
Received: 8 April 2025 Revised: 27 August 2025 Accepted: 29 August 2025

DOI: 10.1002/alz.70741

R E S E A RCH ART I C L E

Cross-country variance in facial emotion recognition in
presymptomatic and symptomatic behavioral variant
frontotemporal dementia: Insights from the GENFI and ReDLat
consortia

Liset de Boer1 Lize C. Jiskoot1 Harro Seelaar1 John C. van Swieten1

Agustin Ibanez2,3 MarceloMaito2 Sol Fittipaldi2 Julie F. H. DeHouwer1

Tine Swartenbroekx1 PamA. Boesjes1 Rhian S. Convery4 Eve Ferry-Bolder4

Phoebe Foster4 Arabella Bouzigues4 Lucy Chisman-Russell4 Esther van den

Berg1 Janne Papma1,5 Sanne Franzen1 Renelle Bourdage1,6 James B. Rowe7

Barbara Borroni8,9 Daniela Galimberti10,11 Pietro Tiraboschi12 MarioMasellis13

Elizabeth Finger14 Robert Laforce15 Caroline Graff16 Alexander Gerhard17

Raquel Sanchez-Valle18 AlexandreMendonça19 FerminMoreno20

Matthis Synofzik21 Rik Vandenberghe22 SimonDucharme23 Isabelle Le Ber24

Johannes Levin25,26,27 Thibaud Lebouvier28 Benedetta Nacmias29 MarkusOtto30

Christopher R. Butler31,32 Isabel Santana33 Maxime Bertoux28

M. Carmela Tartaglia34 JonathanD. Rohrer4 JackieM. Poos1 the GENFI

Consortium

Correspondence

Dr. JackieM. Poos, ErasmusMCUniversity

Medical Center, Department of Neurology and

Alzheimer Centre ErasmusMC, roomNf-331,

Post box 2040, 3000 CA, Rotterdam, the

Netherlands.

Email: j.m.poos@erasmusmc.nl

Abstract

INTRODUCTION:We investigated international differences in facial emotion recogni-

tion (FER) across stages of frontotemporal dementia (FTD). Previous studies may have

missed early decline by combining data andmasking variations in FERacross countries.

METHODS: An FER test was administered to 159 individuals with behavioral vari-

ant FTD, 521 presymptomatic pathogenic variant carriers, and 583 controls from
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List of GENFI consortiummembers in

Appendix 16 countries of residence. Linear mixed models assessed age, sex, education, and

country effects on FER. Voxel-based morphometry examined neural correlates across

countries.

REULTS: Country accounted for 18%–18.3% of FER variance in presymptomatic car-

riers and controls and 9.9% in individuals with behavioral variant of FTD (bvFTD).

Cross-country differences interacted with the effects of sex, age, and education. Neu-

ral correlates involving the frontal lobe and basal ganglia were identified in individuals

with bvFTD, but no cross-country differences were found.

DISCUSSION: These results underscore the need for culturally sensitive FER tools in

research and clinical practice, especially as global multinational clinical trials emerge.

KEYWORDS

cultural diversity, facial emotion recognition, frontotemporal dementia, presymptomatic, social
cognition

Highlights

∙ Performanceona test for facial emotion recognition (FER) varies betweencountries.

∙ The percentage of variance is lower in the behavioral variant of frontotemporal

dementia (bvFTD) compared to presymptomatic pathogenic variant carriers and

healthy controls.

∙ Cross-country differences interacted with the effects of sex, age, and education.

∙ There were no differences in brain correlates of FER across countries.

1 INTRODUCTION

Frontotemporal dementia (FTD) is a neurodegenerative disorder

affecting primarily the frontal and temporal brain lobes.1 Individu-

als with FTD often experience impairments of social skills, which

can have devastating effects on their interpersonal relationships and

functioning in daily life.2–5 Family members frequently report loss

of social and personal conduct, personal warmth, empathy and sym-

pathy, and interest in daily-life activities, causing a higher caregiver

burden than in other types of dementia.6 The cognitive processes that

underlie such skills are generally grouped together within the term

‘social cognition’ and include several abilities, including recognition of

others’ emotions, “theory of mind” (ToM, the ability to infer and under-

stand others’ thoughts and beliefs), understanding of social norms,

and moral reasoning.3,4,7 Given that significant behavioral and emo-

tional changes are often among the earliest symptoms reported by

caregivers—sometimes even years prior to diagnosis8—socio-cognitive

assessment has the potential to enhance early diagnosis and facilitate

timely intervention.

FTD is inherited in an autosomal dominant manner in up to ∼30%

of cases.9 Studying genetic forms of FTD provides the opportunity to

identify clinical changes before symptom onset.10 Large prospective

cohort studies have been set up across the world to investigate

the preclinical stage of FTD and have demonstrated gene-specific

cognitive changes in attention, executive function, language, andmem-

ory; however, findings are less consistent for social cognition.11–14 This

is a striking discrepancy considering that a deficit in social cognition

is a core criterion for FTD diagnosis.15 Multiple clinical trials testing

disease-modifying treatments for presymptomatic FTD pathogenic

variant carriers have started. However, a major challenge is the lack of

sensitive tools for social cognition to identify the optimal time window

for treatment initiation and to track disease progression in the earliest

stages of the disease.

A confounding factor in defining social cognition in presymptomatic

FTD and/or in detecting decline over time could be insufficient cross-

cultural validity of traditional measures for social cognition that are

used in global cohort studies (e.g., the Genetic Frontotemporal Initia-

tive (GENFI)10 and the Multi-Partner Consortium to Expand Dementia

Research in Latin America (ReDLat).16 Bourdage et al.17 highlighted lim-

itations in the global suitability of existing assessments, noting that

many tools fail to capture social cognition across diverse cultural and

linguistic contexts due to a lack of adequate adaptation or transla-

tion. For example, the Ekman 60 Faces Test18 assesses solely facial

emotion recognition (FER) of white individuals, and previous stud-

ies frequently lacked detailed information about diagnostic accuracy,

reliability, and validity in different cultures. Furthermore, linguistic

research has demonstrated that emotional conceptual understanding

varies across different languages, which is likely to influence FER.19,20

Taken together, these problems raise the risk of bias, diagnostic error,

and insensitivity to neural correlates of abnormal social recognition.
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RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using public sources (e.g., PubMed). Facial emotion recog-

nition (FER) has been used worldwide in clinical settings

as a measure of social cognition and has been studied

systematically in familial frontotemporal dementia (FTD).

However, FER in familial FTD has yet to be examined in a

cross-cultural context.

2. Interpretation: This study emphasizes the need to

account for cultural differences in social cognition. We

highlight the complex interplay of country of residence

on effects of age, sex, and education on FER performance,

suggesting these factors cannot be assumed to impact

participants across all countries in the sameway.

3. Future directions: Results from this study provide new

insights and guidance for future research, such as increas-

ing the inclusion of more data across different countries,

as well as including additional aspects of culture, such

as social determinants of educational differences and

socioeconomic status.

Variance in social cognition across cultures has already been shown

in other studies.21–23 In addition, a recent study fromQuesque et al.24

examined the influence of country on FER and ToM in a cognitively

healthy population across 12 countries. They found that after control-

ling for age, education, and sex, cross-country differences accounted

for more than 20% of the variance in FER. Moreover, it is conceivable

that country interacts with the effects of sex, age, and education, as

observed in a studywhere culture influenced the relationship between

age and working memory performance.25 These findings have sig-

nificant consequences for international collaborations interested in

clinical group contrasts, as Quesque and colleagues conclude that, if a

test is validated in one country, it cannot automatically be used across

the world for assessment purposes.24

With the emergence of international multicenter cohort studies on

FTD aiming to harmonize research across these individual cohorts, it is

crucial to examine culture-dependent factors influencing the available

clinical data. This study examined the variation in FER performance

across 16 countries in Europe and Latin America within the GENFI

and ReDLat consortia and explored which underlying factors (e.g., age,

sex, education, gray matter [GM] volume, and GM) are associated with

cross-country differences.

2 METHODS

2.1 Participants

We included a total of 1163 participants from 16 different countries

(Table 1) from the GENFI cohort10 and the ReDLat cohort16 (individ-

uals with the behavioral variant of FTD [bvFTD]), n = 159; presymp-

tomatic pathogenic variant carriers, n = 421; controls, n = 583). We

excluded other FTD phenotypes, as impairments in social cognition are

adefining feature of bvFTD, and sample sizes in other phenotypeswere

small.

2.1.1 GENFI cohort

Baseline data were included from the seventh GENFI data freeze in

which participants from genetic FTD families were recruited between

January 2012 and June 2022 in 25 study centers. In this study, we

recruited 884 participants from Belgium (n = 37), Canada (n = 139),

France (n = 30), Germany (n = 40), Italy (n = 121), the Netherlands

(n = 132), Portugal (n = 44), Spain (n = 113), Sweden (n = 45), and the

United Kingdom (n= 179).

The FER component of the Mini-Social Cognition and Emo-

tional Assessment (Mini-SEA)26 was administered in a total of 528

FTD pathogenic variant carriers (presymptomatic n = 421, symp-

tomatic n = 107) and 356 pathogenic-negative controls. Symptomatic

pathogenic variant carriers were diagnosed with bvFTD (62 C9orf72,

20 GRN, 24 MAPT, 1 TARDBP) for whom a clinical diagnosis was

obtained in a multidisciplinary consensus involving experienced neu-

rologists, neuropsychologists, radiologists, and geriatricians, and had a

Clinical Dementia Rating plus National Alzheimer’s Coordinating Cen-

ter Behavior and LanguageDomains (CDRplusNACCFTLD)27 score of

≥1.Diagnosiswasbasedon the current consensus criteria for bvFTD.15

Presymptomatic pathogenic variant carriers (182 C9orf72, 166 GRN,

66 MAPT, 1 TARDBP, 5 TBK1, and 1 VCP) did not fulfill the diagnos-

tic FTD criteria and received a CDR plus NACC FTLD score of ≤0.5.

323 controls, 385 presymptomatic pathogenic variant carriers, and 87

individuals with bvFTD had a FER test at baseline and a structural

(T1-weighted) magnetic resonance imaging (MRI) brain scan.

2.1.2 ReDLat cohort

Baseline data were included from the ReDLat study in which individ-

uals with bvFTD and healthy controls were recruited between April

2021 and September 2023. A total of 279 participants were recruited

from Argentina (n = 28), Brazil (n = 41), Chile (n = 38), Colombia

(n=44),Mexico (n=21), andPeru (n=107). The FER component of the

Mini-SEAwas administered to a total of 52 individuals with bvFTD and

227 healthy controls. Diagnosis was based on the current consensus

criteria for bvFTD.15 Individuals with bvFTD did not undergo genetic

testing. 225 controls and 52 individuals with bvFTD had an FER test

at baseline and a structural (T1-weighted)magnetic resonance imaging

(MRI) brain scan.

2.2 Standard protocol approvals, registrations,
and patient consents

This observational study was conducted in accordance with the

Strengthening the Reporting of Observational Studies in Epidemiology

(STROBE) reporting guidelines. All GENFI and ReDLat sites had local
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ethical approval for the study, and all participants provided written

informed consent. The study was in accordance with the Declaration

of Helsinki.

2.3 Procedure

All GENFI and ReDLat participants underwent a standardized clinical

interview (including the CDR plus NACC FTLD27) and comprehensive

neurological and neuropsychological assessment covering the major

cognitive domains. Most participants underwent laboratory testing

(lumbar puncture and/or blood sampling) and structural MRI. The FER

test19 was included in the standard neuropsychological assessment.

2.4 FER test

Weused the FER test of theMini-SEA,which originally consists of both

a test of FER and a test of ToM.28 The test of ToM, the faux pas test, was

not included in the current study because it was not part of the stan-

dard GENFI protocol. The FER test is a 35-item version of the original

Ekman 60 Faces Test,18 and contains black and white photos of non-

Latino white faces of 16 men and 19 women. All faces were presented

in a fixed random order. For each face, participants were instructed to

indicate whether the faces are showing one of the six ‘universal’ emo-

tions (i.e., happiness, anger, sadness, fear, surprise, and disgust) or a

neutral expression. The total score (/35) was used in this study, as well

as the separate scores per emotion (/5). In the GENFI study, the FER

test hasbeen translated intomultiple languages (English,Dutch, Italian,

French, Spanish, Portuguese, German, and Swedish) through indepen-

dent translation and back-translation and has been used in numerous

studies to assess social cognition in FTD.28–31 The translations are

available on request.

2.5 Structural brain imaging and voxel-based
morphometry

GENFI participants underwent volumetric T1-weighted MRI accord-

ing to the GENFI imaging protocol on six types of 3T scanners from

different vendors: GE Signa, Siemens Magnetom Vida, Siemens Trio,

Siemens Skyra, Siemens Prisma, and Philips Achieva. ReDLat par-

ticipants underwent volumetric T1-weighted MRI according to the

ReDLat imaging protocol on eight different 3T scanners: Siemens

Biograph, Siemens Magnetom Lumina, Siemens Magnetom Spectra,

Siemens Skyra, Siemens Skyla, GE Signa, Philips Achieva, and Philips

Ingenia Elition.

All scans underwent extensive visual quality checks, and images

with significant artifacts or incidental brain abnormalities unrelated

to bvFTD were excluded from further analysis (n = 17). In addi-

tion, seven scans of individuals with bvFTD were excluded from

further analysis because the sample size was too small (Argentina

n = 1, Brazil n = 2, France n = 1, Mexico n = 1, Sweden n = 2).

In total, volumetric T1 scans of 548 controls, 382 presymptomatic

pathogenic variant carriers, and 138 individuals with bvFTD were

included in the VBM analysis. Images were preprocessed using the

VBM Toolbox in Statistical Parametric Mapping 12 (SPM12; www.fil.

ion.ucl.ac.uk/spm), running inMATLAB R2021b (Mathworks), and seg-

mented to obtain GM, white matter (WM), and cerebrospinal fluid

(CSF) volumes. GM segmentations were modulated, smoothed, and

transformed into the Montreal Neurological Institute (MNI) space.

Total intracranial volume (TIV, i.e., GM+WM+CSF) was calculated

in SPM12 ((www.fil.ion.ucl.ac.uk/spm), running in MATLAB R2021b

(Mathworks)).

2.6 Statistical analysis

Statistical analyses were performed using R (v4.3.1, R Foundation

for Statistical Computing, Vienna, Austria) with the following pack-

ages: lmerTest, ggplot2, dplyr, and car. The significance level was set

at p < 0.05 (2-tailed) across all comparisons, and we implemented

Bonferroni corrections for multiple testing. Normality was assessed

usingQ–Qplots.We compared continuous demographic data between

groups with t-tests or two-way analyses of variance and post-hoc tests

based on estimated marginal means. We analyzed sex distribution

using chi-squared tests.

To analyze cross-country differences per clinical group, we included

country as random effect (FER ∼ age + sex + education + (1|country)).

To assess differences in FER performance across different countries,

we contrasted the AIC values of the linear mixed model described

above with a model comprising solely age, sex, and education. In

addition, we examined how country interacts with age, sex, and edu-

cation by including interaction terms in our analysis. To visualize

these effects, we generated figures displaying the fixed effects and

predicted FER scores for each country, along with 95% confidence

intervals (CIs). In the presymptomatic group, we explored whether

including genetic subgroup as covariate significantly improved the

model. To analyze the potential (confounding) effect of language,24

we added language as fixed effect in the model. However, we tested

whether language and country were strongly correlated to account

for collinearity concerns (based on the Variance Inflation Factor in the

car package). As the results indicated multicollinearity (i.e., language

of administration and country were the same in almost all partici-

pants), we continued our analyses with only country as random effect

and did not control for language in further analyses. We explored

the variance between languages in an additional model where we

added language as random effect (FER ∼ age + sex + education +
(1|language)).

We then performed an analysis for the variance partitioning coef-

ficients (VPC) to quantify the proportion of variation in the FER per-

formance (total scores and emotion subscores) that is attributable to

various levels of the model (different countries). A VPC close to 100%

suggests that a significant portion of the total variability is attributed

to differences at the specified level for one of the predictors.24 We

also computed the VPC for each emotion separately to examine any

http://www.fil.ion.ucl.ac.uk/spm
http://www.fil.ion.ucl.ac.uk/spm
http://www.fil.ion.ucl.ac.uk/spm


de BOER ET AL. 7 of 17

differences within emotions on the variance of the random effects.

We analyzed Hedges’ g values between every pair of countries for

cross-country comparisons.

The relationship between the FER total score and GM volume,

while controlling for the effect of country, was analyzed using multi-

ple regressionmodels. Country is included as covariate in themodel by

means of dummy variables. Age, sex, years of education, TIV, and scan-

ner type (as some countries had various types of scanners) were also

included as covariates. In addition, an interaction between country and

FER performance was added to the model to explore potential moder-

ating effects. All comparisons were corrected for a family-wise error

(FWE) rate of 0.05.

3 RESULTS

3.1 Demographics

Demographic and clinical data are presented in Table 1. In the total

cohort, individuals with bvFTD were significantly older than presymp-

tomatic pathogenic variant carriers (β=19.49) and controls (β=12.38)

[F(2,1160)= 133.8, p< 0.001]. Additionally, controls were significantly

older than presymptomatic pathogenic variant carriers (β= 7.12). Indi-

viduals with bvFTD had fewer years of education compared to both

presymptomatic pathogenic variant carriers (β = −1.96) and controls

(β = −1.58) [F(2,1160) = 14.65, p < 0.001]. Sex distribution differed

across groups [χ2(2) = 25.50, p < 0.001], with a higher percentage of

females in presymptomatic pathogenic variant carriers and controls

compared to individuals with bvFTD. Across the full sample, FER total

scores were lower in individuals with bvFTD compared to presymp-

tomatic pathogenic variant carriers (β=−7.36) and controls (β=−6.78)
[F(5,1157)= 169.8, p< 0.001].

Demographic data and FER total mean scores per country of the

healthy control group, thepresymptomatic pathogenic variant carriers,

and the individuals with bvFTD are presented in Table 1. In all coun-

tries, individuals with bvFTD were significantly older than presymp-

tomatic pathogenic variant carriers and/or controls (all p < 0.05),

except for Chile, Colombia, France, the Netherlands, Peru, Portugal,

and Sweden. Level of education did not significantly differ in most

countries, but individuals with bvFTD had a lower level of education

in Colombia, Germany, Italy, and Spain compared to presymptomatic

pathogenic variant carriers and controls (p< 0.05). In addition, individ-

ualswith bvFTD fromPeru had a higher level of education compared to

their healthy controls (p< 0.05). Except for the United Kingdom, there

were no significant differences in country-level sex distributions. FER

performance was significantly lower in individuals with bvFTD com-

pared to presymptomatic pathogenic variant carriers and/or controls

in all countries (all p< 0.05).

Significant differences were found between the GENFI and ReD-

Lat cohorts in age [t(109.87)= 3.31, p= 0.001], where individuals with

bvFTD from the ReDLat cohort were older (mean difference 4.65, 95%

CI 1.79–7.51). No significant differences were found between educa-

tion and sex distribution. In healthy controls, ReDLat participantswere

older (mean difference 15.52, 95%CI 13.43–17.61) [t(494.58)=14.70,

p<#x000A0;0.001) and had fewer years of education (meandifference

1.08, 95%CI0.37–1.78) [t(334.34)=−2.71, p=0.007) compared to the

GENFI cohort (Table S1).

3.2 Group-specific analyses

3.2.1 Healthy controls

The likelihood ratio test statistic between the model with country as

random effect and the model comprising solely age, sex, and educa-

tion was significant [X2(1) = 53.81, p < 0.001], indicating superior

prediction of scores when incorporating the random country effect

into the model. The VPC indicated that 18.3% of the variance in

FER performance can be attributed to differences among countries

after controlling for age, sex, and education. The Hedges’ g ranged

from g = 0.01 (Chile vs. United Kingdom) to g = 1.23 (Sweden vs.

Germany) (Figure 1). Variance across countries for each emotion

(mean and 95% CI) is illustrated in Figure S1. The emotion with the

largest effect of country after controlling for age, sex, and education

was disgust, VPC = 21.93%, followed by fear, VPC = 7.73%, anger,

VPC = 4.85%, sadness, VPC = 4.67%, surprise, VPC = 4.66%, and hap-

piness, VPC = 1.03%. When including language as a random effect in

themodel instead of country, we observe a lower VPC of 13.5%.

Controlling for the effect of country, sex had an effect on the FER

total score, with women having higher scores than men [β = −0.87,
p = 0.002] (Figure 2). In addition, we found a positive effect of

education on the FER total score [β = 0.38, p < 0.001]. Age and lan-

guage did not have a significant effect on FER total scores. There

was a significant interaction between country and sex, with males

having higher predicted FER total scores than females in Italy, Colom-

bia, Germany, and Peru (Figure 2). The model revealed a significant

interaction between education and country. While several countries

showedaclearpositive associationbetweeneducationandFERperfor-

mance (e.g., Peru, Colombia), others exhibited no effect (e.g., Germany,

Mexico).

3.2.2 Presymptomatic pathogenic variant carriers

In presymptomatic carriers, the likelihood ratio test statistic between

the model with country as random effect and the model comprising

solely age, sex, and education was also significant [X2(1) = 35.95,

p< 0.001], indicating superior prediction of scores when incorporating

country in the model. The VPC indicated that 18.0% of the variance

in FER performance can be attributed to differences among countries

after controlling for age, sex, and education (Figure 1). The Hedges’ g

ranged from g= 0.01 (Sweden vs. Belgium) to g= 1.17 (Netherlands vs.

Germany). Variance across countries for each emotion (mean and 95%

CI) is illustrated in Figure S2. The emotion with the largest country

effect after controlling for age, sex, education, and pathogenic variant

was surprise, VPC = 21.20%, followed by disgust, VPC = 15.18%,
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F IGURE 1 Heatmap of the difference between every pair of countries measured with Hedge’s g. Positive values correspond to a better
performance of column countries compared to row countries.

F IGURE 2 Effects of sex, age, and education per country in healthy controls. Note: Dotted lines indicate a higher predicted FER total score in
males compared to females. The effects of age and education on the predicted FER total score are visualized with 95% confidence intervals. FER,
facial emotion recognition.

F IGURE 3 Effects of sex, age, and education per country in presymptomatic pathogenic variant carriers. Note: Dotted lines indicate a higher
predicted FER total score inmales compared to females. The effects of age and education on the predicted FER total score are visualized with 95%
confidence intervals. FER, facial emotion recognition.

fear, VPC = 9.63%, anger, VPC = 8.20%, sadness, VPC = 2.67%, and

happiness, VPC = 0.00%. When including language as a random effect

in themodel instead of country, we observe a lower VPC of 17.6%.

Agehadanegativeeffect on theFER total score [β=−0.06,p<0.01].

We also found a positive effect of education [β = 0.17, p < 0.01] and

an effect of sex [β = −0.73, p < 0.001], with women having higher

scores than men (Figure 3). No significant effects of pathogenic vari-

ant and language were found. Country interacted significantly with

age and education on FER performance. For age, all countries show

a negative predicted effect on FER performance, but some coun-

tries (e.g., Portugal, Spain) have stronger negative effects than others

(e.g., Netherlands, United Kingdom) (Figure 3). For education, several
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F IGURE 4 Effects of sex, age, and education per country in symptomatic pathogenic variant carriers.Note: Dotted lines indicate a higher
predicted FER total score inmales compared to females. The effects of age and education on the predicted FER total score are visualized with 95%
confidence intervals. FER, facial emotion recognition.

countries showed a strong positive effect on FER performance (e.g.,

France, Spain), while other countries showed a less strong or even

non-significant effect (e.g., Germany, Portugal).

3.2.3 Individuals with bvFTD

In individuals with bvFTD, the likelihood ratio test was significant

[X2(1) = 5.40, p = 0.02], indicating superior prediction of scores when

incorporating the random country effect into themodel. The VPC indi-

cated that 9.9% of the variance in FER performance can be attributed

to differences among countries after controlling for age, sex, and edu-

cation (Figure 1). Hedges’ g ranged from g = 0.01 (United Kingdom

vs. Germany) to g = 1.28 (Colombia vs. Spain). Variances across coun-

tries for each emotion (mean and 95% CI) are illustrated in Figure S3.

The emotion with the largest country effect after controlling for age,

sex, education, and pathogenic variant was disgust, VPC = 13.31%,

followed by sadness, VPC = 8.70%, surprise, VPC = 6.19%, anger,

VPC = 4.74%, fear, VPC = 3.68%, and happiness, VPC = 0.00%. When

including language as a random effect in the model instead of country,

we observe a lower VPC of 2.9%.

Independent of country, we found a positive effect of education

[β = 0.63, p <#x000A0;0.001]. No significant effects were found for

age, sex, and language (Figure 4). However, country did interact with

sex on FER performance, where males from Peru, Spain, Italy, Ger-

many, and the United Kingdom had a higher predicted FER total score

compared to females. All countries showed a positive predictive effect

of education on FER performance. There was a significant interac-

tion effect between country and education on FER performance. Some

countries (e.g., Colombia, Canada) showed stronger positive effects

than others (e.g., Spain, Belgium) (Figure 4).

3.3 Neuroanatomical correlates

The VBM analyses showed no significant (FWE-corrected) associa-

tion between GM volume and FER performance in presymptomatic

pathogenic variant carriers and controls. In individualswith bvFTD, the

VBM analysis showed a significant association between FER perfor-

mance and bilateral frontal areas (i.e., ventromedial prefrontal cortex,

orbitofrontal cortex) and regions in the basal ganglia (i.e., caudate,

putamen). A lower FER performance was associated with lower GM

volume of the abovementioned regions (Figure 5). The interaction

effect between country and FER on GM volume was not significant,

indicating that no differences in brain signatures of FER were found

across the different countries.

4 DISCUSSION

This study examined the influence of country on FER performance

across FTD disease stages in 16 different countries. Results suggest

that country is notonly associatedwithFERperformancebut alsomod-

erates the effects of age, education, and sex. The association of GM

volume and FER remained consistent across countries. These results

shed light on why early deficits in social cognition have not been

consistently observed in presymptomatic carriers of FTD pathogenic

variants in global study cohorts. Furthermore, they emphasize the

importance of re-evaluating traditional neuropsychological methods

and their applicability across cultural contexts in clinical settings and

multicenter trials.

In all clinical groups, country was associated with FER performance.

The proportion of variance explained by country on FER was 10%

in individuals with bvFTD and almost 20% in controls and presymp-

tomatic pathogenic variant carriers. A lower percentage of variance in

individuals with bvFTD may reflect the degenerative nature of FTD,

which could overshadow any moderating effects of country. Although

there is less variance in bvFTD, it remains substantially higher than

what has been observed across countries in other cognitive domains,

such as memory32 and spatial navigation (both VPCs are 1.7%).33 This

finding suggests that cultural influences shape social cognition from

the preclinical stage through the progression of the disease. Factors

such as cultural norms and societal attitudes likely contribute to this

effect.17,20,24,34,35 This highlights that country has a significant impact
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F IGURE 5 Neuroanatomical correlates of performance on the FER total score in individuals with bvFTD. Results are corrected for family-wise
error (p< 0.05). bvFTD, behavioral variant of frontotemporal dementia; FER, facial emotion recognition.

even in patient populations, complicating cross-country analysis of

social cognition.

In our study, the observed variations between countries cannot

be attributed to differences in language or translation, which is in

line with the study of Quesque et al.24 Cross-country analyses that

controlled for the language of administration revealed no significant

impact on FER performance. Furthermore, including language as a

random effect in the model resulted in a reduction in variance. This

outcome was expected, given that data from multiple countries shar-

ing the same language were aggregated. These findings suggest that

the observed differences in FER performance across countries are

likely due to other contextual or cultural factors, rather than linguistic

influences.

The percentage of variance found in our control group was consis-

tent with the variance found in the study of Quesque et al.24 However,

we observed different effect sizes of the overlapping countries. For

example, Quesque et al.24 found a significant difference in effect size

between the United Kingdom and Spain, whereas in our study, this dif-

ference is reversed, with Spain outperforming the United Kingdom. In

addition, in the current study, the variations in effect sizes between

countries were not uniform across the clinical groups. For example,

while Spanish controls demonstrated relatively strong performance

on FER, presymptomatic variant carriers from Spain performed worse

compared to those in other countries. This implies that country is

not the only influencing factor; other moderating variables, such as

sample size, demographic characteristics (e.g., education level, age,

sex, but also socioeconomic status), and recruitment strategies, also

influence FER performance. In the study of Quesque et al.,24 healthy

participants were older with fewer years of education. Our control

group is comparablewith thepresymptomatic and symptomatic carrier

group as, they are first-degree pathogenic-negative family members

(i.e., GENFI). Nonetheless, these findings imply that country effects on

FER are complex and may interact with other factors,24 which raises

concerns about the replicability of our findings.

We found a significant effect of education on FERperformance in all

clinical groups: Independent of the country of the participants, individ-

ualswith higher education tend to performbetter on tests for FER.36,37

However, this contrasts with Quesque et al.,24 finding no effect of edu-

cation and suggesting that the effect of education on FER might vary

across countries. Indeed, some studies regarding FER find effects of

education, such as in France,38 but others do not find significant con-

tributions of education onFER, such as in theNetherlands on the Facial

Expressions of Emotion-Stimuli andTests (FEEST) (based on the Ekman

60 faces test).39 Similarly, our study found an interaction effect of

country and education on predicted FER performance, with significant

effects observed in some countries but minimal or no effects in others.

Possible methodological factors, such as generally lower FER perfor-

mance in certain countries and reduced variability in FER total scores

and/or education level, may have contributed to this. However, this

could also suggest that educational differences and schooling systems

vary between cultures, which could explain differences in FER perfor-

mance between countries that are geographically close to one another.

This underscores that demographic effects on performance on the FER

test are not consistent across countries, highlighting that norm scores

established in one context cannot simply be applied to other countries.

There was no effect of age on FER performance in healthy con-

trols and individuals with bvFTD, which is in line with other studies

performed in controls38,39 and individuals with bvFTD.40 In presymp-

tomatic carriers, we found a significant effect of age, where older

individuals perform worse on FER. A factor contributing to this effect

could be that older individuals in the presymptomatic group are

closer to disease onset and therefore have a lower FER performance.5
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Furthermore, there was a significant interaction effect between

country and age on FER performance. This suggests that age-related

changes in FER performance vary across populations.

Consistent with previous studies, we found significant sex dif-

ferences in FER performance among healthy controls and presymp-

tomatic carriers, with females performing better than males.5,24,41

Interestingly, in individuals with bvFTD, sex did not have a signif-

icant contribution to the model after correcting for the effect of

country. This finding contradicts the study by de Boer et al.42 sug-

gesting that females have a higher social cognition reserve. Moreover,

we observe that in half of the countries, males perform higher on

FER compared to females. Taken together, the variability in the rela-

tionship between country and demographic factors emphasizes the

importance of cross-cultural research in understanding how educa-

tional systems, socioeconomic factors, gender roles, and social norms

and rules interact across cultures to shape social cognition.

Similar to previous studies,24,43 variance in FER performance

between countrieswas least prominent inwhat can be considered pos-

itive emotions (happy and surprise) and more prominent in what can

be considered negative emotions (fear, anger, disgust, sadness). The

recognitionof negative emotions seems tobemore culture-dependent,

which could be related to cultural rules.44,45 In addition, most items

of the FER test are negative, potentially causing higher variations in

performance on these emotions compared to happy emotions.24 How-

ever, when comparing presymptomatic carriers to controls, we noted

greater variance in the recognition of surprise, driven primarily by a

lower performance in Germany and Spain. This discrepancy may arise

from ambiguity between surprise and fear facial expressions in these

countries.24 Moreover, according to Zhao et al.,46 there are neural

mechanisms that underlie both fearful and surprised faces, including

the parahippocampal gyrus and the amygdala in the limbic system. As

reported by Bochetta et al.,47 the amygdala and hippocampus are sig-

nificantly smaller in presymptomatic C9orf72 and MAPT pathogenic

variant carriers. The variance in surprise found in presymptomatic

carriers may therefore be a potential marker for disease onset.

Regarding brain correlates in our study, VBM results revealed a

significant association between FER performance and GM volume

in individuals with bvFTD, specifically in bilateral frontal regions

(ventromedial prefrontal cortex, orbitofrontal cortex) and subcortical

structures (caudate and putamen). These findings align with the estab-

lished role of these regions in social and emotional processing.48,49

Interaction terms of country and FER performance were included in

the analyses; however, these effects were not significant, suggesting

the structural basis of FER deficits in bvFTD is consistent across coun-

tries. Therefore, the neuroanatomical underpinnings of FER deficits

in bvFTD are robust and are not heavily influenced by cultural varia-

tions in emotion perception. This supports the notion that structural

brain changes in these regions are key biomarkers for social cognition

impairments in bvFTD, regardless of cultural context.

The major strength of this study is the large cohort of genetic FTD

pathogenic variant carriers and individuals with bvFTD, paired with a

well-matched control group of pathogenic-negative family members

in the GENFI cohort. Nonetheless, in the ReDLat cohort, individuals

with bvFTD did not undergo genetic testing, resulting in omission of

potential genetic factors in these participants. In addition, despite the

relatively large numbers for a rare condition, sample sizes per country

were small and predominantly composed of participants from West-

ernEuropeandLatinAmerica, limiting generalizability toother regions.

Future studies should include more data from different countries, as

well as measures of culture, as an individual’s cultural background

could not match their geographical location.

In conclusion, the findings of the current study emphasize the need

to account for national and cultural differences in social cognition in

FTD. We highlight the complex interplay of country on the general

effects of age, sex, and education on FER, suggesting these factors can-

not be assumed to be uniform across all countries. Currently, the use of

the FER test in multicenter research requires careful consideration of

cultural factors, and it remains unclear whethermore culture-sensitive

assessments can detect early decline in FTD. Clinically, this emphasizes

the importance of considering cultural factors when evaluating social

cognition in individuals with FTD, as these factors may impact diag-

nosis, prognosis, and the tailoring of interventions for individuals from

diverse cultural backgrounds.
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