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Available online 20 January 2022 in patients with cryptogenic stroke (CrS). We sought to evaluate the circulating microRNA (miRNA)

profile of patients with CrS and AF compared with those in persistent sinus rhythm.
Keywords: Methods: Among 64 consecutive patients with CrS under continuous monitoring by a predischarge
git;l:llagl’eri”anon insertable monitor, 18 patients (9 with AF and 9 in persistent sinus rhythm) were selected for high-
Crpt ic strok throughput determination of 754 miRNAs. Nine patients with concomitant stroke and AF were also

yptogenic stroke . . . . . . . . .
MicroRNAs screened to improve the yield of miRNA selection. Differentially expressed miRNAs were replicated in an
miR-1-3p independent cohort (n = 46). Biological markers were stratified by the median and included in logistic
regression analyses to evaluate their association with AF at 6 and 12 months.
Results: Eight miRNAs were differentially expressed between patients with and without AF. In the
replication cohort, miR-1-3p, a gene regulator involved in cardiac arrhythmogenesis, was the only
miRNA to remain significantly higher in patients with CrS and AF vs those in sinus rhythm and showed a
modest association with AF burden. High (= above the median) miR-1-3p plasma values, together with a
low left atrial ejection fraction, were independently associated with the presence of AF at 6 and
12 months.
Conclusions: In this cohort, plasma levels of miR-1-3p were elevated in CrS patients with subsequent AF.
Our results preliminarily suggest that miR-1-3p could be a novel biomarker that, together with clinical
parameters, could help identify patients with CrS and a high risk of occult AF.

© 2022 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

La concentracion plasmatica de microARN-1-3p se asocia con fibrilacion auricular
subclinica en los pacientes con ictus criptogenico

RESUMEN
Palabras clave: Introduccion y objetivos: La identificacién de biomarcadores de fibrilacién auricular (FA) subclinica en los
Fibrilacion auricular pacientes con ictus criptogénico (ICr) es de gran interés. Con dicho objetivo, se evalud el perfil de
Biomarcador microARN circulante de los pacientes con ICr y FA frente a aquellos en ritmo sinusal.
lr:ltil:rsoc/\rllzl?\]togemco Meétodos: Se incluyd a 64 pacientes con ICr consecutivos monitorizados mediante Holter subcutaneo. Se
miR-1-3p selecciond a 18 pacientes (9 con FA y 9 en ritmo sinusal persistente) para determinaciéon de

754 microARN mediante tecnologia de alto rendimiento. Se incluyd a 9 pacientes adicionales con ictus y
FA concomitante para guiar la seleccion de microARN. Los microARN de interés se replicaron en una
cohorte independiente (n =46). La asociacion de biomarcadores con FA a los 6 y 12 meses se analizd
mediante regresion logistica.

Resultados: Ocho microARN mostraron expresion diferencial entre los pacientes con y sin FA. El miR-1-
3p, un regulador génico involucrado en la arritmogénesis cardiaca, fue el Gnico que permanecid
significativamente mas elevado en pacientes con ICr y FA de la cohorte de repeticion, y ademas mostro
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una discreta asociacion con la carga arritmica. Los valores de miR-1-3p por encima de la mediana y la
fraccion de eyeccion de la auricula izquierda se asociaron de forma independiente con la presencia de FA

a los 6 y 12 meses.

Conclusiones: En nuestra cohorte, los valores plasmaticos de miR-1-3p fueron mas altos en los pacientes
con ICr y FA en el seguimiento. Nuestros resultados indican que el miR-1-3p podria ser un nuevo
biomarcador de FA oculta en los pacientes con ICr.

© 2022 Sociedad Espafiola de Cardiologia. Publicado por Elsevier Espafia, S.L.U. Todos los derechos reservados.

Abbreviations

AF: atrial fibrillation
CrS: cryptogenic stroke
miRNAs: microRNAs
SR: sinus rhythm

INTRODUCTION

Around 30% of ischemic strokes are of undetermined etiology
and therefore classified as cryptogenic (CrS).!? Previous works
have suggested that a significant proportion of CrS may be
secondary to occult paroxysmal atrial fibrillation (AF), which can
be subsequently documented in follow-up.!* The best strategy for
AF detection in CrS patients, however, is poorly established.?
Subcutaneous insertable cardiac monitors, allowing for continuous
24/7 heart rhythm monitoring, seem to be the most attractive
alternative,~® but their cost-effectiveness is yet to be established.
More importantly, their diagnostic yield relies on the identification
of an episode of AF, which may occur weeks or months after the
index stroke, leaving patients at potential risk undertreated until
AF is documented.

A more desirable approach would therefore be to identify
indirect markers of subclinical AF that could be detected at the
moment of first admission. AF has a complex pathophysiology, in
which ectopic activity over a particular predisposing atrial
remodeling converges to trigger and sustain the arrhythmia.” It
is reasonable to speculate that a predisposing environment
facilitating such mechanisms would exist in patients with CrS
with underlying occult AF, which could be potentially detected by
means of biological markers. In recent years, microRNAs (miRNAs),
small RNA sequences that regulate gene expression, have been
directly involved in the pathophysiology of AF.2 Additionally,
because a good tissue-blood correlation has been described, these
molecules have been proposed as potential biological markers of
the arrhythmia.>!° Preliminary data have been published on the
miRNA signatures present in the blood of individuals with a future
incident AF, and in patients with some particular forms of
persistent and long-standing AF.''~'* Less information is available
on the circulating miRNA profile of patients with paroxysmal AF,
which mostly comes from reports focused on specific miRNAs
rather than high-throughput screenings.'®

To date, there is no information on the circulating miRNA profile
in patients with CrS and potentially occult AF. Therefore, in this
study, we sought to describe the differential miRNA expression in
patients with CrS and subclinical AF compared with those in
persistent sinus rhythm (SR), under the hypothesis that the former
would present a particular circulating miRNA profile predisposing
to the arrhythmia.

METHODS
Study population and standard of care

Individuals were selected consecutively from a prospective
cohort of patients with CrS admitted to the stroke unit of Hospital
del Mar (Barcelona, Spain) between October 2013 and September
2016 and meeting the following criteria®: a) ischemic stroke or
transient ischemic attack; b) age between 50 and 89 years; c)
undetermined origin according to the SSS-TOAST criteria.>? We
excluded patients with a history of hemorrhagic stroke, prior AF or
atrial flutter, permanent contraindication for oral anticoagulation,
recent (< 1 month) major surgery or cardiac events, severe cardiac
disease or comorbidities, short life expectancy (< 1 year), or severe
stroke (modified Rankin Scale > 4).° The study followed national
and international principles (Declaration of Helsinki) and was
approved by the local ethics committee (2013/5055/1). All patients
or next-of-kin were required to sign the specific informed consent
form.

Blood was obtained from a peripheral line at the time of
admission. Patients were immediately treated with antiplatelet
therapy and transferred to the stroke unit under continuous
electrocardiogram-monitoring. A 2-dimensional transthoracic
echocardiogram was performed within the first 48 hours with a
General Electric Vivid E9 equipment (GE Healthcare, Chicago, IL,
USA) to assess the dimensions and functionality of the left ventricle
and left atrium. See further details in the supplementary data.

As per protocol, all patients with no established cause for the
stroke underwent implantation of an insertable cardiac monitor
when transferred to the general ward. Insertable cardiac monitor
devices (Biomonitor and Biomonitor-2, Biotronik, Berlin, Germany)
were programmed with the specific algorithm for AF detection,
defined by an RR interval variability > 12.5% lasting > 1 minute, as
previously described.® Recordings automatically detected as
potential AF episodes were reviewed by a specialized cardiologist.
AF burden was assessed by the percentage of monitoring time an
individual was in AF, and secondarily by the number of AF
episodes, as previously suggested.'® An AF time < 0.05% defined
participants with low AF burden, whereas AF burden was high
when AF time was > 0.05%.'” If AF was documented at any time,
oral anticoagulation was initiated.

Study groups and design

This was a case-control study in which patients were
prospectively enrolled and allocated to cases (patients with AF,
CrS-AF) or controls (patients in continuous SR, CrS-SR) after
6 months of monitoring, the final timepoint of the primary
analysis. A secondary analysis was performed at 12 months of
follow-up.

As commonly performed in gene expression studies, '® the study
design followed a 2-step approach, including a discovery phase
using high-throughput microarray data, with selection of potential
candidate biomarkers, followed by a replication (and confirmato-
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ry) phase of candidate miRNAs in an independent cohort (figure 1).
For the discovery phase, a total of 18 age- and sex-matched
patients were selected (set I): 9 CrS-AF and 9 CrS-SR. All 9 patients
in the 2 groups were followed up for 12 months to ensure that they
remained equally classified either at 6 or 12 months (ie, no AF
episodes occurred in the CrS-SR beyond 6 months), validating their
eligibility for the study at 6 and 12 months. In parallel, an
additional group of 9 patients (with no prior history of AF)
presenting with AF at admission (cardioembolic stroke, CES-AF),
also matched for the previous groups, was screened in this phase
with the aim of further guiding the selection of miRNAs. For the
replication phase, we used an independent cohort of 46 unmatched

patients (set II), of which 19 had AF at 6 months. The same cohort
was analyzed after 12 months of follow-up, when 23 had shown AF
(figure 1).

MicroRNA extraction and profiling

MiRNAs were isolated from plasma using the miRNeasy Serum/
Plasma kit (Qiagen Hilden, Germany). A TagMan OpenArray
Human Advanced MicroRNA Panel (ThermoFisher, Waltham,
MA, USA) analyzing 754 human miRNAs was used in the discovery
phase, and expression levels of all miRNAs were analyzed with the

Acute ischemic strokes admitted to the stroke unit with no prior AF,
age 50-89 years (Oct 2013-Sept 2016)

n=530
AF at admission ey
A\ 4
Initial diagnosis of CrS/TIA
n =106
- Exclusion criterian =32
v

CrS/TIA at discharge eligible for the study

Predischarge ICM implant

Definite CrS/TIA eligible for the study

n=74

[——  Exclusionin follow-upn=9
v :

n =65

Plasmaunavailablen =1

Set I: Discovery

High-throughput (754 miRNAs)

phase (OA) Selection of candidates
{(n=27) ‘
n=9 n=k9 n=9
Set Il: Replication Replication of candidates
phase (PCR) Definition of biomarkers
(n = 46) Primary analysis:
n=27 n=19 6 months
v v p
Secondary analysis:
= = ad 12 months

Figure 1. Study design and population. AF, atrial fibrillation; CES, cardioembolic stroke; CrS, cryptogenic stroke; ICM, insertable cardiac monitors; OA, Open Array;
PCR, polymerase chain reaction; SR, sinus rhythm; TIA, transient ischemic attack.
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Cloud software (ThermoFisher). Those miRNAs found to have a
significant differential expression among groups (P < .05 and fold
change > 2 or <.5) were selected for replication, which was
performed by quantitative polymerase chain reaction (qPCR). The
results were analyzed using the Expression Suite software (Life
Technologies). See further details in the supplementary data.

Statistical analysis

Clinical data are reported as mean + standard deviation or
frequency (%). MiRNA expression results are expressed in fold change
vs controls, where 1 equals the mean of expression of all controls and
therefore represents the reference value.'® OpenArray analysis of
differential expression was assessed with the specific Cloud Software
(Life Technologies) using the global normalization method. Other
comparisons were performed with the Student ¢ test, 1-way ANOVA
or chi-square analysis, as appropriate. Given the case-control study
design, the association between variables and AF was evaluated using
binary logistic regression models. Because there are no established
reference values of miRNAs, the expression of the miRNAs of interest
was stratified into quartiles or as above/below the median of all
values obtained in our cohort. Those variables showing an association
with a P <.1 in the univariable model were included in the

multivariable analysis. The discriminatory ability of the model was
assessed by the area under the receiver operating characteristic curve.
Predicted probabilities were calculated at 6 months by generalized
linear models using the variables of interest from the multivariable
model and plotted according to them. Significance was set at P < .05.
Statistical analyses were performed with SPSS Inc (version 26.0 for
Windows, Chicago, IL, United States).

RESULTS
Study population

During the study period, a total of 530 patients aged 50 to
89 years were admitted with ischemic stroke. After a complete
work-up, 74 patients with a CrS were eligible for the study, of
which 10 were subsequently excluded. Therefore, the study
population comprised 64 patients with a definite diagnosis of
CrS under continuous monitoring with an insertable cardiac
monitor implanted before discharge.

The clinical characteristics of the final study population are
summarized in table 1. Mean age was 75 + 11 years, and 29 patients
(45%) were women. The prevalence of cardiovascular risk factors was
high. Eleven patients (17%) had had a prior stroke or transient

Table 1
Characteristics of the study population
Overall CrS-SR CrS-AF P
(n=64) (n=36) (n=28)
Baseline characteristics and past medical history
Age, y 74.6 (10.8) 73.0 (11.8) 76.7 (9.2) 180
Female sex 29 (45.3) 18 (50.0) 11 (39.3) 454
BMI, kg/m? 27.5 (4.5) 27.4 (3.8) 27.6 (5.4) 904
Hypertension 45 (70.3) 28 (77.8) 17 (60.7) 173
Diabetes mellitus 13 (20.3) 9 (25.0) 4(14.3) 359
Hyperlipidemia 35 (54.7) 21 (58.3) 14 (50.0) 615
Current smoker 8 (12.5) 5(13.9) 3(10.7) 1.000
Peripheral artery disease 11 (17.2) 4(11.1) 7 (25.0) .188
Coronary artery disease 3(4.7) 1(2.8) 2(7.1) 577
Prior stroke/TIA 11 (17.2) 5(13.9) 6(214) 513
CHA,DS,-VASc 3.2 (1.8) 32 (1.7) 3.2 (1.9) 979
Cardiac parameters
LVDd, mm 45.3 (4.0) 444 (3.2) 46.5 (4.6) 054
LVDs, mm 26.8 (3.8) 26.0 (3.2) 27.9 (4.3) .061
LVEF, % 63.5 (3.2) 63.9 (3.3) 63.0 (3.1) 311
LAD, mm 36.5 (4.5) 35.3 (4.5) 37.9 (4.2) 029
LA biplanar area, cm? 18.1 (3.2) 17.1 (2.6) 19.3 (3.6) .010
LAEF, % 54.2 (11.2) 58.5 (10.0) 48.9 (10.3) .001
Stroke characteristics
TIA 11(17.2) 6(16.7) 5(17.9) 1.000
Oxford scale, available for 60 patients
TACI 19 12 7 .886
PACI 28 14 14
LACI 2 1 1
POCI 11 7 4
NIHSS (admission) 5[1.75-12.25] 3[1-13] 5.5 [2-11.25] 193
Fibrinolysis 20 (31.3) 11 (30.6) 9 (32.1) 1.000
NIHSS (discharge) 1[0-2] 1[0-2] 1[0-2.25] 864

AF, atrial fibrillation; BMI, body mass index; CrS, cryptogenic stroke; LAD, left atrial diameter; LAEF, left atrial ejection fraction; LVDd/LVDs, end-diastolic/end-systolic left
ventricular diameter; LVEF, left ventricular ejection fraction; NIHSS, National institute of Health Stroke Scale; TACI/PACI/POCI/LACI, total anterior/partial anterior/posterior/

lacunar circulation infarct.; TIA, transient ischemic attack.

The results are expressed as absolute numbers, No. (%), or median [interquartile range].
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ischemic attack. Cardiac evaluation during admission showed normal
left ventricle and left atrium dimensions and function in the global
population. Stroke characteristics, treatment and severity are
presented in table 1.

Of the 64 patients, 28 had AF (25 paroxysmal, 3 persistent)
within the first 6 months, constituting the CrS-AF group. Oral
anticoagulation was initiated in all patients. Patients with AF had a
median of 4.3 (0.6-2) AF episodes per month, with a median total
AF time of 183.9 minutes (23.7-775.6), representing 0.071%
(0.009-0.30) of the monitoring time. The remaining 36 patients
showed persistent SR (CrS-SR group). The characteristics of
patients with AF and those in SR are summarized in table 1.
Patients in the CrS-AF group tended to have higher ventricular
dimensions and had higher atrial dimensions, together with lower
left atrial ejection fraction compared with patients in the CrS-SR
group.

miRNA study

The characteristics of the patients included in the discovery
phase (9 patients in CrS-AF, 9 in CrS-SR, and 9 in CES-AF) are
summarized in table 1 of the supplementary data. All groups were
sex- and age-matched, with 4 women and a mean age of 75 years.
Sixteen miRNAs were differentially expressed in CrS-AF vs CrS-SR
(see complete list in table 2 of the supplementary data), of which
8 emerged as potential candidates based on their plasma stability.
These are represented in figure 2A (shadowed area). All
8 candidates showed relatively consistent expression between
CrS-AF and CES-AF compared with controls, and 5 of them (miR-
744-5p, miR-1-3p, miR-377-3p, miR-425-5p, and miR-19b-3p)
were also significantly different between CES-AF and CrS-SR
patients, suggesting that these could be potential indicators of the
presence of an AF-favoring environment, irrespective of whether
the arrhythmia had been documented or remained subclinical.
Expression values of the 8 candidate miRNAs in the Open Array
assay are depicted in figure 2B.

All 8 candidate miRNAs were replicated in an independent
cohort defined by the presence or absence of AF at 6 months (set 2,
table 1 of the supplementary data). The results are shown in figure
2C. Only the plasma levels of miR-1-3p remained significantly
increased in CrS-AF vs CrS-SR patients (2.81-fold increase,
P=.014).

Association between miR-1-3p and atrial fibrillation at
6 months

Using the global cohort (n=64), we further explored the
potential association between miR-1-3p and AF. Since the “normal
range” of plasma levels of miR-1-3p has not been, and fold change
values do not provide real plasma levels but a value that is
proportional to their concentration, the miR-1-3p results were
stratified into quartiles (Q1-Q4). As shown in figure 3A, miR-1-3p
levels showed a positive association with the risk of AF, where
patients in Q4 and Q3 were more likely to show AF at 6 months of
follow-up (69% and 56%, respectively) compared with those in the
lower quartiles (31% in Q2 and 19% in Q1, P=.017).

Moreover, miR-1-3p levels appeared moderately associated
with AF burden in our cohort. figure 3B depicts the percentage of
time in AF (top, right) and the number of AF episodes per month
(top, left) that were recorded among patients in the 4 miR-1-3p
quartiles throughout the 6 months of follow-up. AF burden
measured by both parameters seemed greater among patients in
higher miR-1-3p quartiles. The bottom panel of figure 3B
represents the distribution of miR-1-3p quartiles among patients
with no AF, low AF burden, and high AF burden. Notably, more than

half of patients with high AF burden had miR-1-3p values in Q4,
whereas none had miR-1-3p values in Q1.

Indicators of subclinical atrial fibrillation at 6 months

We then evaluated whether miR-1-3p, in combination with
clinical data, could provide early guidance in the identification of
CrS patients with subclinical AF. For better applicability, we
grouped all miR-1-3p values into above (Q3 + Q4) or below (Q1 +
Q2) the median.

Table 2 summarizes the results of logistic regression analyses.
Only 2 parameters remained independently associated with AF in
the multivariable analysis: a) left atrial ejection fraction, associat-
ed with an 11% relative reduction in the AF risk per unit of increase;
and b) high plasma levels of miR-1-3p, where values above the
median were associated with an 8.5-fold increase in the risk of AF
at 6 months. The model including both variables showed a
discriminatory ability, evaluated by the area under the receiver
operating characteristic curve, of 0.860 (0.760-0.960, P < .001).
Figure 4 depicts the estimated predicted probabilities of AF
documentation at 6 months after stroke according to these
variables.

Secondary study: association of miR-1-3p values with atrial
fibrillation at 12 months

To further evaluate the potential clinical impact of plasma miR-
1-3p in the assessment of subclinical AF in patients with CrS, we
investigated the association between miR-1-3p and the presence
of AF at 12 months. Four additional patients developed AF between
6 and 12 months of follow-up (figure 1). miR-1-3p levels were
significantly higher in patients showing AF at 12 months than in
those with persistent SR (figure 5A). Moreover, miR-1-3p quartiles
were positively associated with the presence of AF (figure 5B).
Finally, by logistic regression analysis, both miR-1-3p above the
median and left atrial ejection fraction remained independently
associated with the presence of AF at 12 months (table 3).

DISCUSSION

This study, performed in a selected cohort, suggests that high
miR-1-3p levels at the time of admission are associated with
subclinical AF in patients with CrS. High miR-1-3p, as well as
impaired atrial performance assessed by a low left atrial ejection
fraction in an initial echocardiogram, could be indicative of a
favoring atrial substrate predisposing to AF and could therefore
represent potential markers of occult AF in patients with CrS.

Searching for subclinical AF in patients with CrS remains a
matter of major interest given the deep prognostic and therapeutic
implications that the arrhythmia carries in this setting."® The
reported rates of AF detection in CrS have been increasing in recent
years in parallel with the use of more intensive monitoring
strategies.>* The use of an ultra-early monitoring strategy by
means of a predischarge insertable cardiac monitor-implant led to
an AF rate of 58% at 31 months in a cohort of patients with
thoroughly evaluated CrS,° highlighting that subclinical AF may
underlie more CrS cases than previously thought.!*4 However,
even for the best possible scenario, identifying AF by monitoring
strategies comes with the inherent limitation that AF is most often
paroxysmal in nature, and therefore its documentation might
occur late after the stroke, delaying oral anticoagulation treatment
in patients potentially at risk.

The identification of biological and/or clinical markers of
subclinical AF that could be present at admission has been
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Figure 2. A: results of the Open Array study. Out of the 854 miRNAs screened

in all 3 study groups (CrS-SR, CrS-AF, and CES-AF), 8 were differentially expressed

between CrS-AF and CrS-SR (gray-shadowed area), of which 5 were also differentially expressed between CES-AF and CrS-SR (in bold). Overexpressed miRNAs are

presented in blue, whereas downregulated miRNAs appear in orange. B: results

of the 8 miRNAs that were selected for replication. Data are expressed in Rq (FC) vs

the CrS-SR group (control), which was normalized to 1. Specific P values are provided in table 2 of the supplementary data. C: results of plasma miRNA expression in

the replication cohort. miRNA-1-3p was the only candidate that was confirmed

to be significantly increased in CrS-AF vs CrS-SR patients. AF, atrial fibrillation; CES,

cardioembolic stroke; CrS, cryptogenic stroke; FC, fold change; SR, sinus rhythm.

investigated in a number of works in recent years. Clinical factors
have shown limited predictive value.?® Recently, more promising
results have been imported in an extensive study of the left atrium
by imaging studies.?'?? In parallel, several biomarkers of
subclinical AF have been investigated. N-terminal pro-B-type
natriuretic peptide (NT-pro-BNP) and BNP have provided the most
consistent results,?>?4 with the former potentially outperforming
the latter.>> Molecules related to hypercoagulability such as D-
dimer and antithrombin-IIl have shown lower sensitivities and

specificities.>> A recent pilot study in CrS patients assessing
184 potential biomarkers simultaneously found the greatest
association of AF with proteins related to inflammation, opening
up new lines for future research.?®

A limitation of these studies, however, comes from the strategy
used for AF documentation, which was either intermittent (ECG
and Holter-based)??">* or short-term (< 1-month monitor-
ing)>>?%. In the present work, we sought to ensure that the
arrhythmia was certainly present or otherwise absent in all
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patients in our cohort, and thus all of them underwent continuous
long-term monitoring by means of a predischarge insertable
cardiac monitor implant. We defined AF by a compatible recording
of > 1 minute duration. Different thresholds have been used for AF
definition in the setting of CrS, ranging from 30 seconds® to
2 minutes.?”?® We chose a threshold of 1 minute based on a
previous publication showing that initiation of oral anticoagula-
tion according to this definition was associated with a reduction in
the risk of new stroke.® Our primary endpoint was the occurrence
of AF within the first 6 months after the stroke. This timeframe has

been previously used in pivotal studies on CrS such as the CRYSTAL
study.” For a biomarker study, a 6-month period seems adequate to
better establish an association between the biomarker and the
arrhythmia, avoiding incidental confounding factors. However, in
an attempt to provide greater clinical relevance, we performed a
secondary analysis at 12 months, which also confirmed the
association between miR-1-3p and AF.

Another strength of our study is that, unlike previous studies,
we performed a high-throughput investigation. We chose to assess
the profile of circulating miRNAs given that, at the tissue level,
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Table 2

Clinical and biological variables associated with atrial fibrillation at 6 months

Univariable analysis

Multivariable analysis

OR 95%Cl P OR 95%CI P
Age, years 1.04 0.98-1.09 183 - - -
Sex, men 0.65 0.24-1.76 394 - - -
LVDd, mm 1.15 1.00-1.32 .050 1.12 0.96-1.30 .169
LVDs, mm 1.14 0.99-1.32 .066 0.96 0.72-1.28 .788
Left atrium biplanar area, cm? 1.25 1.05-1.50 .014 0.92 0.68-1.24 .568
LAEF, % 0.91 0.85-0.97 .003 0.89 0.82-0.96 .003
miR-1-3p > median 4.55 1.54-13.42 .006 8.51 2.05-35.25 .003

95%Cl, 95% confidence interval; LAEF, left atrial ejection fraction; LVDd/LVDs, end-diastolic/end-systolic left ventricular diameter; OR, odds ratio.
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Figure 4. Predicted probabilities of AF risk at 6 months in the global cohort
according to LAEF and miR-1-3p levels [expressed as above (red) or below
(blue) the median of all values]. Shadowed areas represent 95% confidence
intervals. AF, atrial fibrillation; LAEF, left atrial ejection fraction.
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Figure 5. Association between miR-1-3p levels and AF at 12 months. A: results
of plasma miRNA expression in the replication cohort, with 23 patients in SR
and 23 having had at least 1 episode of AF. B: occurrence of AF at 12 months
according to quartiles of miR-1-3p in the global population. AF, atrial
fibrillation; CrS: cryptogenic stroke; FC, fold change; SR, sinus rhythm.

these molecules have been extensively involved in the promotion
of AF-favoring atrial remodeling,® and, at the plasma level, some
have shown good tissue-correlation.”!® Importantly, because
some inconsistency has been described regarding circulating
miRNA profiles in the literature,® we further included an additional
set of patients presenting with concomitant stroke and AF to assist
in the selection of candidate miRNAs most likely to be associated
with AF, either clinical or subclinical.

We found that patients with CrS and subsequent AF had higher
plasma levels of miR-1-3p. miR-1-3p is a member of the muscle
specific miR-1 family, which has been consistently implicated in
cardiac disease and particularly in arrhythmogenesis.?® The
proarrhythmic effects of miR-1 are well endorsed by previous
publications showing that miR-1 may promote triggering mecha-
nisms (by increasing inward Ca?* current and enhancing the
frequency of spontaneous CaZ* sparks)>° but also generate a
favorable substrate facilitating anatomical and functional re-entry
(by depolarizing cytoplasmic membrane and slowing conduction
through repression of KCNJ2 and GJA1, respectively).?! All these
mechanisms are known to participate in AF promotion and
maintenance.” Furthermore, a previous work reported that 1-week
atrial tachypacing in rabbits increased miR-1 expression and AF
inducibility.>?> Previous studies, however, refer to miR-1 over-
expression at the cardiac level. Little information exists on the role
of plasma miR-1-3p. A recent pilot study found higher miR-1-3p
plasma levels in patients with AF and cardioembolic stroke
compared with those in AF without stroke.>> Our results suggest
that high miR-1-3p levels could also be indicative of subclinical AF
in CrS patients. Moreover, miR-1-3p levels showed a potential
association with AF burden in our population. While waiting to be
confirmed by future studies with larger populations of patients,
these results further support a role of miR-1-3p as a marker of
atrial arrhythmogenicity and AF risk in patients with CrS.

Limitations

Our work has several limitations. The sample size was small,
particularly in the replication cohort, but included an invaluable
population of consecutive patients thoroughly evaluated under
continuous monitoring. Even so, the final population was not
significantly smaller than that used in previous studies on
circulating miRNAs using high-throughput methodology.'® Our
population included men and women aged between 50 and
89 years. Therefore, the present results should not be extrapolated
to other age groups. This study was performed in a single tertiary
hospital and lacks external validation in other cohorts, which would
be most desirable to definitely establish the role of miR-1-3p as a
biomarker of subclinical AF in patients with CrS. Finally, we cannot
confirm that high circulating levels of miR-1-3p reflect high miR-1-
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Table 3
Clinical and biological variables associated with atrial fibrillation at 12 months
Univariable analysis Multivariable analysis
OR 95%Cl P OR 95%Cl P
Age, y 1.06 1.01-1.12 .032 1.04 0.96-1.12 367
Male sex 0.88 0.33-2.36 .802 - - -
LVDs, mm 1.13 0.98-1.30 .092 1.09 0.91-1.32 354
Left atrium biplanar area, cm? 1.32 1.09-1.60 .005 1.03 0.76-1.40 .866
LAEF, % 0.87 0.80-0.94 .001 0.83 0.74-0.93 .001
miR-1-3p > median 441 1.52-12.79 .006 11.91 2.40-59.18 .002

95%Cl, 95% confidence interval; LAEF, left atrial ejection fraction; LVDs, end-systolic left ventricular diameter; OR, odds ratio.

3p expression at the atrial level, or the presence of an AF-favoring
substrate. However, our results point to miR-1-3p as a potential
biomarker of subclinical AF regardless its tissue expression or the
underlying atrial substrate. Whether high plasma miR-1-3p levels
may be directly responsible for AF promotion in the context of CrS,
reach true clinical applicability, and even might provide guidance
for early oral anticoagulation initiation should be evaluated after
external validation in future studies.

CONCLUSIONS

Our results suggest that plasma levels of miR-1-3p, a gene
regulator consistently involved in cardiac arrhythmogenesis, could
be elevated in CrS patients with subsequent AF, especially among
those with high arrhythmic burden. Our results preliminary
indicate that miR-1-3p could be a novel biomarker that, together
with clinical parameters such as an impaired left atrial ejection
fraction, could help identify patients with CrS and high risk of
occult AF.

WHAT IS KNOWN ABOUT THE TOPIC?

- Among patients with CrS, there is need to promptly
identify patients with subclinical AF.

- Long-term continuous monitoring strategies have
shown better diagnostic yield than conventional strate-
gies, but are still suboptimal.

- Several selected biomarkers have also been proposed,
with limited predictive ability.

WHAT DOES THIS STUDY ADD?

- Unlike previous series, this study included a cohort that
was thoroughly evaluated with a predischarge inser-
table cardiac monitor and high-throughput determina-
tion of microRNAs.

- Plasma levels of miR-1-3p, a gene regulator linked to
arrhythmogenesis, were higher in patients with CrS and
subsequent AF than in those in SR. Our study suggests for
the first time the potential usefulness of a regulator
involved in AF pathophysiology as a plasma biomarker.

- Our preliminary data suggest that, together with a low
left atrial ejection fraction, high miR-1-3p levels could
help identify, as early as at the time of admission and
with good predictive ability, patients with CrS and high
risk of occult AF.
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