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Abstract

Cardiovascular diseases (CVDs) are the leading cause of death world-
wide across diverse ethnic groups. Among these, atrial fibrillation
(AF) stands as one of the most prevalent types of arrhythmias and the
primary cause of stroke. Risk factors associated with AF include al-
cohol consumption, aging, high blood pressure, hypertension, inflam-
mation, and genetic factors. A family history of CVD could indicate
an increased risk. Consequently, genetic, and genomic testing should
be performed to identify the molecular etiology of CVDs and assess
at-risk patients. It is important to note that CVDs are the results of
the complex interplay of genes and environmental factors, including
ethnicity. In this case, the proband’s clinic story includes a history of
smoking abuse for 10 years (10 cigarettes per day), obesity, hyper-
tension, and an associated familial history. These risk factors, along
with genetic variants, could trigger the early onset of AF. In recent
years, genetic and genomic studies have significantly advanced our
understanding of CVD etiology, given that next-generation sequenc-
ing (NGS) allows for the identification of genetic variants that could
contribute to these pathologies. Furthermore, NGS facilitates early
diagnosis, personalized pharmacological approaches, and identifica-
tion of novel biomarkers. Thus, NGS is a valuable tool in CVD man-
agement. However, such studies are limited in Ecuador, a low- and
middle-income country. Several challenges contribute to this gap, en-
compassing economic, infrastructural, and educational obstacles. No-
tably, the cost of genetic and genomic studies may also pose a barrier,
restricting access to a portion of the population. In this case report, we
present a 56-year-old Ecuadorian woman, who has been diagnosed
with AF; however, after performing NGS no disease-associated vari-
ants were found, despite having strong clinical signs and symptoms.
In summary, this case report contributes valuable insights into the
complex interplay between genetic and lifestyle factors in the devel-
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opment and management of AF. The case report aims to underscore
the potential impact of genetic variants on disease risk, even when
classified as variants of uncertain significance, and the importance of
an integral approach to patient care that includes genetic screening,
lifestyle interventions, and tailored pharmacological treatment.
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Introduction

The World Health Organization (WHO) has identified cardiovas-
cular diseases (CVDs) as the primary cause of death, account-
ing for more than 17.9 million deaths worldwide across diverse
ethnic groups [1]. In Ecuador, the WHO reported that CVDs ac-
counted for 21% and 20% of total male and female deaths, re-
spectively, in 2014 [2]. Furthermore, these figures rose in 2018,
with reported CVD-associated deaths reaching 24% [3].

Genetics may play a pivotal role in CVDs. A family his-
tory of CVD could indicate an increased risk, as many car-
diac disorders have a hereditary component [4]. Consequently,
genetic, and genomic testing should be performed to identify
the molecular etiology of CVDs and assess at-risk patients,
particularly in diseases like hypertrophic cardiomyopathy and
arrhythmias [5]. It is important to note the complex interplay
of genes and environmental factors can contribute to CVDs
and their risks factors, further complicating the understanding
of CVD etiology [5]. Additionally, ethnicity can influence the
risk of CVDs. For instance, reports have suggested that Black
adults may bear a higher burden of CVD-associated risk fac-
tors such as obesity or hypertension [6] (Fig. 1).

In recent years, genetic and genomic studies have signifi-
cantly advanced our understanding of CVD etiology. However,
such studies are limited in Ecuador, a low- and middle-income
country. Only a few studies have been conducted, yielding
interesting results related to the Ecuadorian population [7-9].
Several challenges contribute to this gap, encompassing eco-
nomic, infrastructural, and educational obstacles. Notably, the
cost of genetic and genomic studies may pose a barrier, re-
stricting access to a portion of the population [10].

One of the most prevalent types of arrhythmias and the
primary cause of stroke is atrial fibrillation (AF). AF is caused
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Figure 1. Modifiable and nonmodifiable risk factors associated with cardiovascular diseases. The lines in blue represent the
modifiable risk factors, while the lines in red show the nonmodifiable risk factors.

by an abnormal electrical activity in the atria of the heart, re-
sulting in an irregular heart rhythm that can disrupt blood flow,
thereby increasing the risk of thrombus formation [11]. Risk
factors associated with AF include alcohol consumption, ag-
ing, high blood pressure, genetic factors, hypertension, and
inflammation [12]. Moreover, mutations in the genes ABCC9,
KCNH2, KCNJ2, KCNQI, LMNA, PRKAG2, RYR2, and
SCNS5A have been linked to AF [13].

In this case report, we present a 56-year-old Ecuadorian
woman, who has been diagnosed with AF; however, after
performing next-generation sequencing (NGS) no disease-
associated variants were found, despite having strong clinical
signs and symptoms. The present article aims to highlight the
potential effect of genetic variants and CVDs, even when these
variants are classified as variants of uncertain significance.
Furthermore, the study underscores the challenges in the man-
agement of CVD in Ecuador, a low- and middle-income coun-
try with limited resources.

Case Report

In 2012, a 44-year-old woman with a family history of CVD
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and diabetes reported frequent palpitations. These palpitations,
which began following a tooth extraction, persisted continu-
ously for 3 days and intermittently (lasting 12 h each) over the
subsequent 5 days. During the final 48 h, she also experienced
occasional shortness of breath. Three years prior, in 2009, she
was diagnosed with an arrhythmia, presenting with irregular
palpitations three times weekly, ranging from 30 min to 4 h,
in stress or at rest. That year, she was also diagnosed with
hypothyroidism, receiving 6 months of treatment before dis-
continuation by a physician. Furthermore, her anthropometric
measurements revealed a height of 1.69 m, a weight of 97 kg,
and a body mass index (BMI) of 37.89, indicating obesity. She
reported undergoing a 2-month dyslipidemia treatment, no al-
cohol consumption, and a history of smoking from age 26 to
33 (10 cigarettes per day).

Following the consultation, the patient underwent a Holter
test and an electrocardiogram (ECG). The Holter test showed
diurnal systolic arterial hypertension, while the ECG exhibited
periods of premature ventricular contractions (PVCs), most
of which were not being perceived by the patient. A Doppler
echocardiogram was also performed, which was within nor-
mal limits. Based on these tests, the diagnosis was primary hy-
pertension and an unspecified cardiac arrhythmia. Treatment
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2009

— Diagnosis of arrhythmia. No drug prescriptions.

— Diagnosis of hypothyroidism with treatment for 6 — Diagnosis of primary

months.

— Palpitations three times weekly, ranging from 30 12.5 mg of carvedilol daily.

minutes to four hours, in stress or at rest.

2013

Holter, ECG and Doppler echocardiogram.
hypertension and an

unspecified cardiac arrhythmia.

— 3 and 6 months after consultation presented a good

general condition and no signs of heart failure.

2022

— Nocturnal palpitations leading to sleep
disturbances, lipothymic episodes, and anxiety.

— Obesity

- 200 mg of amiodarone and 0,150 mg of

levothyroxine daily.

S — S — o9

2012

— Palpitations for three days and intermittently
(lasting 12 hours each) over the subsequent days.

— Obesity

— Two-month dyslipidemia treatment. diabetes.

— Smoker from age 26 to age 33 (10 cigarettes per

day).

— Holter and Doppler echocardiogram.
— Holter showed paroxysmal fibrillation and flutter.

— Diagnosis of chronic atrial fibrillation and pre-

— 200 mg of amiodarone and 0.075 mg of

levothyroxine daily.

2019 2023

— Next-Generation Sequencing.

— Identification of SCN5A and TTNELN variants.

— Ancestral components determination (10.8%
African, 31% European, and 58.2% Native

American)

Figure 2. Timeline highlighting the relevant episodes of care of the subject.

consisted of a daily dose of carvedilol (12.5 mg) for 30 days.
Two months later, in addition to carvedilol, she was prescribed
acetylsalicylic acid (100 mg) once daily. Follow-up assess-
ments were performed 3 and 6 months after consultation and
the patient presented a good general condition and no signs of
heart failure.

In 2019, the patient was diagnosed with chronic AF and
began a daily regimen of 200 mg amiodarone, following an
ECG that showed normal limits and various Holter tests that
indicated paroxysmal fibrillation and flutter. Concurrently, she
was diagnosed with pre-diabetes and initiated treatment with
0.075 mg of levothyroxine for hypothyroidism.

Three years later, in 2022, she attended medical consul-
tation, in which she reported persistent nocturnal palpitations
leading to sleep disturbances, lipothymic episodes, and anxie-
ty. Her anthropometric data showed a height of 1.69 m, weight
of 93 kg, and a BMI of 33, maintaining the obesity previously
diagnosed. Subsequent evaluations confirmed the continued
need for the existing amiodarone dosage and frequency, ad-
justed the levothyroxine dose to 0.150 mg daily, and ceased
her hypertension treatment.

The episodes of care are shown as a timeline in Figure 2.

A peripheral blood sample was taken, and DNA was ex-
tracted using the PureLinkTM Genomic DNA Mini Kit. DNA
concentrations were quantified using the 1x dsDNA high sen-
sitivity (HS) and broad range (BR) assay kits on the Qubit™
4 fluorometer. NGS was performed at the Centro de Investiga-
cion Genetica y Genomica (CIGG) using the TruSight™ Car-
dio (TSC) Sequencing Panel on the Illumina MiSeq platform.
The TSC Sequencing Panel includes 174 genes with known
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associations with 17 inherited cardiovascular conditions. For
the bioinformatics analyses, DRAGEN Enrichment v3.9.5,
Annotation Engine v3.15, PolyPhen, Sift, and Variant Inter-
preter v2.16.1.300 platforms were used.

Forty-six (46) ancestry-informative INDEL markers
(AIMs) were amplified in a multiplex PCR reaction, according
to Zambrano et al (2019). Fragment detection was performed
on the 3500 Genetic Analyzer. The results were collected
and analyzed on the Data Collection v3.3 and Gene Mapper
v.5 platforms. The ancestral analysis was performed using
STRUCTURE v.2.3.4 [14].

The coverage was >20% on 97.2% of the target regions of
the TSC Sequencing Panel. Variants were classified into five
categories (benign, likely benign, variants of uncertain signifi-
cance (VUS), likely pathogenic, and pathogenic) following the
2015 American College of Medical Genetics and Genomics-
Association for Molecular Pathology guidelines [15]. All path-
ogenic, likely pathogenic, and VUS variants were considered
in the analysis (Table 1).

Moreover, an ancestral composition analysis was per-
formed, and the results showed 10.8% African, 31% European,
and 58.2% Native American.

Furthermore, the STRING database was used to determine
the protein-protein interactions between the proteins associated
with AF [16], with a minimum required interaction score of 0.7
(high confidence level). The network was generated using 19
genes related to the phenotype of the individual according to
MedLine Plus, an official website of the United States govern-
ment, and of these genes 17 are not included in the panel (Sup-
plementary Material 1, www.journalmc.org). Additionally, the
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Table 1. Variants Identified in the Participant

dbSNP/

Gene Chr HGVSP DNA reference HGYVS protein reference Consequence Predicted effect dbVar ID Genotype

SCN54 3 NM 198056.2 NM 198056.2 Missense variant VUS - Heterozygous
¢.3308C>A p.(Ser1103Tyr)

TTN 2 NM_001267550.2 NM_001267550.2 Missense variant VUS - Heterozygous
c.9116C>T p-(Thr30391le)

TTN gene was included due to the presence of a mutation in the
proband. Notably, out of the 19 genes associated with AF, 17
are included in the sequencing panel (Fig. 3).

Discussion

AF is a prevalent cardiac arrhythmia associated with signifi-
cant morbidity and mortality rates. Current estimates suggest
that approximately 60 million cases exist globally [17]. AF in-
cidence is increasing worldwide due to aging population, the
presence of comorbidities and genetic factors [18, 19]. In Ec-
uador, research on AF is limited. For instance, a study in the
Ecuadorian Amerindian rural population reported a low preva-
lence of this cardiac arrhythmia [20]; however, there are no
data of AF prevalence in Ecuadorian urban areas, which could

be higher due to lifestyle similarities with high-income coun-
tries. Notably, the prevalence of AF is higher in high-income
countries than in developing countries, although the underuti-
lization of molecular diagnostic tools at the hospital level in
low-income countries [21], could contribute to an underesti-
mation of AF in countries like Ecuador.

AF has a complex genetic etiology, characterized by nu-
merous mutations in various genes implicated in the develop-
ment of this cardiac arrhythmia. Mutations in genes associ-
ated with ion channel currents are the most frequently found in
individuals with AF. However, non-ion channel gene variants
have also been identified in subjects with this pathology, in-
cluding the natriuretic peptide precursor A gene (NPPA) [22],
atrial-specific myosin light chain gene (MYL4) [23], and titin
gene (TTN) [24].

Genomic analyses were conducted using NGS on a MiSeq

ABCC9

SCN3B

—

=~ /\A\

SCN1B

GJAS

TTN

MYL4

NPPA

LMNA

Figure 3. STRING protein-protein interactions. The globes in red have been associated with atrial fibrillation, and the TTN gene
is shown in white. The line colors indicate the type of interaction evidence with a minimum required interaction score of 0.700

(high confidence).
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Figure 4. Location of the Ser1103Tyr variant in the SCN5A channel protein. Shown in red is the amino acid corresponding to
position 1103. The first part of the protein was not included to specifically pinpoint the location of the variant. The Figure was

created using Protter [28].

platform, using the TruSight Cardio Sequencing panel by Illu-
mina. This panel comprises 174 genes associated with various
CVDs. Supplementary Material 1 (www.journalmc.org) pro-
vides details on the genes correlated with AF according to Med-
Line Plus that are included in the TruSight Cardio Sequencing
Panel. Notably, out of the 19 genes associated with AF, only two
were not sequenced. This underscores the depth of the genomic
analyses, suggesting that if there is a genetic component of the
phenotype, NGS would likely have captured it.

Mutations in SCN5A4 gene have been implicated in sev-
eral cardiac conditions like long QT syndrome type 3, Brugada
syndrome, cardiac conduction defect, dilated cardiomyopathy,
sick sinus syndrome, and AF. These pathologies display spe-
cific electrophysiological and structural cardiac characteris-
tics, which are useful in their differentiation by analyzing the
individual clinical presentation. Recognizing these distinctions
is crucial for the development of targeted treatments [25].

In this case report, a Ser1103Tyr variant in the SCN54
gene is presented. This variant is a loss-of-function mutation
located in the intracellular linker between domain II and III of
the pore alpha subunit of cardiac sodium channel Nav1.5 [26].
Loss-of-function mutations in this gene have been linked with
intra-atrial conduction slowing, which can lead to AF. Further-
more, SCN5A mutations have been associated with both AF
and Brugada syndrome due to the altered gating of the sodium
channel and the resultant decrease of the inward sodium cur-
rent (I, ). Nonetheless, these correlations are still under debate
[25, 26].

The Ser1103Tyr variant in the SCN54 gene is predomi-
nantly classified as benign or likely benign, according to Clin-
Var, an online open database that correlates genomic variation

190 Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™

and human health [27]. Despite this classification, the subject’s
clinical story presented in this case report shows a marked AF
phenotype characterized by an abnormal ECG and structurally
normal heart. Notably, the Ser1103 amino acid is located on
one of the extracellular parts of the SCN5A protein channel
(Fig. 4) [28]. The substitution of serine to tyrosine, which has
a hydrophobic side chain, in comparison with, is an amino acid
with polar uncharged side chain. Thus, the tyrosine change
could alter protein function and protein-protein interactions.

Moreover, the Ser1103Tyr variant has primarily been re-
ported in populations of African descent [29-31]. Clinical out-
comes in this population range from sudden unexplained death
[29] to ventricular arrhythmias and heart failure [30], along
with action potential alterations [31]. These reports show the
high variability in the phenotype of individuals carrying the
Ser1103Tyr variant. The severity of the disease appears to be
associated with the co-occurrence of other genetic variants or
heart failure resulting from structural abnormalities.

Although the proband has no documented history of
heart failure, a mutation in the 77N gene (Thr30391le) was
also identified. This TTN variant is currently classified as a
variant of uncertain significance in the ClinVar database and
has not been directly associated with AF [32]. However, rare
TTN mutations have been associated with an early onset of
AF in individuals without substance abuse habits or heart fail-
ure [24]. Therefore, the co-occurrence of two genetic variants
(Ser1103Tyr; Thr30391le) may play a pivotal role in the onset
of AF in this proband. A STRING analysis (Fig. 3) revealed a
high confidence interaction score among the genes involved
in AF, including 77N, and it can be observed that all the pro-
teins encoded by these genes have either functional or physi-
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cal associations, including TTN. These proteins participate in
various GO Biological processes, such as Purkinje myocyte to
ventricular cardiac muscle cell communication, regulation of
atrioventricular (AV) node cell action potential, atrial cardiac
muscle cell to AV node cell communication, among other pro-
cesses associated with proper cardiac function [33].

The identification of high-risk variants associated with
cardiac conditions has facilitated the development of “genetic
risk scores”. The application of these scores holds potential
for improving diagnosis and therapeutic management of car-
diac arrythmias [19]. Furthermore, these risk scores, identified
through genome-wide association studies, could serve as pre-
dictors of cardiac pathologies, considering population ances-
try [18]. The implementation of NGS enables the execution of
large-scale genome association studies, offering the opportu-
nity to uncover ancestry-specific genetic variants implicated
in the emergence of cardiac pathologies.

Populations and ethnicities exhibit diverse genetic back-
grounds, and these differences can impact the risk and devel-
opment of diseases, including CVDs [5]. These variants asso-
ciated with an increased risk may show geographic specificity,
potentially attributable to the “founder effect” [5]. Conse-
quently, specific populations in particular locations may carry
variants that correlate with various diseases.

In the present case report, the subject exhibits a predomi-
nant Native American genetic component, followed by Eu-
ropean and African components. This ancestral composition
could be associated with CVD predisposition. For instance,
Gomez et al (2022) highlighted that Hispanic individuals ex-
hibit high rates of CVD risk factors, including obesity, hyper-
tension, diabetes, and psychological stress [34]. These risk
factors may stem from environmental factors like diet and
physical activity, but there may also be a genetic predisposi-
tion contributing to the increased risk. Furthermore, Guevara-
Ramirez et al (2022) identified several genetic variants present
in the Latin American population associated with an increased
predisposition to obesity, a main risk factor for CVDs [35].
However, further research is required to fully understand the
impact that Native American ethnicity has on CVD and CVD-
associated risks.

The prevalence of AF is higher in North America and
Western Europe, while the family predisposition and white
ethnicity are risk factors for AF incident [36]. The proband has
a high European ancestry (31%) considering that this proband
showed an unspecified arrhythmia at the age of 32. The com-
bination of a high European ancestry proportion along with
obesity, chronic smoking, sedentary lifestyle, and SCN54/TTN
variants may have contributed to the AF phenotype in this case.
Moreover, the Ser1103Tyr SNC54 variant showed a frequency
0f 0.32% in Latin American population [27], suggesting its po-
tential role in the pathogenicity observed in this proband [37].
However, this interpretation must be assessed more rigorously
due to the lack of direct implication of this variant with the AF
emergence. Moreover, the penetrance of this variant must be
evaluated in a Mestizo population due to the implications of
environmental factors, lifestyle and genetic modification that
could influence the variant expression [37], as observed in this
case.

It has been reported that AF may occur in individuals un-
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der 45 years old who harbor various mutations, including vari-
ants in the 77N and SCN5A genes [24, 38]. Moreover, several
risk factors contribute to the AF predisposition, such as smok-
ing, obesity, hypertension, diabetes mellitus, high sodium diet,
alcohol abuse, hyperthyroidism, or chronic obstructive pulmo-
nary disease. These factors increase the susceptibility to heart
failure, stroke, and sudden death [24, 38-40].

In this case, the proband’s clinic story includes a history
of smoking abuse for 10 years (10 cigarettes per day), obesity,
hypertension, and a family history of diabetes and hyperten-
sion. These risk factors, along with genetic variants, could trig-
ger the early onset of AF. This emphasizes the importance of
continuous medical campaigns that raise awareness about the
risk factors associated with the onset of cardiac arrythmias and
the beneficial role of exercise in prevention.

In terms of pharmacological intervention, the proband re-
sponded well to amiodarone (200 mg), which stabilized car-
diac rhythm (heart rate: 60 bpm) and maintained blood pres-
sure at 136/80 mm Hg. Additionally, Xarelto was prescribed to
prevent embolic events; however, its use was discontinued due
to the low risk of embolism. Nonetheless, regular monitoring
of arrhythmias is advised for patients with AF to detect any
changes that may require modifications in pharmacological
management [41].

NGS allows for the identification of genetic variants that
could contribute to CVDs. Furthermore, by identifying muta-
tions associated with CVDs, NGS facilitates early diagnosis,
personalized pharmacological approaches, and identification
of novel biomarkers. Thus, NGS is a valuable tool in CVD
management [7, 9].

Conversely, NGS also has limitations such as the need for
bioinformatic tools, and higher costs that may be inaccessible
for the majority of the population in developing countries, like
Ecuador. Furthermore, another limitation is that due to budget
constraints, we were unable to perform NGS for other family
members [9].

Conclusion

CVDs are the product of a complex interplay between genetics
and lifestyle factors. In this case report, the subject presents
the signs and symptoms of AF; however, NGS yielded vari-
ants of uncertain significance not indicating a clear correlation
between genetic factors and AF. It is important to highlight that
several environmental factors associated with AF were present
in the proband, which could suggest that the signs and symp-
toms have been primarily triggered by these factors. Addition-
ally, further research is required in low- and middle-income
countries, where resources are limited, which restricts an inte-
gral approach that includes the study of all disease-associated
factors.

Learning points

The present case report highlights the implications and intri-
cate interaction between lifestyle and genetic risk factors. The
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article presents a 56-year-old woman, who despite showing all
the signs and symptoms of AF lacks any genetic variant that
could be causing the disease. Although the genetic variants
found in the proband have been mostly characterized as likely
benign and benign, the SCN5A variant may be associated with
a higher CVD risk in specific populations.

Supplementary Material

Suppl 1. Genes associated with AF, according to MedLine
Plus, that are included in the TruSight Cardio Sequencing Pan-
el by Illumina.
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