC-1 expression reduction. Concordantly, Ge et al’s
use of JAK1 inhibitor ABT317, showed similar results in mice 3-cells,
corroborated by significant MHC-1 expression reduction in treated
C57BL/6 mice islets.® This suggests JAK1 and/or JAK2 inhibitors
reduce MHC-1 hyperexpression.

Trivedi et al found 78% treated mice remained normoglycaemic



during treatment, although Ge et al found that this was 93.75% with
high dosage.”® However, Trivedi et al's mice became hyperglycaemic
1-week  post-treatment-cessation,’”” whereas Ge et al's
normoglycaemic drugged mice remained so for 10 days, suggesting
T1D can be reversed transiently. At 100 days, 43.75% high-dosage
mice displayed reversed diabetes, suggesting ABT317 can reverse
T1D and displays prolonged effects.

Different mice models illustrate both a gene knockout and polygenic
T1D model.#'# C57BL/6 mice are inbred and genetically identical,
thus free of impactful genetic differences.?’ Such uniformity increases
reliability and internal validity by reducing confounders. NOD mice
are inbred, however, are more applicable due to autoantibody
development prior to T1D onset, like humans.?? Although pre-clinical
models are beneficial, differences exist between human and rodent
B-cells. Two genes encode rodent insulin but one in humans, and
B-cell cytokine sensitivity differs.’” The complexity of differences
reduces translation potential from mice to humans and affects
applicability.

BANDIT, a double-blind, placebo-controlled RCT, investigated
Baricitinib, a JAK1/JAK2 inhibitor,”® and measured mean C-peptide
levels, indicating B-cell function.?® Median C-peptide increased
by 48% in the Baricitinib cohort compared to placebo,” indicating
reduced 3-cell demise and increased insulin secretion. Consequently,
mean daily insulin dose required became lower for Baricitinib-treated
patients than baseline and placebo,” indicating improved B-cell
function.

Using clinical trials to validate results in humans improves JAK
inhibitor data applicability, enabling practical conclusions to be drawn
in humans in vivo. BANDIT spans four Australian sites,?® increasing
demographical representation. Despite this, >87% participants in
both cohorts are white, limiting global generalisability, although the
participant population was representative of the Australian new-
onset T1D population in terms of ethnicity. The randomisation and
double-blind features reduce allocation and maintenance bias. A
placebo-controlled cohort allows valid comparison, with baseline
characteristics similar in both groups. During the trial, COVID-19
occurred, so 27 individuals suspended drug or placebo for >5 days.
No consistent C-peptide changes were observed post-COVID-19,
with no evidence of alteration at the endpoint, so this limitation
appears to be minimal. Insulin pumps used by 15 participants
displayed lower daily insulin dosage than those with injections,
introducing a potential confounder, decreasing internal validity. With
regards to safety outcomes, none of the adverse events recorded
were attributed to baricitinib or placebo, suggesting no significant
safety concerns.

Pre-clinical data suggests JAK inhibitors reduce hallmark features
of T1D, potentially reversing disease in mice. Despite limitations of
mice models, data appears to translate into human clinical outcomes,
suggesting preserved [-cell function and increased insulin
production.

Conclusion

Studies show HLA-1 hyperexpression is exclusively present in T1D.
Skog et al disagrees, claiming it is artefactual, however, small sample
size and tissue preservation testing limitations, prevent reliable
conclusions from being drawn. This is disproved by the concordance
of other studies, confirmed at protein and mRNA levels, so HLA-1
hyperexpression is not artefactual.

Two studies demonstrate IFNa and vy are implicated in
hyperexpressing HLA-1, agreeing STAT1 and STAT2 are present in
downstream phosphorylation and lead to such expression. The
third study implicates JAKs in this pathway, by preventing JAK-
STAT phosphorylation to reduce MHC-1 expression. Importantly,
highlighting  interventional  timings demonstrates  HLA-1
hyperexpression can be prevented before IFN stimulation, an ideal
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interventional stage screened for with biomarkers.

Mice models show JAK1/JAK2 inhibitors reduce MHC-1
hyperexpression, seemingly translating into clinical outcomes.
Despite variable success levels, studies agree all drugs tested
display a basic framework to reverse/dampen T1D, demonstrated by
biomarkers and glycaemia.

Convincing evidence exists to suggest the mechanism hypothesised
for T1D via the JAK-STAT pathway, which can be targeted by JAK
inhibitors. These show potential, with correlations between extent
of HLA-1 expression reduction and endogenous insulin production,
thereby reducing exogenous insulin treatment requirements.
Fundamentally, treatment displays groundwork to successfully target
this pathway. Since HLA-1 hyperexpression is present, reducing this
is vital to dampen CTL activity, preventing -cell demise and insulin
reduction. Safety profile must be considered in depth in future trials.
Longer term RCTs with a JAK inhibitor, such as Baricitinib, should
be conducted in individuals at risk of T1D, with detectable type 1
IFNa signature, or another predictive biomarker, prior to disease
onset, to inhibit IFN-induced HLA-1 hyperexpression before IFN
overstimulation occurs.

Copyright This work is licensed under the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License.
To view a copy of the license, visit https://creativecommons.org/
licenses/by-nc-nd/4.0/legalcode. The copyright of all articles belongs
to the author(s), and a citation should be made when any article is
quoted, used or referred to in another work. All articles included in
the INSPIRE Student Health Sciences Research Journal are written
and reviewed by students, and the Editorial Board is composed of
students.Thus, this journal has been created for educational purposes
and all content is available for reuse by the authors in other formats,
including peer-reviewed journals.

References

1. Speight J, Pouwer F. Type 1 diabetes. Cambridge Handbook of Psycholo-
gy, Health and Medicine: Third Edition [Internet]. 2023 Mar 3 [cited 2024
May 19];477-80. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK507713/. doi: 10.29309/tpmj/2017.24.12.614

2. Mouri M, Badireddy M. Hyperglycemia - StatPearls - NCBI Bookshelf [In-
ternet]. [cited 2024 Dec 7]. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK430900/

3. Type 1 diabetes | Diabetes UK [Internet]. [cited 2024 May 19]. Available
from: https://www.diabetes.org.uk/diabetes-the-basics/types-of-diabetes/
type-1

4, Russell MA, Richardson SJ, Morgan NG. The role of the interferon/JAK-STAT
axis in driving islet HLA-I hyperexpression in type 1 diabetes. Front Endo-
crinol (Lausanne) [Internet]. 2023 [cited 2024 May 7];14. Available from: /
pmc/articles/PMC10588626/. doi: 10.3389/FEND0.2023.1270325

5. Interferon - StatPearls - NCBI Bookshelf [Internet]. [cited 2024 Dec 7]. Availa-
ble from: https://www.ncbi.nlm.nih.gov/books/NBK555932/
6. Coppieters KT, Dotta F, Amirian N, Campbell PD, Kay TWH, Atkinson MA, et

al. Demonstration of islet-autoreactive CD8 T cells in insulitic lesions from
recent onset and long-term type 1 diabetes patients. J Exp Med [Internet].
2012 Jan 1 [cited 2024 May 9];209(1):51. Available from: /pmc/articles/
PMC3260877/. doi: 10.1084/JEM.20111187

7. Skog O, Korsgren S, Wiberg A, Danielsson A, Edwin B, Buanes T, et al.
Expression of human leukocyte antigen class | in endocrine and exo-
crine pancreatic tissue at onset of type 1 diabetes. Am J Pathol. 2015 Jan
1;185(1):129-38. doi: 10.1016/J.AJPATH.2014.09.004

8. Richardson SJ, Rodriguez-Calvo T, Gerling IC, Mathews CE, Kaddis JS, Russell
MA, et al. Islet cell hyperexpression of HLA class | antigens: a defining
feature in type 1 diabetes. Diabetologia [Internet]. 2016 Nov 9 [cited 2024
May 91;59(11):2448-58. Available from: http://link.springer.com/10.1007/
s00125-016-4067-4. doi: 10.1007/500125-016-4067-4)

9. Benkahla MA, Sabouri S, Kiosses WB, Rajendran S, Quesada-Masachs E,
von Herrath MG. HLA class | hyper-expression unmasks beta cells but not
alpha cells to the immune system in pre-diabetes. J Autoimmun [Internet].
2021 May 1 [cited 2024 May 9];119:102628. Available from: /pmc/articles/
PM(C8044030/. doi: 10.1016/J.JAUT.2021.102628

10. FFPE vs Frozen Tissue Samples | BioChain Institute Inc. [Internet]. [cited
2024 May 19]. Available from: https://www.biochain.com/blog/ffpe-vs-fro-
zen-tissue-samples/#

11. Elliott AD. Confocal Microscopy: Principles and modern practices. Curr
Protoc Cytom [Internet]. 2020 Mar 1 [cited 2024 May 15];92(1):e68. Available
from: /pmc/articles/PMC6961134/. doi: 10.1002/CPCY.68



References

12. Marroqui L, Santos RS Dos, Op De Beeck A, Coomans De Brachene A,
Marselli L, Marchetti P, et al. Interferon-a mediates human beta cell HLA
class | overexpression, endoplasmic reticulum stress and apoptosis, three
hallmarks of early human type 1 diabetes. [cited 2024 May 9]; Available
from: https:/fiji.sc. doi: 10.1007/500125-016-4201-3

13. Coomans de Brachéne A, Dos Santos RS, Marroqui L, Colli ML, Marselli
L, Mirmira RG, et al. IFNa induces a preferential long-lasting expression
of MHC class | in human pancreatic beta cells. Diabetologia [Internet].

2018 Mar 1 [cited 2024 May 9];61(3):636. Available from: /pmc/articles/
PMC6241216/. doi: 10.1007/5S00125-017-4536-4

14. Oleson BJ, McGraw JA, Broniowska KA, Annamalai M, Chen J, Bushkofsky
JR, et al. Distinct differences in the responses of the human pancreatic
B-cell line EndoC-BH1 and human islets to proinflammatory cytokines. Am
J Physiol Regul Integr Comp Physiol [Internet]. 2015 Sep 3 [cited 2024 May
15];309(5):R525. Available from: /pmc/articles/PMC4591379/. doi: 10.1152/
AJPREGU.00544.2014

15. Human beta cells Endoc-BH1 - Human Cell Design [Internet]. [cited 2024
May 15]. Available from: https://www.humancelldesign.com/human-beta-
cells-endoc-bh1/

16. Podobnik B, Korosak D, Skelin Klemen M, Stozer A, Dolensek J, Slak Rupnik
M, et al. B cells operate collectively to help maintain glucose homeostasis.
Biophys J [Internet]. 2020 May 5 [cited 2024 May 15];118(10):2588. Available
from: /pmc/articles/PMC7231924/. doi: 10.1016/J.BPJ.2020.04.005

17. Ravassard P, Hazhouz Y, Pechberty S, Bricout-Neveu E, Armanet M,
Czernichow P, et al. A genetically engineered human pancreatic {3 cell
line exhibiting glucose-inducible insulin secretion. J Clin Invest [Internet].
2011 Sep 9 [cited 2024 May 19];121(9):3589. Available from: /pmc/articles/
PMC3163974/. doi: 10.1172/JC158447

18. Vilches-Moure JG, Ramos-Vara JA. Comparison of rabbit monoclonal and
mouse monoclonal antibodies in immunohistochemistry in canine tissues.
Journal of Veterinary Diagnostic Investigation. 2005;17(4):346-50. doi:
10.1177/104063870501700407

19. Trivedi PM, Graham KL, Scott NA, Jenkins MR, Majaw S, Sutherland RM, et al.
Repurposed JAK1/JAK2 inhibitor reverses established autoimmune insulitis
in NOD mice. Diabetes [Internet]. 2017 [cited 2024 May 9];66:1650-60. Avail-
able from: https://doi.org/10.2337/db16-1250. doi: 10.2337/db16-1250

20. GeT, Jhala G, Fynch S, Akazawa S, Litwak S, Pappas EG, et al. The JAK1 selec-
tive inhibitor ABT 317 blocks signaling through interferon-y and common
y chain cytokine receptors to reverse autoimmune diabetes in NOD mice.
Front Immunol [Internet]. 2020 Dec 4 [cited 2024 May 9];11:1. Available
from: /pmc/articles/PMC7746546/. doi: 10.3389/FIMMU.2020.588543

21. Waibel M, Wentworth JM, So M, Couper JJ, Cameron FJ, Maclsaac RJ, et al.
Baricitinib and B-cell function in patients with new-onset type 1 diabetes.
New England Journal of Medicine [Internet]. 2023 Dec 7 [cited 2024 May
71;389(23):2140-50. Available from: https://www.nejm.org/doi/full/10.1056/
NEJMoa2306691. doi: 10.1056/NEJM0a2306691

22. Venugopal SK, Mowery ML, Jialal I. Biochemistry, C Peptide. StatPearls [In-
ternet]. 2023 Aug 1 [cited 2024 May 19]; Available from: https://www.ncbi.
nlm.nih.gov/books/NBK526026/

23. C57BL/6 Mice | Charles River [Internet]. [cited 2024 May 19]. Available from:
https://www.criver.com/products-services/find-model/c57bl6-mouse?re-
gion=3671

24. Chen YG, Mathews CE, Driver JP. The role of NOD mice in type 1 diabetes

research: lessons from the past and recommendations for the future.
Front Endocrinol (Lausanne) [Internet]. 2018 Feb 23 [cited 2024 May
19];9(FEB):51. Available from: /pmc/articles/PMC5829040/. doi: 10.3389/
FENDO.2018.00051

25. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et
al. The PRISMA 2020 statement: an updated guideline for reporting system-
atic reviews. BMJ [Internet]. 2021 Mar 29 [cited 2023 Dec 14];372. Available
from: https://www.bmj.com/content/372/bmj.n71. doi: 10.1136/BMJ.N71

Sareena Khan

Sareena Khan is a third-year medical student at
the University of Exeter. She has an avid interest
in public health and global health policy,
focusing particularly on health inequalities. She
is very passionate about obliterating the gender
inequalities that exist for women, particularly in
cardiovascular health. She is a firm believer that
passions outside of medicine should be explored, and so in her free
time she loves to paint, play golf, and explore the Cornish coastline.

Figure 1.
| Identification of studies via databases and registers Identification of studies via other methods
—
E Records removed before
Records identified from*: screening: Records identified from:
Databases (n = 115) — Duplicate records removed Citation searching (n = 43)
1] (n=7) etc.
-
I
tIi%';-zec:ords screened by abstract or Records excluded for relevance
(n =108) (n=100)
} !
Reports sought for retrieval . Reports not retrieved Reports sought for retrieval N Reports not retrieved
@ (n=8) (n=0) (n=43) (n=86)
3 i v
Reports assessed for eligibility Reports assessed for eligibility
(n=8) i (n=37) ' Reports excluded:
Reports excludgd _ Irrelevant (n = 14)
Lacks relevant detail (n = 6) Outdated (n = 16)
3 Studies included in review
E (n=9)
©
-

Figure 1. demonstrates a PRISMA diagram outlining primary evidence literature synthesis for this review. This PRISMA diagram has

been adapted from the BMJ Prisma 2020 Statement.?®
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