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Abstract

Introduction Frontotemporal dementia (FTD) encompasses a wide spectrum of genetic, clinical, and histological findings.
Sex is emerging as a potential biological variable influencing FTD heterogeneity; however, only a few studies explored this
issue with nonconclusive results.

Objective To estimate the role of sex in a single-center large cohort of FTD patients.

Methods Five hundred thirty-one FTD patients were consecutively enrolled. Demographic, clinical, and neuropsychologi-
cal features, survival rate, and serum neurofilament light (NfL) concentration were determined and compared between sex.
Results The behavioral variant of FTD was more common in men, whereas primary progressive aphasia was overrepresented
in women (p <0.001). While global cognitive impairment was comparable, females had a more severe cognitive impairment,
namely in Trail Making Test parts A and B (p =0.003), semantic fluency (p =0.03), Short Story Recall Test (p =0.003),
and the copy of Rey Complex Figure (p=0.005). On the other hand, men exhibited more personality/behavioral symptoms
(Frontal Behavior Inventory [FBI] AB, p=0.003), displaying higher scores in positive FBI subscales (FBI B, p <0.001). In
particular, apathy (p =0.02), irritability (p =0.006), poor judgment (p =0.033), aggressivity (p =0.008), and hypersexual-
ity (p=0.006) were more common in men, after correction for disease severity. NfL. concentration and survival were not
statistically different between men and women (p =0.167 and p =0.645, respectively).

Discussion The present study demonstrated that sex is a potential factor in determining FTD phenotype, while it does not
influence survival. Although the pathophysiological contribution of sex in neurodegeneration is not well characterized yet,
our findings highlight its role as deserving biological variable in FTD.
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Introduction Methods
Sex influences on brain functioning have been gaining  Participants

increasing attention in both basic and clinical sciences [1].
Differences between men and women have been demon-
strated in physiological as well as in pathological conditions
in the brain [2, 3], and the role of sex is emerging as a crucial
biological variable in the field of neurodegenerative diseases
[4,5].

In the context of dementia, Alzheimer’s disease (AD)
has been largely explored for sex dissimilarities, mainly
prompted by the higher AD prevalence in women [6, 7]. A
large body of research has unraveled different risk factors
and hormone influence in AD, along with distinct clinical
presentations and specific brain changes between males and
females [6, 8—10].

Conversely, few studies are available about the role of sex
in frontotemporal dementia (FTD), probably due to the similar
disease prevalence in men and women in clinical cohort stud-
ies and the lack of epidemiological studies on a possible role
of sex in this disease [11].

FTD is characterized by a wide heterogeneity in terms
of clinical, genetic, and neuropathological features. Explor-
ing the factors that might contribute to this heterogeneity
may represent a great challenge. Different phenotypes have
been described on the basis of presenting clinical symp-
toms: the behavioral variant of FTD (bvFTD), characterized
by early behavioral and personality changes and executive
dysfunction [12], and primary progressive aphasia (PPA),
associated with progressive deficits in language [13]. In
particular, the agrammatic variant of PPA (avPPA) presents
with slow, effortful speech, and grammar deficits, whereas
the semantic variant of PPA (svPPA) begins with difficulty
finding words, particularly nouns, and single-word com-
prehension deficits.

A family history of dementia is found in 25-50% of the
FTD patients with microtubule-associated protein tau (MAPT)
and progranulin (GRN) mutations, and chromosome 9 open-
reading-frame 72 (C9orf72) expansion as major pathogenetic
determinants [14].

A few studies have suggested a link between sex and phe-
notypic presentation in FTD [15-17], and a higher female
prevalence of GRN mutations in FTD has been reported [18].
However, these results are not conclusive, which prompted the
present study, aimed at exploring sex influences on disease
onset, cognitive and behavioral features, and survival and bio-
logical biomarkers of disease severity in a large, single-center
cohort of FTD patients.

@ Springer

In the present study, patients fulfilling current clinical crite-
ria for probable FTD [13, 19] were consecutively recruited at
the Centre for Neurodegenerative Disorders, Department of
Clinical and Experimental Sciences, University of Brescia,
Italy, from July 2007 to July 2021.

All patients underwent a comprehensive evaluation of
their past medical history, complete neurological examina-
tion, standardized neuropsychological assessment, and mag-
netic resonance imaging (MRI) of the brain.

In familial cases, based on the presence of at least one
dementia case among first-degree relatives and early-onset
sporadic cases, genetic screening for GRN, C9orf72, and
MAPT was performed. Given the low frequency of MAPT
mutations in Italy [20], we considered only the P301L
mutation and we sequenced the entire MAPT gene only in
selected cases.

In a subset of patients, cerebrospinal fluid analysis or PET
amyloid was performed to exclude focal AD pathology, as
previously reported [21]. FTD patients were followed over
time and data on survival recorded.

Neuropsychological and behavioral assessment

The standardized neuropsychological assessment included
the Mini-Mental State Examination (MMSE), Trail-Making
Test (part A and part B), letter and semantic fluencies, Token
Test, Digit Span forward, Short Story Recall Test, and Rey
Complex Figure (copy and recall) [22]. The level of func-
tional independence was assessed with Basic Activities of
Daily Living (BADL) [23].

Behavioral disturbances were rated by the Italian ver-
sion of the Frontal Behavioral Inventory [24, 25]. Disease
severity was measured by CDR Dementia Staging Instru-
ment plus behavior and language domains from the National
Alzheimer’s Coordinating Center and Frontotemporal lobar
degeneration modules — sum of boxes (CDR plus NACC
FTLD—SOB) [26].

Neurofilament light (NfL) measurements

In a subgroup of patients (n =188), the serum was col-
lected to assess the concentrations of NfL. The serum
was obtained by venipuncture, processed and stored
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in aliquots at — 80 °C according to standardized proce-
dures. The serum NfL concentration was measured using
a commercial NF-Light assay (Quanterix, Billerica,
Massachusetts, USA) according to the manufacturer’s
instructions. The lower limit of quantitation for serum
NfL was 0.174 pg/ml. Measurements were carried out
using a HD-X analyser (Quanterix, Billerica, Massachu-
setts, USA), and the operators were blinded to all clinical
information. Quality control samples had mean intra- and
inter-assay coefficients of variation of < 8% and <20%,
respectively.

Statistical analysis

Continuous and categorical variables are reported as
mean (= standard deviation) and n (%), respectively.
Between-group differences in demographic and global
neuropsychological measures were assessed using inde-
pendent sample ¢ test and chi-square’s test for continuous
and categorical variables. Separate analyses of covari-
ances (ANCOVAs) were conducted for each cognitive test
and behavioral subitems, covarying for disease severity,
assessed by CDR plus NACC FTLD — SOB. Differences
in serum NfL were assessed with a one-way analysis of
covariance (ANCOVA), corrected for age and disease
severity. For comparisons of each cognitive test and FBI
subitems, a correction for multiple comparisons was per-
formed using the Benjamini—Hochberg False Discovery
Rate (FDR).

Survival was calculated as the time from symp-
tom onset to time of death or the last follow-up. A
Kaplan—Meier survival analysis was conducted to com-
pare overall survival between male and female patients. A
p-value < 0.05 was considered significant. Data analyses
were carried out using SPSS 21.0 software.

Data availability

All study data, including study design, statistical analy-
sis plan, and results, are available from the corresponding
author, upon reasonable request.

Results
Participants

In the present study, 531 FTD patients were consecutively
recruited, namely 345 patients with bvFTD [12], 118 with
avPPA, and 68 with svPPA [13].

The study group consisted of 258 women (mean age
66.4 + 8.1 years old) and 273 men (mean age 65.4 + 8.4 years
old). No significant differences in demographic character-
istics were observed between groups, with the exception
of the younger age at disease onset for male FTD patients
(»p=0.047) (see Table 1).

FTD-related pathogenic mutations were identified in
95 patients (n=66 GRN mutations, n=26 C9orf72 expan-
sions, n=3 MAPT mutations). There were no sex differences
within the prevalence of pathogenic mutations.

The main finding of our study is that the bvFTD phe-
notype was more common in men (74%), whereas PPA in
women (57%, p <0.001).

Neuropsychological measures in female and male
FTD patients

Men and women showed no differences in global disease
severity, as measured with CDR plus NACC FTLD—SOB
(see Table 2). Overall, men presented more frequently
behavioral disturbances, whereas women had higher cogni-
tive impairment when considering specific tasks.

Table 1 Demographic

s . Variable All Males Females p-values
characteristics of FTD patients

Number 531 273 258 -
Age (years) 65.9+8.3 65.4+8.4 66.4+38.1 0.147
Age at onset (years) 63.2+8.2 62.5+8.2 64.0+8.2 0.047
Disease duration (years) 27+£2.3 2.8+2.5 25+19 0.102
Education (years) 9.1+4.3 94+4.4 8.7+4.2 0.083
Pathogenetic mutation (%) 95 (18%) 44 (16%) 51 (20%) 0.1687
Phenotype, bvFTD vs PPA (%) 347 (65%) 201 (74%) 146 (57%) <0.0017

Demographic characteristics are expressed as mean =+ standard deviation, unless otherwise specified

bvFTD =behavioral variant Frontotemporal Dementia; PPA =Primary Progressive Aphasia

p-values are determined by means of independent sample t-test comparison student t test, unless otherwise

specified

A p-values for Chi-Square test comparison
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Table 2 Clinical, behavioral and

. Variable All Males Females p-value

neuropsychological assessment

of FTD patients CDR plus NACC FTLD—SOB 6.8+4.9 6.6+4.7 7.1+5.0 0.328°
MMSE 20.4+12.8 20.7+72 20.1+16.8 0.620°
FBI A 122475 124+7.5 12.0+7.6 0.1487
FBIB 59+5.8 6.8+6.0 5.0+54 <0.0017
FBI AB 18.1+11.7 19.1+12.1 17.0+£11.3 0.0037
Trail Making Test, part A (sec) 125.4+141.7 104.5+125.1 150.4 +156.0 0.003»
Trail Making Test, part B (sec) 274.2+156.1 245.7+153.9 311.5+151.7 0.003»
Fluency, letter 18.8+11.1 19.3+10.7 18.1+11.5 0.4527
Fluency, semantic 23.6+12.4 25.1+12.6 22.0+12.0 0.03*
Token Test 254+82 26.7+7.2 242+9.0 0.1737
Digit Span forward 48+14 49+1.3 4.6+1.5 0.142~
Short Story Recall Test 8.0+4.9 9.0+4.7 6.8+4.8 0.003
Rey Complex Figure, copy 23.8+13.1 25.8+14.6 21.7+10.9 0.005"
Rey Complex Figure, recall 9.5+7.7 9.8+8.9 9.2+6.2 0.452~

Behavioural and neuropsychological global measures are expressed as mean + standard deviation

CDR plus NACC FTLD—SOB =Clinical Rating Scale plus National Alzheimer’s Coordinating Centre
FTDL Sum of Boxes; MMSE =Mini Mental State Examination; FBI =Frontal Behavior Inventory

° p-values for independent sample t-test comparison student t test
A p-values for one-way ANCOVA are expressed after adjusting for CDR plus NACC FTLD—SOB

All results are corrected for multiple comparisons (False Discovery Rate)

We compared behavioral disturbances, assessed by the
FBI scale, across the two groups. Men exhibited more
personality/behavioral symptoms (FBI AB, p=0.003),
displaying higher scores in positive FBI subscales (FBI
B, p<0.001), with no differences in FBI A. In particular,
looking at FBI subitems, men presented more severe apathy
(1.6+1.1vs. 1.3+1.1, p=0.02), irritability (1.1 £1.0 vs.
0.8+ 1.0, p=0.006), poor judgment (0.9+ 1.2 vs. 0.7+ 1.0,
p=0.033), aggressivity (0.6+0.9 vs. 0.3+0.7, p=0.008),
and hypersexuality (0.3+0.7 vs. 0.0+0.3, p=0.006), after

A
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correction for disease severity (see Fig. 1, p-values corrected
for multiple comparisons).

Women reached lower scores, corrected for disease
stage, in Trail Making Test parts A and B (104.5+125.1
vs. 150.4 +156.0; 245.7+153.9 vs. 311.5+151.7, both
p=0.003), semantic fluency (25.1+12.6 vs. 22.0+12.0,
p=0.03), Short Story Recall Test (9.0 +4.7 vs. 6.8 +4.8,
p=0.003), and Rey Complex Figure, copy (25.8 +14.6 vs.
21.7+10.9, p=0.005) (see Table 2, p-values corrected for
multiple comparisons).
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Fig. 1 Frontal behavior inventory. A Bar graph reporting FBI subitems part A in male (blue) and female (pink) patients. B Bar graph reporting
FBI subitems part B in male (blue) and female (pink) patients. “Statistically different between males and females
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Biological markers and survival

NfL concentration was not different between men and
women (41.2+30.6 pg/ml vs 47.7 +30.5 pg/ml, p=0.167)
and across FTD subtypes (bvFTD =43.5+42.9 pg/ml,
avPPA =45.5 +34.5 pg/ml, svPPA=31.8+14.8 pg/ml,
p=0.517). The survival, assesses by Kaplan-Meyer curve,
was not statistically different between men and women
(p=0.645) (see Fig. 2).

Discussion

The present study demonstrated that sex influences clini-
cal features in a wide cohort of FTD patients. Indeed, we
found that bvFTD was more common in men, while women
presented more frequently with PPA. The different preva-
lence of the two phenotypes between sex was confirmed
by neuropsychological tests and assessment of behavioral
disturbances. Despite a comparable general cognitive sta-
tus, women performed worse in language tasks as well as
in executive, visual attention, and visuospatial tests. On the
opposite side, men showed a higher frequency of neurobe-
havioral disturbances, in particular apathy, irritability, poor
judgment, aggressivity, and hypersexuality. These discrepan-
cies were not influenced by disease stage nor by education.
These observations confirm and expand the results of previ-
ous studies [15—17], and argue for a possible influence of sex
in FTD as well, beyond the well-known effect in AD. The
opposite prevalence of bvFTD and PPA might reflect differ-
ences in biological vulnerability between males and females.

Fig.2 Survival in FTD patients
by sex. Kaplan—-Meier survival .
curves for men and women with ' ks

FTD H

06

04

Cumulative survival

02

00

08 %

Considering that bvFTD usually involves the right hemi-
sphere, whereas PPA the left hemisphere, we can hypoth-
esize the presence of an asymmetric brain vulnerability to
FTD between gender. Several studies have pointed to sex-
related differences in brain asymmetry in physiological
conditions [27-29], some indicating that males had greater
rightward lateralization, while females had greater leftward
lateralization [30]. Sex differences in brain organization are
thought to underlie sex differences in motor and visuospa-
tial skills, linguistic performance, and vulnerability to defi-
cits following stroke and other focal lesions [31] as well as
pathologies disrupting brain asymmetry, namely autism, and
schizophrenia [32, 33]. Thus, this asymmetric susceptibility
might also explain why men develop more frequently bvFTD
and women PPA.

Neuropsychological profiles, especially language impair-
ment, and behavioral disturbances found in our FTD cohort
are in line to what was observed also in AD [34-36], thus
suggesting that sex per se influences the clinical presenta-
tion regardless of the specific neurodegenerative disease.
This hypothesis is further supported by the observation that
also in patients affected by Parkinson’s disease, men pre-
sent more frequently behavioral problems [37]. Exploring
the biological factors, such as hormonal influence, may shed
some light on FTD pathogenesis.

According to literature data, the FTD prevalence was
found similar in men and women [11], although age at
onset was lower in men than in women, independently from
clinical phenotype or education. This result might be a
sample bias, as studies in which only bvFTD were included
observed comparable disease onset between men and women
[17]. In addition, women might be more attentive than men

p=0.645

Women

Men

Women, censored
Men, censored

10 15 20 25

Survival (years)
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to notice behavioral and cognitive symptoms of the spouse,
thus leading to an earlier diagnosis of FTD in men. On the
contrary, subtle language deficits with preserved functioning
in daily life activities, without any behavioral disturbances
in women may be underscored by male spouses and at the
same time more socially acceptable, thus conditioning a later
recognition of the disease.

Finally, we found that survival and NfL concentration
were comparable between men and women, thus suggesting
an equal aggressiveness, as already supported by previous
studies [11, 38]. However, considering the longer life expec-
tancy for women in the general population [39], this result
could be interpreted as indirect evidence of more aggressive
progression and worse prognosis in females affected by FTD.

We acknowledge that the present study entails some lim-
its. Our results relied on a large clinical cohort; however,
we are aware that they should be confirmed by interna-
tional epidemiological studies and pathological confirma-
tion would be needed. Moreover, we did not consider other
potential factors influencing different clinical phenotypes
between sex. Finally, clinical observations should be corre-
lated with investigations exploring structural and functional
neuroimaging.

In conclusion, we have reported relevant differences
in FTD patients depending on sex, in particular concern-
ing clinical presentation. This could suggest that sex is
implicated in FTD pathogenesis; defining the sex-related
mechanisms involved would be of crucial significance to
understand the pathophysiology of the disease and to define
tailored clinical approaches.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10072-022-06185-7.
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