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Abstract

Psychiatric disorders are highly heritable and polygenic, influenced by environmental factors,

and often comorbid. Large-scale genome-wide association studies (GWAS) through consortia
efforts have identified genetic risk loci and revealed the underlying biology of psychiatric
disorders and traits. However, over 85% of psychiatric GWAS participants are of European
ancestry, limiting the applicability of these findings to non-European populations. Latin America
and the Caribbean, regions marked by diverse genetic admixture, distinct environments, and
healthcare disparities, remain critically understudied in psychiatric genomics. This threatens
access to precision psychiatry, where diversity is crucial for innovation and equity. This Review
evaluates the current state and advancements in psychiatric genomics within Latin America and
the Caribbean, discusses the prevalence and burden of psychiatric disorders, explores contributions
to psychiatric GWAS from these regions, and highlights methods that account for genetic diversity.
We also identify existing gaps and challenges and propose recommendations to promote equity in
psychiatric genomics.
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Psychiatric disorders are a significant global concern, affecting 1 in 8 people worldwide?.
Given their significant heritability, psychiatric genetics research can elucidate how genetic
variants affect mental health and improve treatment and prevention strategies. Large
initiatives such as the Psychiatric Genomics Consortium (PGC) have indeed provided crucial
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insights into the molecular basis of psychiatric disorders. However, most genetic discoveries
in psychiatric genetics primarily involve individuals of European descent?3. Over the past
five years, 85% of participants in large scale genome-wide association study (GWAS) meta-
analyses have been of European ancestry (Supplementary Table S1). This imbalance limits
our understanding of psychiatric genetics across diverse populations and may exacerbate
healthcare disparities3->.

Expanding studies to include a wider diversity of populations could accelerate gene
discovery and uncover novel molecular mechanisms underlying disease risk*5, particularly
as complex interactions between genetic and environmental factors shape psychiatric
disorders’. Latin America and the Caribbean, which account for 8.2% of the global
population (Box 1), present a unique opportunity for studying these interactions due to

their heterogeneous environment and admixed populations®-19. It is crucial to acknowledge
that this region is not monolithic; Latin America and the Caribbean comprise a diverse range
of languages, cultures, and significant environmental and genetic variability both within and
between countries (Fig. 1). However, the region has been significantly underrepresented in
large-scale genomics studies, partly due to the challenges of accounting for its complex
population structure and environmental heterogeneity, as well as economic barriers to
research, such as limited funding and infrastructure.

Increasing the representation of Latin American populations in psychiatric genomics is
crucial for accurately capturing genetic and environmental diversity. The Latin American
Genomics Consortium (LAGC) (https://www.latinamericangenomicsconsortium.org/) is
an initiative aimed at advancing psychiatric genomics research in Latin America by
fostering collaboration among researchers from the region and internationally, while
supporting capacity-building efforts. This Review, authored by LAGC members, provides
a comprehensive overview of psychiatric genomics research involving Latin American
and Caribbean populations. Drawing on our collective expertise, we identify critical gaps,
challenges, and opportunities in the field, while outlining future research directions to
promote equity and inclusion in psychiatric genomics.

Prevalence and burden of psychiatric disorders in Latin American

populations

Data on psychiatric disorders from the 2021 Global Burden of Disease (GBD) study
indicates a global mean prevalence of 14.0%. For Latin America and the Caribbean, the
GBD estimates an average prevalence of 15.7%, with a range from 10.7% to 19.4%!. Meta-
analysis of epidemiological studies across the Americas reveal significant heterogeneity in
prevalence estimates!!. The weighted mean 12-month prevalence of mental disorders is
17.0% for the entire continent, with North America at 22.5% and Latin America at 14.8%
(9.7% in Mesoamerica and 17.0% in South America)2. Anxiety and depressive disorders
are the most prevalent mental illnesses in Latin America, consistent with global trends (Fig.
2a)1. However, country-specific estimates vary widely, from 7.2% in Guatemala to 29.6%
in Brazill2, Lifetime prevalence rates are even more concerning, reaching 45% in both the
United States (USA) and Latin Americal3.14,
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In terms of disease burden, psychiatric disorders accounted for 19.8% of total Years Lived
with Disability (YLDs) in 2021 and 6.7% of total Disability-Adjusted Life Years (DALYS)
in Latin America and the Caribbean®. There are significant differences when compared to
high-income North America (USA, Canada, and Greenland), where substance use disorders
(SUDs) present a higher impact on YLDs and DALY (Supplementary Tables S2 and S3).

Although obtaining accurate data on deaths attributable to psychiatric disorders is
challenging, it is noteworthy that in Latin America and the Caribbean, this measure was
seven times lower than in high-income North America in 2021 (Supplementary Table S4).
The discrepant estimates between Latin America and the Caribbean and high-income North
America may result from variations in the diagnosis and reporting of these events across
countries and regions.

Access to evidence-based treatment for psychiatric disorders is severely limited in Latin
America and the Caribbean. The weighted mean treatment gap for moderate to severe
disorders across the Americas, based on service utilization studies and mental health
surveys, is 65.7%, with a smaller gap in North America (53.2%) compared to Latin America
(74.7%), which includes Mesoamerica (78.7%) and South America (73.1%)12. These
disparities are even more pronounced among minoritized groups. For example, estimates

in some sampled tribes showed that while one-third of the indigenous population in the
USA had not received psychiatric treatment, the rate increases to 80% in Latin American
countries!2.

In the Americas, the median mental health expenditure is 2.4% of health budgets, ranging
from 0.2% to 8.6%1°. Worldwide, low-income countries allocate about 1.1%, lower-middle-
income 1.1%, upper-middle-income 1.6%, and high-income 3.8%18. Developed countries
invest more effectively, while less developed countries face inefficiencies in funds allocation
(e.g., investing large amounts in psychiatric hospitals)1°. The funding imbalance also exists
in mental health research, potentially impacting the availability and accuracy of prevalence
and burden estimates. A recent systematic review of a decade of psychiatric genetics
publications in Latin America highlighted a profoundly unequal research landscapel’. The
majority of studies were concentrated in Brazil, Mexico, and Colombia. Local funding is
generally inadequate for large-scale GWAS in the region with Brazil and Mexico somewhat
less impacted?’.

The current state of psychiatric genetics in Latin American populations

Psychiatric disorders encompass a wide range of conditions and traits, with heritability
estimates from twin studies ranging from 35% to 80%7%8. However, it is important to note
that most of these heritability estimates are based on individuals of European ancestry,
which limits their generalizability. Early efforts in genomics of psychiatric disorders in Latin
American populations used linkage and candidate gene approaches!’. GWAS research in
Latin America and the Caribbean has predominantly been conducted in small cohorts19-

23 More recently, several large-scale, trans-ancestry GWAS of psychiatric disorders—
encompassing hundreds of thousands to millions of participants—have faced challenges
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in including representative Latin American samples, with most participants being based in
the USA24-31,

In the next sections, we summarize the current state of GWAS on psychiatric disorders

and diagnoses in Latin American and Caribbean populations (see Supplementary Table S5).
We also present initiatives involving whole exome (WES) and whole genome sequencing
(WGS).

Autism is a heterogeneous condition characterized by a broad range of phenotypic features,
including deficits in social communication and interaction, and repetitive or ritualistic
behaviors32. The prevalence of autism in Latin American countries is comparable to global
estimates, around 1%?. European population-based studies report heritability estimates
ranging from 50% to 83%, depending on the model and the country studied33. However,
the precise heritability of autism in Latin American populations has yet to be thoroughly
evaluated.

In contrast with most psychiatric disorders, the understanding of the genetic architecture
of autism has advanced significantly through the identification of rare variants (frequency
< 1%), mostly represented by de novo and inherited copy number variants (CNVs),

as well as single nucleotide variants (SNVs) or indels under negative selection34-36,
Although hundreds of genes have been associated with autism in the past years, only

5% to 20% of autism cases are related to a known pathogenic or rare genetic risk
variant32:36, These variants can confer a large impact on individual risk for autism,

with odds ratios—a statistical measure that quantifies the strength of association between
two events—ranging from 20- to 100-fold. They are often associated with multiple
neurodevelopmental comorbidities3#36:37, The Autism Sequencing Consortium (ASC)
and the Simons Foundation Powering Autism Research for Knowledge (SPARK) have
included samples of diverse ancestry, but Latin American populations remain largely
underrepresented34. Of note, the few studies conducted in Latin America (all from Brazil)
highlight the importance of rare CNVs and de novo SNVs in the etiology of autism38-40,

Notably, most cases of autism are thought to involve more complex inheritance patterns,
such as oligogenic or multifactorial models3541, where both rare and common risk variants
can contribute to its etiology. Published common variant meta-analyses in autism have been
relatively modest in size, implicating NEGRI, PTBP2, CADPS, KCNNZ2, KMTZE, and
MACROD? as risk genes, with rare pathogenic variants within some of these genes also
being reported*. Additionally, single nucleotide polymorphism (SNP)-based heritability has
been estimated as 11-13%, confirming the relevance of common variants in autismL,

A recent large WGS study revealed 134 autism-associated genes, along with structural
variants that would be missed without WGS. Of the more than 23,000 WGS samples
analyzed, 980 were classified as “admixed Americans” with an additional 520 predicted to
be “admixed”3°.

Nat Genet. Author manuscript; available in PMC 2025 November 01.
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Attention-deficit/hyperactivity disorder (ADHD)

ADHD is a neurodevelopmental disorder characterized by symptoms of inattention,
hyperactivity and/or impulsivity with significant executive dysfunction®2. The GBD
prevalence of ADHD across all ages is estimated at 1.1%, while in Latin America, it is
1.9%1. These figures differ significantly from those found in meta-analyses, which suggest
a worldwide prevalence of 8% in children?3 and 2.6% in adults*4. Moreover, the only
comprehensive prevalence analysis in Latin America, a large three-decade birth cohort study
in Brazil, found ADHD prevalence estimates in adults to be 2.1% and 5.8% for symptomatic
ADHD?.

Estimates from twin studies suggest that ADHD has a pooled heritability of 76% in both
children and adults*6. Most ADHD GWAS have been conducted in populations of European
ancestry?’—49, Among these, only one GWAS and an exome chip study included individuals
from Latin America, a sample from Brazil with a high degree of European descent47+49.
Recently, a GWAS of a small sample of 576 Mexican and Colombian individuals!®
investigated the relationship between admixture and genetic susceptibility to ADHD using
novel analytical approaches, such as local ancestry. In the analysis of genetic associations
at known ADHD GWAS loci, the most suggestive SNVs were found in the PTPRF gene.
However, no genome-wide significant (GWS) variants were detected in the local ancestry
analysis®.

Schizophrenia

Schizophrenia is a severe psychiatric disorder characterized by diverse psychopathology,
including positive (psychosis and disorganization) and negative symptoms and cognitive
impairment3230, The prevalence is similar between Latin American populations and global
estimates (around 1%)1, and increases significantly when considering all psychotic disorders
(up to 3.5%)°L. Twin studies of schizophrenia have reported high heritability estimates
(60-80%)18:50_ |nitial schizophrenia GWAS were among the first to successfully identify
GWAS loci associated with any psychiatric disorder>223, Historically, these early efforts
were conducted in individuals of European ancestry. More recently, other non-European
ancestry studies have begun to emerge, mainly of Asian descent®*. However, there is still a
lack of studies with significant sample size of Latin American and Caribbean populations.

The largest schizophrenia GWAS in Latin Americans included over 4,000 individuals (1,234
cases and 3,090 controls)®®. This study identified GWS variants in the GALNT13gene, a
finding not previously reported in European populations. The same study combined Latin
Americans with Europeans, identifying 114 SNPs across 101 loci, 8 of which were novel®°.
The latest GWAS meta-analysis also incorporated the aforementioned Latin American
sampleS6. In this trans-ancestry study that combined data from 76,755 cases and 243,649
controls, the number of genomic loci expanded to 287°6. Additionally, a trans-ancestry WES
meta-analysis in over 100,000 individuals, including 1,388 cases and 15,154 controls of
Latin American origin, revealed ultra-rare coding variants in 10 genes, partially overlapping
with the GWAS findings28.

Nat Genet. Author manuscript; available in PMC 2025 November 01.
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Bipolar disorder

Bipolar disorder is a chronic condition characterized by recurrent episodes of (hypo)mania
and depression, which impact thought, perception, emotion, and social behavior32. The
prevalence in Latin America and the Caribbean has been reported to be twice as high as
global estimates (Fig. 2a). However, the reasons for this difference are still debated, with
factors such as variations in diagnosis or ascertainment potentially playing a role. Bipolar
disorder is highly heritable with twin studies estimating a heritability of 60-85%18 and a
SNP-based heritability of 18-20%57.

Previous large-consortia bipolar disorder GWAS have not included Latin Americans®’.
Replication studies of previously identified bipolar disorder GWAS hits in European
ancestry have been reported in Latin American populations from Brazil29, USA, Mexico,
Guatemala, and Costa Rica?l. Additionally, a small (n=32) WES study in Cuban individuals
identified 17 non-synonymous rare variants associated with bipolar disorder>®. Common and
rare variants have also been explored in Colombian, Costa Rican, and Mexican pedigrees
showing a modest increase (P-value range: 0.002-0.047) in the burden of rare deleterious
variants in bipolar diosrder®®. Most bipolar disorder studies in Latin America and the
Caribbean have primarily focused on linkage-based designs in families with multiple cases
of bipolar disorder®?,

A recent multi-ancestry GWAS meta-analysis of 158,036 bipolar disorder spectrum cases
and 2,796,499 controls combining clinical, biobank, and self-report samples identified 337
independent GWS variants mapping to 298 loci (a 4-fold increase over previous finding)2°.
Of this sample, 13,022 cases and 236,822 controls were of Latin American origin (only
USA-based cohorts). However, no GWS variants were identified in this subsample2®.

Major depressive disorder (MDD)

MDD is characterized by persistent feelings of sadness and loss of interest or pleasure
(anhedonia) accompanied by changes in weight, sleep, and energy, reduced concentration,
feelings of worthlessness, and suicidal thoughts32. The 2021 GBD prevalence of MDD was
similar between Latin America countries and global estimates (around 3.0%); however,

a meta-analysis of 40 population-based studies in Latin America reported a 12-month
prevalence estimate of 12.6%51. MDD heritability estimated from European twin studies

is 37%52, which is similar to the estimates reported in 1,122 Mexican-Americans from 71
extended pedigrees: 39% for MDD, 46% for recurrent depression, and 49% for early onset
depression®3. Despite the fact that MDD and broad depression together with substance-use
disorders (SUDs) are the traits with higher representation of Latin American populations in
psychiatric genomics, most of this work still overwhelmingly involves samples of European
ancestry84-66,

In a Mexican-American cohort of 203 cases and 196 controls, 44 common and rare
functional variants were reported to be associated with depression, including variants in
the PHF21B gene®’. In the same study, rare variant analysis replicated the association of
PHF21Bin an unrelated European-ancestry cohort. Subsequently, in a study of 12,310
individuals from the USA-based Hispanic Community Health Study/Study of Latinos

Nat Genet. Author manuscript; available in PMC 2025 November 01.
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(HCHS/SOL) cohort®8 investigating depressive symptoms, SNP-based heritability was
estimated as ~7%, but no GWS SNPs were identified, nor were findings from previous
European-ancestry studies replicated®.

A large-scale MDD GWAS included over 1.3 million individuals (371,184 cases) and
conducted an additional GWAS on admixed ancestry outliers (10% of the total sample)°.
This study revealed a high genetic correlation (genetic correlation = 0.95, P=1x10-4) with
the primary European meta-analysis®®. Additionally, a multi-ancestry GWAS that included
25,013 cases and 352,946 controls in the Hispanic/Latin American group showed a GWS
locus (rs78349146, colocalization for DPP4, RBMS1, and TANK)?S. Interestingly, this locus
did not display strong evidence of association in a large published GWAS of individuals of
European ancestry5®, potentially highlighting that increased diversity enhances variant and
gene discovery.

Finally, a meta-analysis from the PGC-MDD working group, which included 688,808 cases
and 4,364,225 controls making it the largest to date in psychiatric genomics, identified 697
GWS-independent loci, 293 of which were novel’0. Polygenic scores (PGS)—an aggregated
genetic risk estimate—trained using either European or multi-ancestry data significantly
predicted case-control status across all diverse ancestries, including those of Latin American
origin (19,927 cases and 340,403 controls). However, no specific GWAS findings are
described for this group®.

Anxiety disorders

Anxiety disorders, namely generalized anxiety disorder (GAD), panic disorder, and phobias,
can exhibit excessive worry, accompanied by feelings of restlessness, avoidance behavior,
and physiological changes such as increased heart rate, shortness of breath, and elevated
blood pressure32. Epidemiological data from GBD estimate the prevalence of anxiety
disorders at 4.7% worldwide and 7.3% in Latin America and the Caribbean (Fig. 2a).
Heritability estimates from twin studies are moderate, ranging between 30% and 40%/1.

Large-scale GWAS for anxiety are relatively recent, with nearly all participants being of
European ancestry’2-75, The first GWAS of GAD in a Latin American sample included
12,282 individuals from the HCHS/SOL "6 and reported one GWS locus (rs78602344,
THBSZ gene). However, the finding was not replicated in three independent USA-based
Hispanic cohorts, which included the Multi-Ethnic Study of Atherosclerosis (n=1,449),
Women’s Health Initiative (n=3,352), and the Army Study to Assess Risk and Resilience

in Servicemembers (STARRS) (n=3,394)78. For anxiety scores, which are estimated using
a factor analysis approach, no GWS association was observed in a GWAS conducted in
Army STARRS, which included 3,438 Latin Americans (20% of the study sample)’”. Using
the same sample, a subsequent study phenotyped participants to approximate Diagnostic
and Statistical Manual of Mental Disorders (DSM)-based anxiety diagnoses. Once again, no
signal was detected in the Latin American group’®.

The most recent GWAS meta-analysis comes from a preprint from the PGC anxiety
working group; it included 852,000 individuals (122,000 cases) and reported 58 independent
GWS variants, 51 of which were replicated in an independent sample’®. However, this

Nat Genet. Author manuscript; available in PMC 2025 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bruxel et al.

Page 8

study was limited to European ancestry, providing no insights into anxiety genetic risk

in diverse individuals. In another recent study, a meta-analysis of GWAS on anxiety
disorders involving 1,266,780 individuals, including 36,634 Latin Americans (classified as
“Admixed-Americans”) from the All of Us Research Program24, but no GWS variants were
detected. However, the cross-ancestry meta-analysis identified 41 GWS loci, 10 of which
were novel?4,

Obsessive-compulsive disorder (OCD)

OCD is characterized by unwanted, recurrent, and distressing thoughts, images, or impulses
(obsessions) and/or repetitive behaviors (compulsions)32. There are similar OCD prevalence
rates between Latin America and the USA (ranging from 1.4% to 2.3%)7980, A meta-
analysis including twin and family studies estimated a heritability of 50%°81.

OCD has been the subject of two WES studies that included Latin American trios from
Brazil. The first was a pilot study82 that performed WES on 20 sporadic OCD cases and
their unaffected parents to identify rare de novo mutations (DNMs). An elevated rate of

rare DNMs was detected2, which was followed up in a larger WES study of 222 OCD

trios, including 42 from Brazil83. Two high-confidence risk genes were identified, each
containing two damaging DNM in unrelated probands: CHD&and SCUBE183. The findings
were subsequently updated by a study that analyzed WES data from the largest OCD cohort
to date, which included 1,313 cases of diverse ancestry, comprising 587 trios, 41 quartets,
and 644 singletons®. This study identified SL/TRK5 as the most significant gene (odds ratio
= 8.8, P = 2.3e-6)%.

Regarding common variation, the first well-powered OCD GWAS was led by the PGC-OCD
working group and recently posted as a preprint8>. While the sample size (53,660 cases and
~2 million controls) greatly exceeds prior studies and revealed 30 independent GWS loci,
the study included only individuals of European ancestry from 28 cohorts®°. An ongoing
OCD collection in Latin America countries will provide a starting point for trans-ancestry
analyses, but further large scale collection is needed to power these analyses®6.

Post-traumatic stress disorder (PTSD)

PTSD is a debilitating condition initiated by traumatic experience, with subsequent
pathological re-experiencing, avoidance, and hyperarousal symptoms32. The lifetime
prevalence in Latin American populations is approximately 3.8%87, compared to a broader
range of 3.4% to 26.9% reported in the US88. Twin-based heritability estimates range

from ~23-71% following trauma exposure89. Large-scale PTSD GWAS9%-93 have identified
replicable signals, although investigation into Latin American samples has so far been
limited. Two small, single-site PTSD GWAS, one involving high-risk Latin American
individuals in the USA (n=254)% and another focusing on Brazilian women (n=117)%,
were conducted but did not identify GWS loci®49.

The primary study from the PGC-PTSD working group conducted a GWAS on 5,703 Latin
Americans from a sample of over 200,000 individuals®2. No GWS loci were identified

in the Latin American group, nor did it replicate GWS findings from European-ancestry
analysis2. More recently, the updated PGC-PTSD multi-ancestry meta-analysis2’ expanded
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the sample to 7,017 Latin American individuals from the USA, as well as Peru, Colombia,
and Mexico. Although no GWS loci were identified in this group, the multi-ancestry meta-
analysis in 1,222,882 participants identified 95 GWS loci?’. Relative to new efforts, the
Veterans Affairs “Million Veteran Program” (MVP) contains over 50,000 Latin American
origin participants®; a forthcoming large-scale PTSD GWAS including these individuals is
anticipated.

Feeding and eating disorders

Eating disorders, including anorexia nervosa, bulimia nervosa, binge-eating disorder (BED),
and avoidant/restrictive food intake disorder (ARFID), are characterized by dysregulated
eating, weight, and body size or shape perception, significantly affecting a patient’s quality
of life32. While the prevalence of anorexia nervosa and bulimia nervosa is similar between
Latin American countries (0.28%) and global estimates (0.21%)?, lifetime prevalence of
BED in Latin America varies considerably as it has been reported to be lower than
(Colombia 0.9%), on par with (Mexico 1.6%) or even higher (Brazil 4.7%) than the global
average (1.9%)%7. The prevalence of ARFID across Latin America remains unknown. Twin
and population-based studies report eating disorder heritability estimates between 28%

and 88%, varying by specific disorder analyzed%.9, Studies evaluating eating disorder
heritability in Latin American populations are still scarce, although estimates for eating-
disorder-related traits are available. For example, a heritability of 51% was reported for
eating in the absence of hunger in Latin American childrenl90,

Eating-disorder GWAS lag behind other psychiatric disorders with the majority of studies
having been performed on anorexia nervosa and in individuals of European ancestry101-103,
Although no well-powered eating-disorder GWAS have been conducted in Latin American
individuals yet, two GWAS have been reported in small Mexican cohorts, these focused on
disordered eating!% and eating disorder'9% with no GWS loci identified104.105,

Substance use and SUDs

SUDs occur when the recurrent consumption of alcohol and/or drugs causes significant
impairment, including health problems, disability, and failure to meet major responsibilities
at work, school, or home32. More than 17 million people have had SUDs in Latin America,
accounting for a prevalence of 3.0%, which is higher than the worldwide prevalence
estimated at 2.1%?. SUDs have heritabilities that range from 50% to 60%, depending on
the specific substancel8.

Large-scale substance use and SUD GWAS, led by the GWAS and Sequencing Consortium
of Alcohol and Nicotine Use (GSCAN), MVP, and PGC, including individuals of Latin
American origin22:30:106-110 ‘haye mostly focused on alcohol and smoking-related traits.
Among the main and most replicated GWS findings identified in Latin Americans

is the rs1229984 in the ADHI1B gene, a protective variant associated with alcohol
consumption106.107.110 and alcohol use disorderl97:111 A recent phenome-wide association
study of three of the best known protective SNPs in genes encoding ethanol-metabolizing
enzymes, including rs1229984, examined Latin American populations from the 23andMe
cohort!12, In the Latin American group (n = 446,646), rs1229984-T was associated with 29
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traits across 13 categories, with the strongest associations of the protective allele observed
with alcohol-related traits, such as alcohol flush and wine headache, as well as health
conditions, including respiratory and gastrointestinal disorders12.

The latest (and largest thus far) GWAS of substance use was conducted by GSCAN in

over 3.4 millions individuals from four ancestral populations, including Latin American
individuals (admixed Americans, n = 286,026)29. This study identified over 3,000
independent risk variants associated with smoking and alcohol consumption traits, where 25
GWS risk loci were observed in the Latin American sample2®. Another recent multi-ancestry
GWAS evaluating problematic alcohol use in over 1 million individuals identified 110 GWS
risk variants! 11, This study included 38,962 Latin Americans (all from MVP cohort) and
reported a SNP-based heritability of 12.4% and one significant association with rs1229964
in this population111,

For smoking phenotypes, several variants in the region of CHRNAS5/A3/B4 cluster genes,
which encodes the cholinergic nicotinic receptor a5, a3 and B4 subunits, respectively, were
associated with heaviness of smoking in 12,741 Latin Americans from the HCHS/SOL
cohort108, Another GWAS evaluating smoking initiation trajectory found an association
near the R/MS1 gene in 21,336 Latin American individuals1®9. Additionally, a recent
multi-ancestral meta-analysis of tobacco use disorder examined data from four biobanks
including 653,790 individuals, of whom 44,365 were Latin Americans. This study reported
a significant SNP-based heritability of 8.1% in the Latin American group, but no GWS
variants were identified3C.

For cannabis use disorder, a recent large-scale meta-GWAS in over 1 million participants
also included 38,219 Latin Americans (2,774 cases)13. This study revealed a SNP-based
heritability of 7.2% and identified one locus (rs9815757) mapping to an intergenic region
downstream LRRC3B. This risk variant has a low frequency (0.1%) and has not been
previously reported for other ancestral groups, warranting further replication in larger
cohorts13, For opioid use disorder, a multi-ancestry meta-GWAS reported 14 GWS loci
(of which 12 were novel), including those mapping to OPRM1 and FURIN. This study
examined 34,861 Latin American individuals and identified a potential ancestry-specific
locus, rs24394925, located at the MRS2genell4. In contrast, no large-scale GWAS of
cocaine use disorder has yet focused on Latin American populations, underscoring a
significant research gap for this SUD.

Notably, large-scale substance use and SUD GWAS have been mostly limited to Latin
American populations based in the USA, with the exception of one study?2. This GWAS
evaluated substance use in 3,914 Mexicans, and no GWS variant was detected?2,

Suicide is a leading cause of death worldwide, ahead of malaria, acquired immune
deficiency syndromes, breast cancer, and homicidel1®. The global and Latin American rates
of suicide were estimated at 9.5 and 7.1 per 100,000, respectivelyl. These estimates are
lower than those observed for high-income North America (15.0 per 100,000). However,
some groups in Latin America present comparable metrics, such as some indigenous
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populations and municipalities in southern Brazil, with 16.616 to 19.5117 per 100,000.
Although there has been a decrease in suicide rates worldwide since 2016, suicide mortality
is on the rise in several Latin American countries, representing about 10% of all injury-
related deaths!16,

Evidence from family, twin, and adoption studies suggests that heritability of suicidal
behaviors ranges from 30% to 55%%18. The first large-scale GWAS meta-analyses of suicide
behaviors and death have not included Latin American individuals19120, However, a small
GWAS in a Mexican sample of 192 cases with at least one suicide attempt found suggestive
gene-level results for SCARAS5, GHSR, RGS10, and STK33#3. Notably, none of these
genes overlapped with the suggestive findings reported in GWASs of European ancestry
samples!19.120, The largest multi-ancestry GWAS to date on those who have attempted
suicide included 43,871 cases and 915,025 controls3L. This study was limited to a single
Latin American cohort from the MVP, which included 1,271 cases and 29,306 controls.
The SNP-based heritability for the Latin American group was estimated at 10.0% (standard
error = 6.5%). The genetic correlation of suicide attempt between individuals of European
ancestry and those of Latin American origin was 0.997. No GWS variant was detected in
this single cohort32,

Finally, a GWAS of suicide ideation from the MVP was conducted, and ancestry-specific
results were combined in a meta-analysis'?l. Four GWS loci were identified in this pan-
ancestry study. Additionally, gene-based analysis identified associations with DRDZ, DCC,
FBXL19, BCL7C, CTF1, ANNKI, and EXD3genes. No GWS locus was found in the

Latin American group, which comprised 10,652 cases and 37,547 controls. However, the
inclusion of diverse samples doubled the number of GWS hits found (compared to the two
loci identified in the European ancestry group alone)'21, providing a strong argument for the
increase in power to detect loci enabled by the inclusion of diverse populations as previously
discussed.

Social Determinants of Mental Health (SDoMH) and gene-environment

interactions

SDoMH encompasses characteristics of the environment where individuals are born, live,
work, and grow, which play a significant role in influencing mental health outcomes and

the risk of psychiatric disorders. These factors are typically categorized into domains,

such as economic stability, education access and quality, healthcare access and quality,
neighborhood and built environment, and social and community context!22, Genetic studies
should take SDoMH into account because most models for psychiatric disorders consider
both genetic and environmental factors. Therefore, it is expected that SDoMH interacts with
genetics, affecting genetic predispositions in different ways across populations. Evaluating
these determinants is especially crucial in regions with high environmental diversity, such
as Latin Americal23. To ensure representativeness and capture environmental and social
diversity, probabilistic sampling is recommended, which is essential for accurate genetic and
environmental assessments.

Nat Genet. Author manuscript; available in PMC 2025 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bruxel et al.

Page 12

Although limited, research in Latin America has demonstrated that SDoMH plays a critical
role in predicting neuropsychiatric outcomes24.125 A study examining populations from
Cuba, the Dominican Republic, Brazil, Venezuela, Mexico, and Peru found that social

and environmental factors are more predictive of dementia than genetic ancestry!23. This
suggests that, in highly unequal countries, social factors may confound or outweigh genetic
influences. Additionally, studies on SDoMH and gene-environment interactions may reveal
relevant factors that affect psychiatric disorder risk in Latin America, which could differ
from those in the USA, Europe, or Australasial?6. However, there is a lack of GWASs
focused on gene-environment interactions in Latin American populations, with only few
studies exploring interactions, such as childhood trauma or household income, and their
effects on psychiatric disorders?’.

Gaps and methodological considerations for genomic analysis in admixed

Latin American populations

Some moderate to large-scale GWASs of psychiatric disorders and related traits have
included individuals of Latin American origin, with sample sizes ranging from 1,000

to over 300,000 and a small number of GWS loci identified. Advances in gene discovery
have been observed particularly in substance use and SUDs with a total of 10 GWAS
identifying 39 and 8 GWS loci respectively for substance use traits and SUDs (Fig. 2b—c). A
significant limitation of the few large-scale GWASs conducted that included Latin American
participants is their lack of representation of the diverse and heterogeneous groups across
the Americas, with over 88% of these studies focusing on individuals living in the USA.
Among the Latin American countries currently represented in these studies—Mexico, Peru,
Colombia, Brazil, Argentina, and Chile—significant gaps remain in the inclusion of other
Latin American countries (Fig. 2b).

Notably, recent genomic studies in Latin Americans have expanded beyond standard
GWASs, utilizing technologies, such as WGS and WES. Successful examples of these
efforts include a WES study of over 15,000 Latin American individuals, which identified
ultra-rare coding variants associated with schizophrenia28. The ongoing projects within the
Ancestral Population Network (APN)128 are contributing samples for Blended Genome
Exome (BGE) sequencing, a cost-effective alternative to traditional genotyping arrays and
deep WGS. BGE combines high-coverage WES (30-40x) with low-pass WGS (2-3x),
enhancing the detection of common and rare genetic variants across ancestries. This
approach holds significant promise for advancing local ancestry analyses in large-scale
genomic collections29.

Although progress has been made, significant gaps persist in identifying genes associated
with psychiatric disorders in Latin American populations. This challenge is further
compounded by methodological hurdles that impede advancement. Traditional genomic
analysis methods, originally designed for genetically homogeneous populations, fail to
effectively account for the complexities and unique advantages of studying admixed
genomes. Considering that the majority of causal variants are shared across populationss,
the inclusion of understudied admixed populations is essential for identifying both novel
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and shared genetic variants, especially those with varying frequencies across ancestries.
Moreover, the unique linkage disequilibrium (LD) patterns in admixed populations -
characterized by shorter LD blocks due to recombination events over generations - offer
finer resolution for pinpointing causal variants.

Ongoing research is developing strategies to address the methodological challenges when
analyzing admixed populations!39 (Supplementary Table S6). Quality control (QC) criteria
have been refined for multi-ancestry studies313%; however, a standardized QC pipeline
for admixed populations is still lacking. Further, heritability estimates, which depend on
population-specific factors, such as allele frequencies and effect sizes, can now be refined
using novel approaches. These include SNP-based heritability estimation methods that
adjust LD score regression to account for ancestral components3L, or leverage summary
statistics from admixture mapping to calculate heritability explained by local ancestry132,
While admixture mapping has been successfully applied to Latin American cohorts

for various complex traits133-135 emerging approaches further improve the modeling

of admixture in genomic analysis'3¢:137. For example, the Tractor pipeline employs
regression models to analyze genotype counts specific to each local ancestry137. This
method thereby generates ancestry-specific effect size estimates, enhancing the power to
detect associations, especially where effect sizes differ across ancestries. For PGS, recent
statistical models tailored for admixed populations incorporate local ancestry to improve
phenotype prediction138-140 (Supplementary Table S7). However, transferability of PGS
across diverse ancestries remains a major research challenge, which is exacerbated by the
lack of representation of Latin Americans in discovery GWAS and the scarcity of diverse
individual-level genetic data.

Towards sustainable, equitable psychiatric genetics research in Latin

America

Diversifying psychiatric genetics research is imperative not only because of scientific
reasons to unravel disease biology, but also because of ethical concerns in order to avoid
the exacerbation of global health disparities?4L. In Latin America and the Caribbean,

the increasing prevalence and burden of psychiatric disorders?, coupled with substantial
diagnosis and treatment gaps and systemic barriers!2, highlight the urgent need for

more effective and equitable mental health solutions. Expanding genomic resources and
developing tools that better integrate ancestry-specific information is essential for addressing
long-standing gaps in psychiatric genetics research. By incorporating diverse genetic data
from underrepresented populations, psychiatric genomics can enhance the accuracy and
applicability of findings across ancestry groups. Additional gaps and challenges span
scientific, social, and ethical dimensions (as highlighted in Box 2). Addressing these
demands a paradigm shift of the research landscape towards collaborative, equitable, and
sustainable research142,

Tackling underrepresentation requires a multi-faceted approach. This includes sustainable
capacity building, equitable global collaborations, increased resource access and funding,
improved methods for analyzing admixed populations, standardized diagnostic and
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phenotyping methods, intentional community-based collaborations, and infrastructure
development. Recent initiatives are working towards greater inclusion and diversity

in psychiatric genomics research, including several those focused on Latin American
populations. In addition to the LAGC, parallel efforts focused on specific psychiatric
disorders are underway, such as GALA (autism), LATINO (OCD), CONNECT-

ADHD, EDGI-Mexico (eating disorders), and PUMAS (schizophrenia and bipolar
disorder)86.128,143-147 (Tape 1), alongside with recent large-scale WGS efforts to
characterize population structure, such as GenomaSUS-Brazil and the Mexico Biobank148.
These efforts will contribute to the understanding of the genetic influences on psychiatric
disorders in Latin American populations by helping bridge the gap for more inclusive and
better represented genomic studies and give way to a more equitable and effective precision
medicine enterprise.
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Box 1.
Latin America and its People.

In the context of Latin America, “Hispanic” refers to populations with Spanish heritage.
In contrast “Latin American” or “Latino” encompasses all Latin American individuals,
including those who speak Spanish, Portuguese, French, and native languages, as well
as populations influenced by later migrations from Europe and Asia, reflecting a broader
and more diverse geographical and cultural identity that includes influences from many
other countries. Although the primary languages in Latin America are Spanish and
Portuguese, the continent is home to hundreds of Indigenous languages.

Latin America is a large region in the American Continent comprising countries from
South America (Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guyana, French
Guiana, Paraguay, Peru, Suriname, Uruguay, and Venezuela), Central America (Belize,
Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and Panama), North America
(Mexico), and the Caribbean islands (Cuba, Dominican Republic, Guadeloupe, Haiti,
Martinique, Puerto Rico, Saint Barthelemy). Mesoamerica, on the other hand, is a
historical and cultural region within Latin America. It spans central Mexico and extends
into much of Central America, covering parts of Guatemala, Belize, Honduras, and El
Salvador. Recognized for its rich pre-Columbian history, Mesoamerica was home to
advanced civilizations, such as the Olmec, Maya, Aztec, and Zapotec, which significantly
shaped the cultural and historical identity of the Americas.

There are several hypothesized models regarding the settlement of the Americas,

with current archaeological evidence supporting both terrestrial and coastal migrations
that likely occurred after the Last Glacial Maximum, primarily between 16,000 and
13,500 years ago, prior to widespread Paleoindian occupations?. The colonization of
Latin America was characterized by European conquests, primarily by the Spanish

and Portuguese, along with the exploitation of Indigenous populations, the forced
displacement and enslavement of Africans, and successive waves of European and

Asian immigrants. These events have resulted in a culturally diverse region shaped by
four primary continental ancestral populations: Amerindigenous, European, sub-Saharan
African, and Asian. Brazil is the largest country in Latin America and is a prime
example of heterogeneity and admixture. In the south of the country, European ancestry
is more prevalent (>80%), followed by African (10%) and Indigenous (10%) ancestries
(similar to Argentina and Uruguay). The proportion of African ancestry increases in the
Northeast (approximately 30%, similar to Cuba and Venezuela), and Indigenous ancestry
increases in the North (Amazonian region, nearly 19%), which is smaller than in Mexico,
Guatemala, Peru, and Bolivia, countries with the highest Indigenous ancestry in Latin
America8?.
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Box 2.

Current status of and potential opportunities to advance psychiatric
genetics research in Latin America

Gaps and Challenges

Recommendations and Solutions

Limited inclusion of Latin American individuals

in genomic studies

. Some progress in PTSD, SCZ, BD,
and MDD

. Dominance of US-Based cohorts

. Urgent need for focused research in

Latin America

Consortia-building efforts, community-engaged
research and funding sources

. Engage local consortia, such as the
LAGC, to facilitate genomic studies

. Establish partnerships with patients,
families, and advocates, via
community based participatory
research (CBPR) or Patient
Advisory Boards (PAB)

. Engage local researchers and
provide genotyping/sequencing
support

. Public and private funding to

support local research efforts

Lack of diversity in the researcher workforce

. Research leadership does not reflect
the studied population (i.e. first or last
authorship)

. Limited cultural sensitivity and
ethical considerations

Training and career development programs

. Train early-career stage LMIC
researchers in advanced analysis

. Provide funding opportunities

. Develop training programs that

avoid brain drain from the area

Biocolonialism and mistrust

. LMIC researchers may be asked
to provide data without significant
involvement

. Unequal benefit sharing as discoveries
may benefit only high-income
countries

. Neglected translation of scientific
output

Capacity building and equitable and
sustainable collaborations

. Resources to conduct studies locally

. Local workshops to provide
specialized training

. Funding support for infrastructure

Lack of methodology and reference panels to
account for complex admixture

. Latin Americans have a
heterogeneous ancestral composition

. This complexity often leads to
their exclusion due to concerns of
population stratification

. Fine-mapping more challenging due
to heterogeneity in LD and effect
sizes

Novel methods and reference panels

. Methods must take admixture into
account
. Expanded reference panels for

indigenous populations with ethical
and local partnerships

. New statistical fine-mapping
methods are needed

Heterogeneity of outcomes and diagnosis
assessment

. Differences in the phenotype
definition and information sources
(e.g. medical records, self-reported)
may lead to inconsistent results.

Appropriate and standardized assessments

. Develop standardized outcome
measures
. Consider the cultural context
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Fig. 1. Genetic diversity in Latin America.
Genetic ancestry of individuals from six Latin American and Caribbean countries (Mexico,

Puerto Rico, Barbados, Colombia, Peru, and Brazil) based on data from the 1000 Genomes
Project and the Human Genome Diversity Project (HGDP). The principal components
analysis (PCA) plots illustrate genetic ancestry distribution patterns using the first two
principal components (PC1 and PC2), which capture the largest fractions of ancestry
variation. In the top PCA plot, individuals are arranged in a triangular pattern: the

apex clusters those with predominantly European ancestry, the bottom left represents
individuals with primarily African ancestry, and the bottom right corresponds to those

with mainly East Asian ancestry. A degree of separation is observed among these three
major groups. In contrast, the bottom PCA plot highlights samples from Latin America and
the Caribbean, revealing a heterogeneous pattern. Individuals from this region are highly
admixed, dispersing broadly across the PC1 and PC2 ancestry distributions. The continental
map indicates the locations in Latin America and the Caribbean where the samples were
collected. The data used to generate the plots were downloaded from gnomAD49 (https://

gnomad.broadinstitute.org/).
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Fig. 2. Psychiatric genetics research in Latin America.
This figure highlights the progress and challenges in psychiatric genetics research in Latin

American populations. (a) Bar plot comparing the prevalence of psychiatric disorders

in Latin America, high-income North America, and globally, based on data from the
Global Burden of Disease study (GBD 2021, VizHub at https://vizhub.healthdata.org/ghd-
results/). (b) Chord diagram showing the relationship between GWASs and the countries and
disorders studied, with most Latin American samples coming from the USA, and substance
use being the most frequently researched psychiatric trait. (c) Scatter plot illustrating the
sample size of GWAS studies in Latin American populations, showing that larger studies,
such as those on substance use, have greater power to identify significant loci. Notes: Drug
use disorder includes conditions involving opioids, amphetamines, cocaine, cannabis, and
other drugs. SUD combines data from both alcohol and drug use disorders. ED include
anorexia nervosa and bulimia nervosa. Abbreviations: GWAS: genome-wide association
study; ADHD: Attention Deficit/Hyperactivity Disorder; AUD: Alcohol Use Disorder;

BD: Bipolar Disorder; CUD: Cannabis Use Disorder; ED: Eating Disorder; MDD: Major
Depressive Disorder; PTSD: Post-Traumatic Stress Disorder; OCD: Obsessive-Compulsive
Disorder; OUD: Opioid Use Disorder; SCZ: Schizophrenia; SU/SUD: Substance Use and
Substance Use Disorder; TUD: Tobacco Use Disorder.
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Research initiatives of psychiatric genetic research in Latin American populations.

Psychiatric Countries Lo
Initiative Disorder(s) involved Description Reference Website
Focused on genetic
: - Argentina, studies of early
Il:littl\:\]/ (ﬁg‘gﬁ?{; Brazil, psychosis as well as
Study of Early Schizophrenia (B;ﬁ::gla, ggmgﬁ:l (;%%?ég:/e, 145 https://www.cyted.org/andes
EZ)[/\?B?SIS) Colombia, economic, and
and Mexico | neuroimaging
analyses.
COllaborative Population-based
Case-Control genetic . . . -
INitiativE in crack Sius?)sr?grge use Brazil epidemiological g%)gglgs porter.nih.gov/project-details/
addiction study of cocaine use
(COCCalINE) disorder in Brazil.
Comprehensive
exploration of the A project
SS\DIGE:E%B&”D Attention within the NIMH- . . -
and educational deficit funded Ancestral https://www.nimh.nih.gov/about/organization/
attainment in hyperactivity Brazil Populations dnbbs/genomics-research-branch/ancestral-
H yp Network (APN) and populations-network-apn
contrasting disorder the LAGCADHD
environments :
(CONNECT- working group.
ADHD)
gDt | can | Foassaon o |
. P Mexico studies of eating 143,146 https://edgi.org/
- Mexico (EDGI- disorders disorders in Mexico
Mexico) ’
Genetic To investigate the
Avrchitecture of genetic architecture https://www.epimex.net/
Early-Onset Psvchosis Mexico and | of early onset 128 https://www.nimh.nih.gov/about/organization/
Psychosis in Y USA psychosis in a dnbbs/genomics-research-branch/ancestral-
Mexicans pediatric cohort populations-network-apn
(EPIMEX) from Mexico.
A collaborative
: : network between
Genomicsof | Autism Brazil, | Brazil, Colombia, https:/Avww.nimh.nih.gov/about/organization/
Ancestries spectrum Peru and' Peru, and the United 128 dnbbs/genomics-research-branch/ancestral-
(GALA) disorder USA’ States focused on populations-network-apn
the genomics of
autism.
Argentina,
Brazil,
Chile,
Colombia, Established in 2019,
. . Costa Rica, | the aim of the
Latin A_merlcan - Ecuador, consortium is to .
Genomics All psychiatric Mexico advance psychiatric https:// ) ) )
E:Logéo(r:t)lum disorders Peru, genomics research www.latinamericangenomicsconsortium.org/
Puerto in Latin American
Rico, USA, | populations.
Canada,
Spain,
Australia
£rgenting, | An NIMH-funded
Trans-Ancestry Brazil ! effort to
Genomic Analysis . y collect DNA
of Obsessive- Obsessive Canada, and comprehensive T ;
c : compulsive Chile, : 86,128 https://orit.research.bcm.edu/latinostudy/en
ompulsive disorder Colombia phenotypic data
Disorder Ecuador EI from 5,000 Latin
(LATINO) Salvadory American OCD
Honduras, cases.
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Psychiatric Countries T
Initiative Disorder(s) involved Description Reference Website
Mexico,
Paraguay,
Peru, USA
Neuropsychiatric . .
Genetics of Bipolar 4A6n88 t;s;i%ls'its o
I;/?é/)((:ir;ﬂs in S;syc::rr(]jgsris Mexico cases and 4,000 144145 Eggrs(:)/rgvng.broadlnstltute.org/stanley—gIobal/
Populations schizophrenia K/(IJ:}(EELS from
(NeuroMEX) '
To establish a cohort
Schizophrenia, of 8,000 mood or
bipolar psychotic disorders
Paisa Project disorder, major Colombia cases and 2,000 145,147
depressive healthy controls
disorder from the Paisa
region in Colombia.
Brazil,
Powering Genetic Colombia, .
Discovery for ) Ethiopia, ;rghggg;ur:: :;350225 os ) ) o
Severe Mental Bipolar Kenya, 40.000 binolar ! https://www.nimh.nih.gov/about/organization/
IlIness in Latin disorder, Nigeria, diéorder cpases and 128 dnbbs/genomics-research-branch/ancestral-
American and schizophrenia Uganda, ! populations-network-apn
African Ancestries South ggn??(?l Smatched
(PUMAS) Africa, and :
USA

Nat Genet. Author manuscript; available in PMC 2025 November 01.


https://www.broadinstitute.org/stanley-global/neuromex
https://www.broadinstitute.org/stanley-global/neuromex
https://www.nimh.nih.gov/about/organization/dnbbs/genomics-research-branch/ancestral-populations-network-apn
https://www.nimh.nih.gov/about/organization/dnbbs/genomics-research-branch/ancestral-populations-network-apn
https://www.nimh.nih.gov/about/organization/dnbbs/genomics-research-branch/ancestral-populations-network-apn

	Abstract
	Prevalence and burden of psychiatric disorders in Latin American populations
	The current state of psychiatric genetics in Latin American populations
	Autism
	Attention-deficit/hyperactivity disorder (ADHD)
	Schizophrenia
	Bipolar disorder
	Major depressive disorder MDD
	Anxiety disorders
	Obsessive-compulsive disorder OCD
	Post-traumatic stress disorder PTSD
	Feeding and eating disorders
	Substance use and SUDs
	Suicide

	Social Determinants of Mental Health SDoMH and gene-environment interactions
	Gaps and methodological considerations for genomic analysis in admixed Latin American populations
	Towards sustainable, equitable psychiatric genetics research in Latin America
	Latin American Genomics Consortium
	References
	Table T1
	Fig. 1.
	Fig. 2.
	Table 1.



