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FXTAS and the Spectrum of FMR1
Premutation-Associated Phenotypes in
Latin America: A Scoping Review

Amy Schmidmajer,’ (©) Salomén Péez-Garcia, MD,"? () Santiago Martinez, MD,"? (2) Jacobo Ramirez-Triana, MD,"?
Kevin O’Hara-Veintimilla, MD,® () Andrés Ricaurte-Fajardo, MD,"** {2 and Catalina Cerquera-Cleves, MD, MSc'%>*

Abstract: Background: Fragile X-associated tremor/ataxia syndrome (FXTAS) is a late-onset
neurodegenerative disorder caused by FMR1 premutation expansions (55-200 CGG repeats). Although well
described in populations of predominantly European ancestry, FXTAS remains poorly characterized in Latin
America due to limited awareness, restricted access to molecular diagnostics, and scarce

epidemiological data.

Objective: To synthesize available evidence on FXTAS and other FMR1 premutation-associated phenotypes in
Latin America, focusing on epidemiology, clinical and neuroimaging features, diagnostic approaches, and
atypical presentations.

Methods: A scoping review was conducted following PRISMA-ScR guidelines. PubMed, EMBASE, Scopus, and
LILACS were searched without date restrictions (last search: April 2025). Eligible studies reported FXTAS cases
or FMR1 premutation carriers from Latin American countries. Data were extracted on demographics, clinical
manifestations, neuroimaging, molecular findings, and country of origin.

Results: Twenty-five studies including 5531 participants reported 38 FXTAS cases and 386 premutation carriers
without FXTAS. Diagnoses of FXTAS occurred mainly between ages 53 and 85 years. Gait ataxia and tremor
predominated, while parkinsonism, peripheral neuropathy, executive dysfunction, and psychiatric symptoms
were also reported. Generalized cerebral atrophy was more frequent than the middle cerebellar peduncle sign.
Atypical phenotypes, including spastic paraparesis and progressive supranuclear palsy-like presentations,
contributed to diagnostic delays. Premutation carriers commonly exhibited fragile X-associated primary ovarian
insufficiency and neuropsychiatric manifestations.

Conclusions: FXTAS is likely underdiagnosed in Latin America despite recognizable clinical patterns and
associated premutation-related conditions. Improving clinician awareness, access to genetic testing, and
standardized diagnostic evaluation is essential. Prospective regional studies are needed to define prevalence,
penetrance, and gene-environment interactions.
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REVIEW

FXTAS AND FMR1 SPECTRUM IN LATIN AMERICA

Introduction

Fragile X-associated tremor/ataxia syndrome (FXTAS) is a pro-
gressive neurodegenerative disorder caused by premutation
expansions (55-200 CGG repeats) in the FMR1 gene.1 While
the full mutation (>200 repeats) leads to Fragile X syndrome
(FXS), a childhood-onset neurodevelopmental disorder, the pre-
mutation gives rise to a heterogeneous spectrum of neurological
and systemic conditions in adulthood, among which FXTAS is
the most recognized.

In FXTAS, the FMR1 premutation leads to toxic RNA accu-
mulation and aberrant protein production via repeat-associated
non-AUG (RAN) translation, resulting in neuronal damage,
mitochondrial dysfunction, and the development of ubiquitin-
positive intranuclear inclusions within neurons and glial cells."
Diagnosis relies on integrating clinical evaluation, genetic confir-
mation of the premutation, and neuroimaging.'” Clinically,
FXTAS is most often characterized by intention tremor, gait
ataxia, parkinsonian features, and cognitive decline. Additional
manifestations such as peripheral neuropathy, autonomic dysfunc-
tion, and psychiatric symptoms have also been reported, reflecting
the variability of its presentation.””> T2 hyperintensities in the mid-
dle cerebellar peduncles are considered the most distinctive radio-
logical hallmark, although white matter changes in other regions
and generalized brain atrophy are frequently observed.”

While the prevalence and impact of FXTAS have not been
extensively studied in Latin America, several significant case
reports and studies provide valuable insights into its occurrence
and clinical features. Colombia has one of the highest preva-
lences of FXS globally, particularly in the town of Ricaurte,
Valle del Cauca, where the full mutation affects 1 in 19 men and
1 in 46 women, while the premutation is carried by 1 in 85 men
and 1 in 25 women.’

Over the past two decades, the clinical spectrum associated with
the FMR1 premutation has expanded substantially, driven by
increased awareness and wider access to molecular testing.® Pre-
mutation alleles, once considered largely asymptomatic, are now
known to be associated with several RINA toxicity—mediated con-
ditions, including FXTAS,” fragile X-associated primary ovarian
insufficiency (EXPOI),® and the more recently described fragile
X-associated neuropsychiatric disorders (FXAND).”

Beyond these defined syndromes, FMR1 premutation carriers
may present with additional clinical manifestations that do not ful-
fill diagnostic criteria for EXTAS, FXPOI, or FXAND but occur
at higher frequencies than in the general population. These include
systemic and neurological features such as hypertension, myalgias,
and peripheral neuropathy in the absence of classical FXTAS
signs.z’m From a psychiatric perspective, premutation carriers also
exhibit increased rates of depression and anxiety disorders, which
have been linked to mitochondrial dysfunction, calcium dys-
regulation, oxidative stress, chronic DNA damage, and inclusion
formation affecting limbic and frontal-subcortical circuits.”' "'

Despite these advances, knowledge regarding FXTAS and other
FMR1 premutation—associated phenotypes in Latin America
remains limited. Low clinical awareness, scarce epidemiological

data, heterogeneous reporting, and restricted access to molecular
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diagnostics contribute to underrecognition and delayed diagnosis
in the region. Accordingly, this scoping review aimed to synthesize
the existing evidence on FXTAS in Latin America, providing an
overview of reported epidemiological and clinical characteristics
while highlighting current challenges and research gaps.

Materials and Methods

We conducted a scoping review following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR) guidelines.

Eligibility Criteria

We included peer-reviewed studies conducted in Latin American
countries—defined as those in South America, Central America,
and North America (with Mexico as the sole representative in
the latter), as specified in the Supporting Information—that
explicitly reported individuals carrying an FMR1 premutation.
Eligible studies described patients with FXTAS, other FMR1
premutation—associated phenotypes, or premutation carriers with-
out overt FXTAS manifestations.

FXTAS cases were included when diagnosis was reported
according to specified clinical, molecular, and/or neuroimaging
criteria. Observational studies (including cross-sectional designs)
and case reports were eligible for inclusion.

We excluded studies involving individuals with FXS associ-
ated with full FMR1 CGG repeat expansions. Narrative reviews
were excluded. Dissertations, conference proceedings, letters,
and poster abstracts were also excluded. No restrictions were

placed on publication date.

Search Strategy

A systematic literature search was conducted in PubMed,
EMBASE (Elsevier), Scopus, and LILACS. Database-specific
controlled vocabulary terms and free-text keywords related to
FXTAS, FMR1 premutation, and Latin America were used. The
full search strategies are detailed in Appendix S1. The final search
was performed in April 2025.

After duplicate removal, two independent reviewers (AS and
SPG) screened titles and abstracts for eligibility. Full texts of
potentially relevant articles were subsequently assessed. Discrep-
ancies were resolved by consensus and, when necessary, by con-

sultation with a third reviewer (SM).

Data Extraction and Analysis

Data extraction was independently performed by two reviewers
(AS and SPG) using a standardized data extraction form.
Extracted variables were defined a priori to correspond directly
to the descriptive domains presented in Tables 1 and 2.

For each included study, we extracted first author and year of
publication, country, and study design. For studies reporting
FXTAS cases, additional extracted data included the number of
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TABLE 1 Continued

Number of
patients with
FXTAS/Total

# or range of
CGG repeats

FMR1 mutation
status of cohort/of

Brain MRI

1

inical
manifestations

Cl

Diagnostic

FXTAS

subjects

1mn

assessed (sex Age of FXTAS

distribution)

Study

findings

methods

FXTAS patients

iagnosis

d

design

Country

Study

38/356 120 PM, 104 EM, 3

Total

GZ, 28 N, 6 Mo, 95
NR (1 = 356)/24

(14 males, 15

females, 9 not
specified)

PM, 3 GZ, 2 FM, 9
Not specified
(n=38)

GG, Cytosine-guanine-guanine trinucleotide repeat; FM, full mutation; FMR1, Fragile X mental retardation 1 gene; FXPOI, Fragile X-associated primary ovarian insufficiency; FXTAS, Fragile X-associated tremor/

Abbreviations:

ataxia syndrome; GZ, gray zone; MCP, middle cerebellar peduncle; Mo, Mosaic; MRI, Magnetic resonance imaging; N, normal alleles; NR, Not reported; PCR, Polymerase chain reaction; PM, premutation; yo, years-old.

individuals diagnosed with FXTAS and the total number
of assessed participants, sex distribution, age at FXTAS diagnosis,
FMR 1 mutation status in the assessed cohort, FMR1 mutation
status in patients with confirmed FXTAS, CGG repeat size, diag-
nostic methods used, reported clinical manifestations, and brain
magnetic resonance imaging (MRI) findings.

For studies including FMR1 premutation carriers without
FXTAS manifestations, the same data fields were extracted when
available, including number of carriers without FXTAS and total
assessed participants, sex distribution, FMR 1 mutation status, diag-
nostic methods, reported clinical manifestations, and brain MRI
findings. Variables not mentioned were recorded as not reported.

Discrepancies in data extraction were resolved through discus-
sion and consensus. When required, a third reviewer (SM) was
consulted to adjudicate disagreements. Due to heterogeneity in
study designs, outcomes, and reporting practices, the results were
synthesized descriptively, without quantitative meta-analysis or
formal risk of bias assessment.

In accordance with the PRISMA Extension for Scoping
Reviews (PRISMA-ScR), no formal risk of bias or methodologi-
cal quality assessment was performed, as the primary objective of
this review was to map the existing evidence, characterize
reported phenotypes, and identify knowledge gaps rather than to
evaluate intervention effects or generate pooled estimates.

Results
Study Selection

A total of 256 records were initially identified, of which 25 arti-
cles were assessed in full text. The main reasons for exclusion
included duplicate entries, lack of full-text availability (abstracts
only), and failure to meet the inclusion criteria (non—Latin
American populations, narrative reviews, or patients without
FXTAS or FMR1 premutation). The PRISMA flow diagram is
shown in Figure 1.

Overview of Included Studies
and Populations

The 25 included studies comprised a total of 5531 screened par-
ticipants. Among them, within the sample that had a FMR1
expansion (premutation, gray-zone or full-mutation), 38 individ-
uals had a confirmed diagnosis of FXTAS, and 386 were FMR1
premutation carriers without clinical manifestations of FXTAS.
Twelve studies included patients with FXTAS,**2

teen studies enrolled FMR1 premutation carriers without FXT-
AG A 1416.21.24-36 4,14,16,21

seven-

and four studies included both groups.

Regarding study design, three were case—control studies,?*>%3*

202126 . . 4,13,17,18,19,22,23,25
eight case reports, ten

14-16,24,27,30-32,35,36

three case series,

cross-sectional studies, and one retrospective

cohort study.?’

. . . . 14,16,18,24,25

Geographically, studies originated from Colombia, ™"

6 1.13.17.19,22,23,27.28,31,33,35.,36 15,20,32,34
)

. 2 . .
Argentina, Brazi Mexico,
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FXTAS AND FMR1 SPECTRUM IN LATIN AMERICA

TABLE 2 Characteristics of individuals carrying the FMR1 premutation without FXTAS manifestations across Latin American studies

# of patients with

FMR1
premutation
without FXTAS/ Clinical
Total assessed Diagnostic manifestations other
Study Country Study design (sex distribution) methods than FXTAS Brain MRI findings
Ramirez-Cheyne Colombia Cross sectional 15/55 (3 males and WES 3/19 with POI NR
et al (2023)*'* 12 females)
*4 with FXTAS
Saldarriaga et al ~ Colombia Cross sectional 118/1322 (22 males Karyotype, PCR, NR NR
(2021)* and 96 females) Southern Blot,
Exome
Cabal-Herrera Colombia Case report ~ 1/1 (1 male) NR 1/1 Alcohol abuse, Mild frontal atrophy,
et al (2020)% irritability, delusional ~ mild
jealousy, depression ventriculomegaly
and aggressive and white matter
behavior disease in the
periventricular
regions

Ormazabal et al ~ Argentina Case series 22/55 (3 males and PCR, Southern  3/19 females with NR

(2019)%° 19 females) Blot POI, male
asymptomatic.
Ferreira et al Brazil Cross sectional 4/90 (4 males) PCR, 4/4 non-syndromic NR
(2019)*’ Electrophoresis ~ ASD
Saldarriaga et al  Colombia Cross sectional 21/25 (5 males and PCR, Southern  1/25 with POI NR
(2019)*1° 20 females) Blot 1/25 with seizures
*4 with FXTAS 1/25 with cognitive
deficit

2/25 with anxiety

1/25 with POI and
seizures

1/25 with POI and
anxiety

1/25 with cognitive
deficit and anxiety

1/25 with seizures,
cognitive deficit and
anxiety

6/19 asymptomatic

Miranda-Furtado Brazil Case control  4/121 PCR 4/4 with POI NR
et al (2018)%® (4 females)

Santa Maria et al ~ Chile Retrospective 67/2321 PCR, Southern  6/67 (5 males and 1 NR
(2016)*° cohort study (59 males, 8 Blot females) with ID,

females) rest not specified

Santa Maria et al ~ Chile Case report  2/6 (2 females) PCR, Southern  Not specified NR
(2014)** *1 with EXTAS Blot

Alliende et al Chile Case series 49/152 (39 females, PCR, Southern  Not specified (17 NR
(2012)**! rest not specified) Blot females with POI

*9 with FXTAS and 9 subjects with

FXTAS, genetic
profile of these
groups is not
known)

(Continues)
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TABLE 2 Continued

# of patients with

FMR1
premutation

without FXTAS/

Clinical

Total assessed Diagnostic  manifestations other
Study Country Study design (sex distribution) methods than FXTAS Brain MRI findings
Yuhas et al Guatemala Cross sectional 10/105 (2 males PCR, Southern  Not specified NR
(2009)*° and 8 females) Blot
Reis et al (2008)°" Brazil Cross sectional 1/66 (1 male) PCR 1/1 Asymptomatic NR
Barros-Nuiiez Mexico  Cross-sectional 8/540 (sex not PCR, Not specified NR
et al (2008)* specified) Electrophoresis
Costa et al Brazil Case control ~ 23/157 (23 temales) PCR, 23/23 with POI NR
(2006)>* Electrophoresis,
Southern Blot
Rosales-Reynoso Mexico  Case control ~ 3/129 (3 males) PCR 3/3 Moderate ID NR
et al (2005)**
Machado-Ferreira Brazil Cross sectional 6/26 (6 females) Southern Blot 4/6 with POI NR
et al (2002)*°
Mingroni-Netto  Brazil Cross sectional 32/242 (sex not PCR, Southern  Not specified NR

et al (1996)° specified)

386/5413 (103
males and 233
females,

50 not specified)

Total

Blot

*Patients with FXTAS were included but not counted in this table.

Abbreviations: ASD, Autism spectrum disorder; CGG, Cytosine-guanine-guanine trinucleotide repeat; FMR1, Fragile X mental retardation 1 gene; FXS, Fragile X
syndrome; FXTAS, Fragile X-associated tremor/ataxia syndrome; ID, Intellectual disability; MRI, Magnetic resonance imaging; NR, Not reported; PCR, Polymerase

chain reaction; POI, Primary ovarian insufficiency; WES, Whole exome sequencing.

Chile,**"** and Guatemala.*’

number of studies (n = 11), predominantly case reports and

Brazil contributed the largest

cross-sectional studies, followed by Colombia (n = 5) and Mex-
ico (n = 4). The geographic distribution of the included studies
is schematically illustrated in Figure 2.

FXTAS in Latin America

Epidemiology and Demographic
Characteristics

Across the 12 studies that included FXTAS cases, 38 patients
were identified. Specific age data were available for 18 of
38 patients (47.3% of the sample), with an age range of 53-85
years and a mean age of 66.83 years.

Both males and females were affected, although sex-specific
prevalence data were reported in only a limited number of stud-
ies (Table 1). One study conducted in Ricaurte, Colombia,
highlighted that symptoms suggestive of FXTAS were observed
in 50% of male carriers and 33.3% of female carriers aged over

16 Although potential environmental risk factors were

50 years.
infrequently assessed across studies, the Ricaurte study further

reported that all affected carriers were engaged in agricultural

work and had frequent exposure to pesticides through occupa-
tional activities, household storage, or contaminated food and

16
‘water.

FMRT1 Mutation Status and CGG Repeat
Distribution

Genetic data showed substantial heterogeneity among FXTAS
cases. Most patients were FMR 1 premutation carriers, with CGG
repeat sizes ranging from 56 to 200 repcats.“’fw’zz'z3 A small
number of individuals carried gray zone alleles (44-52 CGG

% and full mutation alleles (>200 repeats).*'

repeats) Among
the 120 patients with a confirmed FMR1 premutation reported
in the 12 studies that included FXTAS cases, 24 were reported
to have FXTAS diagnosis (19.3%). Several studies did not report

4,14,16,19,21

the exact CGG repeat number. A summary of genetic

findings is presented in Table 1.

Clinical Manifestations Associated with
FXTAS

Clinical manifestations were described in nine of the eleven stud-
ies, encompassing 24 FXTAS patients. The FXTAS phenotype
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Figure 1. PRISMA flow diagram. A total of 256 records were identified from Embase, LILACS, Scopus, and PubMed. After removal of
70 duplicates, 186 titles and abstracts were screened, and 92 full texts were assessed for eligibility. After full text review, 25 studies from
Latin America on FMR1 premutation-associated phenotypes were included.

was dominated by motor manifestations, particularly ataxia,™'*>

19,2223 . : 4,15,16,20,22
mtention tremor

4,15,17,20,22

and parkinsonian fea-

tures. Additional motor findings included postural

# of articles

Brazil Colombia Mexico Chile Argentina Guatemala
= o= Bl B = KB
Country

Figure 2. Geographic distribution of included studies by
country. Bars represent the number of published studies per
country. Brazil contributed the largest number of studies

(n = 1), followed by Colombia (n = 5), Mexico (n = 4), and Chile
(n = 3), with single studies from Argentina and Guatemala.
Created in https://BioRender.com.
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2

4,13,17,23

: 19,22 18,20 :
action tremor, tremor at rest, spastic-

instability,
.13 - 22
ity ~ and cerebellar signs.

Non-motor manifestations were less frequently reported

. . L 41523 . -
and included executive dysfunction, nonspecific cognitive

. . 18 . . .
1mpa1rment, autonomic symptoms SllCh as urinary 1mncon-

4,22,23

tinence, mild hearing loss,*” neuropsychiatric features (including

1618 apathy,” mood lability," and hypersomnolence), and

4,15,18

anxiety,
sensory symptoms such as peripheral neuropathy. Seizures and
FXPOI were reported to be associated in isolated cases.'*'® Detailed

clinical features are summarized in Table 1.

Neuroimaging Findings

Neuroimaging data were available for 18 FXTAS patients across
nine studies, with MRI being the most commonly used modal-
ity. The most frequently reported neuroimaging findings were

n=10),">?2 middle cerebellar peduncle

cerebral atrophy (
(MCP) sign (n=2),"*" and the coexistence of both findings
(n = 4),>** observed in approximately 33%, 11.1%, and 22.2%
of patients with available MRI data, respectively. Splenial T2

hyperintensities were reported less often (n=1),' and one
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patient had normal MRI findings despite clinical criteria of
FXTAS in the context of an FMR 1 premutation.”

Atypical imaging patterns were also reported, including cases
presenting with alternative brainstem signs (hummingbird sign)
in the absence of the classic MCP sign.!” Neuroimaging findings
are summarized in Table 1.

Atypical FXTAS Presentations

Three case reports described atypical clinical presentations of
FXTAS. One report detailed a male premutation carrier whose
initial presentation was dominated by progressive spasticity and
lower-limb weakness, leading to an initial diagnostic consider-
ation of hereditary spastic paraplegia. Neuroimaging later rev-
ealed bilateral MCP and splenial abnormalities, supporting a
diagnosis of FXTAS with a spastic phenotype.'?

Another case involved a male premutation carrier identified
through familial screening who developed rapidly progressive
cognitive decline with a frontal-subcortical profile, followed by
gait ataxia and urinary incontinence, accompanied by typical
FXTAS MRI findings.>

A third case described an elderly female premutation carrier
with gait impairment and postural instability whose MRI showed
a “hummingbird sign” and features suggestive of nigrostriatal
involvement. Although initially interpreted as progressive supra-
nuclear palsy, the overall phenotype was considered consistent
with a PSP—pure akinesia with gait freezing phenotype in the
context of FMR1 premutation.17

Diagnostic Approaches

Diagnosis of FXTAS consistently relied on a combination of
clinical evaluation, genetic testing, and neuroimaging. Several
studies employed standardized clinical scales, including the Scale
for the Assessment and Rating of Ataxia (SARA) and the Fahn—
Tolosa—Marin tremor scale,'®'®!" the International Cooperative
Ataxia Rating Scale (ICARS),'®** and the Unified Parkinson’s
Disease Rating Scale (UPDRS).?

Genetic testing of the FMR1 gene was performed in all stud-
ies, most commonly using polymerase chain reaction (PCR) and
Southern blot techniques to determine CGG repeat length and,

1372 T es frequently, addi-

in some cases, methylation status.
tional complementary approaches, such as FMR1 mRNA quan-
tification, were used to assess gene expression but not as primary
diagnostic methods.* One study evaluating revised FXTAS diag-
nostic criteria showed a sensitivity of 36% and a specificity of
43%, with a positive predictive value of 7% and a negative pre-

dictive value of 85%."°

Treatment and Management

Treatment approaches were predominantly symptomatic. Phar-
macological data were reported in only two studies. In one case,
levodopa was administered at a dose of 800 mg/day without
clinical improvement. In another report, the patient was treated
with propranolol, primidone, and clonazepam, also without

significant symptomatic benefit. No specific pharmacological
treatment details were reported in the remaining studies.

One study reported the use of deep brain stimulation targeting
the ventral oral posterior nucleus and zona incerta in a patient
with severe tremor and ataxia, resulting in sustained motor
improvement over 30 months without adverse effects.”

Additionally, the importance of specialized multidisciplinary
centers was emphasized, integrating genetic diagnosis and
counseling with rehabilitative therapies and facilitating early rec-
ognition of FXTAS among premutation carriers.'

Summary of Findings in Latin American
Cohorts Including Patients with FXTAS

Table 3 provides a structured summary of the key epidemiologi-
cal, genetic, clinical, and neuroimaging findings identified among
Latin American patients diagnosed with FXTAS, synthesized
from the data presented in Tables 1 and 2. The table highlights
both the principal patterns and atypical features observed across
cohorts, offering a consolidated reference for the most relevant

and unusual findings.

FMR1 Premutation Carriers
without FXTAS in Latin America

Population Characteristics

Across the 17 studies that included FMR1 premutation carriers
without FXTAS, 386 individuals were identified among 5413
assessed participants. Sex was reported for most individuals, with a
predominance of females (233 females, 103 males), while sex was
not specified in 50 cases. Four of the 17 studies reporting FMR1
premutation carriers without FXTAS provided specific age data,
corresponding to 41 of the 386 patients (10.6%). Among these
41 patients, the age range was 18-80 years, with a mean age of
45.29 years. Many carriers were identified through family screen-
ing of individuals with FXS. A complete description of demo-
graphic characteristics for each study is provided in Table 2.

Diagnostic Approaches

Genetic diagnosis was performed primarily using PCR and South-
ern blot analysis, either alone or in combination,*!¢-20-21242673¢
Capillary electrophoresis was used in several studies to refine CGG

273233 \Whole Exome Sequencing (WES) and karyo-

repeat sizing.
. . . . . 142
type analysis were reported in a minority of studies."*** In some

studies, the diagnostic method was not specified.

Clinical Manifestations outside the FXTAS
Spectrum

Clinical features distinct from FXTAS were described in
13 studies.!*10202572932736 The most frequently reported
condition was FXPOI, affecting 40 women,'*16-21:26:28.33.35

Other  reported  manifestations included intellectual
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TABLE 3 Key epidemiological, clinical, and radiological findings in
Latin American FXTAS cohorts

Variable Patients with FXTAS diagnosis

Demographics ¢ Screened participants: 5531
* EXTAS cases (n = 38 confirmed)
o Sex (data available for 29 patients)

Male: 14/29 (48.3%)
Female: 15/29 (51.7%)
o Age (data available for 18 patients)

Mean (range): 66.8 (53-85)
Environmental ¢ Occupational pesticide
exposure exposure: 4/38 (10.5%)

o From a single Colombian cluster
Genetic status * FMR1 status (data available for 29 patients)

o PM: 24/29 (82.7%)
o GZ:3/29 (10.4%)
o EM: 2/29 (6.9%)

Clinical « Ataxia: 19/38 (50%)

*
BRI Intention tremor: 11/38 (29%)

» Parkinsonism features: 7/38 (18.4%)

* Postural instability: 4/38 (10.5%)

* Neuropathy: 7/38 (18.4%)

* Executive dysfunction / Cognitive
impairment: 7/38 (18.4%)

* Other neuropsychiatric symptoms
(eg, apathy, anxiety, mood lability):
5/38 (13.2%)

Atypical » Spastic paraparesis: 1/38 (2.6%)

presentations
.

Rapidly progressive dementia: 1/38 (2.6%)
» PSP-like phenotype: 1/38 (2.6%)
Neuroimaging ¢ Brain MRI (data available for 18 patients)

TS o Cerebral atrophy: 10/18 (55.6%)
o MCP sign: 2/18 (11.1%)
o Cerebral atrophy + MCP
sign: 4/18 (22.2%)
o Normal/nonspecific: 2/18 (11.1%)

*Clinical variables were non—mutually exclusive.

Abbreviations: FM, Full mutation; GZ, Gray zone; MCP, Middle cerebellar
peduncle; MRI, Magnetic resonance imaging; PM, Premutation; PSP, Progres-
sive supranuclear palsy.

16,29,34

disability, autism spectrum disorder,”” and neuropsy-

chiatric symptoms such as anxiety, irritability, and depres-

16,

. 2 . . .
sion.'®* Most carriers were asymptomatic or lacked detailed

clinical descriptions.

Neuroimaging Findings

Neuroimaging was reported in only one premutation carrier
without FXTAS, showing mild frontal atrophy, ventriculomegaly,
and periventricular white matter changes in association with neu-
ropsychiatric symptoms.?®> No additional imaging data were avail-
able. A summary of findings is provided in Table 2.

10 MOVEMENT DISORDERS CLINICAL PRACTICE 2026. doi: 10.1002/mdc3.70617

Discussion

This scoping review provides the most comprehensive synthesis
to date of FXTAS and FMR1 premutation—associated pheno-
types reported in Latin America. Overall, the clinical and radio-
logical features of FXTAS described in the region are broadly
consistent with those reported in cohorts of predominantly
European ancestry. However, several region-specific patterns
emerge that are relevant for clinical recognition and epidemio-
logical interpretation.

Across 25 studies comprising 5531 screened participants, only
38 individuals were diagnosed with FXTAS despite the presence
of large cohorts of reported FMR1 premutation carriers
(n =5006). This apparent underrecognition likely reflects the
insidious and slowly progressive nature of FMRI mRNA-
mediated neurotoxicity, which delays overt clinical expression,
together with limited access to molecular testing, low clinical
awareness of FXTAS, and substantial phenotypic heterogene-
ity 5378

ical, or non-classical manifestations predominate, increasing the

These factors are particularly relevant when early, atyp-

likelihood that FXTAS remains unrecognized or misclassified.

A clear age contrast emerged between individuals with
FXTAS and FMR1 premutation carriers without overt neurolog-
ical involvement. Among patients with FXTAS for whom age
data were available, the mean age was 66.83 years (range 53-85),
whereas FMR1 premutation carriers without FXTAS had a sub-
stantially lower mean age of 45.29 years (range 18-80). Although
age information was not available for the entire sample, this dif-
ference is consistent with the established age-related increase in
penetrance of FXTAS. In male premutation carriers, penetrance
increases markedly with age, ranging from approximately 17% in
those aged 50-59 years to up to 75% in individuals aged
>80 years”” (approximately 40-45% across age groups).*’ Data in
females are more limited; however, penetrance of FXTAS
appears consistently lower than in males, estimated at approxi-
mately 16% in comparable age ranges.*” These findings support
the interpretation that the lower frequency of FXTAS observed
in this regional sample may partly reflect the age structure of the
studied cohorts, particularly among carriers identified through
family screening at younger ages.

A notable observation was the relatively balanced sex distribu-
tion among reported FXTAS cases. This contrasts with data from
cohorts of predominantly European ancestry, where the FMR1
premutation is more prevalent in women (approximately 1 in
129-151 females vs. 1 in 468-649 males),*""** yet EXTAS shows

. 6,38
a clear male predominance.””

This pattern has been attributed
to the higher age-dependent penetrance observed in males, par-
ticularly after 50 years of age.*”**** This finding should be inter-
preted cautiously given small sample sizes, incomplete sex
reporting, and the predominance of case-based designs. Addi-
tionally, regional factors, including founder-effect populations
with high FMR1 expansion frequencies in both sexes,” may
influence ascertainment patterns without implying equivalent
biological penetrance.

Environmental exposures, including chronic contact with

neurotoxic agricultural pesticides reported in some communities,
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have been proposed as potential modifiers of disease expression;
however, supporting evidence is still scarce.'® Reports outside
Latin America have described earlier-than-expected FXTAS
onset in premutation carriers chronically exposed to organochlo-
rine pesticides, industrial solvents such as toluene diisocyanate
and dichloromethane, hexachlorocyclopentadiene-related com-
pounds, and herbicides.*® Additionally, chemotherapy exposure
(eg, carboplatin) has also been associated with transient worsen-

6 Collectively,

ing of tremor and ataxia in susceptible carriers.
these observations underscore the importance of further investi-
gation into environmental factors that may modulate FXTAS
penetrance in Latin America.

From a molecular perspective, most FXTAS cases involved pre-
mutation alleles, but individuals with gray-zone and full-mutation
alleles were also identified. This observation aligns with emerging
evidence from other regions indicating that FXTAS-like pheno-

. . . 14,47
types can occur outside the classical premutation range, ™

partic-
ularly in mosaic or partially methylated contexts.

Gray-zone FMR1 alleles have been associated with par-
kinsonism,*® a phenotype traditionally considered a minor fea-
ture within the FXTAS spectrum, and gray-zone expansions
have even been reported to be associated with Parkinson’s disease
(PD).* In this cohort, one of three gray-zone carriers (female)
presented parkinsonism, consistent with prior reports suggesting
increased susceptibility in gray-zone carriers, particularly women.*®
Findings across cohorts support a clinical continuum across FMR1
CGG expansion ranges. Although the small number of gray-zone
cases precludes genotype—phenotype inference, this variability
highlights the limitations of strict molecular cutoffs and supports a
clinically driven diagnostic approach, consistent with expanded
criteria recognizing that any pathogenic FMR1 expansion may
confer EXTAS risk when clinical suspicion is high.>

Clinically, FXTAS presentations in Latin America closely
resemble those reported elsewhere, with gait ataxia and intention

50,51 . .
>" Parkinsonian

tremor as the most frequent motor features.
signs were also commonly described, underscoring the potential
for clinical overlap with idiopathic PD or atypical parkinsonian
52 T . .
syndromes.”” This overlap is clinically relevant, as it may contrib-
ute to misdiagnosis in older adults when FMR1 testing is not
routinely considered. Non-motor manifestations, including

4,15,18,23

peripheral neuropathy,'>>? executive dysfunction, and

161823 \were frequently reported

neuropsychiatric symptoms,
and further emphasize the multisystem nature of FXTAS. Impor-
tantly, accumulating evidence indicates that the phenotypic
expression of the FMR1 premutation differs between men and
women across the entire clinical spectrum, extending beyond
penetrance rates to differences in neurological, cognitive, psychi-
atric, and radiological manifestations. However, sex-stratified
analyses were not feasible in our sample due to inconsistent and
incomplete reporting of clinical manifestations by sex across the
included studies.

Several cases exhibited atypical presentations, including spastic
paraparesis,”” rapidly progressive cognitive decline,?® and pheno-
types resembling progressive supranuclear palsy.'” These reports
illustrate that FXTAS may initially involve non-cerebellar neu-

ral systems,”® potentially delaying recognition when classical

tremor—ataxia features are absent. Atypical neuroimaging find-
ings, such as non-MCP white matter changes or isolated cerebel-
lar atrophy, further complicate diagnosis.” Reports from cohorts
outside Latin America have additionally described rare move-
ment disorders such as chorea or generalized reflex myoclonus as
a manifestation of FXTAS, although they are not considered

54-56
core features.>" >

Retrospective analyses highlight substantial
diagnostic heterogeneity prior to FXTAS recognition, with com-
mon initial diagnoses including parkinsonism (24%), tremor
(20%), ataxia (17%), dementia (13%), and cerebrovascular dis-
case (10%).%”

Neuroimaging findings across studies were heterogeneous.
The MCP sign was reported in only a minority of cases, >34
whereas generalized cerebral atrophy was more frequently

4,15,16,18,19,22,23 . .
d. 2% 22% Normal or nonspecific MRI findings

describe
were also reported in clinically compatible cases, consistent with
previous observations that imaging abnormalities may be absent
in early disease stages or in women.>® These findings reinforce
that neuroimaging should be interpreted as a supportive, rather
than definitive, diagnostic component.'

Diagnostic approaches were broadly aligned with international
recommendations, combining clinical assessment, molecular test-
ing, and neuroimaging.®® However, standardized rating scales
and formal diagnostic criteria were inconsistently applied, partic-
ularly in atypical cases. In some reports, a diagnosis of FXTAS
was assigned despite incomplete fulfillment of classical radiologi-
cal criteria (eg, absence of the MCP sign), and in a few instances
the diagnosis was extended to individuals with gray-zone alleles
or unmethylated full-mutation expansions rather than strictly
within the premutation range. These decisions likely reflected a
clinically driven approach in the context of suggestive neurologi-
cal features and documented FMR1 expression. Some studies
incorporated standardized rating scales such as SARA, ICARS,
FTM, and MDS-UPDRS (part III) to quantify motor and ataxic

16.18:1922 This variability, together with limited diag-

symptoms.
nostic resources,” likely contributes to underrecognition and
incomplete phenotypic characterization in the region.

Beyond FXTAS, we identified 386 FMR1 premutation car-
riers without an FXTAS phenotype, many of whom presented
other premutation—associated conditions, including FXPOI,
intellectual disability, autism spectrum disorder, and affective or
behavioral disturbances such as anxiety, irritability, and depres-
sion. The predominance of FXPOI among female carriers—
affecting approximately 20% before age 40, particularly in those
with 75-100 CGG repeats>'—along with recurrent neuropsychi-
atric manifestations, aligns with the broader framework of FMR1
premutation—associated disorders (FXPOI, FXTAS, FXAND),
thought to arise from shared mechanisms including RINA toxic-
ity, mitochondrial dysfunction, and chronic cellular stress.'
However, clinical characterization in Latin American reports was
often incomplete, with limited sex and age data, no neuroimag-
ing report, and heterogeneous molecular diagnostic methods,
particularly among asymptomatic or mildly symptomatic individ-
uals identified through family screening. These limitations likely
contribute to underrecognition of the true clinical burden and
underscore a critical gap in systematically defining the penetrance
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and full spectrum of premutation-associated manifestations in the
region. In this context, the underrepresentation of Latin Ameri-
can populations in human genetics research may further limit the
generalizability of genotype—phenotype associations derived
largely from predominantly European-ancestry cohorts. Our
findings underscore the need for systematic, regionally grounded
studies of FXTAS and other FMR1 premutation—associated
phenotypes.

Strengths and Limitations

This scoping review provides the first regionally focused synthesis
of FXTAS and FMR1 premutation—associated conditions in
Latin America, integrating evidence across countries with impor-
tant genetic and environmental particularities. A comprehensive
search strategy across multiple databases strengthened the inclu-
sion of studies from diverse settings, and the structured extraction
of clinical, genetic, and neuroimaging data enabled a multi-
dimensional characterization of affected individuals.

However, several limitations must be acknowledged. Most
available studies were case reports or small observational cohorts,
limiting the precision of prevalence estimates and reducing the
strength of causal inferences. Clinical documentation was hetero-
geneous and typically incomplete, particularly regarding neuro-
psychological and autonomic assessments, which may
underestimate the true extent of non-motor involvement. Neu-
roimaging findings were inconsistently reported and frequently
limited to qualitative descriptions. Age was not systematically
reported for all patients, restricting more robust comparisons
between FXTAS and non-FXTAS premutation carriers and lim-
iting inferences regarding age-dependent penetrance. Addition-
ally, selection bias is likely, since individuals undergoing genetic
testing in Latin America often originate from clinically complex
or familial cases rather than representative population samples.
Finally, the absence of standardized diagnostic criteria for
premutation—associated neuropsychiatric and systemic manifesta-
tions restricts the ability to delineate the full clinical spectrum in
asymptomatic or mildly symptomatic carriers.

Future Directions

Addressing these gaps will require coordinated regional research
efforts. Prospective, longitudinal cohort studies with standardized
neurological, cognitive, psychiatric, and imaging evaluations are
essential to clarify disease trajectories and penetrance, particularly
among female carriers and individuals with gray-zone or full-
mutation expansions. Environmental and occupational exposure
assessments should be incorporated to better characterize poten-
tial gene—environment interactions, especially in agricultural
communities with known neurotoxic risks.

Expanding access to molecular diagnostics and specialized
neurological care is also crucial to reduce diagnostic delays and
capture earlier disease stages. Screening programs targeting high-
risk families and founder-effect populations could improve case
detection and enhance genetic counseling infrastructure. Harmo-
nization of diagnostic criteria and systematic surveillance across
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Latin America would facilitate inter-country comparisons and
guide public health strategies. Future reports should also ensure
systematic documentation of key clinical and molecular variables,
including age, sex, CGG repeat number (range and mean), and
pharmacological treatments used in patients with FXTAS. Stan-
dardized reporting of these variables would strengthen genotype—
phenotype correlations, allow more accurate age-stratified pene-
trance estimates, and improve comparability across cohorts.
Finally, translational research exploring biomarkers, modifiable
risk factors, and emerging therapeutic interventions may contrib-
ute to more precise and preventive approaches to FMRI-

associated neurodegeneration in the region.

Conclusions

This scoping review demonstrates that FXTAS is reported in
Latin America with clinical, radiological, and molecular features
largely consistent with global descriptions, but with notable
regional particularities, including a more balanced sex distribu-
tion and frequent atypical presentations. FXTAS appears to be
underrecognized in the region, and phenotypic heterogeneity
likely contributes to diagnostic delay.

Given the broad spectrum of FMR1 premutation—associated
manifestations, FXTAS should be considered in the differential
diagnosis of late-onset movement, parkinsonian, or cognitive dis-
orders. Diagnosis should rely on integrated clinical assessment,
molecular testing, and neuroimaging rather than on classical phe-
notypes alone. Improving access to molecular diagnostics and
increasing clinician awareness are key steps to reduce missed or
delayed diagnoses. Future studies should prioritize prospective,
population-based approaches to better define prevalence, pene-
trance, and modifiers of disease expression in Latin America.

Author Roles

(1) Research project: A. Conception, B. Organization,
C. Execution; (2) Statistical Analysis: A. Design, B. Execution,
C. Review and Critique; (3) Manuscript Preparation: A. Writing
of the first draft, B. Review and Critique;

A.S.: 1B, 1C, 2B, 2C, 3A, 3B

S.P.G.: 1B, 1C, 2B, 2C, 3A, 3B

S.M.: 1C, 2B, 2C, 3A

JR.T.: 1C, 2B, 2C, 3A

K.O.V.: 1C, 2A, 3B

ARF.: 2C, 3B

C.C.C.: 1A, 1B, 2C, 3B

Disclosures

Ethical Compliance Statement: This scoping review does not
involve human participants or identifiable data and, therefore,
does not require approval from an ethics committee or informed

251017 SUOLULLIOD) AITERID) B[l dde 3} A PeLBA0B 818 SB 1L WO 128N J0 SBINI O AZRIq1 BUIIUO AB]IA U (SUOIIPUOD-PUB-SLLBHLLIOY" B W Aeic)1[ou 1 |UO//:SANL) SUORIPUOD) PUB SULR L 81 885 *[9202/40/20] UO AIqIT2UIIUO /B |IA "2IGW0|00 BURIL0D) AQ £TO0Z EIPLU/Z00T OT/I0P/LIOO" 3] IM:ARIG[BUIIUO S BPI0S IPIUBWSAOLLY/'SANY W01 Papeolumod ‘0 ‘6TOTOEEZ



SCHMIDMAJER A. ET AL.

REVIEW

consent. We confirm that we have read the Journal’s position on

issues involved in ethical publication and affirm that this work is

consistent with those guidelines.

Funding Sources and Conflicts of Interest: The authors

received no financial support for the research, authorship, or

publication of this article. All authors meet the authorship criteria

as defined by the International Committee of Medical Journal
Editors (ICMJE), declare that they have no conflicts of interest,
and confirm that no related papers from the same study, nor any

similar manuscripts, have been published elsewhere.

Financial Disclosures and
Conflicts of Interest

Author disclosures are available in the Supporting Information.

Data Availability Statement

The data analyzed in this scoping review were derived from pub-

licly available sources cited in the article. [l

References

1.

w1

10.

11.

. Saldarriaga  Gil

. Hagerman

Cabal-Herrera AM, Tassanakijpanich N, = Salcedo-Arellano M]J,
Hagerman R]J. Fragile X-associated tremor/ataxia syndrome (FXTAS):
pathophysiology and clinical implications. IJMS 2020;21:4391. https://
doi.org/10.3390/1jms21124391.

. Hagerman RJ, Hagerman P. Fragile X-associated tremor/ataxia syn-

drome — features, mechanisms and management. Nat Rev Neurol 2016;
12:403-412. https://doi.org/10.1038/nrneurol.2016.82.

W, Forero Forero JV, Gonzilez Teshima LY,
Hagerman R. Sindrome de temblor y ataxia asociado a frigil X
(EXTAS): revisién de la literatura. Acta Neurol Colomb 2015;31(3):325—
334. https://doi.org/10.22379/2422402248.

. Santa Marfa L, Pugin A, Alliende MA, et al. FXTAS in an unmethylated

mosaic male with fragile X syndrome from Chile. Clin Genet 2014;86:
378-382. https://doi.org/10.1111/cge.12278.

. Saldarriaga W, Forero-Forero JV, Gonzilez-Teshima LY, et al. Genetic

cluster of fragile X syndrome in a Colombian district. J Hum Genet 2018;
63:509-516. https://doi.org/10.1038/5s10038-017-0407-6.

. Hagerman R, Hagerman P. Advances in clinical and molecular under-

standing of the FMR1 premutation and fragile X-associated
tremor/ataxia syndrome. Lancet Neurol 2013;12:786-798. https://doi.
org/10.1016/S1474-4422(13)70125-X.

. Tassanakijpanich N, Hagerman RJ, Worachotekamjorn J. Fragile X pre-

mutation and associated health conditions: a review. Clin Genet 2021;99:
751-760. https://doi.org/10.1111/cge.13924.

. Rosario R, Anderson R. The molecular mechanisms that underlie fragile

X-associated premature ovarian insufficiency: is it RNA or protein
based? Mol Hum Reprod 2020;26:727-737. https://doi.org/10.1093/
molehr/gaaa057.

RJ, Protic D, Rajaratnam A, Salcedo-Arellano M]J,
Aydin EY, Schneider A. Fragile X-associated neuropsychiatric disorders
(FXAND). Front Psychiatry 2018;9:564. https://doi.org/10.3389/fpsyt.
2018.00564.

Coftey SM, Cook K, Tartaglia N, et al. Expanded clinical phenotype of
women with the FMR 1 premutation. Am | Med Genet Pt A 2008;146A:
1009-1016. https://doi.org/10.1002/ajmg.a.32060.

Valor LM, Morales JC, Hervis-Corpién I, Marin R. Molecular patho-
genesis and peripheral monitoring of adult fragile X-associated syn-
dromes. IJMS 2021;22:8368. https://doi.org/10.3390/1jms22168368.

12.

13.

14.

15.

16.

17.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Napoli E, McLennan YA, Schneider A, et al. Characterization of the
metabolic, clinical and neuropsychological phenotype of female carriers
of the premutation in the X-linked FMR1 gene. Front Mol Biosci 2020;7:
578640. https://doi.org/10.3389/fmolb.2020.578640.

Almeida Fraiman PHA, Silva TYT, Marussi VHR, et al. Fragile X pre-
mutation mimicking late onset hereditary spastic paraplegia. Parkinsonism
Relat Disord 2024;119:105964. https://doi.org/10.1016/j.parkreldis.2023.
105964.

Ramirez-Cheyne ], Lopez D, Payin-Gémez C, Arcos-Burgos M,
Saldarriaga W. Fragile X syndrome in the largest world clustering.
I. Genetic epidemiology and founder eftect outline. Am J Med Genet Pt
A 2024;194:€63523. https://doi.org/10.1002/ajmg.a.63523.

Divila-Ortiz De Montellano DJ, Jara-Prado A, Rodriguez-Violante M,
et al. Low diagnostic accuracy of fragile X tremor/ataxia syndrome diag-
nostic criteria in late onset ataxia. Mov Disord 2019;34:582-583. https://
doi.org/10.1002/mds.27639.

Saldarriaga W, Salcedo-Arellano MJ, Rodriguez-Guerrero T, et al.
Increased severity of fragile X spectrum disorders in the agricultural com-
munity of Ricaurte, Colombia. Intl | Dev Neurosci 2019;72:1-5. https://
doi.org/10.1016/j.ijdevneu.2018.10.002.

Salomio RP, Vale TC, Marussi VHR, Barsottini OGP, Pedroso JL.
Late-onset hummingbird sign in a woman with fragile X premutation.
J Neurol Sci 2019;403:75-77. https://doi.org/10.1016/j.jns.2019.06.016.

. Saldarriaga-Gil W, Rodriguez-Guerrero T, Fandifio-Losada A, Ramirez-

Cheyne J. Sindrome de Tremor Ataxia y Falla Ovdrica Prematura en
portadora de la premutacién del gen FMR1. Colomb Med 2017;48:148—
151. https://doi.org/10.25100/cm.v48i3.3019.

. Dos Santos Ghilardi MG, Cury RG, Dos Angelos JS, et al. Long-term

improvement of tremor and ataxia after bilateral DBS of V o P/zona
incerta in FXTAS. Neurology 2015;84:1904-1906. https://doi.org/10.
1212/WNL.0000000000001553.

Jara-Prado A, Rodriguez-Violante M, Sinchez-Garcia D, Davila Ortiz
de Montellano DJ. Espectro de manifestaciones asociadas a X Frigil:
descripcién clinica y molecular de FMR1 en una familia Mexicana.
Archivos Neurociencias 2018;23:54—60.

Alliende MA, Santa Maria L, Curotto B, et al. Experiencia en el
diagndstico, pesquisa en cascada y manejo multidisciplinario de pacientes
con sindrome X frigil. Rev Chil Psiquiatr Neurol Infanc Adolesc 2012;23:
93-103.

Capelli LP, Gongalves MRR,, Kok F, Leite CC, Nitrini R, Barbosa ER,
Vianna-Morgante AM. Fragile X-associated tremor/ataxia syndrome:
intrafamilial variability and the size of the FMR1 premutation CGG repeat.
Mov Disord 2007;22:866—870. https://doi.org/10.1002/mds.21347.

Gongalves MRR, Capelli LP, Nitrini R, et al. Atypical clinical course of
FXTAS: rapidly progressive dementia as the major symptom. Neurology
2007;68:1864-1866. https://doi.org/10.1212/01.wnl.0000262058.
68100.ea.

Saldarriaga-Gil W, Cabal-Herrera AM, Fandifio-Losada A, Visquez A,
Hagerman R, Tassone F. Inequities in diagnosis of fragile X syndrome in
Colombia. J Appl Res Intellect Disabil 2021;34:830-839. https://doi.org/
10.1111/jar.12863.

Cabal-Herrera ~AM,  Saldarriaga-Gil W,  Salcedo-Arellano  M]J,
Hagerman R]J. Fragile X associated neuropsychiatric disorders in a male
without FXTAS. IRDR 2020;9:113-118. https://doi.org/10.5582/irdr.
2020.01028.

Ormazibal M, Solari A, Espeche L, et al. Fragilidad del X y otras entidades
asociadas al gen FMR 1: estudio de 28 familias afectadas. Arch Argent Pediat
2019;117(3):e257—e262. https://doi.org/10.5546/aap.2019.e257.

Ferreira JFB, Batista JS, Fantin C. Screening for FMR1 expanded alleles
in patients with autism Spectrum disorders in Manaus, Northern Brazil.
An Acad Bras Ciénc 2019;91:¢20180882. https://doi.org/10.1590/0001~
3765201920180882.

Miranda-Furtado CL, Luchiari HR, Chielli Pedroso DC, et al. Skewed
X-chromosome inactivation and shorter telomeres associate with idio-
pathic premature ovarian insufficiency. Fertil Steril 2018;110:476—485.e1.
https://doi.org/10.1016/j.fertnstert.2018.04.017.

Santa Marfa L, Aliaga S, Faundes V, et al. FMR1 gene mutations in
patients with fragile X syndrome and obligate carriers: 30 years of experi-
ence in Chile. Genet Res 2016;98:e11. https://doi.org/10.1017/
S0016672316000082.

Yuhas J, Walichiewicz P, Pan R, Zhang W, Casillas EM, Hagerman RJ,
Tassone F. High-risk fragile X screening in Guatemala: use of a new
blood spot polymerase chain reaction technique. Genet Test Mol Bio-
markers 2009;13:855-859. https://doi.org/10.1089/gtmb.2009.0108.

MOVEMENT DISORDERS CLINICAL PRACTICE 2026. doi: 10.1002/mdc3.70617 13

251017 SUOLULLIOD) AITERID) B[l dde 3} A PeLBA0B 818 SB 1L WO 128N J0 SBINI O AZRIq1 BUIIUO AB]IA U (SUOIIPUOD-PUB-SLLBHLLIOY" B W Aeic)1[ou 1 |UO//:SANL) SUORIPUOD) PUB SULR L 81 885 *[9202/40/20] UO AIqIT2UIIUO /B |IA "2IGW0|00 BURIL0D) AQ £TO0Z EIPLU/Z00T OT/I0P/LIOO" 3] IM:ARIG[BUIIUO S BPI0S IPIUBWSAOLLY/'SANY W01 Papeolumod ‘0 ‘6TOTOEEZ


https://doi.org/10.3390/ijms21124391
https://doi.org/10.3390/ijms21124391
https://doi.org/10.1038/nrneurol.2016.82
https://doi.org/10.22379/2422402248
https://doi.org/10.1111/cge.12278
https://doi.org/10.1038/s10038-017-0407-6
https://doi.org/10.1016/S1474-4422(13)70125-X
https://doi.org/10.1016/S1474-4422(13)70125-X
https://doi.org/10.1111/cge.13924
https://doi.org/10.1093/molehr/gaaa057
https://doi.org/10.1093/molehr/gaaa057
https://doi.org/10.3389/fpsyt.2018.00564
https://doi.org/10.3389/fpsyt.2018.00564
https://doi.org/10.1002/ajmg.a.32060
https://doi.org/10.3390/ijms22168368
https://doi.org/10.3389/fmolb.2020.578640
https://doi.org/10.1016/j.parkreldis.2023.105964
https://doi.org/10.1016/j.parkreldis.2023.105964
https://doi.org/10.1002/ajmg.a.63523
https://doi.org/10.1002/mds.27639
https://doi.org/10.1002/mds.27639
https://doi.org/10.1016/j.ijdevneu.2018.10.002
https://doi.org/10.1016/j.ijdevneu.2018.10.002
https://doi.org/10.1016/j.jns.2019.06.016
https://doi.org/10.25100/cm.v48i3.3019
https://doi.org/10.1212/WNL.0000000000001553
https://doi.org/10.1212/WNL.0000000000001553
https://doi.org/10.1002/mds.21347
https://doi.org/10.1212/01.wnl.0000262058.68100.ea
https://doi.org/10.1212/01.wnl.0000262058.68100.ea
https://doi.org/10.1111/jar.12863
https://doi.org/10.1111/jar.12863
https://doi.org/10.5582/irdr.2020.01028
https://doi.org/10.5582/irdr.2020.01028
https://doi.org/10.5546/aap.2019.e257
https://doi.org/10.1590/0001-3765201920180882
https://doi.org/10.1590/0001-3765201920180882
https://doi.org/10.1016/j.fertnstert.2018.04.017
https://doi.org/10.1017/S0016672316000082
https://doi.org/10.1017/S0016672316000082
https://doi.org/10.1089/gtmb.2009.0108

REVIEW

FXTAS AND FMR1 SPECTRUM IN LATIN AMERICA

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

14 MOVEMENT DISORDERS CLINICAL PRACTICE 2026. doi: 10.1002/mdc3.70617

Reis AHO, Ferreira ACS, Gomes KB, et al. Frequency of FMR1 pre-
mutation in individuals with ataxia and/or tremor and/or parkinsonism.
Genet Mol Res 2008;7:74-84. https://doi.org/10.4238/vol7-1gmr357.

Barros-Nufiez P, Rosales-Reynoso MA, Sandoval L, Romero-
Espinoza P, Troyo-Sanromdin R, Ibarra B. Genetic variation of the
FMR1 gene among four Mexican populations: mestizo, Huichol, Pur-
epecha, and Tarahumara. Am J Hum Biol 2008;20:259-263. https://doi.
org/10.1002/ajhb.20705.

Costa SS, Fonseca AMD, Bagnoli VR, et al. The FMR1 premutation as
a cause of premature ovarian failure in Brazilian women. Genet Mol Biol
2006;29:423—428. https://doi.org/10.1590/S1415-47572006000300002.

Rosales-Reynoso  MA, Mendoza-Carrera F, Troyo-Sanromian R,
Medina C, Barros-Nuanez P. Genetic diversity at the FMR1 locus in
Mexican population. Arch Med Res 2005;36:412—417. https://doi.org/10.
1016/j.arcmed.2004.05.005.

. Machado-Ferreira M, Costa-Lima M, Boy R, Esteves G, Pimentel M.

Premature ovarian failure and FMR1 premutation co-segregation in a
large Brazilian family. Int | Mol Med 2002;10:231-233. https://doi.org/
10.3892/ijmm.10.2.231.

Mingroni-Netto RC, Haddad LA, Vianna-Morgante AM. The number
of CGG repeats of the FMR1 locus in premutated and fully mutated
heterozygotes and their offspring: implications for the origin of mosai-
cism. Am _J Med Genet 1996;64:270-273. https://doi.org/10.1002/(SICI)
1096-8628(19960809)64:2<270::AID-AJMG7>3.0.CO;2-Y.

Orsucci D, Lorenzetti L, Baldinotti F, et al. Fragile X-associated
tremor/ataxia syndrome (FXTAS): a gender perspective. JCM 2022;11:
1002. https://doi.org/10.3390/jcm11041002.

Tassone F, Beilina A, Carosi C, et al. Elevated FMR1 mRNA in pre-
mutation carriers is due to increased transcription. RNA 2007;13:555—
562. https://doi.org/10.1261/rna.280807.

Jacquemont S. Penetrance of the fragile X—associated tremor/ataxia syn-
drome in a premutation carrier population. JAMA 2004;291:460.
https://doi.org/10.1001/jama.291.4.460.

Rodriguez-Revenga L, Madrigal I, Pagonabarraga J, et al. Penetrance of
FMR1 premutation associated pathologies in fragile X syndrome families. Eur
J Hum Genet 2009;17:1359-1362. https://doi.org/10.1038/¢jhg.2009.51.

Seltzer MM, Baker MW, Hong J, Maenner M, Greenberg J, Mandel D.
Prevalence of CGG expansions of the FMR1 gene in a US population-
based sample. Am J Med Genet Pt B 2012;159B:589-597. https://doi.
org/10.1002/ajmg.b.32065.

Song F, Barton P, Sleightholme V, Yao G, Fry-Smith A. Screening for
fragile X syndrome: a literature review and modelling study. Health
Technol Assess 2003;7:7. https://doi.org/10.3310/hta7160.

Klockgether T. Sporadic ataxia with adult onset: classification and diag-
nostic criteria. Lancet Neurol 2010;9:94—104. https://doi.org/10.1016/
S1474-4422(09)70305-9.

Finucane B, Abrams L, Cronister A, Archibald AD, Bennett RL, McConkie-
Rosell A. Genetic counseling and testing for FMR1 gene mutations: practice
guidelines of the National Society of genetic counselors. | Genet Couns 2012;
21:752-760. https://doi.org/10.1007/510897-012-9524-8.

Paul R, Pessah IN, Gane L, et al. Early onset of neurological symptoms
in fragile X premutation carriers exposed to neurotoxins. Neurotoxicology
2010;31:399-402. https://doi.org/10.1016/j.neuro.2010.04.002.

O’Dwyer JP, Clabby C, Crown J, et al. Fragile X-associated tremor/ataxia
syndrome presenting in a woman after chemotherapy. Neurology 2005;65:
331-332. https://doi.org/10.1212/01.wnl.0000168865.36352.53.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Liu Y, Winarni T, Zhang L, Tassone F, Hagerman R]J. Fragile
X-associated tremor/ataxia syndrome (FXTAS) in grey zone carriers.
Clin Genet 2013;84:74-77. https://doi.org/10.1111/cge.12026.

Loesch DZ, Tassone F, Mellick GD, et al. Evidence for the role of
FMR1 gray zone alleles as a risk factor for parkinsonism in females.
Mov  Disord  2018;33:1178-1181.  https://doi.org/10.1002/mds.
27420.

Hall DA, Berry-Kravis E, Zhang W, et al. FMR1 gray-zone alleles: asso-
ciation with Parkinson’s disease in women? Mov Disord 2011;26:1900—
1906. https://doi.org/10.1002/mds.23755.

Hall DA, Birch RC, Anheim M, et al. Emerging topics in FXTAS.
J Neurodev Disord 2014;6:31. https://doi.org/10.1186/1866-1955-6-31.

Hagerman RJ, Hagerman PJ. The Spectrum of fragile X disorders.
N Engl J Med 2025;393:281-288.  https://doi.org/10.1056/
NEJMra2300487.

Robertson EE, Hall DA, McAsey AR, et al. Fragile X-associated
tremor/ataxia syndrome: phenotypic comparisons with other movement
disorders. Clin Neuropsychol 2016;30:849-900. https://doi.org/10.1080/
13854046.2016.1202239.

Ram S, Devapriya IA, Fenton G, et al. Axonal neuropathy in female car-
riers of the fragile X premutation with fragile x—associated tremor ataxia
syndrome. Muscle Nerve 2015;52:234-239. https://doi.org/10.1002/mus.
24515.

Poston KL, McGovern RA, Goldman JS, et al. Fragile X-associated
tremor/ataxia syndrome (FXTAS) with myoclonus. Mov Disord 2010;25:
514-516. https://doi.org/10.1002/mds.22929.

Islam F, Lee W. A case of generalized chorea presenting as an
early feature of FRAGILE-X associated tremor/ataxia syndrome. Mov
Disord Clin Pract 2020;7:464—466. https://doi.org/10.1002/mdc3.
12944.

Vanood A, Mbonde A, Chiu S, Mitropanopoulos S. Diagnosis and suc-
cessful treatment of chorea in fragile X-associated tremor/ataxia syn-
drome with memantine (P6-5.017). Neurology 2025;104:4390. https://
doi.org/10.1212/WNL.0000000000211638.

Jacquemont S, Hagerman R]J, Hagerman PJ, Leehey MA. Fragile-X syn-
drome and fragile X-associated tremor/ataxia syndrome: two faces of
FMR1. Lancet Neurol 2007;6:45-55. https://doi.org/10.1016/S1474-
4422(06)70676-7.

Apartis E, Blancher A, Meissner WG, et al. FXTAS: new insights and
the need for revised diagnostic criteria. Neurology 2012;79:1898-1907.
https://doi.org/10.1212/WNL.0b013e318271f7ff.

Supporting Information

Supporting information may be found in the online version of

this article.

Appendix S1. Search strategy. Database-specific search strategies
for FXTAS/FMR1 in humans across Latin America, detailing
controlled vocabulary and keywords used in Embase, PubMed,
LILACS, and Scopus.

Data S1. COI_disclosure.

251017 SUOLULLIOD) AITERID) B[l dde 3} A PeLBA0B 818 SB 1L WO 128N J0 SBINI O AZRIq1 BUIIUO AB]IA U (SUOIIPUOD-PUB-SLLBHLLIOY" B W Aeic)1[ou 1 |UO//:SANL) SUORIPUOD) PUB SULR L 81 885 *[9202/40/20] UO AIqIT2UIIUO /B |IA "2IGW0|00 BURIL0D) AQ £TO0Z EIPLU/Z00T OT/I0P/LIOO" 3] IM:ARIG[BUIIUO S BPI0S IPIUBWSAOLLY/'SANY W01 Papeolumod ‘0 ‘6TOTOEEZ


https://doi.org/10.4238/vol7-1gmr357
https://doi.org/10.1002/ajhb.20705
https://doi.org/10.1002/ajhb.20705
https://doi.org/10.1590/S1415-47572006000300002
https://doi.org/10.1016/j.arcmed.2004.05.005
https://doi.org/10.1016/j.arcmed.2004.05.005
https://doi.org/10.3892/ijmm.10.2.231
https://doi.org/10.3892/ijmm.10.2.231
https://doi.org/10.1002/(SICI)1096-8628(19960809)64:2%3C270::AID-AJMG7%3E3.0.CO;2-Y
https://doi.org/10.1002/(SICI)1096-8628(19960809)64:2%3C270::AID-AJMG7%3E3.0.CO;2-Y
https://doi.org/10.3390/jcm11041002
https://doi.org/10.1261/rna.280807
https://doi.org/10.1001/jama.291.4.460
https://doi.org/10.1038/ejhg.2009.51
https://doi.org/10.1002/ajmg.b.32065
https://doi.org/10.1002/ajmg.b.32065
https://doi.org/10.3310/hta7160
https://doi.org/10.1016/S1474-4422(09)70305-9
https://doi.org/10.1016/S1474-4422(09)70305-9
https://doi.org/10.1007/s10897-012-9524-8
https://doi.org/10.1016/j.neuro.2010.04.002
https://doi.org/10.1212/01.wnl.0000168865.36352.53
https://doi.org/10.1111/cge.12026
https://doi.org/10.1002/mds.27420
https://doi.org/10.1002/mds.27420
https://doi.org/10.1002/mds.23755
https://doi.org/10.1186/1866-1955-6-31
https://doi.org/10.1056/NEJMra2300487
https://doi.org/10.1056/NEJMra2300487
https://doi.org/10.1080/13854046.2016.1202239
https://doi.org/10.1080/13854046.2016.1202239
https://doi.org/10.1002/mus.24515
https://doi.org/10.1002/mus.24515
https://doi.org/10.1002/mds.22929
https://doi.org/10.1002/mdc3.12944
https://doi.org/10.1002/mdc3.12944
https://doi.org/10.1212/WNL.0000000000211638
https://doi.org/10.1212/WNL.0000000000211638
https://doi.org/10.1016/S1474-4422(06)70676-7
https://doi.org/10.1016/S1474-4422(06)70676-7
https://doi.org/10.1212/WNL.0b013e318271f7ff

	 FXTAS and the Spectrum of FMR1 Premutation‐Associated Phenotypes in Latin America: A Scoping Review
	Abstract
	Introduction
	Materials and Methods
	Eligibility Criteria
	Search Strategy
	Data Extraction and Analysis

	Results
	Study Selection
	Overview of Included Studies and Populations
	FXTAS in Latin America
	Epidemiology and Demographic Characteristics
	FMR1 Mutation Status and CGG Repeat Distribution
	Clinical Manifestations Associated with FXTAS
	Neuroimaging Findings
	Atypical FXTAS Presentations
	Diagnostic Approaches
	Treatment and Management
	Summary of Findings in Latin American Cohorts Including Patients with FXTAS

	FMR1 Premutation Carriers without FXTAS in Latin America
	Population Characteristics
	Diagnostic Approaches
	Clinical Manifestations outside the FXTAS Spectrum
	Neuroimaging Findings


	Discussion
	Strengths and Limitations
	Future Directions

	Conclusions
	Author Roles
	Disclosures
	Financial Disclosures and Conflicts of Interest
	Data Availability Statement
	References
	SUPPORTING INFORMATION


