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a b s t r a c t

MicroRNAs (miRNA) are prerequisite for cardiovascular functions. miRNA miR-208 b is a cardio-specific
miRNA with tissue (atrial) levels elevated in atrial fibrillation (AFib) and blood levels significantly
elevated in myocardial infarction. We calculated serum levels of miR-208 b in paroxysmal and persistent
AFib, embolic cerebrovascular accident patients with AFib as possible etiology and controls. There was a
statistically significant change of miR-208 b levels in paroxysmal (p ¼ 0.044) and persistent (p ¼ 0.040)
AFib patients, but not for embolic CVA patients. miR-208 b could serve as a new serum marker for
paroxysmal AFib.
© 2021 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Atrial fibrillation (AFib) is themost common cardiac arrhythmia,
with an estimated age-adjusted prevalence of 25.7 per 1000
person-years in the Framingham Heart Study.1 For both men and
women, prevalence and incidence of AFib were disproportionately
higher in developed nations compared with developing nations.2

This was explained by the increasing frequency of diagnosis and
reporting of the AFib by the physicians as well as due to the rising
age and cardiovascular co-morbidities in the subject population. In
India, AFib patients are younger and Rheumatic Heart Disease
(RHD) is still the most frequent aetiology.3 The ionic basis for AFib
drivers4,5 and the structural and autonomic remodeling of atria by
microRNAs have been well described.6e8 These changes render the
atria more arrhythmogenic, furthering a paroxysmal AFib to
become persistent and permanent.4,9 ECG and 24hr Holter are the
cornerstones of AFib diagnosis, although routine 24hr Holter can
completely miss paroxysms.10,11

MiR-1, miR-133a, miR-208a/b, and miR-499 are cardiac spe-
cific.12,13 In another study, Mir-208 b and Mir-21 were found
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elevated in atrial tissue samples in AFib patients.14 Canon et al15

identified miRNA 208a/b as the most abundantly increased
miRNA in atrial tissue samples of AFib. MiR-208 b is expressed
during cardiogenesis while miR-208a is expressed in adult hearts.
Pathological cardiac remodelling is associated with the induction of
a foetal gene expression pattern with re-expression of MYH7 and,
therefore, miR-208 b. Ionic basis for AFib has been well described
with Mir-208 (CACNA1C and CACNB2 were found to be direct tar-
gets of mir208a/b). Overexpression of miR208b (not mir208a)
resulted in reduced SERCA2 protein and mRNA expression,
important for shifting Ca into sarcoplasmic reticulum from cytosol.
This calcium overload plays a role in AF perpetuation, structural
and electrical remodelling with hypertrophy and fibrosis. Sox5 and
Sox6 are negative factors of Myh7 transcription. Overexpression of
miR-208a and miR-208 b suppressed the expression of Sox5 and
Sox6, respectively. Atrial tissue of AF patients showed a drastic
increase of MYH7 protein levels, suggesting that the increased
expression of miR-208a/b in AF contributes to high MYH7 protein
levels via inhibiting the expression of Sox5/6. Given that the
healthy adult heart mainly expresses miR-208a and not miR-208 b,
miR-208amay initially target Thrap1 in AF pathophysiology. This in
turn promotes MYH7 and simultaneously miR-208 b transcription,
which targets Sox5/6 and ultimately reinforcesMYH7 transcription.
Runwei Ma et al 16 studied serum miRNA in paroxysmal atrial
fibrillation, and found mir499 and 208 to be significantly elevated,
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although no distinction was made between isoforms a and b of
Mir208.

We hypothesized the cardio-specific microRNA miR-208 b,
elevated in serum in myocardial infarction and in atrial tissue in
AFib,14e16 as a potential serum marker for AFib. Role on miR-208 b
in AFib by ionic and structural mechanisms, as well as pathological
remodelling, has been described. The sole study on miR-208 in
paroxysmal AFib did not differentiate between a and b isoforms.16

The primary objective of this study was to determine the diag-
nostic accuracy of serum miR-208 b levels in paroxysmal and
persistent AFib, and cryptogenic stroke. The secondary objectives
were to evaluate miR-208 b as a potential marker for paroxysmal
AFib in otherwise healthy subjects, assist in identification of AFib in
cryptogenic stroke patients and estimate the ideal cut-off for miR-
208 b through ROC curve.

2. Methods

This is a single centre, comparative performance evaluation of
two modalities, blood levels of miR-208 b were tested against ECG
for detection of AFib, done over a period of two years. Study was
approved by the Institutional Ethical Board (IRB-AIMS-2019-035),
and informed consent was taken from study participants.

2.1. Inclusion and exclusion criteria

This study included patients with paroxysmal AFib, persistent
AFib (as defined by Gallagher et al9), cryptogenic stroke with
possible arrhythmic cardiac aetiology and healthy subjects. Exclu-
sion criteria comprises acute inflammatory conditions, recent (<1
month) myocardial infarction or heart failure, liver dysfunction
(Child B, C), rheumatic heart disease and structural heart diseases.17

2.2. Sample size

Previous publication by Ma et al, 16 showed that in paroxysmal
AFib, sensitivity of mir208 with respect to ECG was 81.3%. With 95%
confidence and 20% precision, minimum sample size was calcu-
lated to 15, per group. Assuming the sensitivity will be either same
ormore than that in other groups, minimum sample size of 25 were
collected in each of the four groups (1 - paroxysmal AFib, 2 -
persistent AFib, 3 - cryptogenic (embolic) CVA and 4 - Control).

2.3. miRNA extraction and qRT-PCR

Whole blood was collected in EDTA vacutainer from both test
and control subjects. Total miRNAwas extracted usingmiRNeasy kit
(Qiagen, USA), according to the manufacturer's instructions. Target
specific cDNA was synthesized using miRCURY LNA RT Kit (Qiagen,
USA) following the manufacturer's instructions.18,19 Quantitative
real-time polymerase chain reaction (qRT-PCT) was performed
using miRCURY LNA SYBR Green PCR Kit (Qiagen, USA) with primer
sets (Qiagen, USA) specific for miRNAs: miR-208 b (MIR208A,
miRBase accession number: MIMAT0004960) and the internal
control (IC) miRNA miR-17 (MIR17, miRBase accession number:
MI0000071) according to previous methods20,21 on cobas z480
Real-Time PCR System (Roche Molecular Diagnostics, Germany).
Previous studies have shown that miR-17 is stable and abundant in
plasma and have less variations in serum levels during myocardial
damage.20 4 ml of diluted cDNA (1:80) was used for qRT-PCR in 10 ml
duplicate assays. The PCR conditions were followed according to
the manufacturer's instructions (18, 19) (Qiagen, Germany) for 45
cycles. Cycle threshold (Ct) of miR-208 b (CtmiR208b) and miR-17
(CtmiR17) were determined. 26 samples that did not show amplifi-
cation of IC were excluded from the study and 74 samples were
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taken up for further analysis. Ct-values were normalized against
miR-17 (DCt ¼ CtmiR208b e CtmiR17) and used for statistical analysis.
As conducted previously,20 the cut-off cycle threshold (Ct) for target
miR-208 b was set to 40 cycles, so that the DCt (delCt) is in the log
linear phase and Ct-values � 40 were considered as non-specific
background fluorescence. For the determination of DCt for sam-
ples with amplification beyond the cut-off value, the Ct value was
assigned as 40.20 A higher DCt means miR-17 was detected at lower
Ct than miR-208 b, and thus denotes lower miR-208 b levels.

2.4. Statistical analysis

From a previous publication by Ma et al, 16 it was found that in
paroxysmal AFib, sensitivity of mir208 with respect to ECG was
81.3%. With 95% confidence and 20% precision, minimum sample
size comes to 15, per group. Assuming the sensitivity will be either
same or more than that in other groups, minimum sample size of
25 were taken in each group. Statistical analysis was performed
using IBM SPSS version 20.0 software. Chi-square test was used to
study the statistical significance of the association of all de-
mographic and clinical parameters between groups. KruskallWallis
test was used to compare the mean values of age and delCt (DCt)
between Groups. ROC curve was used to find the ideal cut-off for
DCt to predict AFib in stroke patients. Pearson's correlation coeffi-
cient was used between DCt and other clinical parameters. A p
value of <0.05 was considered to be statistically significant.

3. Results

Baseline characteristics were well matched between groups
(Table 1). In our study, there were 19 patients in group 1, 20 in
group 2, 18 in group 3, and 17 in group 4. DCt was lower in group 1
and 2, and higher in group 3 and 4. This translates to higher miRNA
208-b levels in group 1 and 2 and lower in 3 and 4. KruskaleWallis
Test showed a significant difference in distribution of mean value of
DCt between the groups (p ¼ 0.015). DCt did not show significant
difference between groups with respect to age, sex or ECHO pa-
rameters except in total wall thickness (TWT) where there was a
tendency towards negative correlation (r ¼ �0.261) (p ¼ 0.025).

Pairwise comparison of mean DCt between study groups
showed significant difference between persistent AFib (p ¼ 0.04,
r ¼ �0.4) and paroxysmal AFib (p ¼ 0.044, r ¼ �0.42) compared to
controls (Fig. 1). See Supplementary table 1 for the raw data. Sta-
tistically significant elevation of serum miRNA 208 b levels were
detected in paroxysmal and persistent AFib. In our study with miR-
17 as a baseline, a DCt of 4.18 was found to be significant for
paroxysmal AFib, while it did not reach statistical significance in
persistent AFib. Four people from the control group and three from
the embolic CVA group developed AFib episodes on 6 months
follow-up. The delCt of 6 of these patents were lesser than 4.18, the
proposed cut off in our study, with 1 patient having a value 4.87
(control).

An ROC analysis for identification of ideal cut-off for both
paroxysmal and persistent AFib showed a DCt value of 4.18, with
sensitivity of 68% and 60%, and specificity of 64.7% and 64.1%,
respectively (Fig. 2). The p value for this cut-off was significant for
paroxysmal AFib (p ¼ 0.047), but insignificant for persistent AFib
(p ¼ 0.134).

4. Discussion

This study explored the potential role serum miRNA miR-208 b
plays in diagnosing atrial fibrillation. We calculated the DCt be-
tween miR-208 b and miR-17 for statistical analysis. DCt was lower
in paroxysmal and persistent AFib patients, statistically significant



Table 1
Baseline characteristics of the study population.

Characteristic Paroxysmal AFib (n ¼ 19) Persistent AFib (n ¼ 20) Cryptogenic CVA (n ¼ 18) Controls (n ¼ 17) p-value

Mean age 69.84 64.60 60.56 64.94 0.052
Men 11 (57.9%) 12 (60%) 12 (66.7%) 13 (76.5%) 0.394
Diabetics 10 (52.6%) 7 (35%) 8 (44.4%) 9 (52.9%) 0.510
Hypertensives 12 (63.2%) 7 (35%) 10 (55.6%) 12 (70.6%) 0.151
CAD 10 (52.6%) 4 (20%) 4 (22.2%) 13 (76.5%) 0.003

Fig. 1. Pairwise comparison shows significant difference in DCt between Paroxysmal AFib (0.044) and Persistent AFib (0.040) compared to controls. Upper panel depicts mean and
standard deviation of different groups.
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from controls. This translates to higher miR-208 b levels in these
patients, which is consistent with prior studies, with tissue levels of
miR-208 b levels higher in patients with paroxysmal and perma-
nent AFib as compared to controls. The ROCwas significant for both
paroxysmal AFib and persistent AFib, however the cut-off calcu-
lated was significant for paroxysmal AFib not for persistent AFib. A
possible explanation for this could be the greater standard devia-
tion for persistent AFib group as compared to paroxysmal AFib.

Cryptogenic CVA is mostly attributed to unrecognized embolic
events, and in the absence of carotid or vertebral vessel disease, a
cardiac source of embolus is most likely. In the absence of other
significant structural heart disease, paroxysmal AFib is the most
common implicated aetiology. We proposed that miR-208 b could
be used as a blood marker for an otherwise undiagnosed AFib. The
current study did not show a significant relationship in miRNA
levels between cryptogenic CVA group and control (p ¼ 0.668).
Possible inferences for this could be that e

� The paroxysms of AFib were too few to cause any structural or
electrical remodelling significant enough to lead to detectable
biomarkers in blood
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� The proposed marker is not an ideal candidate for its
diagnosis.16

However, on 6-month follow-up, only three out of the 17 pa-
tients in this group developed AFib. On follow-up (6-months) of
patients without ECG/Holter evidence of AFib on initial study in-
clusion (group 3, 4), subjects who subsequently developed AFib had
a greater baseline miRNA 208-b levels.

5. Limitations

Studies in AFib profiling miRNA in tissue and blood have pre-
viously shown differing results.22e25 Till date, to the best of our
knowledge, only one study has investigated miRNA levels in blood
and detected elevated levels of miR-208. However, the study did
not specify the subtype of miR-208 (a or b) responsible for this
change.16 Differing levels in other miRNA studies have been
implicated to be due to increased uptake from peripheral circula-
tion to disease tissues.24 In our study, DCt for persistent AFib group
varied from 1.22 to 5.7. Normalization of DCt across the different
samples could not be identified in the study due to wide variance of
the internal control (miR-17) between different samples. Due to



Fig. 2. ROC curve for Persistent and Paroxysmal AFib. AUC was significant for both groups. AUC was not significant for cryptogenic CVA group (not shown).
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this an absolute fold-change of the miRNA208b could also not be
established. Further studies with greater sample size are required
to firmly establish pathological levels of selected miRNA. Further-
more, this was a single centre study, which included samples from a
single population subgroup. Hence, population variation in miRNA
levels, which have not been evaluated, could alter the outcomes in
larger studies.
6. Conclusion

There was a statistically significant elevation of serum miRNA
208-b levels in paroxysmal and persistent AFib. In our study with
miRNA 17 as a baseline, a DCt of 4.18 was found to be significant for
paroxysmal AFib, while it did not reach statistical significance in
Persistent AFib.

The most significant clinical application of this study is the
potential of miR-208 b as a marker to aid in detecting an otherwise
undiagnosed AFib with a subsequent change in therapeutic strat-
egy. A bloodmarker that reflects the ionic and structural changes in
AFib would theoretically help in rapid and complete diagnosis.
Tissue inhibitors of miRNA could play a role in targeted anti-atrial
remodelling therapy. There are currently no serum biomarkers
that accurately detect paroxysmal AFib, which can go undetected
by current conventional rhythm monitoring devices. This pilot
study, done in a relatively small number of patients from a single
centre, shows the potential of this marker in diagnosis.
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