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Abstract

Here, we discuss potential explanations for the higher prevalence of hypertriglyceridemia in
populations with an Amerindian background. Although environmental factors are the triggers, the
search for the ethnic related factors that explains the increased susceptibility of the Amerindians is
a promising area for research. The study of the genetics of hypertriglyceridemia in Hispanic
populations faces several challenges. Ethnicity could be a major confounding variable to prove
genetic associations. Despite that, the study of hypertriglyceridemia in Hispanics has resulted in
significant contributions. Two GWAS reports have exclusively included Mexican mestizos. Fifty
percent of the associations reported in Caucasians could be generalized to the Mexicans, but in
many cases the Mexican lead SNP was different than that reported in Europeans. Both reports
included new associations with apo B or triglycerides concentrations. The frequency of
susceptibility alleles in Mexicans is higher than that found in Europeans for several of the genes
with the greatest effect on triglycerides levels. An example is the SNP rs964184 in APOAS. The
same trend was observed for ANGPTL3 and TIMD4 variants. In summary, we postulate that the
study of the genetic determinants of hypertriglyceridemia in Amerindian populations which have
major changes in their lifestyle, may prove to be a great resource to identify new genes and
pathways associated with hypertriglyceridemia.
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Introduction

The study of ethnic groups with an increased risk for having a disease has been a successful
strategy to generate new knowledge [1]. The greater susceptibility of the Hispanics for
having hypertriglyceridemia is a well-documented phenomenon [2], but, it has been subject
of only a small set of studies. Hispanics is an admixed population [3]. A large percentage of
the Hispanics living in the US or in Latin America have their origins in the Amerindian
groups, the first residents of the continent. The Amerindians have suffered infections, wars
and famine that have reshaped several times their environment, lifestyle and the size of the
population [4]. As a consequence, it is likely that selection processes has occurred in this
ethnic group. Hispanics has been poorly represented in genetic studies; for example, it is the
only ethnic group not included in the lipid GWAS reports. The inclusion of individuals with
other ethnic backgrounds may narrow the large loci in which associations have been
detected. Furthermore, this approach increases the likelihood to detect rare variants with
major effects. In this review, we discuss several approaches to identify potential
explanations for the higher prevalence of hypertriglyceridemia in populations with an
Amerindian background. By this mean, a better comprehension of the pathogenesis of
hypertriglyceridemia may be achieved.

Epidemiology of hypertriglyceridemia: Focus in Hispanics

Hypertriglyceridemia is a common lipid disorder (Table 1). In the NHANES 1999-2004
survey (n=5610 adults) almost a third of the participants (33.1 + 0.8%) had a value above
150 mg/dl [5]. As a result, more than 63.4 million Americans had hypertriglyceridemia.
Triglycerides concentrations greater than 500 mg/dl are usually caused by genetic causes
and are associated with an increased risk for having pancreatitis. This abnormality was
estimated to occur in close to 3.4 million Americans [6]. The prevalence of
hypertriglyceridemia was proportional to the age and it is greater in men (36.7 vs 29.6%,
p<0.001). Smoking, scant physical activity, diabetes and a body mass index greater than 25
kg/m?2 were conditions more commonly seen in hypertriglyceridemic individuals compared
against the rest of the population.

Hispanics is the ethnic group in the US with the highest prevalence of hypertriglyceridemia
(40.4% for men and 34.9% for women). This abnormality is less common in Caucasians (39
% for men and 31.6% for women) and in African Americans (19.5% for men and 13.6% for
women). Moderate (200-<500mg/dl) and severe (500-2000 mg/dl) forms of
hypertriglyceridemia were also more frequent in Hispanics; 19% fall in any of these two
categories [2,5,7]. Contrary to the observed in Caucasian males, the mean triglycerides did
not decreased in the 1988-2010 period in Hispanic men. However, association between
ethnicity and this lipid disorder should be carefully assessed [8] because several conditions
associated with hypertriglyceridemia (i.e. diabetes, obesity) are also more common in
Amerindian-derived populations.
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Hypertriglyceridemia is a common abnormality in Latin American countries. Information
derived from population-based surveys of eight countries of the region was collected by The
“Latin American Consortium of Studies in Obesity” (LASO). The age adjusted prevalence
of hypertriglyceridemia was 23.3 (95%CI 17.6-30.2%) [9]. In addition, the “CARMELA”
study comprised 11,550 adults living in seven large urban centers across Latin America [10].
The mean triglycerides concentrations ranged from 114.3 mg/dl (in Buenos Aires, the
participating center with the least Amerindian heritage) to 183.9 (in Mexico City). Wide
variations in prevalence were reported. It varied from 20% in Buenos Aires to 50% in
Mexico City. All other participating centers had prevalence close to 40%. Furthermore, the
contribution of hypertriglyceridemia as a component of the metabolic syndrome is
substantially greater in Hispanics. The CARMELA study included the estimation of the
prevalence of the metabolic syndrome (using the National Cholesterol Education Program
I11 criteria). Hypertriglyceridemia was present in 85.9% (95%CI 84.3-87.6%) of the cases.
In contrast, this abnormality contributed to the diagnosis in only 31.2% of the Caucasian
subjects with metabolic syndrome studied in the NHANES 1999-2004 survey.

The same trends above described were observed in the three nationwide population-based
health surveys performed in Mexico from 1994 to 2006 [11,12,13]. Hypertriglyceridemia
has been the second most frequent abnormality (behind hypoalphalipoproteinemia) found in
Mexican adults. The percentage of affected adults varied from 31.6% (in 2006) to 49.1% (in
2000). Methodological differences between surveys are the main reason for the dispersion of
the results. In the most recently published survey (2006), 4040 cases (1871 men and 2169
women) adults were included. Hypertriglyceridemia was more often seen in adults living in
metropolitan areas or living in central Mexico. Its prevalence was not influenced by school
education or socioeconomic status. The simultaneous elevation of cholesterol and
triglycerides concentrations was observed in 18.2% (95%CI 16.3-20.2%) of the population.
Hypertriglyceridemia/hypoalphalipoproteinemia was observed in 18.3% (95%ClI
16.3-20.5%). Finally, isolated hypertriglyceridemia was found in 25.3% (95%CI
23.4-27.4%) of the study subjects.

Although the prevalence of dyslipidemia is difficult to compare among populations due to
methodological differences, it is clear from the evidence described above that Hispanics
have a higher prevalence of hypertriglyceridemia than the observed in other ethnic groups.
However, this phenomenon has not been systematically studied.

In order to postulate potential explanations for the greater prevalence of
hypertriglyceridemia reported in Hispanics, an integrative approach is needed.
Hypertriglyceridemia should not be conceptualized as a single entity [14]. Abnormally high
plasma triglycerides concentrations could result from primary or secondary etiologies.
Primary etiologies are sufficiently characterized, although its etiology is unknown. The
genetic component should be studied in well characterized populations, in which primary
etiologies are studied apart. Environmental factors should be controlled as much as possible
through a careful selection of the inclusion criteria. An unbiased descriptive approach (i.e.
GWAYS) is a possible option for the study of the polygenic forms.
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Genetic forms of hypertriglyceridemia: Focus in Hispanics

-Familial combined hyperlipidemia: FCHL is a common condition characterized by the
presence of different lipid phenotypes within the affected kindred; cases should have an
increased apo B concentration [15]. It is frequently associated with the metabolic syndrome.
The study of the genetics of familial combined hyperlipidemia has attracted the attention of
several groups [16]. Despite that, the knowledge of the pathophysiology of this condition is
incomplete. A detailed review of the genetics of FCHL is available elsewhere [17]. We want
to highlight that although a significant proportion of the studies have been done in
Caucasian populations (i.e. from Finland and the Netherlands, among others), some of the
associations have been originally identified or have been replicated in Mexicans. These
observations are described in detail in the following paragraphs.

FCHL has been consistently linked to the locus 1g21-23 in Caucasians, Asians and
Mexicans [18]. Several candidates exist within this region to explain the association
(TXNIP,RXRG,CRABP2,ATF6 and USF1). Results obtained in Finnish kindreds point out
that USF1 variants are responsible for the association [19]. Since Mexicans and Finnish
populations have remarkable differences in the prevalence of the risk alleles in this locus,
the joint analysis of these populations was an adequate strategy to narrow the number of
candidate genes. The same susceptibility haplotype associated with FCHL and TG was
identified in Finnish and Mexican families, with the most significant association observed
with the TG trait (p = 0.0009). It is especially significant to note that in the more outbred
Mexican population with presumably different genomic linkage disequilibrium structure, the
region of association was restricted from > 46 kb observed in Finns to only 14 kb in
Mexicans [20]. The USF1 gene product is a transcription factor that regulates close to 40
genes involved in lipid (i.e. APOA5, APOC3, APOA2, APOE, HSL and PNPLA2) and
carbohydrate metabolism and in the regulation of immune response. USF1 forms a complex
with USF2 to bind the e-boxes and initiate the transcription of the target genes [21]. Under
insulin stimulation, USF1 is phosphorylated, blocking its ability to promote gene
transcription. However, none of the FCHL associated USF1 SNPs (i.e. rs3737787) in the
Finns or Mexicans result in an amino acid change. Thus, additional studies are needed to
establish causal relationships. Both in Finnish and Mexicans were demonstrated that the
rs3737787 genotype is associated with differences in the expression of the USF1 target
genes in fat or lymphoblasts. Specifically in Mexicans, a co-expression analysis allowed to
identify modules or groups of genes that are differentially expressed in fat samples stratified
by the rs3737787 genotype [22]. Two modules were associated with the FCHL and
hypertriglyceridemia. It was found that the rs3737787 genotype associated differences were
the same when samples compared by the FCHL phenotype. One of the modules, called
URFA (USF1-regulated, FCHL associated) contains 504 genes. In this sample, URFA
module explains a significant portion of the FCHL variables (phenotype FCHL 10%,
cholesterol 6%, triglycerides 17% and apolipoprotein B 9%). Expression analysis showed
association between 18 genes and FCHL and 171 genes and the plasma triglycerides
concentrations. Thirteen genes were associated to both genotypes. Among them are FADS3,
which was previously identified in a GWAS as associated with the triglycerides
concentrations. The FADS3 is involved in the synthesis of fatty acids omega-3 and - 6. Also
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ABCC6, AKT2, GCLM and HSD11B1 were part of the URFA module; all of them regulate
lipid or carbohydrate metabolism and have been implicated in FCHL. Other associations
between genetic variants and FCHL have resulted from interethnic studies including
Mexicans. TCF7L2 is a transcription factor that plays an important role in the WNT
signaling pathway. WNT proteins regulate the proliferation and cellular differentiation by
the activation or repression of multiple genes; some of them are involved in the metabolism
of lipids and carbohydrates. The variants rs7903146 and rs12255372 of the TCF7L2 have
been associated with increased risk of type 2 diabetes in multiple populations. Due to the
frequent coexistence of the FCHL and diabetes, Huertas-Vazquez et al. [23] explored
whether the variants rs7903146 and rs12255372 are associated with some of the phenotypes
associated FCHL in Mexican and Finnish families. These variants were associated with the
triglycerides concentration in the Mexican population; the finding was replicated in Finns.
Differences in the TCF7L2 expression were found in subcutaneous adipose tissue by
dividing the population by the presence of the susceptibility allele. The same conclusion was
raised when cases with or without FCHL were compared. Another example is the
association with the 20g12-q13.1 locus explained by HNF4a variants. HNF4q is a MODY
gene. However, it regulates the expression of APOB. HNF4q is a determinant of the
concentration of cholesterol and triglycerides in FCHL patients both from Mexico and
Finland [24]. The haplotypes associated with FCHL were the same in both populations.
HNF4alfa is a transcriptional regulator of USF1.

The studies above described were followed by a GWAS in FCHL Mexican families (n=52,
567 subjects) [25]. As a replication sample, 1446 unrelated individuals with or without
hypertriglyceridemia were studied. Apo B was selected as the main outcome variable. This
report was the first GWAS performed exclusively in an admixed population containing
Amerindian heritage. Ethnicity was carefully controlled to avoid spurious associations. It
was estimated that the participants had an Amerindian proportion of 0.5 (SE=0.005). Apo B
levels were not associated with ancestry. This approach allowed the replication of several
previously reported loci associated with FCHL (2p.25, p21.31-14.2, 4p16.2-16.1 among
others) or other lipid traits (for triglycerides, 4p15-16, 4934, 13922.33-31.1, 14q11.2-12 and
20013.11). The HNF4a association was confirmed. Associations with markers within or
close to the following genes were reported: FABP2, FOLH1, MADD, NR1H3, FADS, CETP,
LCAT, APOE and PLTP. Two novel associations were informed. ApoB concentrations were
associated with rs1424032 located on 16921 and rs1349411 on 12p13.31. The 16921 locus
is a highly conserved non-coding region, and the 12p13.31 locus includes the APOBEC1
gene, which is an excellent candidate gene for serum apo B levels, as it is involved in the
editing of APOB mRNA in the small intestine. Additional studies are ongoing to assess the
physiologic consequences of these variants in FCHL patients.

In summary, interethnic studies have been useful for identify and/or replicate associations
between genetic variants and FCHL. An association of the same haplotype in the same
direction in two groups with different ethnic background is solid confirmatory evidence.

-Familial hypertriglyceridemia and other forms of severe hypertriglyceridemia: FHTG is a
common form of hypertriglyceridemia characterized by isolated moderate to severe
hypertriglyceridemia. Cholesterol concentrations are abnormal only if triglycerides values

Metabolism. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Aguilar-Salinas et al.

Page 6

are greater than 1000 mg/dl; the ratio triglycerides/cholesterol is close to 5. This entity is
common in Mexicans. Isolated hypertriglyceridemia was present in 13.3% (95%ClI
11.6-15.2%) of the adults in the 2006 Mexican health survey (ENSANut2006) [16].
However, FHTG prevalence could not be estimated with precision due to the lack of
information regarding the plasma lipid levels in the first degree relatives. Few candidate
genes have been studied in this disorder without positive results [26].

-Dysbetalipoproteinemia: It is characterized by the plasma accumulation of remnants and
IDLs. As a result, both cholesterol and triglycerides concentrations are abnormal (usually
around 300 mg/dl). It is mainly caused by homozygous state for apoE2, an apolipoprotein E
isoform with a decreased affinity for its binding receptors. This disorder in Hispanics is
uncommon because the allele frequency of apoE2 is low in Amerindians [27]. Although it is
controversial, apoE2 has been postulated as a marker of admixture. In Mestizo populations,
the prevalence of the E2 variant is still lower (~3%) compared to that found in Caucasians
(~7-13%).

-Polygenic forms of hypertriglyceridemia: Several meta-analysis of GWA studies have been
published [28,29]. In the most recent version, samples of 188,577 Caucasian and 7,898 non
Caucasian individuals from Africa and Asia were included [28]. Blood lipid levels were
associated with variations of 157 loci; 62 new associations were reported. Triglycerides
concentrations are associated with genetic variants of 37 genes; sixteen of them are not
associated with any other lipid traits. This new report informed 8 new associations that
explained 2.1% of the triglycerides variance in the Framingham offspring study. The genes
with the strongest associations with triglycerides concentrations were: TRIB1, ANGPTL3,
LPL, GCKR, FADSI-2-3 and MLXIPL. These results cannot be directly extended to every
population due to interethnic differences in genetic architecture. Authors included an
ancestry-specific analysis for the non-Caucasian participants. They identified five loci in
which the associated SNPs were different to that reported in Caucasians. SORT1 and LDLR
have ethnic specific variants in Africans; the same phenomenon was observed for APOAS
and CETP in South Asians. APOE had a different linkage disequilibrium pattern in
Europeans. These observations reinforce the need to include multiethnic populations in the
study of complex traits.

Amerindians have not included in the GWAS meta-analysis. Two GWA studies have
included samples of Hispanics. However, in one of these reports, the Mexican samples were
used only for replication. Kooner and coworkers [30] identified the contribution of MLXIPL
in a two step GWAS. In the initial stage, 1005 European men and 1006 Asian men were
included. Close to 900 SNPs were selected for the second stage, in which 4,568 individuals
participated. Of them 1,560 were Mexican women and 968 Mexican men. Associations with
triglycerides concentrations were found for 13 SNPs; four of them in the MLXIPL region.
The other SNPs were in the vicinity of the APOAL/C3/A4/AS5 cluster and in LPL. Mexicans
had the highest prevalence of the risk allele of all four SNPs of MLXIPL. An additional
relevant result was the replication of the remarkable effect that has the R230C variant of
ABCAL on HDL cholesterol in Mexicans. This genetic change is common in Amerindian
populations, but it is absent in other ethnic groups. However, the number of SNPs genotyped
and the sample size included in this report is insufficient to have an adequate representation
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of the genetic determinants of hypertriglyceridemia in Mexicans. Weissglass-Volkov and
coworkers published a two-stage GWAS report in which only Mexicans cases and controls
were included [31]. The objective of the study was to determine which variants are shared
across populations. Also it was expected to find novel associations due to the existence of
population-specific variants, differences in allele frequencies, patterns of linkage
disequilibrium or gene-environment interactions. The initial stage included 2240 samples,
563,599 genotyped SNPs and 769,042 imputed SNPs. Cases were defined as Mestizo
individuals with plasma triglycerides >200 mg/dl without use of lipid lowering therapies,
diabetes, morbid obesity or any secondary cause of dyslipidemia. Controls should be
otherwise healthy subjects with triglycerides <150 mg/dl. The second stage included 1235
genotyped SNPs and 2121 participants. A joint analysis of stages 1 and 2 data (n=4361) was
performed. The main associations reported in Caucasians were replicated. The strongest
signal was identified in APOA5, GCKR and LPL, followed by ANGPTL3, TIMD4-HAVCR1,
MLXIPL and CILP2. The prevalence of the susceptibility allele of APOAV, ANGPTL3 and
TIMD4 was significantly greater in Mexicans than in Caucasians (table 2). Close to 50% of
the associations reported in Caucasians could be generalized to the Mexican populations.
However, differences in the lead signals were observed in 82 of the 100 associations under
study. Even more, some population specific variants of these loci were identified. For
example the predominant Mexican SNP in the TIMD4-HAVCR1 was not associated with
triglycerides levels in Caucasians. This signal is in strong linkage disequilibrium with a
missense variant in HAVCR1, suggesting that HAVCR1 is the underlying gene responsible of
the association. Furthermore, the different disequilibrium pattern found in Mexicans allowed
the refinement of the length of the three loci (APOAS5, MLXIPL and CILP2). As a result, a
smaller region and a reduced number of SNPs were identified as responsible of the
association. Specifically for APOAS5, it was identified that the SNP rs964184 was the lead
SNP both in Mexicans and Europeans. This SNP is in high linkage disequilibrium with 26
other SNIPs in Caucasians, but not in Mexicans. This observation suggests that this SNP is
the responsible variant of the association. The prevalence of this susceptibility allele is
almost three times greater in Mexicans (0.3 vs 0.12).

The Mexican lipid GWAS render the identification of new genes involved in the regulation
of plasma triglycerides levels. This signal is located in chromosome 18q11 (p=2.43 x
10798). The susceptibility allele is common in Mexican and rare is Caucasians. Differential
expression analyses in fat samples of the genes covered by this locus suggested that the
Niemann-Pick type C1 is the most likely candidate to explain the novel association. The
susceptibility allele was associated with hypertriglyceridemia in a set of independent
samples.

Environmental factors associated with hypertriglyceridemia: Focus in

Hispanics

Environmental conditions play a major role as modulators of the severity of
hypertriglyceridemia even in patients with primary dyslipidemias. In the last thirty years, the
Mexican population (as a large percentage of the Latin American countries) was
concentrated in major urban centers. The percentage of the population living in rural areas

Metabolism. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Aguilar-Salinas et al.

Page 8

decreased from 40.5 to 26.8% from 1950 to 1990. The eating habits were modified,
increasing the consumption of calories, fats and simple sugars. In rural areas the distribution
of nutrients of the average diet is 64% carbohydrates, 12.1% protein and 22.7% fat [32].
After moving to an urban area, the consumption of fats increases (27.6 and 33% in areas of
low and medium income respectively). The consumption of simple sugars increases or
remains unchanged. As a result, negative trends have been reported for the consumption of
meat (—-18.7%), milk (—26.7%) and fruits/vegetables (-29%). In contrast, the consumption
of soft drinks increased by 37.2% [33]. Excessive alcohol consumption remains to be a
health problem, especially in men. In parallel, physical activity has decreased. Half of the
teenagers expend more than 25 hours per week in front of a screen. Although these lifestyle
changes have occurred in many areas of the world, it is remarkable the greater than expected
impact occurred in Amerindian-derived populations. Hispanics living in the US and
Mexicans are good examples of this phenomenon. In Mexico, the prevalence of obesity
increased from 20.9% in 1994 to 32.4% in 2012 [34]. Therefore, less than 30% of adults
have a normal weight. Overweight affects all age groups and is more common in women.
The prevalence is high in all economic strata of the population, but its prevalence has grown
especially among the lowest income group. Fat accumulation has a different pattern in
Amerindians [35]. Fat is stored mainly in the intra-abdominal compartment. Subcutaneous
fat has a small capacity to expand. In addition, height and lean mass is lower in this ethnic
group. These physiological differences may be a potential explanation for the high
prevalence of metabolic disorders seen in this group.

Perspectives and conclusions

Amerindian derived populations living in the US and in other Latin American countries (i.e.
Mexico) have suffered a remarkable change in their lifestyle during recent decades. The
ancestors of these populations were survivors of multiple infections, famine and wars.
Exposure to an affluent lifestyle is a new challenge to be faced. In a relatively short period
of time, prevalence of metabolic disorders has dramatically changed. Now, Amerindian
derived populations are among the ethnic groups with the highest prevalence of metabolic
disorders. This socioeconomic phenomenon is an opportunity to generate new knowledge
regarding the pathogenesis of dylipidemias, obesity and type 2 diabetes (Figure 1).

In this review, we have highlighted the epidemiology of hypertriglyceridemia in
Ameriandian derived populations. Although it is clear that environmental factors are the
triggers for the high prevalence of hypertriglyceridemia, the search for the ethnic related
factors that explains the increased susceptibility of the Amerindians is a promising area for
research.

The study of the genetics of hypertriglyceridemia in Hispanic populations faces several
challenges. Ethnicity could be a major confounding variable to prove genetic associations.
Ancestry informative markers and adequately planned statistical analyses have been applied
to circumvent these limitations, although it may lead to a higher false negative rate and
losing ancestry-specific variants. Thus, this is an area in which state of the art technology
and innovative analyses strategies could provide powerful tools to identify new genetic
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factors and previously unrecognized pathways involved in the pathogenesis of
hypertriglyceridemia.

Despite the limitations mentioned above, the study of hypertriglyceridemia in Hispanics has
resulted in several significant contributions. Studies done in Mexican FCHL families
redefined the USF1 region responsible for the association. In addition, using a system
genetics approach, it was shown that the lead USF1 signal is associated with differential
transcriptional patterns in subcutaneous fat. FADS3 was identified as a USF1 target gene;
recent GWAS-derived evidence confirmed that FADS3 variants are associated with plasma
triglycerides concentrations [28]. Furthermore, two GWAS reports have exclusively
included Mexican mestizos. These studies showed that 50% of the associations reported in
Caucasians could be generalized to the Mexican populations, but in many cases the Mexican
lead SNP was different than that reported in Europeans. This information indicates that risk
assessment models should be based in high resolution data from each ethnic group to
capture the distant proxies and causal variants. Both reports included new associations with
apo B or triglycerides concentrations. The different genomic linkage disequilibrium
structure between ethnic groups, the diverging prevalence of the risk alleles and the
existence of ethnic specific risk variants were the explanations for novel findings.

Additional studies are needed to identify reasons for the increased susceptibility for having
hypertriglyceridemia of the Hispanic population. However, some clues could be found in the
studies reviewed here. The frequency of susceptibility alleles in Mexicans is higher than that
found in Europeans for several of the genes with the greatest effect on triglycerides levels.
An example is the SNP rs964184 in APOADS. The prevalence of the susceptibility allele is
almost three times greater in Mexicans (0.3 vs 0.12). The same trend was observed for
ANGPTL3 and TIMDA4 variants. However, contribution of these variants at the population
level remains to be known. Furthermore, it is remarkable that susceptibility alleles of genes
that may participate in thrifty phenotype are very common in Mexicans. This is the case for
MLXIPL variants. MLXIPL forms heterodimers with ChREBP; these complexes regulate the
expression of genes involved in glycolysis, gluconeogenesis and lipogenesis [36]. This
pathway participates in the adaptation to famine. Fine mapping of genes involved in the
adaptation to chronic caloric restriction (i.e. FGF21) in Hispanics is required to support a
role of adaptation to famine in the increased susceptibility of this ethnic group to have
hypertriglyceridemia and other metabolic disorders. Also, the search for ethnic specific
variants is as an attractive goal. It has been demonstrated the existence of ethnic specific
variants in Hispanics with hypoalphalipoproteinemia (R230C variant of ABCA1) [37] or
type 2 diabetes (5 SNPs of SLC16A11) [38]. These variants have a relatively large
population effect and could disclose a novel pathogenic mechanism (as the previously
unknown role of S C16A11 in type 2 diabetes). Finally, Hispanics are a potential source for
doing whole exome sequencing in FHTG kindreds. The large number of cases and the size
of their families may solve some of the logistic problems of such studies [39]. A family
study design may allow the identification of rare genetic variants with large effect because
the same mutation is found in several relatives and co-segregation with triglycerides
concentration could be proved.
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In summary, we postulate that the study of the genetic determinants of hypertriglyceridemia
in Amerindians is a resource to identify new genetic variants and pathways associated with
hypertriglyceridemia. Environmental factors have shaped the composition of this ethnic
group, making likely the existence of a survival effect, ethnic specific variants or a genetic
drift that made this population susceptible to metabolic disorders. Despite that, Amerindians
have been underrepresented in GWA lipid studies. The broader recognition of this
phenomenon may result in a greater number of international collaborations, interethnic
studies and exchange of knowledge and infrastructure between institutions.
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Figure 1.

Genetic and environmental factors involved in the increased susceptibility of Amerindian
derived populations for having hypertriglyceridemia.
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Table 1

Mean plasma lipid concentration in adults in Amerindian-derived populations and its comparison against other
ethnic groups.

LDL cholesterol HDL cholesterol Triglycerides
NHANESl 1988- | 1999- | 2007- | 1988- | 1999- | 2007- | 1988- | 1999- | 2007-
994 2002 2010 1994 2002 2010 1994 2002 2010
Mexican
Americans
Total 125 121 118" 48.7 48.9 49.4 134 139 127
Men 127 125 120* 452 45.0 45.4 136 142 136
Women 123 | 117 | 495* | 523 | 529 | 837 | 132 | 135 | 147*
Caucasians
Total 129 | 124 | 196" | 504 | 512 | 5p5* | 120 | 125 | q99*
Men 132 | 126 | q95* | 448 | 455 | s467* | 130 | 134 | 149"
Women 126 | 121 | 196* | 557 | 566 | 5gq* | 112 | 117 | 104*

Afro-Americans

Total 128 | 121 | y95¢ | 552 | 545 | s61 | 93 94 88
Men 129 | 121 | y46* | 524 | 5120 | 526 | 100 | 99 94
Women 127 | 121 | qyf | 573 | 573 | s87 | s8 90 83
Mex;fjarr\‘/:'ea'th 10042 | 20002 | 2006% | 19942 | 2000% | 2006* | 1994 | 2000° | 2006
YS
Total 1064 | 1301 | 1315 | 342 | 384 | 389 | 1330 | 1817 | 1396
Men 1102 | 1250 | 1281 | 342 | 386 | 371 | 1510 | 1629 | 1489
Women 1060 | 1208 | 1361 | 380 | 381 | 401 | 1246 | 1995 | 1315

Data are expressed as mg/d|.

Modified from:
*
p<0.05 between the 1988-2004 and the 2007-2010 surveys.
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Prevalence of risk alleles for hypertriglyceridemia in Mexicans and its comparison against Europeans

Table 2

Positi  Mexican MAF Effect European MAF

Locus on Lead SNP  (MX/EUR) (s.e) P-Value Lead SNP* (MX/CEU)
1192 G 1.77 G

APOA5 3 rs964184 (0.30/0.12)  (0.05) 55E-35 15964184 (0.30/0.12)
T 1.41 T

GCKR 2p23  rs1260326  (0.26/0.42)  (0.05) 2.2E-13  rs1260326  (0.26/0.42)
rs1267891 G rs1267891 G

LPL 8p21 9 (0.05/0.12) 0.53(0.1) 27E-10 9 (0.05/0.12)
T 0.72 rs1714573 T

MLXIPL 7911 rs2286276  (0.12/0.26)  (0.07) 2.2E-06 8 (0.06/0.12)
C 1.23 A

TIMD4 5033  rs2036402  (0.45/0.25)  (0.04) 3.4E-06  rs1363232  (0.10/0.30)
19p1 T 0.34 rs1040196 C

CILP2 3 rs2228603  (0.03/0.10)  (0.26) 3.0E-05 9 (0.05/0.10)
rs1088933 A 0.83 G

ANGPTL3 1p31 7 (0.45/0.35)  (0.04) 3.3E-05 rs2131925  (0.45/0.33)

MAF= Minor allele frequency. MX=Mexican. EUR=European S.E.= Standard Error.
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Modified from: Weissglas-Volkov D, Aguilar-Salinas CA, Nikkola E, et al. Genome-wide association study in Mexicans identifies a new locus for

triglycerides and refines European lipid loci. J Med Genetics 2013;50:298-308
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