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Abstract

INTRODUCTION: Higher male prevalence in sporadic behavioral variant frontotem-

poral dementia (bvFTD) has been reported. We hypothesized differences in pheno-

types between genetic and sporadic bvFTD females resulting in underdiagnosis of

sporadic bvFTD females.

METHODS: We included genetic and sporadic bvFTD patients from two multicenter

cohorts. We compared behavioral and cognitive symptoms, and gray matter volumes,

between genetic and sporadic cases in each sex.

RESULTS: Females with sporadic bvFTD showed worse compulsive behavior (p =
0.026) and language impairments (p= 0.024) compared to femaleswith genetic bvFTD

(n = 152). Genetic bvFTD females had smaller gray matter volumes than sporadic

bvFTD females, particularly in the parietal lobe.

DISCUSSION: Females with sporadic bvFTD exhibit a distinct clinical phenotype com-

pared to females with genetic bvFTD. This difference may explain the discrepancy

in prevalence between genetic and sporadic cases, as some females without genetic

mutationsmay bemisdiagnosed due to atypical bvFTD symptom presentation.

KEYWORDS

behavioral variant frontotemporal dementia, clinical diagnosis, diversity, sex difference

Highlights

∙ Sex ratio is equal in genetic behavioral variant of frontotemporal dementia (bvFTD),

whereas moremales are present in sporadic bvFTD.

∙ Distinct neuropsychiatric phenotypes exist between sporadic and genetic bvFTD in

females.

∙ Phenotype might explain the sex ratio difference between sporadic and genetic

cases.

1 INTRODUCTION

Frontotemporal dementia (FTD) encompasses a spectrum of clinical

syndromes that are associated with frontotemporal lobar degenera-

tion (FTLD). These varying syndromes include behavioral variant of

FTD (bvFTD),1 nonfluent and semantic variant primary progressive

aphasia (PPA),2,3 progressive supranuclear palsy (PSP),4 corticobasal

syndrome,5,6 and FTD with motor neuron disease also known as amy-

otrophic lateral sclerosis (FTD-ALS).7 The heritability of clinical FTD

syndromes varies, with notable differences across cohorts and geo-

graphical regions. FTD-ALS and bvFTD consistently show the highest

heritability, ranging from 10% to 40%. In contrast, PPA consistently

exhibits the lowest heritability at less than 5%.8 The majority of FTD

cases, however, lack monogenetic causes and are often referred to as

sporadic FTD.9 bvFTD is the most common clinical subtype, and both

genetic bvFTD and sporadic bvFTD are characterized by behavioral

features of disinhibition, apathy, loss of empathy, compulsive behavior,

hyperorality, and executive function decline.1 Although bvFTD affects

both sexes, emerging research suggests the existence of sex-linked

differences in its clinical presentation, disease course, and cognitive

reserve.10–12

The incidence of bvFTDdemonstrates a notable sex difference, with

a higher incidence of males than females.13 Because the sex distribu-

tion is balanced in genetic bvFTD, it is hypothesized that the reported

sex imbalance in bvFTD may be attributed to a male predominance

in sporadic bvFTD.14 Although the reasons behind this observed sex

difference are just beginning to be explored, they likely stem from

a combination of biological and sociocultural factors.15 From a bio-

logical perspective, for example, females with bvFTD show greater

brain atrophy burden than males while showing similar cognitive and

functional impairment at a similar age of diagnosis, implying the exis-

tence of greater behavioral reserve in females.11 From a sociocultural

perspective, the higher frequency of initial psychiatric misdiagnosis

reported in females presenting with behavioral change who were ulti-

mately diagnosed with bvFTD16 could stem from a referral bias of

womenwith behavioral disorders. This bias could ultimately lead to the

underrepresentationof females in sporadic bvFTDcohorts. In contrast,

a female presenting with behavioral alterations alongside a positive
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family history of bvFTD is likely to be referred to a specialized mem-

ory or FTD clinic early after symptom onset, leading to a more equal

representation of both sexes in genetic bvFTD cohorts.

Over time, research has shown that bvFTD symptoms extend

beyond the clinical hallmarks present in the consensus criteria,1 indi-

cating involvement of neuropsychiatric features such as delusions,

hallucinations, and depression.17 Notably, the nature, prevalence, and

severity of these neuropsychiatric symptoms in bvFTD appear to

diverge between sexes.10,18 Because the equal sex distribution in

genetic bvFTDmay be due to a shielding effect of a positive family his-

tory against misclassification of neuropsychiatric features in bvFTD as

psychiatric disorders, we hypothesize that a neuropsychiatric clinical

subtype may currently be overlooked or misclassified as a psychiatric

disorder in females with sporadic bvFTD. Therefore, the aim of this

study is to investigate the discrepancy in the prevalence of bvFTD

between genetic and sporadic cases in females by identifying dis-

tinct neuropsychiatric subtypes in genetic bvFTD and testing which

subtype(s) is not or poorly represented in femaleswith sporadic bvFTD.

2 METHODS

2.1 Participants

This study included patients with a diagnosis of probable or possi-

ble bvFTD from two international multicenter cohorts, the Advanc-

ing Research and Treatment in Frontotemporal Lobar Degenera-

tion (ARTFL) and Longitudinal Evaluation of Familial Frontotempo-

ral Dementia Subjects (LEFFTDS) Longitudinal Frontotemporal Lobar

Degeneration (ALLFTD, previously known as ARTFL and LEFFTDS

consortia) study and the Genetic Frontotemporal dementia Initiative

(GENFI) study.

The ALLFTD study enrolled participants through a consortium of

27 centers across the United States and Canada between 2015 and

2023. Here we report data from the baseline measure for each partici-

pant as of December 2023. This study involves human participants and

obtained ethical approval at each site. All participants providedwritten

informed consent or assent with proxy consent. The ALLFTD consists

of sporadic bvFTD patients and bvFTD patients carrying pathogenic

genetic mutations in chromosome 9 open reading frame 72 (C9orf72),

microtubule-associated protein tau (MAPT), progranulin (GRN), and

other known FTD genetic mutations. Clinical diagnoses were made by

clinicians experienced in FTD, based on medical history review, men-

tal status examination, and a neurological examination. Examinations

included disease severity measured by the Clinical Dementia Rat-

ing (CDR) Dementia Staging Instrument plus the Sum of Boxes score

of Behavior and Language domains from the National Alzheimer’s

Coordinating Center FTLD Module (CDR plus NACC FTLD-SB),19

and comprehensive behavioral and cognitive assessments. Participants

with a structural brain lesion or other neurologic disorder that could

impact findings (e.g., multiple sclerosis) were excluded. More details

of participant inclusion and exclusion criteria can be found in previous

publications.20,21

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed systematically

the literature using PubMed, preprint repositories, and

research citing key articles. Emerging research suggests

the existence of sex-linked differences in the clinical pre-

sentation, disease course, and cognitive reserve of behav-

ioral variant frontotemporal dementia (bvFTD). Although

sex distribution is equal in genetic bvFTD, a lower female

prevalence has been reported in sporadic bvFTD.

2. Interpretation: Our results indicate that females with

sporadic bvFTD exhibit a distinct clinical phenotype com-

pared to both femaleswith genetic bvFTD andmaleswith

sporadic bvFTD. This difference may help to explain the

lower prevalence of bvFTD among females in sporadic

cases, as some females with sporadic bvFTD may be mis-

diagnoseddue toa lackof typical bvFTDsymptoms,which

alignmore closely with sporadic male bvFTD profiles.

3. Future directions: Future research should explore sex-

specific symptom evaluation and clinical diagnosis for

bvFTD.

The GENFI is an international multicenter cohort study across

Europe and Canada. GENFI recruited participants with genetic muta-

tions of FTD and their relatives.22,23 Here we report data from GENFI

Data Freeze 6. Participants included carriers of genetic mutations in

C9orf72, GRN, and MAPT, who have or have not shown symptoms,

and their relatives without genetic mutations. Most participants are

unaware of their genetic status at recruitment and remain unaware

of their genetic status by a genetic-guardianship process. Participants

underwent a standardized clinical assessment consisting of a medical

history, family history, and physical examination. Symptomatic status

for bvFTD was based on the assessment by clinicians to determine

whether the participants fulfilled the diagnostic criteria.1,2,24 Partic-

ipants in the GENFI study who are not carriers of any known FTD

genetic mutations were included as healthy controls in neuroimaging

analysis.

Demographics of all participants (N = 738) are shown in Table 1.

In order to compare multiple variables, participants with missing data

in any variable of interest were excluded. Participants with available

behavioral and cognitive data were included in the analysis of behav-

ioral and cognitive symptoms (n = 450, demographics presented in

Table S1). Participants with one or more missing behavioral or cogni-

tive variables were excluded from the analysis (n = 288). Comparison

of the participants that were excluded and the participants that were

included in analysis is shown in Figure S1. These two groups of par-

ticipants did not differ significantly in their age [Kruskal-Wallis test

statistic (H)= 2.67, p = .10, effect size (r) = .060], age at disease

onset (H = 2.59, p = .11, r = .059), or education (H = 1.36, p = .24,

r = .043). However, participants who were excluded from the anal-
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TABLE 1 Characteristics of participants stratified by sex.

Total Female Male

Difference between females andmales

(chi-square or Kruskal-Wallis test)

Participants N 738 295 443

Diagnosis Probable bvFTD 252 (85.4%) 359 (81.0%) χ2= 2.09, p= .15, OR= 0.73 (95%CI:

0.49–1.09)Possible bvFTD 43 (14.6%) 84 (19.0%)

Type Sporadic 154 (52.2%) 273 (61.6%) χ2= 6.07, p= .014, OR= 1.47 (95%CI:

1.09–1.98)Genetic 141 (47.8%) 170 (38.4%)

Genetic mutation

n (%)

C9orf72 67 (47.5%) 88 (51.7%) H= 0.57, p= .45, r= .028

GRN 32 (22.7%) 37a (21.8%)

MAPT 39 (27.7%) 37 (21.8%)

Other 3 (2.1%) 8 (4.7%)

Age (mean± SD) 62.3± 9.4 62.8± 8.5 H= 0.27, p= .61, r= .019

Age at disease onset (mean± SD) 57.0± 9.8 57.2± 9.0 H= 0.00035, p= .99, r= .00069

Education (years) 15.0± 3.0 15.2± 3.1 H= 0.44, p= .50, r= .025

CDR plus NACC FTLD-SB

(mean± SD)

10.2± 5.9 8.5± 4.4 H= 10.60, p= .0011, r= .12

p values in bold are statistically significant.
Abbreviations: CDR plus NACC FTLD-SB, Clinical Dementia Rating Dementia Staging Instrument plus the Sum of Boxes score of Behavior and Language

domains from the National Alzheimer’s Coordinating Center FTLD Module; CI, confidence interval; C9orf72, chromosome 9 open reading frame 72; GRN,

progranulin; MAPT, microtubule-associated protein tau; OR, odds ratio; SD, standard deviation.
aOne subject has both C9orf72 andGRNmutations.

ysis had greater disease severity (H = 112.66, p < .001, r = .39) as

assessed by the CDR plus NACC FTLD-SB. Participants with available

good quality structural magnetic resonance imaging (MRI) scans were

included in voxel-basedmorphometry analysis (n= 378, demographics

presented in Table S2). Participants with missing scans or poor-quality

images before or after processing were excluded from voxel-based

morphometry analysis (n = 360). Comparison of the participants who

were excluded and the participants who were included in analysis is

shown in Figure S2. These two groups of participants were not sig-

nificantly different in their age at disease onset (H = 2.35, p = .13,

r= .056) or education (H=2.01,p= .16, r= .052). Participantswhowere

excluded from voxel-based morphometry analysis had greater disease

severity (H=9.06,p= .0026, r= .11) as assessedby theCDRplusNACC

FTLD-SB. Participants who were excluded were also slightly older in

age (H=4.34, p= .040, r= .077). For analysis of otherNeuropsychiatric

InventoryQuestionnaire (NPI-Q) scores, participantswithmissingdata

in any of the NPI-Q variables were excluded (n = 81). All other partic-

ipants (n = 657) were included in the analysis of these NPI-Q scores.

The reason for using a different number of participants in the clin-

ical and imaging analyses was to maximize the sample size in each

analysis.

2.2 Behavioral and cognitive assessment

The NPI-Q25 was used to assess the presence and severity of neu-

ropsychiatric and behavioral features. The NPI-Q was completed with

the informant and includes the following items: apathy, depression,

delusions, hallucinations, disinhibition, irritability, agitation, anxiety,

nighttime behavior, euphoria, motor disturbance, and appetite/eating

behavior changes. All features were marked as present (mild, mod-

erate, or severe) or absent. We primarily focused on the symptoms

included in the FTD diagnostic criteria: apathy, disinhibition, eating

behavior, loss of empathy, and compulsive behavior in addition to

a dysexecutive neuropsychological profile.1 We also examined other

NPI-Q features available in both cohorts, including agitation, irritabil-

ity, aberrant motor behavior, nighttime behavior, euphoria, delusions,

hallucinations, depression, and anxiety.We created standard scores (z-

scores) for each variable within each cohort and used the standardized

scores in statistical analysis.

For cognitive symptoms, four main cognitive domains were exam-

ined: executive functions, memory, language, and visuospatial memory.

Due to thedifferences in cognitive tests between the twocohorts, stan-

dardized scoreswere first created for each variable within each cohort

and a composite score was created for each cognitive domain with

equal weight of each cognitive test. The sum of the composite scores

fromtwocohortswasused. The cognitive tests used for theassessment

of each cognitive domain are shown in Table 2.

2.3 Neuroimaging acquisition and processing

For MRI from the ALLFTD cohort, T1-weighted MRI scans were col-

lectedon3Tscanners fromoneof threevendors: Siemens, PhilipsMed-

ical System, or General Electric Medical Systems. A standard imaging

acquisition protocolwas used at all centers,managed, and reviewed for
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TABLE 2 Cognitive assessments across domains in the ALLFTD and the GENFI cohorts.

Executive functions Memory Language Visuospatial

ALLFTD Digit span forward25 Benson Complex Figure recall26 Category fluency (animals)27 Benson Complex Figure copy28

Digit span backward25 Craft Story 21 Recall (immediate)29 Phonemic fluency (F)27

Trail Making Test Part A30 Craft Story 21 Recall (delayed)29 Multilingual Naming Test

(total score)31

Trail Making Test Part B30

GENFI Digit span forward Benson Complex Figure recall Category fluency (animals) Benson Complex Figure copy

Digit span backward Free and Cued Selective Reminding

Test (FCSRT) free and total recall26
Phonemic fluency (F)

Trail Making Test Part A FCSRT delayed free and total recall26 BostonNaming Test (short

30-item version)25

Trail Making Test Part B

quality by a core group at the Mayo Clinic, Rochester. A T1-weighted

three-dimensional (3D) magnetization prepared rapid gradient echo

(MPRAGE) sequence was used to obtain the T1-weighted images, with

parameters as follows: 240× 256× 256matrix; about 170 slices; voxel

size=1.05×1.05×1.25mm3; flip angle, repetition time, and echo time

varied by vendor.

For MRI from the GENFI cohort, T1-weighted MRI scans were col-

lected on 3T scanners from one of three vendors: Siemens, Philips

Medical System, or General Electric Medical Systems. A T1-weighted

3DMPRAGE sequence imagewas acquired for each subject accommo-

dating different scanners at each site over at least 283 s (283–462 s)

and had amedian isotropic resolution of 1.1mm (1–1.3mm), repetition

timeof 2000ms (6.6–2400), echo timeof 2.9ms (2.6–3.5ms), inversion

timeof 8ms (8–9ms), and field of view (FOV)256×256×208mm(192

to 256 × 192 to 256 × 192 to 208mm).

All T1-weighted images were visually inspected for quality con-

trol. The acquired T1-weighted images from both cohorts were pro-

cessed using identical protocols in the Computational Anatomy Tool-

box 12 (CAT12) (https://neuro-jena.github.io/cat/) in Statistical Para-

metricMapping (SPM) 12 (https://www.fil.ion.ucl.ac.uk/spm/software/

spm12/) basedonMATLAB (version2023b). Imagesweredenoisedand

corrected for intensity non-uniformities and segmented into different

tissue classes. Images were then spatially normalized using Diffeo-

morphic Anatomical Registration Through Exponentiated Lie Algebra

(DARTEL) algorithm and registered to theMontreal Neurological Insti-

tute (MNI) 152 template. The resultant image in MNI space was

modulated using the Jacobian determinants.26 Finally, images were

spatially smoothed with an 8 mm full-width at half maximum (FWHM)

Gaussian kernel. The volumes of gray matter, white matter, and cere-

brospinal fluid of the whole brain and the total intracranial volume

(TIV)were calculated based on the segmentedmaps, as part of theCAT

12 preprocessing. All processed gray matter images were inspected

one-by-one visually for image quality assurance before further anal-

ysis. In addition, the weighted image quality rating (IQR) provided by

CAT12 were compared across different scanner types and cohorts

to ensure consistency in data quality. The average post-processing

IQR across scanner types and cohorts of the participants included in

voxel-basedmorphometry analysis are shown in Figure S3.

2.4 Voxel-based morphometry

Voxel-basedmorphometry analysis was performed in SPM to compare

the global graymatter volume (GMV) (1) between sporadic and genetic

bvFTD stratified by sex (male/female); and (2) between females and

males stratified by genetic status (sporadic/genetic). Age and TIV were

included for correction in the analysis. Disease severitywas included as

a covariate for comparison between patient groups. MRI scanner type

was included as an additional covariate to correct for any difference

due to scanners in supplementary analysis. The smoothed and modu-

lated images, GMV,were analyzed using voxel-wise two-sample t-tests.

Results were corrected for multiple comparisons by family-wise error

(FWE) correction. Clusters with FWE-corrected p value < .05 were

considered statistically significant.

2.5 Statistical analysis

Multiple linear regression was used to investigate the relationship

between sex and the scores of behavioral and cognitive tests; and the

relationship between type of bvFTD (i.e., sporadic vs genetic) and the

scoresof behavioral and cognitive tests. Each test scorewasusedas the

dependent variable in a regression model, and sex or type was used as

the independent variable with education, age at disease onset, and dis-

ease severitymeasuredbyCDRplusNACCFTLD-SBas covariates. The

Benjamini and Hochberg procedure was used for controlling the false

discovery rate (FDR).27 AnFDR-correctedpvalue< .05was considered

statistically significant. Demographicswere comparedbetween groups

using the chi-square test for categorical variables and the Kruskal–

Wallis test for continuous variables, as variables were not normally

distributed. The odd ratios (ORs), 95% confidence interval (CI), and

effect size (r) were reported in results.
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TABLE 3 Characteristics of participants stratified by bvFTD type.

Sporadic Genetic

Difference between sporadic and genetic cases

(chi-square or Kruskal-Wallis test)

Cohort ALLFTD Total genetic ALLFTD GENFI Sporadic vs genetic

Sporadic vs genetic

(ALLFTD)

Participants N

738 427 311 165 146

Sex

n (%)

Female 154 (36.1%) 141 (45.3%) 86 (52.1%) 55 (37.7%) χ2= 6.07, p= .014, OR=
1.47 (95%CI: 1.09–1.98)

χ2= 12.07, p< .001, OR=
1.93 (95%CI: 1.34–2.78)Male 273 (63.9%) 170 (54.7%) 79 (47.9%) 91 (62.3%)

Genetic mutation

n (%)

C9orf72 / 155 (49.8%) 77 (46.7%) 78 (53.4%) / /

GRN / 69a (22.3%) 32a (19.4%) 37 (25.3%)

MAPT / 76 (24.4%) 47 (28.5%) 29 (19.9%)

Other / 11 (3.5%) 9 (5.4%) 2 (1.4%)

Age (mean± SD) 63.8± 8.6 61.0± 9.1 60.3± 9.1 61.8± 9.0 H= 16.64, p< .001,

r= .15

H= 16.97, p< .001, r= .15

Age of disease onset

(mean± SD)

58.5± 8.6 55.1± 10.0 53.8± 10.4 56.8± 9.2 H= 22.36, p< .001,

r= .17

H= 26.07, p< .001, r= .19

Education (years) 15.9± 2.6 14.0± 3.4 15.4± 2.6 12.6± 3.6 H= 51.00, p< .001,

r= .26

H= 3.55, p< .060, r= .069

CDR plus NACC

FTLD-SB (mean± SD)

8.9± 4.5 9.7± 5.8 9.2± 5.5 10.3± 6.1 H= 1.58, p= .21, r= .046 H= 0.043, p= .84,

r= .0077

p values in bold are statistically significant.
Abbreviations: CDR plus NACC FTLD-SB, Clinical Dementia Rating Dementia Staging Instrument plus the Sum of Boxes score of Behavior and Language

domains from the National Alzheimer’s Coordinating Center FTLD Module; CI, confidence interval; C9orf72, chromosome 9 open reading frame 72; GRN,

progranulin; MAPT, microtubule-associated protein tau; OR, odds ratio; SD, standard deviation.
aOne subject has both C9orf72 andGRNmutations.

3 RESULTS

3.1 Participant characteristics across groups

Characteristics of participants stratified by sex are shown in Table 1.

There was no significant difference between females and males in

the ratio of probable/possible bvFTD diagnosis (χ2 = 2.09, p = .15,

OR=0.73 [95%CI: 0.49–1.09]), the ratio of each geneticmutation type

(H = 0.57, p = .45, r = .028), age (H = 0.27, p = .61, r = .019), age at dis-

ease onset (H = 0.00035, p = .99, r = .00069), or education (H = 0.44,

p = .50, r = .025). Females presented greater disease severity as mea-

sured by CDR plus NACC FTLD-SB compared to males (H = 10.60,

p = .0011, r = .12). To compare between sporadic and genetic groups,

Table 3 shows the characteristics stratified by bvFTD type (i.e., spo-

radic vs genetic). Therewasa significant difference in sex ratiobetween

sporadic and genetic bvFTD (χ2 = 6.07, p = .014, OR = 1.47 [95%

CI: 1.09–1.98]). Forty-five percent of the genetic bvFTD was female,

whereas in sporadic bvFTD35%was female. The difference in sex ratio

was more apparent within the ALLFTD cohort (χ2 = 12.07, p < .001,

OR = 1.93 [95% CI: 1.34–2.78]), in which there were 52% of genetic

bvFTD was female, whereas 36% of sporadic bvFTD was female. Spo-

radic bvFTD patients were older (H = 16.64, p < .001, r = .15) and had

a higher age at disease onset (H= 22.36, p< .001, r= .17) compared to

genetic bvFTD patients. There was no significant difference in disease

severity as measured by CDR plus NACC FTLD-SB between sporadic

and genetic bvFTD (H= 1.58, p= .21, r= .046).

3.2 Sex differences in behavioral and cognitive
symptoms between sporadic and genetic bvFTD

Overall, sporadic bvFTD exhibited worse symptoms than genetic

bvFTD, in both males and females (Figure 1). Females with sporadic

bvFTD exhibited significantly more severe symptoms of compulsive

behavior [F (4, 147) = 7.73, β = .39, p = .026], loss of empathy [F (4,

147) = 7.29, β = .45, p = .022], and disinhibition [F (4, 147) = 8.34,

β= .38, p= .036] compared to females with genetic bvFTD.Males with

sporadic bvFTD exhibited significantly more severe symptoms of apa-

thy [F (4, 293) = 8.53, β = .35, p = .0050], eating behavior change [F (4,

293) = 10.75, β = .54, p < .001], loss of empathy [F (4, 293) = 10.11,

β= .40,p= .0034], anddisinhibition [F (4, 293)=6.54, β= .39,p= .0034]

compared tomaleswith genetic bvFTD (Figure 1). No significant differ-
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LIU ET AL. 7 of 17

F IGURE 1 Differences in symptoms of frontotemporal dementia diagnostic criteria between genetic and sporadic bvFTD, stratified by sex;
and differences in symptoms of frontotemporal dementia diagnostic criteria between females andmales, stratified by bvFTD type. Values are
z-scores and higher values represent more severe symptoms. bvFTD, behavioral variant frontotemporal dementia.

ence was found between females and males within the sporadic cases

or within the genetic cases.

In regard to cognitive functions, females with sporadic bvFTD

showedmore severe language impairments [F (4, 147)= 12.49, β= .43,

p = .024] compared to females with genetic bvFTD (Figure 2). When

compared between females and males within the sporadic cases,

females showed more severe language impairments than males [F (4,

249) = 22.12, β = .42, p = .0042] (Figure 2). This was supported by a

significant interaction between bvFTD type (sporadic/genetic) and sex

in predicting language impairments (p= .029). No significant difference

was found between females andmales within the genetic cases.

Other symptoms estimated by NPI-Q scores are shown in Figure 3.

Males with sporadic bvFTD exhibited significantly more severe symp-

toms of nighttime behavior [F (4, 390) = 5.74, β = .38, p = .0052] and

irritability [F (4, 390)= 5.07, β= .34, p= .0052] compared tomaleswith

genetic bvFTD.No significant differencewas found in females between

sporadic bvFTD and genetic bvFTD.When compared between females

andmales within the sporadic cases, males showedmore severe symp-

toms of nighttime behavior compared to females [F (4, 373) = 5.69,

β = .41, p = .0015] (Figure 3). This was supported by a significant

interaction between bvFTD type (sporadic/genetic) and sex in predict-

ing nighttime behavior (p = .017). No significant difference was found

between females andmales within the genetic cases.

3.3 Sex differences in GMV between sporadic
and genetic bvFTD

Females with sporadic bvFTD showed greater GMV than females with

genetic bvFTD, mainly in the left precuneus, left postcentral gyrus, left

angular gyrus, left inferior occipital gyrus, and left inferior occipital

gyrus (Figure 4). No significant difference was found in males between

sporadic and genetic bvFTD or between females and males within the

sporadic or genetic groups. Results did not change significantly when

including scanner type as an additional covariate in the analysis (Figure

S4). Results were also consistent when including cohort or disease

duration as an additional covariate in the analysis.

4 DISCUSSION

This study investigated the discrepancy in the prevalence of females

between genetic and sporadic bvFTD by identifying the impact of

biological sex on clinical phenotypes. Patients with sporadic bvFTD

generally had worse symptoms than patients with genetic bvFTD,

despite similar disease stages, suggesting a potentially higher symp-

tom threshold for diagnosis in sporadic bvFTD. Females and males

were similar in genetic bvFTD, but females presented greater language
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8 of 17 LIU ET AL.

F IGURE 2 Differences in cognitive symptoms between genetic and sporadic bvFTD, stratified by sex; and differences in cognitive symptoms
between females andmales, stratified by bvFTD type. Each cognitive domain was assessed by the composite score of cognitive tests included for
that domain as listed in Table 2. Values are z-scores and higher values represent more severe symptoms. bvFTD, behavioral variant frontotemporal
dementia.

impairments, whereas males presented worse nighttime behavior in

sporadic bvFTD. In females only, sporadic cases showed more severe

compulsive behavior and less parietal lobe atrophy than genetic cases.

The discrepancy in prevalence of females between genetic and spo-

radic bvFTDmight be explained by distinct neuropsychiatric subtypes,

and some femaleswithout geneticmutationsmay bemisdiagnosed due

to fewer typical bvFTD symptoms from diagnostic criteria that may be

more applicable tomales with sporadic bvFTD.

There were different characteristics between sporadic and genetic

bvFTD, regardless of sex. Sporadic participants were older and had a

greater age at disease onset, consistent with existing literature show-

ing that genetic FTLD tends to manifest at an earlier age than sporadic

cases, and the age at onset is correlated with mean family age at

onset.28 Sporadic and genetic bvFTDshare core features, andno symp-

tom has been reported exclusively in one type. Although sporadic and

genetic patients in this study were at similar disease stages, sporadic

patients showed worse symptoms of disinhibition and loss of empathy.

This result suggests a potentially higher symptom threshold for diag-

nosis without known genetic mutations, although such discrepancy in

symptoms does not necessarily result in a significant difference in dis-

ease severity rated by current clinical scale. The clinical syndromes and

underlying pathology in sporadic bvFTDaremore variable and lesswell

understood compared to genetic bvFTD,29,30 increasing challenges in

accurate diagnosis and estimation of prevalence. Among the symptoms

included in the diagnostic criteria, disinhibition and loss of empathy

are generally more classic bvFTD symptoms along with apathy.1 In

this study, prominent symptoms of disinhibition and loss of empathy

in sporadic patients might aid in their identification and subsequent

diagnosis.

Although the significance of sex in FTD has been increasingly

reported,10–12,14 the sex-linked differences in clinical presentation and

cognitive reserve remain poorly understood. We found that females

showed less apathy and eating behavior disturbances, consistent with

higher behavioral reserve of these symptoms in females reported in

a previous study.11 However, language impairment was greater in

femaleswith sporadic bvFTD compared to femaleswith genetic bvFTD

andmales with sporadic bvFTD. Although language problems are most

prominent in PPA, it is generally considered a common symptom in

bvFTD.29 As the sex ratio between sporadic and genetic cases in PPA is

relatively equal,14 it is conceivable that the manifestation of language

problems similar to the language variants of FTD ismore rapidly picked

up by family members and recognized by physicians. Thus, language

impairments here might have facilitated differentiation from psychi-

atric disorders, preventing referral bias and misdiagnosis in these

females.

Maleswith sporadic bvFTD exhibitedmore severe nighttime behav-

ior than males with genetic bvFTD and females with sporadic bvFTD.

There are several possible explanations for this finding. The NPI-
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LIU ET AL. 9 of 17

F IGURE 3 Differences in symptoms estimated by the NPI-Q scores in genetic bvFTD and sporadic bvFTD, stratified by sex; and differences in
symptoms estimated by the NPI-Q scores between females andmales, stratified by bvFTD type. Values are z-scores and higher values represent
more severe symptoms. bvFTD, behavioral variant frontotemporal dementia; NPI-Q, Neuropsychiatric Inventory Questionnaire.

Q-assessed nighttime behavior serves as a surrogate for sleep and

nighttime disturbances.31 Sleep disturbances have been found in up

to 85% of bvFTD and often manifest early in the disease course.32–35

Nighttime behaviors of patients with bvFTD correlate strongly with

caregiver distress.34 Clinical rating scores are susceptible to the sex

of the caregiver.36 Female caregivers tend to report higher sever-

ity scores compared to male caregivers, even when patients are at

similar biological stages of the disease.36 It is possible that female

caregivers are more attuned to the subtle early signs, like night-

time behaviors, in male bvFTD patients. Second, sleep disturbances

seen in rapid eye movement behavior disorder (RBD), which are

associated with alpha-synucleinopathies,37,38 could be relevant, as

alpha-synucleinopathies and associated RBD symptoms are more

prevalent in males.39 Although neuropathological data are lacking, it

is possible that some males with sporadic bvFTD had more alpha-

synuclein co-pathology, resulting in more sleep disturbances.40 Nev-

ertheless, the current finding could also suggest that males with

sporadic bvFTD present a different phenotype featuring more night-

time behaviors. Thus the more severe nighttime behaviors in males

might be the result of a complex interplay between sex and co-

pathological mechanisms, which requires further research to fully

understand.

Neurodegenerative disease is often misclassified as psychiatric dis-

ease due to overlapping symptoms, with bvFTD at the highest risk.16 A

systematic review showed that ≈50% of patients with bvFTD received

a prior psychiatric diagnosis and, more importantly, females received a

prior psychiatric diagnosismoreoften thanmales inbvFTD.16 Themost

common initial psychiatric diagnosis that bvFTD patients received is

major depressive disorder, possibly due to the similarity between some

of their typical symptoms, such as apathy in bvFTD and social with-

drawal in major depressive disorder.41,42 As it is commonly known

that the lifetime prevalence of major depressive disorder in females

is almost two times that in males,43,44 females with bvFTD are likely

to be more susceptible to mistaken psychiatric diagnosis, especially

those without genetic mutations known for FTD. In this study, the

depression symptoms of females with sporadic bvFTD were relatively

mild compared to other behavioral symptoms. This might be one of

the major reasons that these females were not misdiagnosed as hav-

ing major depressive disorder, whereas the portion of females with

bvFTDwho presented relatively severe symptoms of depressionmight

have received psychiatric diagnosis. Sporadic males displayed more

severe apathy than genetic males, whereas no difference was appar-

ent between sporadic andgenetic females, also suggesting that females

with severe apathy might be misdiagnosed as having psychiatric dis-

order. Compulsive behavior, on the other hand, is more commonly

present in bvFTD than in depression. Females with sporadic bvFTD

exhibited more compulsive behavior than females with genetic bvFTD,

which is another possible factor preventing these females from being

misdiagnosed. As obsessive-compulsive disorder usually arises earlier

in life,45 compulsive behavior arising later in life is considered atypi-

cal for a psychiatric disorder. In addition, more pronounced apathy and

eating behavior changes inmaleswith sporadic bvFTDmay support the
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10 of 17 LIU ET AL.

F IGURE 4 Voxel-basedmorphometry analysis results of graymatter volume comparison between (A) females with sporadic bvFTD and
females with genetic bvFTD (no significant difference was found inmales between sporadic and genetic bvFTD); (B) female controls and females
with sporadic bvFTD; (C) male controls andmales with sporadic bvFTD; (D) female controls and females with genetic bvFTD; (E) male controls and
males with genetic bvFTD. Results are showing the regions with significant differences (corrected p< .05). bvFTD, behavioral variant
frontotemporal dementia.

notion that current diagnostic criteria are more closely aligned with

sporadic male bvFTD profiles.

Atrophy patterns can be different between sporadic and genetic

bvFTD and across genetic mutations.46–48 We found that genetic

bvFTD females showed less GMV than sporadic bvFTD females, pri-

marily in the left parietal lobe. This is consistentwith literature showing

greater atrophy in the parietal lobe of genetic bvFTD than sporadic

bvFTD, mainly driven by the C9orf72 mutation group.46 Of interest,

the difference between genetic and sporadic cases was only signifi-

cant in females—not inmales.We speculate that the portion of females

with sporadic bvFTDmissed in diagnosis might present not only differ-

ent neuropsychiatric symptoms, but also greater atrophy compared to

those that had been identified in the current cohorts.

This study included participants from two cohorts with differing sex

distributions in genetic bvFTD. TheGENFI study primarily recruits par-

ticipants fromEuropean countries, whereas theALLFTD study recruits

participants fromNorthAmerica. This discrepancy suggests a potential

cultural effect on caregiver reporting. Although this topic is beyond the

scope of the current study, future research could investigate whether

cultural or regional factors influence the clinical reporting or diagnosis

of genetic bvFTD.

This study has limitations. First, the exclusion of subjects with miss-

ing data reduced statistical power. This could be the primary reason

that the interaction between sex and bvFTD type was insignificant

in multiple regression predicting diagnostic criteria symptoms, even

though different profiles were observed between genetic and spo-

radic cases across sexes. Participantswhowere excluded fromanalyses

tended to have more advanced disease stages, likely because severe

symptoms made it more challenging to collect complete data. This

exclusion could introduce bias into the study by underrepresenting

patientswithmore severe symptoms. Future studies could address this

limitation by implementing robust imputation techniques and enhanc-

ing clinical protocols to facilitate data collection in this subgroup.

Second, we integrated data from two multicenter cohorts. The vari-

ability of MRI acquisition scanners and sequences, cognitive tests, and

clinical assessments is higher than a study using data from a single

site. However, we mitigated the effects on neuroimaging through nor-

malization, de-noising, and standardized registration ofMRI scans, and

we also performed supplementary analyses to ensure that the results

were not significantly affectedby scanner typeor cohort.Wemitigated

the effects on cognitive tests through standardizing test scores and

creating composite scores.
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In conclusion, there are sex-linked differences in the clinical phe-

notypes of sporadic bvFTD. The discrepancy in prevalence of females

between genetic and sporadic bvFTD might be attributable to misdi-

agnosis in females with sporadic bvFTD due to overlapping symptoms

with psychiatric disorders. Because psychiatric misdiagnosis can lead

to delayed and inappropriate treatment, clinicians should have more

sex-specific considerations when evaluating symptoms and making

diagnosis.
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