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ARTICLE INFO ABSTRACT
Keywords: Background: Atrial fibrillation (AF) is one of the most prevalent causes of cryptogenic stroke. Also, apart from AF
Atrial fibrillation itself, structural and remodelling changes in the atria might be an underlying cause of cryptogenic stroke. We

Atrial cardiomyopathy
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aimed to discover circulating proteins and reveal pathways altered in AF and atrial cardiomyopathy, measured
by left atrial volume index (LAVI) and peak atrial longitudinal strain (PALS), in patients with cryptogenic stroke.
Methods: An aptamer array (including 1310 proteins) was measured in the blood of 20 cryptogenic stroke pa-
tients monitored during 28 days with a Holter device as a case-control study of the Crypto-AF cohort. Protein
levels were compared between patients with (n = 10) and without AF (n = 10) after stroke, and the best can-
didates were tested in 111 patients from the same cohort (44 patients with AF and 67 without AF). In addition, in
the first 20 patients, proteins were explored according to PALS and LAVI values.

Results: Forty-six proteins were differentially expressed in AF cases. Of those, four proteins were tested in a larger
sample size. Only DPP7, presenting lower levels in AF patients, was further validated. Fifty-seven proteins
correlated with LAVI, and 270 correlated with PALS. NT-proBNP was common in all the discovery analyses
performed. Interestingly, many proteins and pathways were altered in patients with low PALS.

Conclusions: Multiple proteins and pathways related to AF and atrial cardiomyopathy have been revealed. The
role of DPP7 as a biomarker for stroke aetiology should be further explored. Moreover, the present study may be
considered hypothesis-generating.

1. Introduction remains undetected in a high proportion of patients after stroke and is
one of the most prevalent causes of cryptogenic stroke [2].

Atrial fibrillation (AF) is a prevalent cardiac rhythm disorder un- Also, there is increasing recognition that atrial dysfunction itself is

derlying up to one-third of all ischemic strokes [1]. Paroxysmal AF associated with an increased risk of thromboembolism, even in patients
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without AF [3]. Therefore, atrial substrate or atrial cardiomyopathy has
been proposed as an important cause of cryptogenic strokes [4,5].

Left atria (LA) enlargement and atrial fibrosis are two structural
hallmarks of the atrial substrate [3]. LA size has been associated with
cardioembolic stroke and AF detection in patients with embolic stroke of
undetermined source (ESUS) [6]. Similarly, peak atrial longitudinal
strain (PALS), which measures the LA wall deformability and is a sur-
rogate of LA fibrosis, has been associated with AF in cryptogenic stroke
patients [7].

Some blood biomarkers (e.g. natriuretic peptides) have been pro-
posed as useful tools to detect paroxysmal AF [8]. In addition, circu-
lating markers might allow noninvasive assessment of atrial
cardiomyopathy before AF appears and might guide the selection of
patients for more intensive post-stroke monitoring to personalize the
secondary prevention treatments [2,5].

The present study aims to discover circulating proteins and reveal
pathways altered in AF and atrial cardiomyopathy, measured by left
atrial volume index (LAVI) and PALS, in patients with cryptogenic
stroke.

2. Methods
2.1. Study population

The study population represented a subpopulation of the Crypto-AF
study [9,10]. Non-lacunar acute ischemic stroke patients over 55 years
of age with cryptogenic stroke after standard evaluation were included
in the study by four Spanish public Stroke Centers from January 2015 to
July 2017. All patients included had no prior history of AF. Patients were
monitored for 28 days with a wearable Holter device (Nuubo™)
following a published protocol [9]. The software algorithm classified
every episode of irregular ECG rhythm lasting > 120 s as possible AF. An
expert cardiologist blinded to clinical data verified the episodes. From
this cohort, a total of ten consecutive patients with AF detected during
the monitoring period, and ten matched controls (by sex and age)
without AF were selected for the present discovery study. In addition,
111 patients with available blood samples were used for the validation
study (44 patients with AF and 67 matched controls).

Blood samples were collected into EDTA and serum separator tubes
within 72 h after symptoms onset. After centrifugation at 1500 g and
4 °C for 15 min, plasma and serum aliquots were frozen at —80 °C until
further analysis.

Left atrial size was measured by biplane transthoracic echocardiog-
raphy to obtain the left atrial volume adjusted to body surface index
(LAVI, ml/m?) following the latest guidelines [11]. Peak atrial longitu-
dinal strain (PALS) was evaluated by speckle tracking software (GE
EchoPAC®) following expert recommendations [12].

Written informed consent was obtained from all participants, and the
study was approved (PR (AG)49/2014) by the Ethical Committee of Vall
d’Hebron Hospital, Valladolid Hospital, Virgen Macarena Hospital and
Virgen del Rocio Hospital, in line with Helsinki guidelines.

2.2. Aptamer array

Protein levels in plasma were assessed using the SOMAscan® plat-
form (SomaLogic Inc., Boulder, CO, USA), which is an aptamer-based
proteomic assay that allowed the simultaneous measurement and
quantification of 1310 proteins [13]. This approach uses SOMAmers®
reagents, which are short single-stranded DNA sequences with protein
affinity. The platform transforms the proteins present in the biological
sample into a corresponding SOMAmer signal, which then is quantified
using the microarrays technology. Three different dilutions (depending
on each protein abundance) were used. Normalization and calibration
procedures were performed by SomaLogic according to their protocol
[14]. All samples passed SomalLogic quality controls. A set of control
calibrator samples were used to detect and remove systematic variability
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between independent assay runs. Seventy-nine proteins were marked as
“flags” due to high inter-plate variability and eliminated from the
analysis. Data were reported in relative fluorescent units (RFU) after
normalization and calibration.

2.3. Elisa

Serum coiled-coil domain-containing protein 80 (CCDC80)(Bos-
terBio), and plasma dipeptidyl peptidase 7 (DPP7)(R&D Systems), bone
morphogenetic protein 1 (BMP-1)(Elabscience), and cystatin-D (Bos-
terBio) were determined by ELISA. All assays were performed blinded to
clinical information and according to the manufacturer’s instructions.
All samples were tested in duplicate, and inter-assay variation was
determined by a commercial control (Human Serum, male AB, USA
origin from clotted, SIGMA, ref number H16914; Human plasma K2
EDTA, Innovative Research, ref number IPLA-N) tested in duplicate in
each plate. When inter-assay variation was > 20%, biomarker levels
were standardized by the common control sample. Samples with a CV
(coefficient of variation) > 20% between duplicates were eliminated
from the analysis.

2.4. Statistics

R software version 3.6.1 and SPSS version 20 were used to conduct
statistical analysis. Categorical variables were expressed as numbers and
percentages and continuous variables as mean + SD, or median (inter-
quartile range) for continuous variables, depending on their distribu-
tion. Student’s t-test, Mann-Whitney or x> were used to compare
variables between AF cases and controls depending on the type and
distribution of each variable.

SOMAscan data were log-transformed as presented a skewed distri-
bution. Differential expression analyses were performed using the
“limma” package (Bioconductor) version 3.42.2, optimized for omics
studies with large amounts of data and few samples [15].

Spearman correlations were calculated between LAVI or PALS and all
the analyzed proteins. The R package “Venndiagram” version 1.6.20 was
used to visualize the common proteins between the different analyses.
All p-values were adjusted using Benjamini and Hochberg (BH) false
discovery rate (FDR). Group matching by sex and age was used to select
control samples in the discovery experiment. The validation sample size
was estimated based on Somascan results (power of 80%, a = 0.05) (Ene
3.0, GlaxoSmithKline, UK).

The addition of DPP7 to a logistic regression model fitted by age, sex,
echocardiographic markers (LAVI and PALS), and NT-proBNP was
tested using the Likelihood Ratio Test. Odds ratios (OR) for an increment
of one unit of concentration were shown. The classification performance
of the models was compared using Reciever Operating Curves. The R
package “ggeffects” version 1.1.1 was used to plot the average predicted
probability of the model when varying the variable of interest.

2.5. Pathway analysis

Pathway enrichment analysis was conducted following a published
protocol [16]. Gene Set Enrichment Analysis (GSEA) software was
applied to all the SOMAscan proteins ordered by T-statistic or correla-
tion coefficient against Reactome Pathways and Gene Ontology (bio-
logical processes) databases. Gene sets with < 15 genes or > 200 genes
were excluded. GSEA calculates a normalized enrichment score (NES)
for each gene set. Positive and negative NES values represent enrich-
ment of the corresponding gene set at the top (i.e., upregulated) or
bottom (i.e., downregulated) of the ranked list. P-values were computed
by gene set permutation for 1000. Then, multiple testing using a false-
discovery rate (FDR) was applied to obtain the Q-values. Results were
visualized via Cytoscape Enrichment Map with a Jaccard Overlap
Combined Coefficient > 0.375. Significant pathways were considered at
Q-value < 0.25.
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3. Results

The descriptive characteristics of the 20 patients included in the
discovery study are provided in Table 1. The median age was 71.5, and
55% were women. Clinical variables were similar between the two
groups.

3.1. Differential protein expression and altered pathways in AF

Among the tested proteins, 46 were differentially expressed in AF
cases at a nominal p-value of 0.05 (22 down-regulated and 24 up-
regulated). Although no protein remained significant after multiple
comparison correction, NT-proBNP showed the strongest association (p-
value = 0.001, logFC = 1.86) and BNP was ranked sixth (p-value =
0.008, logFC = 0.39). Both natriuretic peptides were well-known bio-
markers of AF, already validated in this cohort in a published study [8].
Proteins with p-values between NT-proBNP and BNP were selected to
evaluate their usefulness in a larger group of patients: CCDC80 (p-value
= 0.0013), DPP7 (p-value = 0.0039), BMP-1 (p-value = 0.0051), and
Cystatin-D (p-value = 0.0080) (Fig. 1 and Supplemental Table 1).

GSEA analysis revealed five gene sets upregulated in patients with AF
(Regulation of cellular response to growth factor stimulus, Lymphocyte
chemotaxis, Calcium ion transmembrane transport, Lymphocyte
migration, Chemokine receptors bind chemokines), and five gene sets
downregulated (Binding and Uptake of Ligands by Scavenger Receptors,
Interleukin-12 family signalling, Vesicle-mediated transport, Transport
of small molecules and Interleukin-12 signalling). Most altered path-
ways were related to immune response and intracellular transport
(Supplemental Fig. 1).

Table 1
Clinical characteristics of the patients included in the discovery experiment and
comparison according to atrial fibrillation detection.

All (n = AF (n = 10) No AF (n = p-
20) 10) value
Sex (%female) 11 (55%) 6 (60%) 5 (50%) 0.65“
Age (years) 71.5 73.5 (69.75-80) 67.5 0.247°
(67-80) (62.25-81.5)
Hypertension 14 (70%) 7 (70%) 7 (70%) 1.00%
Diabetes 5 (25%) 3 (30%) 2 (20%) 1.00“
Vasculopathy 1 (5%) 0 (0%) 1 (10%) 1.00¢
Renal failure 1 (5.3%) 1 (11.1%) 0 (0%) 0.47%
COPD 1 (5.3%) 1(11.1%) 0 (0%) 0.47%
Obesity 8 (40%) 5 (50%) 3 (30%) 0.65“
Heart disease 2 (10%) 2 (20%) 0 (0%) 0.47%
Basal NIHSS 4 (2-7) 3(1-7) 5(3-7) 0.29°
LVEF (%) 64.74 £ 63 +7.84 66.30 + 7.51 0.362"
34.19
PALS (%) 25.76 + 29.89 + 14.06 20.59 + 10.00 0.134"7
12.98
LAVI (ml/m?) 31 30 (27-34) 34 0.815°
(27-37) (22.5-37.75)
Number of AF 28 (7-42.5)
episodes
Longest AF 780.48

episode (min) (121.25-1510.71)

COPD, chronic obstructive pulmonary disease; NIHSS, National Institutes of
Health Stroke Scale; LVEF, left ventricular ejection fraction; PALS, peak atrial
longitudinal strain; LAVI, left atrial volume index.
The “heart disease” terminology included any cardiopathy that the investigator
considered of interest, including into this category ischemic cardiopathy, and
hypertensive cardiopathy, between others. The two patients with heart disease
in this cohort had a mild mitral and aortic valvulopathy, and a hypertensive
cardiomyopathy respectively.

# Student’s t-test.

$ Mann-Whitney test.

& x2 test.
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Fig. 1. Volcano plot of differentially expressed proteins between AF cases
and no AF. Black dots above the red line indicate significant proteins, while
grey dots below the red line indicate non-significant proteins according to
nominal p-value < 0.05. Labeled proteins are those with a nominal p-value <
0.01 or nominal p-value < 0.05 and |logFC|>1.Proteins with positive logFC had
higher levels in the AF group and vice-versa. (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to the web version of
this article.)

3.1.1. Biomarker validation

The clinical characteristics of the 111 patients included in the vali-
dation study were provided in Supplemental Table 2. This subgroup was
older (p = 0.021) and had a lower percentage of obesity (p = 0.041) in
comparison to the discovery cohort. Several samples had a CV > 20%
between duplicates and were eliminated from the analysis accordingly.
Therefore, we had a final sample size of 107 patients for CCDC80, 86 for
DPP7, 95 for BMP1, and 97 for Cystatin-D. Levels from the four bio-
markers were available from 74 patients. Analysis was performed with
the patients available for each biomarker. DPP7 was significantly lower
in individuals with AF compared with no AF [5.13 ng/ml (IQR
3.42-7.10) vs 6.16 ng/ml (5.04-8.39), p = 0.013], while the remaining
biomarkers were not different between the two groups (Fig. 2 and
Supplemental Table 3). Sensitivity analyses were performed only,
including the patients with values from all the biomarkers, obtaining
similar results.

DPP7 alone was a predictor of AF (OR = 0.828 per ng/ml
[0.695-0.986], p = 0.034). Then, when adding DPP7 to a logistic
regression model fitted with age, sex, PALS, LAVI, and NT-proBNP, it
remained an independent predictor (OR = 0.729 per ng/ml
[0.539-0.988], p = 0.041). This model, including DPP7, showed better
fit according to the likelihood ratio test (32 = 6.001, p = 0.014), and the
AUC increased, although the DeLong test was not significant (0.657
[0.484-0.831] vs 0.756 [0.608-0.904], p = 0.155). The models were
built with 51 complete cases with all the variables available (17 AF and
34 no AF) (Supplemental Fig. 2).

3.2. Differential protein expression and altered pathways in atrial
myopathy

3.2.1. LAVI

Fifty-seven proteins correlated significantly with LAVI (40 negative
correlations and 17 positive correlations). From these, only 17 had a
correlation coefficient r>|0.6|. No proteins remained significant after
multiple corrections in any of the analyses (Supplemental Table 4 and
Supplemental Fig. 3).

The pathway analysis, considering the protein list ordered by the
correlation coefficient between protein levels and LAVI, revealed only



E. Pala et al.

6000+ p=0.365 '«
- .
£ . .
2 4000 .
< _
o0
8 2000
8 2000-
o 1
0 : —
§ ¢
&
8000- .
- i
g 6000 p=0.590
(=]
[
= 4000 .
g LI
0 2000- :
—
1 [ —
0 : .
PEE
&

1JC Heart & Vasculature 39 (2022) 100977

25000-
20000- )
g p=0.013 .
S 15000- . .
e
B~ 10000-
o
2 5000-
T 1
0 : .
L <
0 o
E 1000{ " -
a ( ]
e p=0.763
Q
S 500- *
S —— ——
(7]
>
o L |
0 : !
A

Fig. 2. Boxplot distribution of CCDC80, DPP7, BMP1 and Cystatin-D between AF and no AF. P-values indicated correspond to the Mann-Whitney test. P-values
were not corrected by Bonferroni, which lowered the significance threshold to p < 0.0125. Boxes extend from the 25th to 75th percentiles. The line in the middle is
plotted as the median. Whiskers are drawn according to Tukey methodology (+1.5 IQR), and larger values are plotted as individual points.

one gene set upregulated with LAVI with a Q-value < 0.25: Netrin-1

signalling (R-HSA-373752).

3.2.2. PALS

Two-hundred-seventy proteins correlated significantly with PALS

Atrial fibrillation (AF)

14

205

NT-proBNP

38

50
5

| Atrial cardiomyopathy ‘

(117 negative correlations and 153 positive correlations). From these,
only 64 had a correlation coefficient r>|0.6|, and six remained signifi-
cant after multiple comparison corrections (Supplemental Table 5 and
Supplemental Figure 4).

When proteins were ordered by the correlation coefficient between

Fig. 3. Summary of proteins altered in AF and
atrial myopathy.The numbers in the circles
indicate proteins related to each variable (AF,
PALS, and LAVI). Proteins in the overlap circles
are those commonly related to two or three var-
iables. The number of proteins related to PALS
and LAVI shown in the figure corresponds to
those with significant correlations. The number of
proteins related to AF corresponds to those sig-
nificant in the comparison AF vs no AF. In all
cases, nominal p-values were considered.
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protein levels and PALS, 264 gene sets were enriched in patients with
high PALS, and two were enriched in patients with low PALS (R-HSA-
1630316, Glycosaminoglycan metabolism, and R-HSA-3781865, Dis-
eases of Glycosylation). Dysregulated pathways were mostly involved in
signal transduction, metabolism, immune response, and hemostasis.
(Supplemental Table 6 and Supplemental Figure 5).

3.3. Common protein expression in AF and atrial myopathy

NT-proBNP was the only protein common in all the analyses per-
formed. Five proteins were related to LAVI and PALS (Leukotriene A-4
hydrolase, Alpha-2-macroglobulin, Histone H2A type 3, Secretin, and
Fibroblast growth factor 12). One protein was associated with AF and
LAVI (Cell adhesion molecule 3). Fourteen proteins were associated with
AF and PALS (Urokinase plasminogen activator surface receptor,
Lumican, Dermatopontin, Follistatin-related protein 3, C-C motif che-
mokine 25, Plasminogen, Coagulation factor VII, Natural killer cell re-
ceptor 2B4, Angiopoietin-2, Interleukin-23 receptor, Brain natriuretic
peptide 32, Erythropoietin, Advanced glycosylation end product-
specific receptor, and Macrophage mannose receptor 1) (Fig. 3).

4. Discussion

In the present study, a wide variety of proteins have been explored in
a cohort of cryptogenic stroke patients monitored for 1 month to detect
AF.

Although several studies had previously explored individual bio-
markers of cardioembolic stroke and/or AF in stroke patients [17], few
studies had used a discovery approach to identify new candidates
related to occult AF. In fact, the majority of AF “discovery” studies
enrolled asymptomatic patients [18-20] and, to our knowledge, only the
study of Lambert et al. included stroke patients [21]. This study explored
184 proteins in patients with previously known causes of stroke. In
contrast, we evaluated a wider range of proteins in patients with ESUS to
ascertain new predictors of AF. Although all the patients included in our
study had no prior story of AF, we cannot differentiate between new-
onset AF or first-diagnosed AF. However, we aimed to identify AF
cases in cryptogenic stroke patients independently of the onset of this AF
because, from a clinical perspective, the treatment of the arrhythmia is
the same.

Regarding the proteins differentially expressed in our analysis when
comparing patients with and without AF, we should highlight that
natriuretic peptides, NT-proBNP and BNP, were in the top-ranked po-
sitions. Both are well-known surrogates of AF and have already been
validated in the present cohort of cryptogenic patients [8]. Therefore,
we decided to test other proteins with similar nominal p-values in the
comparison. Only DPP7 showed significant differences in the validation
from the four proteins selected, with higher levels in the patients
without AF. DPP7 (also called DPP2) is a member of the dipeptidyl
peptidase family, which has been implicated in many immunologic
processes. Although limited data about DPP7 is available compared to
other family members, there is a substantial overlap in this family
regarding substrate specificity, inhibitors, and functions.

Interestingly, members of the dipeptidyl peptidase family have been
linked to atherosclerosis and are considered therapeutic targets for
treating this pathology [22]. Therefore, the increase of DPP7 levels in no
AF individuals might be linked to an underlying atherosclerotic aeti-
ology in those ESUS cases, but this should be confirmed.

Another hypothesis would be that DPP7 had a role in the patho-
physiology of AF, lowering its risk. DPP7 is a lysosomal protein ubiq-
uitously distributed in various tissues and organs, including the heart
[23]. Its pathophysiological significance requires additional study,
including measurements on atrial tissue and/or biological experiments.

Although DPP7 adds information to current markers (clinical,
echocardiographic, and blood biomarkers previously described like NT-
proBNP), the logistic regression models presented here were built with

1JC Heart & Vasculature 39 (2022) 100977

reduced sample size. Therefore, the use of DPP7 as a biomarker should
be validated in further studies. The fact that the other candidates were
not validated indicates that the present discovery approach resulted in
several false positives. We cannot discard the possibility that the lack of
validation is due to disparity in results between the two techniques used,
as previous studies presented weak correlations (r < 0.3) in some pro-
teins between SOMAscan platform and conventional immunoassays
[24]. The low reproducibility between techniques may be explained as
binding reagents interacting with different epitopes of a specific analyte.
That is why discovery studies aiming to find biomarker candidates
should include validations with different techniques. More importantly,
the difficulty to find new AF biomarkers with “discovery” strategies may
be due to the complexity of AF, which makes it challenging to classify
the patients in a binary variable. First, we cannot discard there were
false-negative cases in the no AF group as cardiac monitoring might not
have been prolonged enough to detect some AF cases [25]. Also, AF
could be just a bystander, and atrial dysfunction is the real underlying
disease that causes stroke susceptibility [26].

Consequently, there is a need to search for biomarkers that identify
not only AF but also the underlying atrial substrate. Therefore, and
taking advantage of the availability of well-phenotyped patients by
echocardiography, we have explored circulating proteins and functional
pathways that might be associated with atrial cardiomyopathy. Two
echocardiographic variables have been considered to perform this
analysis: LAVI and PALS. Although evaluating different characteristics
of the left atria, both variables are used to identify atrial myopathy and
have been shown useful to predict AF [3]. LAVI measures the enlarge-
ment of the atria while PALS provides information on its deformability,
but both variables are highly related.

Interestingly, in our analysis, while many proteins and pathways
were altered in patients with lower PALS, few were affected in patients
with high LAVI. This may reflect that more pathophysiological changes
are behind the remodelling that results in atrial distensibility impair-
ment compared to atrial enlargement. Previous studies stated that PALS
measurements were more sensitive than volumetric measurements to
predict AF and that LA dysfunction may precede and/or be independent
of anatomical changes like LA enlargement [27]. This may also explain
why few protein candidates are associated with both variables in our
analysis.

The bioinformatics analysis revealed some interesting pathways
playing a role in AF and atrial cardiomyopathy. The study highlighted
the importance of the inflammatory response in AF, especially the role of
lymphocytes and chemokine signalling. This confirms the role of
inflammation in the initiation and maintenance of AF, which has
extensively been described [28]. Also, we found an enrichment of
growth factors signalling, which can also be linked to the inflammatory
response or the fibrosis occurring in the heart [29]. Finally, calcium
handling is essential for the correct electrical functioning of the heart,
and similarly of what we found, abnormal calcium handling can lead to
cardiac arrhythmias like AF [30].

On the other hand, several pathways were downregulated in the AF
group compared to the no AF group, which could be related to other
stroke etiologies in the second group. This is the case of interleukin-12
(IL-12) signalling. Interleukin-12 family members have been related to
various cardiovascular diseases, including atherosclerosis, hyperten-
sion, aortic dissection, and several cardiac pathologies [31]. Also, in
patients without AF, we found an upregulation of vesicle-mediated
intracellular transport and activity of scavenger receptors, which are
membrane-bound receptors that bind a variety of ligands, including low-
density-lipoproteins (LDL). These, together with the transport of small
molecules, are pathways that might describe increased levels of LDL,
involved in atherosclerosis, in patients without AF.

4.1. Study limitations

The present study has several limitations. The main limitation is the
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small sample size, limiting our statistical power to correct multiple
comparisons. Second, the selection of patients was performed according
to AF diagnosis, and then a posterior exploratory analysis according to
echocardiographic variables was performed. As continuous variables,
correlations between the echocardiographic variables and protein levels
were assessed, but we should consider the difficulties of obtaining sig-
nificant correlations with a reduced sample size. The same reason pre-
cluded sex- and age-based analysis. Therefore, we cannot eliminate the
effect of age on the proteins/pathways revealed, especially in the case of
left atrial strain that correlates with age. Nevertheless, we may not be
interested in eliminating this effect as fibrosis of the atrium is a cumu-
lative process that may result from pathways altered with age [32].

Similarly, LAVI is larger in women than in men in our cohort, and the
association of some proteins’ abundance with LAVI may reflect sex
differences in our population. Therefore, these results need to be inter-
preted as hypotheses-generating. Selection of patients according to
extreme PALS and LAVI matched by sex and age and validation of
altered markers in a cohort with a longer follow-up would provide
further insights. Moreover, we should state that LAVI and PALS might
not be specific markers of atrial cardiomyopathy. Other parameters and
techniques can be used to characterize the disease in other studies (e.g.,
left atrial voltage mapping, late gadolinium-enhanced magnetic reso-
nance imaging, and histological analysis).

Also, the lack of a matched set of similar aged non-stroke patients
limits insight into biomarkers specifically associated with stroke.
Finally, we only analyzed a small portion of the full proteome, which
may have conditioned our findings.

5. Conclusions

The present study revealed multiple proteins and pathways that may
have a role in the development of atrial fibrillation. In particular, the
role of DPP7 as a biomarker for stroke aetiology should be further
explored. Also, we have proposed a strategy considering echocardio-
graphic parameters to discover new biomarkers and pathways that may
have a role in atrial fibrillation and atrial myopathy. In this regard, the
present study may be considered hypothesis-generating.
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