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According to the World Health Organization, cardiovascular diseases (CVDs) are the leading cause of death worldwide across
nearly all ethnic groups. Inherited cardiac conditions comprise a wide spectrum of diseases that affect the heart, including
abnormal structural features and functional impairments. In Latin America, CVDs are the leading cause of death within the
region. Factors such as population aging, unhealthy diet, obesity, smoking, and a sedentary lifestyle have increased the risk of
CVD. The Latin American population is characterized by its diverse ethnic composition with varying percentages of each
ancestral component (African, European, and Native American ancestry). Short tandem repeats (STRs) are DNA sequences
with 2-6 base pair repetitions and constitute ~3% of the human genome. Importantly, significant allele frequency variations
exist between different populations. While studies have described that STRs are in noncoding regions of the DNA, increasing
evidence suggests that simple sequence repeat variations may be critical for proper gene activity and regulation. Furthermore,
several STRs have been identified as potential disease predisposition markers. The present review is aimed at comparing and
describing the frequencies of autosomal STR polymorphisms potentially associated with cardiovascular disease predisposition
in Latin America compared with other populations.

1. Introduction

According to the World Health Organization, cardiovascular
diseases (CVDs) are the leading cause of death worldwide
across nearly all ethnic groups [1, 2]. It is estimated that
17.9 million people die each year due to these diseases,
accounting for 31% of deaths globally [2]. CVDs have been
associated with the complex interplay of genetic, epigenetic,
and environmental factors [3–7]. For instance, inherited car-

diac conditions comprise a spectrum of diseases affecting the
heart, including abnormal structural features and functional
impairments. In most cases, these conditions are transmitted
in an autosomal dominant manner, potentially affecting
multiple generations within a family due to the presence of
monogenic or polygenic variants [2, 8]. Moreover, these dis-
eases are influenced by a combination of modifiable and
nonmodifiable risk factors. For example, the modifiable risk
factors include physical inactivity, tobacco use, high low-
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density lipoprotein cholesterol, and obesity [9, 10]. In con-
trast, nonmodifiable risk factors encompass race, gender,
aging, and family history [9].

The overall prevalence of CVD worldwide is 3%; some
can cause sudden morbidity or mortality in young people.
One example is hypertrophic cardiomyopathy, which is gen-
erally not diagnosed prematurely due to a lack of symptoms
and is one of the most common cardiovascular diseases
reported worldwide, with a prevalence of 1 in every 500 indi-
viduals [11, 12]. Similarly, familial hypercholesterolemia, a
genetic disorder that can lead to morbidity or premature
death from atherosclerotic cardiovascular disease, has been
found worldwide, representing a prevalence of 1 in every
200 to 250 individuals. It is estimated that 34 million people
have undiagnosed familial hypercholesterolemia [13, 14].

In Latin America, cardiovascular diseases (CVDs) are
the leading cause of mortality within the region [15]. More-
over, the challenge of limited access to healthcare, which is
particularly prevalent in Latin America, has further aug-
mented the problem [16]. For example, Leitão et al. [17]
reported that 27.7% of deaths in Brazil were attributable to
CVD. In Argentina, this figure climbs to 30% of the total
deaths [18]. In Peru, CVD accounted for 20% of deaths in
2016 [19], a statistic similar to Mexico, where 22.7% of
deaths in 2017 were CVD-associated [20]. In Colombia,
28% of deaths are related to CVD [21], and finally, in Ecua-
dor, the percentage of CVD-associated deaths is 26.4% [22].

The Latin American population is a heterogeneous mix
of ethnic backgrounds; for example, a published study using
informative ancestry insertion and deletion markers in a
sample of the Ecuadorian population of the three continen-
tal regions of Ecuador that self-identified as mestizo revealed
that the ancestral component was as follows: 59.6% Native
American, 11.6% African, and 28.8% European [23]. Simi-
larly, Pena et al. [24] reported extensive admixture in the
Brazilian population, with an average European ancestry of
0.70, an African component of 0.18, and an Amerindian
component of 0.12. Although the percentage of each ances-
tral component may vary, Latin America is a trihybrid
region composed of African, European, and Native Ameri-
can elements [23–25].

Short tandem repeats (STRs) are DNA sequences with 2-
6 base pair repetitions and constitute ~3% of the human
genome [26, 27]. These regions are one of the most poly-
morphic across the human genome [28], and the number
of repetitions is variable depending on the individual, offer-
ing the possibility of using it for forensic purposes [26, 29].

Moreover, a notable variation in allele frequencies exists
between different populations [29]. Previous studies have
located STRs in noncoding regions of the DNA [26]. Never-
theless, increasing evidence suggests that simple sequence
repeat variations, such as STRs, are not randomly distributed
across introns, UTRs, and protein-coding regions [30–32].
This evidence suggests that they may be critical for proper
gene activity and regulation [26].

Furthermore, several STRs have been described as dis-
ease predisposition markers [26, 31, 32]. Interestingly, while
these STRs have been phenotypically linked to a specific
population, they could also serve as phenotype indicators

for diverse populations based on the presence of these STRs,
independently of their frequency.

Additionally, numerous studies have identified forensic
STRs as genetic risk factors for cardiovascular diseases [26,
33–37]. For instance, the alleles 26 and 27 of the FGA
marker located in 4q28 within the third intron of the human
alpha fibrinogen gene have been associated with ischemic
stroke, carotid artery intima–medial thickness, and other
cardiovascular events [34, 35]. The allele 28.2 of the
D21S11 marker, situated in 21q21.1, has been linked to cor-
onary heart disease [33].

TPOX is located in 2p25.3, in intron 10 of the human
thyroid peroxidase gene; its genotypes 9 and 12, in their
homozygous form, can act as risk factors for venous throm-
boembolism [26, 36]. Furthermore, TH01, a marker located
in 11p15.5, specifically in intron 1 of the human tyrosine
hydroxylase gene, has been associated with various neuro-
logical, psychiatric, and cardiovascular diseases [26]. For
example, TH01-9.3 was the most frequent allele observed
in sudden infant death syndrome (SIDS) [38].

Finally, the STR vWA (von Willebrand factor type A),
located in 12p13.31 within the 40th intron, has been ana-
lyzed by Meraz-Ríos et al. [36]. This study showed a correla-
tion between vWA-18 and venous thrombosis . Similarly,
another study linked vWA with von Willebrand’s dis-
ease [37].

The present review is aimed at comparing and describing
the frequencies of autosomal STR polymorphisms poten-
tially associated with cardiovascular disease predisposition
in Latin America.

2. Short Tandem Repeats Associated with
Cardiovascular Disease Predisposition

A complete literature search was conducted to identify the
alleles associated with an increased risk of cardiovascular
diseases. The search included databases such as PubMed
and Google Scholar and employed specific search terms
including “STR,” “cardiovascular disease,” and “predisposi-
tion.” Eight alleles in five Combined DNA Index System
(CODIS) STR loci were identified as having a potential role
in CVD predisposition. These alleles were TPOX-9, TPOX-
12, FGA-26, FGA-27, TH01-9.3, TH01-10, vWA-18, and
D21S11-28.2.

3. Frequency Data of Short Tandem Repeats
Associated with Cardiovascular Disease
Predisposition in Latin American, European,
Asian, and African Populations

The frequency of each allele is shown in Table 1.

4. Correlation between Cardiovascular Disease
Predisposition and Short Tandem Repeats

Cardiovascular diseases are complex disorders with genetic,
epigenetic, and environmental interactions [57, 58]. A com-
plete literature search was conducted to identify the alleles
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that have been reported to be involved in the risk of cardio-
vascular diseases. The search selected five CODIS STR loci
for analysis, leading to the identification of eight specific
alleles. The allele frequencies are presented in Table 1.

The potential CVD predisposition allele chromosomal
location is presented in Figure 1, along with a map identify-
ing the Latin American countries included in this review
with each country’s allele frequency. Moreover, Figure 2 rep-
resents a map of the European, Asian, and African countries
selected and each allele frequency.

4.1. FGA. The FGA gene, located on chromosome 4, encodes
the coagulation factor fibrinogen α. Moreover, the studied
STR is located within the third intron. It is a tetranucleo-
tide repeat with the sequence [TTTC]3TTTTTTCT
[CTTT]nCTCC[TTCC]2 [59]. Specific variants within this
gene have been associated with venous thromboembolism
[60], ischemic stroke [35], fibrinogen concentration,
carotid artery intima-media thickness, and risk of incident
myocardial infarction [34]. Additionally, FGA single nucle-
otide polymorphisms (SNPs) have been correlated with
elevated fibrinogen levels, which can potentially lead to
inflammatory states associated with CVD [61, 62].

Furthermore, alleles 26 and 27 showed a possible associ-
ation with thrombosis [36]. According to Meraz-Ríos et al.
[36], the allelic frequency for FGA-26 in cases with throm-
bosis was 0.1243, while the allelic frequency of FGA-27
was 0.0876 within the Mexican population.

It is noteworthy that the allelic frequency of FGA-26 is
higher in Peru, a country where CVD accounts for 20% of
deaths, reaching 0.1650 [19, 42]. On the other hand, for
the FGA-27 allele, Ghana exhibits the highest frequency with

0.0370; in this country, 14.5% of total deaths are attributed
to CVD [56, 63].

4.2. D21S11. The D21S11 locus is located on chromosome 21
(21q21.1), and more than nine genes are found within this
region [64]. The sequence of this locus is characterized by
[TCTA] and [TCTG] repeats [59]. Among the genes nearby,
TMPRSS15 (Transmembrane Serine Protease 15) stands out,
with annotations related to serine-type endopeptidase activ-
ity and scavenger receptor activity [65]. GART (Phosphori-
bosylaminoimidazole Synthetase), another gene found
within this region, has annotations related to methyltrans-
ferase activity and phosphoribosylamine-glycine ligase activ-
ity [66], among others. Furthermore, GART has been linked
to an increased diastolic interval in Drosophila. It is impor-
tant to highlight that this region is conserved in humans,
which could indicate concordant functions [67].

Similarly, the gene CRYZL1, also found within this locus,
has been correlated with coronary artery disease [68]. Hui
et al. [33] described an association between the presence of
the D21S11-28.2 allele and a significant age difference in
coronary heart disease (CHD). Notably, the highest
D21S11-28.2 frequency was reported in the Mexican popula-
tion (0.240) [39]. The CVD death rate in the Mexican pop-
ulation is similar to the Peruvian population, accounting
for 20% of total deaths [39, 69].

4.3. TPOX. The TPOX locus is located on chromosome 2
(2p25.3) within the intronic sequence of the human thyroid
peroxidase (TPO) gene. Its sequence is [AATG] [59]. Reports
have suggested that the activity of the thyroid peroxidase
enzyme is associated with coagulation abnormalities and vas-
cular endothelial dysfunctions, potentially contributing to an

Table 1: Frequency of potentially associated CVD predisposition alleles in nine Latin American and two European, Asian, and African
countries.

Marker TPOX FGA TH01 vWA D21S11
Reference

Allele 9 12 26 27 9.3 10 18 28.2

Mexico 0.0642 0.1189 0.0774 0.0217 0.1863 0.0111 0.1396 0.2400 [39]

Colombia 0.0970 0.0910 0.0860 0.0290 0.1610 0.0100 0.1690 [40]

Ecuador 0.0385 0.1270 0.1239 0.0330 0.1898 0.0034 0.1292 0.0001 [41]

Peru 0.0283 0.1350 0.1650 0.0333 0.1883 0.0017 0.1317 [42]

Brazil 0.1060 0.0730 0.0900 0.0220 0.2000 0.0016 0.1580 0.0050 [43]

Argentina 0.0876 0.0720 0.0613 0.0117 0.2624 0.0083 0.1816 0.0029 [44]

Bolivia 0.0200 0.1050 0.1450 0.0330 0.1680 0.0030 0.1380 [45]

Venezuela 0.0887 0.0517 0.0739 0.0222 0.1404 0.1946 0.1281 [46]

Chile 0.0700 0.0880 0.1500 0.0650 [47]

Spain 0.1092 0.0240 0.0326 0.0065 0.2576 0.0087 0.1499 [48, 49]

Switzerland 0.1114 0.0342 0.0325 0.0054 0.3196 0.0171 0.2049 [50, 51]

China 0.1066 0.0249 0.0481 0.0089 0.0308 0.0361 0.0888 0.1120 [52, 53]

Thailand 0.1333 0.0194 0.0435 0.0093 0.0741 0.0361 0.1861 0.0037 [54]

Namibia 0.1640 0.0150 0.0180 0.0310 0.0230 0.0050 0.1540 [55]

Ghana 0.2570 0.0230 0.0730 0.0370 0.0550 0.0180 0.1100 [56]

Standard dev. 0.0585 0.0425 0.0434 0.0114 0.0861 0.0493 0.0311 0.0981

The standard deviation of each allele frequency is presented at the bottom of the table. The highest frequency of each allele is in bold.
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increased thromboembolic potential, a factor linked to
venous thromboembolism [36, 70, 71].

Moreover, the TPO gene has been correlated with con-
genital hypothyroidism [72], a condition that can lead to a
specific type of cardiomyopathy [73, 74]. TPOX-9 and
TPOX-12 were related to thrombosis risk in a Mexican pop-
ulation, showing a frequency of 0.3305 and 0.2062 in throm-
botic cases, respectively [36]. Ghana showed the highest
TPOX-9 frequency, with 0.2570 [56], whereas Peru had the
highest TPOX-12 frequency (0.1350) [42].

4.4. TH01. The short tandem repeat marker TH01 is situated
on chromosome 11 (11p15.5), within the human tyrosine
hydroxylase gene, characterized by its sequence [TCAT]
[59]. The encoded protein regulates gene expression and cat-
echolamine production (like noradrenaline or adrenaline),
which are pivotal in blood pressure regulation [72].

Moreover, variants in this gene have been associated
with alterations in blood pressure and human autonomic
function [75]. Notably, Courts and Madea [76] found a cor-
relation between the allele TH01-9.3 and sudden infant

death syndrome in Bonn, Germany. Additionally, both
TH01-9.3 and TH01-10 have been related to hyperten-
sion [77].

Interestingly, TH01-9.3 frequency was the highest in
Switzerland [38], a country where CVD accounts for 35%
of total deaths [78, 79]. On the other hand, the frequency
of TH01-10 (0.1946) was the highest in Venezuela [46],
where CVD contributes to 17.07% of total deaths in the
country [80].

4.5. vWA. Lastly, the locus vWA is located within chromo-
some 12 on the von Willebrand factor (VWF) gene. VWF
is a glycoprotein synthesized by vascular endothelial cells
and platelets [81, 82]. Its sequence is [TCTA] with [TCTG]
and [TCCA] inserts [59]. VWF is essential for homeostasis,
promoting thrombosis by platelet adhesion and aggregation,
and clinically acts as a biomarker of cardiovascular dis-
ease [83].

Furthermore, VWF is pivotal in promoting inflamma-
tion by recruiting platelets and leukocytes while modulating
vascular tissue [83]. Individuals carrying the vWA-18 allele
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Figure 1: CVD predisposition-associated alleles in Latin American countries. Chromosomal location and allelic frequency are displayed.
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showed a high risk of venous thromboembolism in the Mexi-
can population [36]. Noteworthily, Switzerland has the high-
est vWA-18 (0.2049), and as stated before, CVD accounts for
35% of the total deaths in the country [50, 51, 78].

4.6. Genes Commonly Associated with Cardiovascular
Diseases. Genes commonly associated with CVD include
PCSK9, APOB, CETP, LPL, and MYBPC3 [84, 85]. For
instance, mutations in the genes PCSK9 and APOB have
been specifically related to familial hypercholesterolemia.
In the case of PCSK9, variants can lead to a decrease in the
number of low-density lipoprotein (LDL) receptors, while
APOB variants may disrupt the binding between LDL and
its receptors [84, 85].

5. Population Comparison

Latin American populations are composed of African, Euro-
pean, and Native American elements [23–25]; although the
percentage of each component may vary, all the countries
in the region have gone through similar historical processes
[86]. For example, between Ecuador and Peru, almost all
alleles have similar frequencies, with standard deviations
from 0.029 to 0.00021, reflecting a shared history, even evi-
denced in STR frequencies [41, 42].

Interestingly, the Peruvian population had the highest
frequency in two alleles associated with CVD (FGA-26 and
TPOX-12) [42]; however, Peru reported the lowest percent-
age of CVD deaths [19]. Similarly, Ghana has the highest
TPOX-9 and FGA-27 allele frequencies [56] and reports
one of the lowest CVD-correlated death rates. On the other

hand, Switzerland had the highest TH01-9.3 and vWA-18
allele frequencies, in concordance with the CVD-death rate
[50, 51, 78, 79]. It is important to emphasize that even
though the studies by Meraz-Rios et al. [36], Hui et al.
[33], and Courts et al. [76] suggested a potential association
between STRs and cardiovascular disease predisposition,
none of the relationships mentioned in this review provide
evidence of a direct causal relationship. More case-control
studies must be conducted to elucidate their role in CVD.

Information regarding the impact of STRs on cardiovas-
cular disease remains scarce, making it challenging to stab-
lish an association between STR frequencies and specific
populations. The present manuscript describes the associa-
tion between 8 alleles and CVD predisposition, highlighting
that the presence of an STR association with a phenotype
does not necessarily mean causation [87].

Furthermore, when comparing allele frequencies, statis-
tically significant differences have been observed. However,
these disparities may be explained by evolutionary processes
such as population substructure and genetic distances
between populations [88]. Therefore, further studies are
needed to comprehensively understand the correlation
between STRs and CVD predisposition.

6. Conclusion and Future Perspectives

The present review compares and describes the frequency
data of STRs associated with CVD predisposition, as
reported in previous studies. Moreover, several variants
within different genes have been directly associated with a
cardiovascular phenotype. In this case, the described eight
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Figure 2: CVD predisposition-associated alleles in the world. The allele frequency of each country is displayed on the map.
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alleles could be potential candidate STR markers to identify
a predisposition to cardiovascular disease. However, case-
control studies should be performed to elucidate if there is
a significant association between the STR alleles and the risk
of developing cardiovascular disease.

Data Availability

All data used to support the findings of this study are
included in the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

AKZ, AG, and SCU conceived the idea, design, and writing;
PGR, EPC, RTT, VARP, AAIR, and ND were responsible
for the written edition. All authors read and approved the
final manuscript. Ana Karina Zambrano, Santiago Cadena-
Ullauri, and Aníbal Gaviria have contributed equally to this
work and share first authorship.

Acknowledgments

The authors are grateful to Universidad UTE for their sup-
port. The publication of this article is funded by Universidad
UTE.

References

[1] Centers for Disease Control and Prevention, “National Center
for Chronic Disease Prevention and Health Promotion, Divi-
sion for Heart Disease and Stroke Prevention,” 2020 Heart dis-
ease facts |http://cdc.gov/. https://www.cdc.gov/heartdisease/
facts.htm.

[2] World Health Organization, “Cardiovascular diseases,” 2017
https://www.who.int/health-topics/cardiovascular-diseases/
#tab=tab_1.

[3] F. Barkas, T. Nomikos, E. Liberopoulos, and D. Panagiotakos,
“Diet and cardiovascular disease risk among individuals with
familial hypercholesterolemia: systematic review and meta-
analysis,” Nutrients, vol. 12, no. 8, p. 2436, 2020.

[4] S. G. Al-Kindi, R. D. Brook, S. Biswal, and S. Rajagopalan,
“Environmental determinants of cardiovascular disease: les-
sons learned from air pollution,” Nature Reviews Cardiology,
vol. 17, no. 10, pp. 656–672, 2020.

[5] Y. Shi, H. Zhang, S. Huang et al., “Epigenetic regulation in car-
diovascular disease: mechanisms and advances in clinical tri-
als,” Signal Transduction and Targeted Therapy, vol. 7, no. 1,
p. 200, 2022.

[6] S. Cadena-Ullauri, P. Guevara-Ramirez, V. Ruiz-Pozo et al.,
“Case report: Genomic screening for inherited cardiac condi-
tions in Ecuadorian mestizo relatives: Improving familial diag-
nose,” Frontiers in Cardiovascular Medicine, vol. 9, article
1037370, 2022.

[7] P. Guevara-Ramírez, S. Cadena-Ullauri, R. Ibarra-Castillo
et al., “Genomic analysis of a novel pathogenic variant in the
gene LMNA associated with cardiac laminopathies found in

Ecuadorian siblings: A case report,” Frontiers in Cardiovascu-
lar Medicine, vol. 10, article 1141083, 2023.

[8] F. Lanas, P. Serón, and A. Lanas, “Cardiovascular disease in
Latin America: the growing epidemic,” Progress in Cardiovas-
cular Diseases, vol. 57, no. 3, pp. 262–267, 2014.

[9] Illinois Department of Public Health, “Illinois Heart Disease
and Stroke Prevention Program,” Cardiovascular disease risk
factors. http://www.idph.state.il.us/heartstroke/cvd_rf.htm.

[10] S. Yusuf, P. Joseph, S. Rangarajan et al., “Modifiable risk fac-
tors, cardiovascular disease, and mortality in 155 722 individ-
uals from 21 high-income, middle-income, and low-income
countries (PURE): a prospective cohort study,” The Lancet,
vol. 395, no. 10226, pp. 795–808, 2020.

[11] B. J. Maron, J. M. Gardin, J. M. Flack, S. S. Gidding, T. T. Kur-
osaki, and D. E. Bild, “Prevalence of hypertrophic cardiomy-
opathy in a general population of young adults,” Circulation,
vol. 92, no. 4, pp. 785–789, 1995.

[12] C. Méndez, R. Soler, E. Rodríguez, R. Barriales, J. P. Ochoa,
and L. Monserrat, “Differential diagnosis of thickenedmyocar-
dium: an illustrative MRI review,” Insights into Imaging, vol. 9,
pp. 695–707, 2018.

[13] S. D. De Ferranti, A. M. Rodday, M. M. Mendelson, J. B.
Wong, L. K. Leslie, and R. C. Sheldrick, “Prevalence of familial
hypercholesterolemia in the 1999 to 2012 United States
national health and nutrition examination surveys
(NHANES),” Circulation, vol. 133, no. 11, pp. 1067–1072,
2016.

[14] K. A.Wilemon, J. Patel, C. Aguilar-Salinas et al., “Reducing the
clinical and public health burden of familial hypercholesterol-
emia: a global call to action,” JAMA Cardiology, vol. 5, no. 2,
pp. 217–229, 2020.

[15] E. Ramos, M. Andreis, C. Beam et al., “Equity and prevention
of cardiovascular diseases in Latin America and the Carib-
bean,” Global Heart, vol. 17, no. 1, pp. 1–3, 2022.

[16] A. L. Ruano, D. Rodríguez, P. G. Rossi, and D. Maceira,
“Understanding inequities in health and health systems in
Latin America and the Caribbean: a thematic series,” Inter-
national Journal for Equity in Health, vol. 20, no. 1, pp. 1–4,
2021.

[17] P. V. Leitão Moreira, D. C. Pereira, N. A. de Arruda et al.,
“Coronary heart disease and stroke mortality trends in Brazil
2000-2018,” PLoS One, vol. 16, no. 9, pp. 1–10, 2021.

[18] R. Diaz and C. Tajer, “Current status and future strategies for
cardiovascular disease in Argentina,” Circulation, vol. 140,
no. 14, pp. 1137–1139, 2019.

[19] G. Sanchez-Samaniego, S. M. Hartinger, P. S. Tallman, and
D. Mäusezahl, “Cardiovascular disease in the Peruvian Andes:
local perceptions, barriers, and paths to preventing chronic
diseases in the Cajamarca region,” International Journal of
Public Health, vol. 66, pp. 1–8, 2021.

[20] C. A. Dávila-Cervantes, “Cardiovascular disease in Mexico
1990–2017: secondary data analysis from the global burden
of disease study,” International Journal of Public Health,
vol. 65, no. 5, pp. 661–671, 2020.

[21] E. M. G. Delgado, L. Z. R. Sánchez, A. B. Angarita et al., “Car-
diovascular risk and its associated factors in health care
workers in Colombia: a study protocol,” JMIR Research Proto-
cols, vol. 4, no. 3, pp. 1–14, 2015.

[22] Ministerio de Salud Pública del Ecuador,MSP Previene Enfer-
medades Cardiovasculares Con Estrategias Para Disminuir los
Factores de Riesgo, MSP, 2020.

6 BioMed Research International

http://cdc.gov/
https://www.cdc.gov/heartdisease/facts.htm
https://www.cdc.gov/heartdisease/facts.htm
https://www.who.int/health-topics/cardiovascular-diseases/#tab=tab_1
https://www.who.int/health-topics/cardiovascular-diseases/#tab=tab_1
http://www.idph.state.il.us/heartstroke/cvd_rf.htm


[23] A. K. Zambrano, A. Gaviria, S. Cobos-Navarrete et al., “The
three-hybrid genetic composition of an Ecuadorian population
using AIMs- InDels compared with autosomes, mitochondrial
DNA and Y chromosome data,” Scientific Reports, vol. 9, no. 1,
p. 9247, 2019.

[24] S. D. J. Pena, G. di Pietro, M. Fuchshuber-Moraes et al., “The
genomic ancestry of individuals from different geographical
regions of Brazil is more uniform than expected,” PLoS One,
vol. 6, no. 2, article e17063, 2011.

[25] E. T. Norris, L. Wang, A. B. Conley et al., “Genetic ancestry,
admixture and health determinants in Latin America,” BMC
Genomics, vol. 19, no. S8, p. 861, 2018.

[26] N. Wyner, M. Barash, and D. McNevin, “Forensic autosomal
short tandem repeats and their potential association with phe-
notype,” Frontiers in Genetics, vol. 11, p. 884, 2020.

[27] E. S. Lander, L. M. Linton, B. Birren et al., “International
Human Genome Sequencing Consortium. Initial sequencing
and analysis of the human genome,” Nature, vol. 409,
no. 6822, pp. 860–921, 2001.

[28] T. Willems, M. Gymrek, G. Highnam, D. Mittelman, and
Y. Erlich, “The landscape of human STR variation,” Genome
Research, vol. 24, no. 11, pp. 1894–1904, 2014.

[29] J. M. Butler, “Genetics and genomics of core short tandem
repeat loci used in human identity testing,” Journal of Forensic
Sciences, vol. 51, no. 2, pp. 253–265, 2006.

[30] Y. C. Li, A. B. Korol, T. Fahima, and E. Nevo, “Microsatellites
within genes: structure, function, and evolution,” Molecular
Biology and Evolution, vol. 21, no. 6, pp. 991–1007, 2004.

[31] A. Fungtammasan, G. Ananda, S. E. Hile et al., “Accurate typ-
ing of short tandem repeats from genome-wide sequencing
data and its applications,” Genome Research, vol. 25, no. 5,
pp. 736–749, 2015.

[32] H. Tang, E. F. Kirkness, C. Lippert et al., “Profiling of short-
tandem-repeat disease alleles in 12,632 human whole
genomes,” American Journal of Human Genetics, vol. 101,
no. 5, pp. 700–715, 2017.

[33] L. Hui, Y. Jing, M. Rui, and Y. Weijian, “Novel association
analysis between 9 short tandem repeat loci polymorphisms
and coronary heart disease based on a cross-validation
design,” Atherosclerosis, vol. 218, no. 1, pp. 151–155, 2011.

[34] C. L. Carty, M. Cushman, D. Jones et al., “Associations
between common fibrinogen gene polymorphisms and cardio-
vascular disease in older adults: the cardiovascular health
study,” Thrombosis and Haemostasis, vol. 99, no. 2, pp. 388–
395, 2008.

[35] K. Jood, J. Danielson, C. Ladenvall, C. Blomstrand, and C. Jern,
“Fibrinogen gene variation and ischemic stroke,” Journal of
Thrombosis and Haemostasis, vol. 6, no. 6, pp. 897–904,
2008.

[36] M. Antonio Meraz-Ríos, A. Majluf-Cruz, C. Santana et al.,
“Association of vWA and TPOX polymorphisms with venous
thrombosis in Mexican mestizos,” BioMed Research Interna-
tional, vol. 2014, Article ID 697689, 9 pages, 2014.

[37] R. Laird, P. M. Schneider, and S. Gaudieri, “Forensic STRs as
potential disease markers: A study of VWA and von Willeb-
rand's Disease,” Forensic Science International. Genetics,
vol. 1, no. 3–4, pp. 253–261, 2007.

[38] J. Studer, C. Bartsch, and C. Haas, “Tyrosine hydroxylase
TH01 9.3 allele in the occurrence of sudden infant death syn-
drome in Swiss Caucasians,” Journal of Forensic Sciences,
vol. 59, no. 6, pp. 1650–1653, 2014.

[39] S. Hernández-Gutiérrez, P. Hernández-Franco, S. Martínez-
Tripp, M. Ramos-Kuri, and H. Rangel-Villalobos, “STR data
for 15 loci in a population sample from the central region of
Mexico,” Forensic Science International, vol. 151, no. 1,
pp. 97–100, 2005.

[40] M. Paredes, A. Galindo, M. Bernal et al., “Erratum to "Analysis
of the CODIS autosomal STR loci in four main Colombian
regions" [Forensic Sci. Int. 137 (2003) 67-73],” Forensic Science
International, vol. 143, no. 1, pp. 73-74, 2004.

[41] A. Gaviria, A. K. Zambrano, G. Morejon et al., “Twenty two
autosomal microsatellite data from Ecuador (Powerplex
Fusion),” Forensic Science International: Genetics Supplement
Series, vol. 4, no. 1, pp. 330–333, 2013.

[42] E. Delgado and C. D. Neyra, “Allele frequencies of 21 autoso-
mal STR markers in a mixed race Peruvian population applied
to forensic practice,” Revista Espanola de Medicina Legal,
vol. 45, no. 3, pp. 92–97, 2019.

[43] P. A. da Costa Francez, E. M. Ribeiro Rodrigues, G. Furtado
Frazão, N. D. dos Reis Borges, and S. E. Batista dos Santos,
“Allelic frequencies and statistical data obtained from 12 codis
STR loci in an admixed population of the Brazilian Amazon,”
Genetics and Molecular Biology, vol. 34, no. 1, pp. 35–39, 2011.

[44] M. Marino, A. Sala, and D. Corach, “Population genetic anal-
ysis of 15 autosomal STRs loci in the central region of Argen-
tina,” Forensic Science International, vol. 161, no. 1, pp. 72–77,
2006.

[45] O. Rocabado, P. Taboada, F. Javier, I. Yurrebaso, and
O. García, “Population genetic data for 15 STR loci (Identifi-
ler™ kit) in Bolivia,” Legal Medicine, vol. 11, no. 6, pp. 302–
304, 2009.

[46] L. Pineda, L. Borjas, W. Zabala et al., “Genetic variation of 15
STR autosomal loci in the Maracaibo population from Vene-
zuela,” Forensic Science International, vol. 161, no. 1, pp. 60–
63, 2006.

[47] F. González, S. Smalley, V. Devia, R. Almarza, and G. Molina,
“Genetic data for six STR loci in Valparaiso population
(Chile) ∗,” Journal of Forensic Sciences, vol. 50, no. 3, pp. 1-2,
2005.

[48] I. Frías, A. Hernández, O. García, J. M. Pérez, J. J. Sánchez, and
J. A. Cuellas, “Allele frequency distribution of cofiler STRs in a
Canary Islands population (Spain),” International Congress
Series, vol. 1239, pp. 99–103, 2003.

[49] K. L. Young, G. Sun, and H. Michael, “Autosomal short tan-
dem repeat genetic variation of the Basques in Spain,” Croa-
tian Medical Journal, vol. 52, no. 3, pp. 372–383, 2011.

[50] C. Gehrig, B. Balitzki, A. Kratzer, and R. Bern, “Allelic propor-
tions of 16 STR loci — including the new European Standard
Set (ESS) loci — in a Swiss population sample,” International
Journal of Legal Medicine, vol. 128, no. 3, pp. 461–465, 2014.

[51] M. Zieger, A. Gouy, S. Utz, and S. Utz, “Expanding the Swiss
autosomal marker set to 32 STRs,” International Journal of
Legal Medicine, vol. 135, no. 6, pp. 2309-2310, 2021.

[52] Y. Liu, Y. Liu, J. Guo et al., “Genetic polymorphism of 29 STR
loci in the Hunan Han population from China,” Forensic Sci-
ences Research, vol. 4, no. 4, pp. 351–353, 2019.

[53] Z. Dang, Q. Liu, G. Zhang et al., “Population genetic data from
23 autosomal STR loci of Huaxia Platinum system in the Jining
Han population,” Molecular Genetics & Genomic Medicine,
vol. 8, no. 4, p. e1142, 2020.

[54] T. Romgaew and S. Aobaom, “Allele frequencies of 15 autoso-
mal STR loci among 540 Myanmarese individuals in

7BioMed Research International



Thailand,” Forensic Science International: Reports, vol. 6,
article 100282, 2022.

[55] T. Muro, T. Yasuda, and H. Takeshita, “Allele frequencies for
15 STR loci in Ovambo population using AmpF l STR® Identi-
filer Kit,” Legal Medicine, vol. 10, no. 3, pp. 157–159, 2008.

[56] A. Edward, H. Mohd, H. Omar et al., “Population dataset for
21 simple tandem repeat loci in the Akan population of
Ghana,” Data in Brief, vol. 31, article 105746, 2020.

[57] E. Zintzaras, G. Raman, G. Kitsios, and J. Lau, “Angiotensin-
converting enzyme insertion/deletion gene polymorphic vari-
ant as a marker of coronary artery disease: a meta-analysis,”
Archives of Internal Medicine, vol. 168, no. 10, pp. 1077–
1089, 2008.

[58] M. H. Zafarmand, Y. T. Van Der Schouw, D. E. Grobbee, P. W.
De Leeuw, and M. L. Bots, “Peroxisome proliferator-activated
receptor gamma-2 P12A polymorphism and risk of acute
myocardial infarction, coronary heart disease and ischemic
stroke: a case-cohort study and meta-analyses,” Vascular
Health and Risk Management, vol. 4, no. 2, pp. 427–436, 2008.

[59] C. M. Ruitberg, D. J. Reeder, and J. M. Butler, “STRBase: a
short tandem repeat DNA database for the human identity
testing community,” Nucleic Acids Research, vol. 29, no. 1,
pp. 320–322, 2001.

[60] Y. L. Ko, L. A. Hsu, T. S. Hsu et al., “Functional polymor-
phisms of FGA, encoding α fibrinogen, are associated with sus-
ceptibility to venous thromboembolism in a Taiwanese
population,” Human Genetics, vol. 119, no. 1–2, pp. 84–91,
2006.

[61] D. Tousoulis, N. Papageorgiou, E. Androulakis, A. Briasoulis,
C. Antoniades, and C. Stefanadis, “Fibrinogen and cardiovas-
cular disease: genetics and biomarkers,” Blood Reviews,
vol. 25, no. 6, pp. 239–245, 2011.

[62] D. Davalos and K. Akassoglou, “Fibrinogen as a key regulator
of inflammation in disease,” Seminars in Immunopathology,
vol. 34, no. 1, pp. 43–62, 2012.

[63] R. Ofori-Asenso and D. Garcia, “Cardiovascular diseases in
Ghana within the context of globalization,” Cardiovascular
Diagnosis and Therapy, vol. 6, no. 1, pp. 67–77, 2020.

[64] National Library of Medicine, “Chr21-variation viewer,”
https://www.ncbi.nlm.nih.gov/variation/view/.

[65] Weizmann Institute and Life Map, “TMPRSS15 gene,” https://
www . g e n e c a r d s . o r g / c g i - b i n / c a r d d i s p . p l ? g e n e=
TMPRSS15&keywords=TMPRSS15.

[66] Weizmann Institute and Life Map, “GART gene,” https://www
.genecards.org/cgi-bin/carddisp.pl?gene=GART&keywords=
GART.

[67] A. M. Schroeder, M. Allahyari, G. Vogler et al., “Model system
identification of novel congenital heart disease gene candi-
dates: focus on RPL13,” Human Molecular Genetics, vol. 28,
no. 23, pp. 3954–3969, 2019.

[68] S. C. Ritchie, S. A. Lambert, M. Arnold et al., “Integrative anal-
ysis of the plasma proteome and polygenic risk of cardiometa-
bolic diseases,” Nature Metabolism, vol. 3, no. 11, pp. 1476–
1483, 2021.

[69] K. Mendoza-Herrera and A. Pedroza, “Attributable burden
and expenditure of cardiovascular diseases and associated risk
factors in Mexico and other selected mega-countries,” Interna-
tional Journal of Environmental Research and Public Health,
vol. 16, no. 20, p. 4041, 2019.

[70] C. Erem, H. O. Ersoz, S. S. Karti et al., “Blood coagulation and
fibrinolysis in patients with hyperthyroidism,” Journal of

Endocrinological Investigation, vol. 25, no. 4, pp. 345–350,
2002.

[71] B. Van Zaane, A. Squizzato, R. Huijgen et al., “Increasing levels
of free thyroxine as a risk factor for a first venous thrombosis: a
case-control study,” Blood, vol. 115, no. 22, pp. 4344–4349,
2010.

[72] M. Safran, N. Rosen, M. Twik et al., “The GeneCards Suite,” in
Practical Guide to Life Science Databases, I. Abugessaisa and T.
Kasukawa, Eds., Springer, Singapore, 2021.

[73] P. Rastogi, A. Dua, S. Attri, and H. Sharma, “Hypothy-
roidism-induced reversible dilated cardiomyopathy,” Jour-
nal of Postgraduate Medicine, vol. 64, no. 3, pp. 177–179,
2018.

[74] A. J. Kirtane and W. J. Manning, “Hypothyroid cardiomyopa-
thy: a reversible form of systolic heart failure,” AJM, vol. 124,
no. 12, 2011.

[75] K. Zhang, L. Zhang, F. Rao et al., “Human tyrosine hydroxy-
lase natural genetic Variation,” Circulation. Cardiovascular
Genetics, vol. 3, no. 2, pp. 187–198, 2010.

[76] C. Courts and B. Madea, “Significant association of TH01
allele 9.3 and SIDS,” Journal of Forensic Sciences, vol. 56,
no. 2, pp. 415–417, 2011.

[77] M. Klintschar, U. D. Immel, D. Stiller, and M. Kleiber, “TH01,
a tetrameric short tandem repeat locus in the tyrosine hydrox-
ylase gene: association with myocardial hypertrophy and death
from myocardial infarction?,” Disease Markers, vol. 21, no. 1,
13 pages, 2005.

[78] D. Carballo and F. Mach, “Country report Switzerland–Octo-
ber 2016 baseline information about Switzerland I,” Structure
of Health Care in Switzerland, vol. 702, 2016.

[79] A. Timmis, N. Townsend, C. Gale et al., “European Society of
Cardiology: cardiovascular disease statistics 2017,” European
Heart Journal, vol. 39, no. 7, pp. 508–579, 2018.

[80] J. P. González-Rivas, J. Mechanick, E. Ugel, M. I. Marulanda,
M. Duran, and R. Nieto-Martínez, “Cardiovascular health in
a national sample of Venezuelan subjects assessed according
to the AHA Score: The EVESCAM,” Global Heart, vol. 14,
no. 3, pp. 285–293, 2019.

[81] B. Brinkmann, A. Sajantila, H. W. Goedde, H. Matsumoto,
K. Nishi, and P. Wiegand, “Population genetic comparisons
among eight populations using allele frequency and sequence
data from three microsatellite loci,” European Journal of
Human Genetics, vol. 4, no. 3, pp. 175–182, 2017.

[82] Z. Zhou, F. Yu, A. Buchanan et al., “Possible race and gender
divergence in association of genetic variations with plasma
von Willebrand factor: a study of ARIC and 1000 genome
cohorts,” PLoS One, vol. 9, no. 1, article e84810, 2014.

[83] F. Gragnano, S. Sperlongano, E. Golia et al., “The role of von
Willebrand factor in vascular inflammation: from pathogene-
sis to targeted therapy,” Mediators of Inflammation,
vol. 2017, Article ID 5620314, 13 pages, 2017.

[84] S. Kathiresan and D. Srivastava, “Genetics of human car-
diovascular disease,” Cell, vol. 148, no. 6, pp. 1242–1257,
2012.

[85] M. Vrablik, D. Dlouha, V. Todorovova, and D. Stefler,
“Genetics of Cardiovascular Disease: How Far Are We from
Personalized CVD Risk Prediction and Management?,”
International Journal of Molecular Sciences, vol. 22, no. 8,
p. 4182, 2021.

[86] B. Cuervo, “La conquista y colonización española de América,”
Historia Digital, vol. 16, no. 28, pp. 103–149, 2016.

8 BioMed Research International

https://www.ncbi.nlm.nih.gov/variation/view/
https://www.genecards.org/cgi-bin/carddisp.pl?gene=TMPRSS15&keywords=TMPRSS15
https://www.genecards.org/cgi-bin/carddisp.pl?gene=TMPRSS15&keywords=TMPRSS15
https://www.genecards.org/cgi-bin/carddisp.pl?gene=TMPRSS15&keywords=TMPRSS15
https://www.genecards.org/cgi-bin/carddisp.pl?gene=GART&keywords=GART
https://www.genecards.org/cgi-bin/carddisp.pl?gene=GART&keywords=GART
https://www.genecards.org/cgi-bin/carddisp.pl?gene=GART&keywords=GART


[87] P. Hu, R. Jiao, L. Jin, and M. Xiong, “Application of causal
inference to genomic analysis: advances in methodology,”
Frontiers in Genetics, vol. 9, p. 238, 2018.

[88] C. Tian, P. K. Gregersen, and M. F. Seldin, “Accounting for
ancestry: population substructure and genome-wide associa-
tion studies,” Human Molecular Genetics, vol. 17, no. 2,
pp. 143–150, 2008.

9BioMed Research International


	The Autosomal Short Tandem Repeat Polymorphisms Are Potentially Associated with Cardiovascular Disease Predisposition in the Latin American Population: A Mini Review
	1. Introduction
	2. Short Tandem Repeats Associated with Cardiovascular Disease Predisposition
	3. Frequency Data of Short Tandem Repeats Associated with Cardiovascular Disease Predisposition in Latin American, European, Asian, and African Populations
	4. Correlation between Cardiovascular Disease Predisposition and Short Tandem Repeats
	4.1. FGA
	4.2. D21S11
	4.3. TPOX
	4.4. TH01
	4.5. vWA
	4.6. Genes Commonly Associated with Cardiovascular Diseases

	5. Population Comparison
	6. Conclusion and Future Perspectives
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



