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INTRODUCTION: Psychotropic medication (PM) use in behavioral-variant frontotem-
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Email: anaca exists on whether PM use differs between sporadic and genetic bvFTD.
juancamilovargasgonzalez@mail.utoronto.ca METHODS: We analyzed data from sporadic and genetic bvFTD participants with
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study. We estimated ordinal odds ratio (OOR) of having more PM comparing spo-

combinations using classification and regression trees (CART).

RESULTS: We included 263 with sporadic and 193 with genetic bvFTD. The OOR for
sporadic bvFTD to be on PM was 1.75 (95% confidence interval: 1.21 to 2.53) for the
fully adjusted model. CART revealed the most common NPS combination was apathy +
personality changes in 18% of participants.

DISCUSSION: Participants with sporadic bvFTD were twice as likely to be on PM
compared to genetic bvFTD. The reason for increased PM usage in sporadic bvFTD

participants should be further investigated.
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1 | BACKGROUND

Neuropsychiatric symptoms (NPS; such as depression, anxiety, apathy,
psychosis, and disinhibition) are common in neurodegenerative dis-
eases. Their high frequency and increased severity are associated with
higher patient distress, increased mortality risk, and higher institution-
alization rates.! Psychotropic medications (PMs) are frequently used
as symptomatic treatments for NPS in dementia. Behavioral-variant
frontotemporal dementia (bvFTD) is a progressive condition charac-
terized by multiple neuropsychiatric and behavioral symptoms.2 The
high frequency of NPS is associated with higher PM usage by patients
with bvFTD compared to other syndromes, such as dementia due to
Alzheimer’s disease (AD).2 Importantly, higher use of PMs in patients
with dementia is associated with a higher risk of death, including
antipsychotics alone* and antidepressants or benzodiazepines when
patients are already on antipsychotics.”

Previous research has demonstrated that sporadic and genetic
bvFTD are associated with multiple NPS.® Whether there is a higher
frequency of NPS in sporadic or genetic bvFTD is unknown as conflict-
ing results were reported with a study in this cohort showing greater
NPS in sporadic bvFTD” while another study found higher frequency
and intensity of NPS in genetic bvFTD.® There is limited information
about whether this differential behavioral burden translates into dif-
ferential PM usage when comparing sporadic and genetic bvFTD and
if differential usage is associated with different behavioral symptom
profiles. We aimed to evaluate whether PM usage differs between spo-
radic and genetic bvFTD after controlling for symptom burden, using

data from a North American multicenter study.

2 | METHODS

We included 456 patients
Research and Treatment in Frontotemporal Lobar Degeneration

participating in the Advancing
(ARTFL)/Longitudinal Evaluation of Familial Frontotemporal Dementia
Subjects (LEFFTDS) Longitudinal Frontotemporal Lobar Degeneration
(ALLFTD) study, a collaborative multicenter study that includes data

behavioral symptoms, frontotemporal dementia, frontotemporal lobar degeneration, medication
usage, psychotropic drugs

* We report on patients with behavioral variant frontotemporal dementia (bvFTD).

* We evaluated the psychotropic medication (PM) prescription at baseline in the

» Patients with sporadic bvFTD had more prescriptions for PM than genetic patients.

* The frequency of symptoms combination was different in sporadic and genetic

from 26 sites across North America for participants diagnosed with
a frontotemporal lobar degeneration spectrum disorder. ALLFTD
resulted from the merger of ARTFL and LEFFTDS consortia. ALLFTD
participants undergo a comprehensive assessment, including a clin-
ical interview, physical and neurological examination, standardized
neuropsychological testing, functional evaluation, and biospeci-
men collection. All participants in ALLFTD had their genetic status
evaluated.

For this study, we included the cross-sectional baseline information
of participants diagnosed with bvFTD for whom the genetic status has
been established and with data on PM usage. We classified a partici-
pant as having genetic bvFTD if, during the genetic testing,” a known
pathogenic or likely pathogenic mutation was found; all other par-
ticipants with known genetic status and without known pathologic
mutations were classified as sporadic.

For the present analysis, we included data on the Clinical Dementia
Rating (CDR) Plus behavior and language modules from the National
Alzheimer’s Coordinating Center (NACC) Behavior and Language
Domains (CDR-plus-NACC-FTLD),° and we obtained the Global
(0 = none, 0.5 = questionable/very mild, 1 = mild, 2 = moderate,
3 = severe) score and the sum of the boxes using the scoring rules
developed by the ARTFL/LEFFTDS consortium1~13 that use infor-
mation across eight domains: memory, orientation, judgement and
problem solving, community affairs, home and hobbies, personal care,
behavior, and language. We included behavioral information from two
sources collected in ALLFTD; first the informant-based Neuropsy-
chiatric Inventory Questionnaire (NPI-Q) score; second, the NACC
Uniform Data Set (UDS) clinician judgment of symptoms behavioral
component, which is a clinician rating based on information from
patient and caregiver, clinical history, and medical records, as well neu-
rological assessment to judge if the individual symptoms are present
or not. The clinician judgment of symptoms assesses the presence or
absence of the most common symptoms of bvFTD. Also, we included
information on the age of onset (in years), education (in years), and
Geriatric Depression Scale (GDS) score.

The medication prescription was collected using the NACC A4

form, and for this analysis, we included all the PMs collected in the
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form, which include citalopram, duloxetine, escitalopram, fluoxetine,
gabapentin, mirtazapine, paroxetine, quetiapine, sertraline, venlafax-
ine, bupropion, alprazolam, clonazepam, lorazepam, and trazodone.
The included medications were those that were collected in the stan-
dardized NACC A4 used in ALLFTD; the NACC A4 standardized data
form only includes one antipsychotic and that is quetiapine. We did not
include cholinesterase inhibitors because they are mainly prescribed to
treat memory-related symptoms in AD. The NACC A4 form does not
record information regarding who prescribed the medication.

2.1 | Statistical analysis

This is a cross-sectional analysis of participants with sporadic and
genetic bvFTD from ALLFTD. Univariate comparisons of demographic
and clinical variables between sporadic and genetic bvFTD were per-
formed. We then modeled PM usage as the outcome as an ordinal
variable using the following levels: 0 PM, 1 PM, 2 PM, and > 3 PM. We
performed proportional odds logistic models!* using MASS package
version 7.3.6 and used the ordinal odds ratio (OOR) for the interpre-
tation. The first model evaluated the association of the dichotomous
genetic status on the categorical count of PMs without adjusting for
other factors. In the second model, we assessed the association of the
dichotomous genetic status on the categorical count of PM adjust-
ing for the global CDR-plus-NACC-FTLD category. Finally, in the third
model, we evaluated the association of the genetic status on the num-
ber of PMs used after controlling for CDR-plus-NACC-FTLD global
score, sex, NPI-Q score, and GDS score. We constructed a directed
acyclic graph (DAG), created with DAGitty,’° to select the confounders
to be included in the fully adjusted model. In Figure S1 in supporting
information we present the DAG figure before and after selecting the
minimally sufficient adjusting set of covariables. Furthermore, in Figure
S2 in supporting information we present a simpler DAG in which we
included NPI-Q as the only measure of behavior, and the CDR as the
only measure of function. In this less complex model, the covariables
include CDR-plus-NACC-FTLD global score, sex, and NPI-Q.

Also, In the Supplementary File in supporting information, we
present the results from two exploratory analyses in which we explored
fully adjusted models. In the first, we restricted to PMs that were likely
used as antidepressants (bupropion, citalopram, duloxetine, escitalo-
pram, fluoxetine, mirtazapine, paroxetine, sertraline, and venlafaxine),
and in the second to PMs that were likely used for agitation/sedation
(alprazolam, clonazepam, gabapentin, lorazepam, mirtazapine, queti-
apine, and trazodone). Additionally, we present the results of the
fully adjusted models stratified by sex to explore possible differences
between females and males. Finally, we present the exploratory model
with a reduced set of covariables obtained using the DAG model in
Figure S2.

Finally, we performed an exploratory analysis using a classification
and regression tree (CART) analysis to evaluate the NPS and behavioral
combinations present in the cohort to explore explanations for the dif-
ferences in PM usage. In short, CART is a technique that resorts to data

recursive partitioning to obtain the combinations of the characteris-
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RESEARCH IN CONTEST

1. Systematic review: We reviewed the literature using
traditional databases including PubMed, Medline, and
Embase. The information regarding differences in psy-
chotropic medication (PM) usage between genetic and
sporadic behavioral variant frontotemporal dementia
(bvFTD) is scarce, but we reference relevant information
in dementia that can illuminate our research.

2. Interpretation: Sporadic bvFTD patients are taking more
PMs than patients with genetic bvFTD. We hypothesize
that the differences result from varying combinations
of behavioral symptoms observed between sporadic and
genetic bvFTD groups.

3. Future directions: Future research should delve deeper
into the factors associated with the increased likelihood
of PM use in sporadic bvFTD, considering that some PMs
carry health risks and could have implications for out-
come and quality of life. Moreover, these studies should
investigate neuropsychiatric symptoms more thoroughly
to identify patterns that lead to increased PM usage.

ticsinthe participant group. Every partition group is mutually exclusive
and exhaustive, meaning all participants will be allocated to a group and
only one group.'® In the CART analysis, we obtained the combinations
of NPS and behavioral symptoms in the participants and the number of
participants in the genetic and sporadic categories on every combina-
tion. For the CART analysis, we used the report from the NACC UDS
clinician judgment on behavioral symptoms presence of agitation, anx-
iety, apathy, depressed mood, disinhibition, hallucinations/delusions,
irritability, personality changes (from NACC UDS: “the subject exhibits
bizarre behavior or behavior uncharacteristic of the subject, such as
unusual collecting, suspiciousness, unusual dress, or dietary changes,”
and/or “subject fails to take others’ feelings into account”) and rapid eye
movement sleep behavior disorder. In the hallucinations/delusions cat-
egory, we included participants with visual and auditory hallucinations
and delusional beliefs.

We did not make any prediction with the CART model. We per-
formed the analysis using R version 4.3.1.

3 | RESULTS

Our sample consisted of 456 participants, with 263 sporadic and
193 genetic bvFTD. See Table 1 for results and comparisons. Spo-
radic participants were older at disease onset with a mean age of
58.7 + 8.9 years compared to genetic participants at 53.2 + 9.6
years; also, there were fewer female participants in the sporadic group
than in the genetic. The genetic group comprised: 100 participants
(51.8%) with C9orf72 repeat expansion, 60 participants (31.1%) with
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TABLE 1 Demographic and clinical description of sporadic and genetic bvFTD.

Sex female, n (%)

Age of onset, mean (SD), years

Education, mean (SD), years

Hand dominance, n (%)

Left

Right

Ambidextrous

CDR-plus-NACC-FTLD global, n (%)

0.5

1

2

3

CDR-plus-NACC-FTLD sum of boxes, mean (SD)
Patient level of independence, n (%)

Able to live independently

Requires some assistance with complex activities
Requires some assistance with basic activities
Completely dependent

NPI-Q, mean (SD)

GDS, mean (SD)

FAQ, mean (SD)

Predominant domain that was first recognized as changed, n (%)

Cognition

Behavior

Motor

MoCA total score, mean (SD)

NACC UDS clinician judgment of behavioral symptoms, n (%)

Apathy

Depressed mood

Visual hallucinations

Auditory hallucinations

Delusional beliefs

Disinhibition

Irritability

Agitation

Personality changes

REM sleep behavior disorder

Anxiety

Psychotropic medication prescriptions, n (%)
0
1
2
>3

Sporadic (N = 263)
89(33.8%)

58.7 (8.9)

16.2(2.5)

31(11.8%)
227 (86.6%)
4(1.5%)

20(7.6%)
112 (42.6%)
120 (45.6%)

11(4.2%)

8.2(3.8)

9(23.0%)
108 (42.2%)
65 (25.4%)
24(9.4%)
11.8(7.0)
3.3(34)
18.0(8.3)

51(19.5%)

207 (79.3%)
3(1.1%)
19.9(10.9)

224 (85.2%)
60 (22.8%)
11(4.2%)

4(1.5%)
31(11.8%)

217 (82.5%)

172 (65.4%)

106 (40.3%)

240 (91.3%)
16 (6.1%)
71(27.0%)

85(32.3%)
103 (39.2%)

64 (24.3%)

11 (4.2%)

Genetic (N =193)

92 (47.7%)
53.2(9.6)
15.4(2.4)

14 (7.3%)
172 (89.6%)
6(3.1%)

14 (7.3%)
69 (35.8%)
104 (53.9%)
6(3.1%)
8.4(4.0)

6(29.3%)
78 (40.8%)
8(19.9%)
19 (9.9%)
10.0(6.5)
2.6(2.9)
17.4(8.3)

33(18.1%)
143(78.6%)
6(3.3%)
19.6(9.7)

144 (74.6%)
29(15.0%)
10 (5.2%)
9 (4.7%)
32(16.6%)

155(80.3%)
99 (51.3%)
55(28.5%)

178(92.2%)
1(0.5%)
37(19.2%)

100 (51.8%)
58(30.1%)
27 (14.0%)

8(4.1%)

pvalue
0.003
<0.001
<0.001
0.157

0.228

0.669
0.168

0.005
0.020
0.560
0.279

0.742

0.005
0.038
0.615
0.046
0.143
0.550
0.002
0.009
0.710
0.002
0.052
<0.001

(Continues)
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TABLE 1 (Continued)

Psychotropic medications, n (%)

Citalopram

Escitalopram

Fluoxetine

Paroxetine

Sertraline

Duloxetine

Mirtazapine

Venlafaxine

Bupropion

Alprazolam

Clonazepam

Lorazepam

Trazodone

Quetiapine

Gabapentin

Gait disturbance, n (%)

Normal

Slight alteration

Walks with difficulty but require no assistance
Severe disturbance

Type of gait disturbances in participants with gait abnormalities, n (%)
Hemiparetic

Lower motor neuron

Ataxic gait

Parkinsonian

Apractic

Antalgic

Other

Frequent falls, n (%)

Presenting tremor, n (%)

Presenting clinically significant slowness, n (%)
UPDRS total score, mean (SD)

PSPRS score, mean (SD)

Signs consistent with ALS/PLS diagnosis in supplemental UPDRS, n (%)

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

Sporadic (N = 263) Genetic (N = 193) p value

23(8.7%) 7 (3.6%) 0.029
41(15.6%) 20(10.4%) 0.105
9(3.4%) 6(3.1%) 0.853
3(1.1%) 8(4.1%) 0.039
50(19.0%) 17 (8.8%) 0.002
7(2.7%) 10(5.2%) 0.161
9(3.4%) 10 (5.2%) 0.353
8(3.0%) 3(1.6%) 0.306
13(4.9%) 7 (3.6%) 0.498
9(3.4%) 4(2.1%) 0.392
10(3.8%) 8(4.1%) 0.853
6(2.3%) 2(1.0%) 0.317
40 (15.2%) 15(7.8%) 0.016
28(10.6%) 18 (9.3%) 0.644
11(4.2%) 5(2.6%) 0.361
0.001

175 (66.8%) 153(80.1%)

57 (21.8%) 29(15.2%)
17 (6.5%) 6(3.1%)
12 (4.6%) 3(1.6%)
0.232
1(1.2%) 1(3.3%)
3(3.6%) 0(0.0%)
2(2.4%) 1(3.3%)
37 (44.0%) 20 (66.7%)
8(9.5%) 0(0.0%)
9(10.7%) 3(10.0%)
24 (28.6%) 5(16.7%)
46 (17.5%) 16 (8.3%) 0.005
35(13.3%) 24 (12.4%) 0.784
71(27.0%) 35(18.1%) 0.027
4.4(7.9) 3.1(6.6) 0.066
7.8(7.2) 6.2(7.5) 0.034
12 (4.6%) 9(4.7%) 0.947

Note: CDR-plus-NACC-FTLD: Clinical Dementia Rating plus behavior and language modules from the NACC behavior and language domains.

Abbreviations: ALS/PLS, amyotrophic lateral sclerosis/primary lateral sclerosis; bvFTD, behavioral-variant frontotemporal dementia; CDR, Clinical Dementia
Rating; FAQ, Functional Activities Questionnaire; GDS, Geriatric Depression Scale; MoCA, Montreal Cognitive Assessment; NACC, National Alzheimer’s
Coordinating Center; NPI-Q, Neuropsychiatric Inventory Questionnaire; PSPRS, progressive supranuclear palsy rating scale; REM, rapid eye movement; SD,
standard deviation; UDS, Uniform Data Set; UPDRS, unified Parkinson’s disease rating scale.

microtubule-associated protein tau gene (MAPT) mutations, 24 partic-
ipants (12.4%) with progranulin gene (GRN) mutations, and 9 partici-
pants (4.7%) with other mutations. Of all patients included, 131 (28.7%)
knew their genetic status at baseline. Comparing non-behavioral symp-

toms, sporadic patients have higher prevalence of gait abnormalities
(33.2% vs. 19.9%; p value 0.001), higher prevalence of frequent falls
(17.5% vs. 8.3; p value 0.005), and higher prevalence of bradykinesia
(27.0% vs. 18.1%; p value 0.027) compared to genetic participants.
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Proportion of medications use in bvFTD

ALLFTD participants comparing Sporadic and Genetic cases

Sporadic - 32.3% 39.2% 24.3% 4.2%
(72} .
2 i
IS
n s

Genetic - 51.8% 30.1% 14% 4.1%
Medication.Number D 0 |:| 1 |:| 2 l:l 23
FIGURE 1 Proportion of PM usage in sporadic and genetic participants bvFTD. ALLFTD, Advancing Research and Treatment in

Frontotemporal Lobar Degeneration/Longitudinal Evaluation of Familial Frontotemporal Dementia Subjects; bvFTD, behavioral-variant

frontotemporal dementia; PM, psychotropic medication.

We found that the NPI-Q and GDS scores were higher in the
sporadic compared to genetic bvFTD group. Also, agitation, apathy,
depressed mood, and irritability were more common in sporadic par-
ticipants while auditory hallucinations were more common in genetic
participants.

The PM usage in sporadic bvFTD was higher than in genetic bvFTD.
Figure 1 shows the proportion of PM usage in both groups. The CDR-
plus-NACC-FTLD global distribution was similar in both groups. See
Tables S1-54 in supporting information for stratified descriptions by
each CDR-plus-NACC-FTLD global stage.

In the first model, we found an unadjusted OOR of 2.05 (95% con-
fidence interval [Cl]: 1.45 to 2.93) for the risk of being on more PMs
in the sporadic bvFTD participants compared to genetic participants.
In the second model, adjusting by CDR-plus-NACC-FTLD, we found
an adjusted OOR (aOOR) of 2.13 (95% Cl: 1.50 to 3.05) for greater
PM usage at baseline in participants with sporadic bvFTD compared to
genetic participants. Participants with higher CDR-plus-NACC-FTLD
global had a higher risk of more PM usage with an aOOR of 2.21 (95%
Cl: 1.05 to 4.67). Finally, in the third fully adjusted model, we found
an aOOR of 1.78 (95% ClI: 1.23 to 2.58) for sporadic participants of
using more PMs than the genetic participants. Also, in this model, NPI-
Qwith an aOOR of 1.09 (95% Cl: 1.06 to 1.12) and GDS with an aOOR

of 1.11 (95% Cl: 1.05 to 1.18) were associated with increased PM.
Table 2 presents the results of the three models. The exploratory analy-
sisrestricted to PMs likely used as antidepressants showed an aOOR of
1.62(95% Cl: 1.10 to 2.40) for increased PM usage in sporadic patients,
while the exploratory analysis restricted to PMs likely used for agita-
tion/sedation resulted in an aOOR of 1.50 (95% Cl: 0.97 to 2.35) for
increased PM usage in sporadic patients. Both models are presented in
Tables S5 and Sé in supporting information. The exploratory stratified
analysis by sex showed that males with sporadic bvFTD had a higher
risk of having more PM prescriptions compared to genetic ones with
an aOOR of 2.14 (95% Cl: 1.31 to 3.51), while females with sporadic
origin had an aOOR of 1.30 (95% Cl: 0.74 to 2.28) of having more PM
prescriptions compared to genetic bvFTD females; the full results for
the models are presented in Table S7 in supporting information. Finally,
Table S8 in supporting information presents the results exploring the
use of a reduced model; in this model, the results of the effect of spo-
radic origin are consistent with the full model, with an aOOR of 1.85
(95% Cl: 1.28 to 2.66).

Using the NACC UDS clinician judgment for behavioral symptomes,
we found 19 NPS combinations in the CART analysis, as shown in
Figure 2; also, in Table 3, we present all the combinations of NPS, their

frequencies, and the distribution between sporadic and genetic within
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TABLE 2 Proportional odds logistic models comparing the
baseline PM usage between sporadic and genetic bvFTD.

95%Cl  95%Cl
Variable OOR lower upper p value
Model 1
Sporadic disease 205 145 2.93 <0.001
Model 2
Sporadic disease 213 15 3.05 <0.001
CDR-plus-NACC-FTLD global
Linear 221 105 4.67 0.038
Quadratic 181 101 3.24 0.046
Cubic 096 0.7 14 0.934
Model 3
Sporadic disease 175 1.21 253 0.002
CDR-plus-NACC-FTLD global
Linear 162 076 3.47 0.212
Quadratic 233 128 4.24 0.005
Cubic 099 0.7 141 0.963
Female sex 0.92 0.64 1.32 0.649
NPI-Q 1.09 1.06 1.12 <0.001
GDS 111 1.05 1.18 <0.001

Note: CDR plus NACC FTLD: Clinical Dementia Rating plus behavior and
language modules from the NACC behavior and language domains.
Abbreviations: bvFTD, behavioral-variant frontotemporal dementia; CDR,
Clinical Dementia Rating; Cl, confidence interval; GDS, Geriatric Depres-
sion Scale; NCC, National Alzheimer’s Coordinating Center; NPI-Q, neu-
ropsychiatric inventory questionnaire; OOR, ordinal odds ratio; PM, psy-
chotropic medication.

every combination. The most common combinations were apathy +
personality changes in 18% of the participants, apathy + irritability in
15.4%, agitation + apathy + disinhibition + irritability in 9.4%, agitation
+ apathy + depressive mood + irritability in 6.8%, agitation + anxiety +
apathy + irritability in 5.7%, hallucination/delusions alone in 5.5%, and
disinhibition + irritability in 5.3%.

4 | DISCUSSION

Our study found that participants with sporadic bvFTD are more likely
to be on PMs than participants with genetic bvFTD disease at base-
line evaluation. A previous publication on the same cohort of ALLFTD
participants showed that sporadic participants have a higher burden
of NPS, mainly irritability and depression.” Consequently, we expected
that the increased likelihood of more PM would disappear after adjust-
ing for NPl and GDS. However, our adjusted results showed that
sporadic bvFTD participants are almost twice as likely to be on a PM
compared to genetic bvFTD; our exploratory analyses results were
in the same direction when we analyzed only prescriptions likely for

mood disorders and prescriptions likely for agitation/sedation.

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

Previous research has shown that the number of PMs is higher in
frontotemporal dementia than in dementia due to AD, even though
NPS are similar in both groups.® Our findings show that this elevated
PM usage is also present within the bvFTD participants and varies
according to their genetic status. However, the reason for this increase
in PM usage in sporadic participants remains unclear, and we do not
know if it translates into an increased risk of death in bvFTD sporadic
patients, as previous research has shown for increased PM usage in
dementia.*?

Some studies have reported mixed results when comparing the
prevalence of NPS between sporadic and genetic patients in bvFTD. An
FTD study (bvFTD: 75.9%), from southern Italy reported that patients
with sporadic disease have a higher prevalence of disinhibition (66% vs.
36%; P = 0.02), but no differences in depression or irritability;17 this
was in keeping with our previous finding that sporadic bvFTD partici-
pants have higher NPI-Q scores than genetic cases. In contrast, another
Italian cohort (bvFTD: 66.8%) found no differences between sporadic
and genetic participants in frequency of NPS, measured by the Frontal
Behavioral Inventory B (5.8 + 5.9 vs. 6.0 + 5.2; P = 0.63).8 These two
Italian cohorts comprised mostly bvFTD but included other FTD syn-
dromes. Considering all these findings, we posit that the likelihood of
being on more PMs is not exclusively linked to individual symptoms.

We also investigated symptom combinations as it was evident that
the prevalence of these symptom combinations varies between the
two groups, and certain PM needs might stem from these different
symptom combinations. Interestingly, CART analysis demonstrated
that even symptoms with comparable proportions in both groups man-
ifest in distinct combinations for sporadic and genetic participants.
This variance could influence distinct patterns in PM needs—some
symptom combinations may be treated with the same medication,
while others necessitate multiple PMs. This aspect warrants deeper
exploration in subsequent research endeavors.

Also, bvFTD symptoms may differ in the early phases. For exam-
ple, in a large cohort of genetic patients from Europe and Canada, GRN
mutations were associated with early memory complaints, MAPT vari-
ants were associated with disinhibition, and C%orf72 patients did not
have a specific pattern; 8 however, additional information from the UK
has shown that C9orf72 expansion carriers have a higher frequency of
psychotic symptoms even early on in their disease course.'? In con-
trast, there is no published specific pattern for sporadic patients with
bvFTD. We hypothesize that there could be a differential PM usage
pattern during the early phases in sporadic and genetic bvFTD. Clinical
research of this early phase is an active area, and there are recent stan-
dardized proposed criteria to explore prodromal bvFTD disease?° that
will allow us to further examine disease presentation in all the different
groups.

Our study is the first to show that PM usage differs between spo-
radic and genetic bvFTD cases. However, it is difficult to know whether
this is only due to higher symptomatology in sporadic bvFTD or psy-
chosocial aspects that may be impacting the medication usage. One
hypothesis is that there may be greater tolerance of symptoms in famil-
ial cases, whereas sporadic bvFTD patients and families may be more

likely to report and seek treatments to alleviate psychiatric symptomes.
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FIGURE 2 CART model showing the clinician judgment of behavioral symptoms combinations according to their sporadic or genetic status in
participants with bvFTD in ALLFTD participants. In the CART figure, every one of the nodes in white is distributed between those participants with
and without the characteristic. The last nodes in purple color are assigned to symptom combinations with a higher proportion in the sporadic
participants while the green color is assigned to combinations with a higher proportion in the genetic cases. The number under the node is the
proportion of all the participants with that specific combination of symptoms that are in the sporadic or genetic group. ALLFTD, Advancing
Research and Treatment in Frontotemporal Lobar Degeneration/Longitudinal Evaluation of Familial Frontotemporal Dementia Subjects; bvFTD,
behavioral-variant frontotemporal dementia; CART, classification and regression tree; REM, rapid eye movement.

Supporting this hypothesis, a survey from the state of Washington
showed that having a family history of dementia is associated with a
belief that interventions are not helpful and a decreased intention to
seek active management.?!

There may be some dimensions related to using a PM that we are
not capturing in our analysis. We do not have information on the order
of symptom onset, which can modify the number of PM prescriptions.
Also, we do not have information regarding whether our bvFTD partic-
ipants were initially diagnosed with a psychiatric disorder. For example,
results from Colombia showed that 71.4% of the patients with bvFTD
were initially diagnosed with a psychiatric disorder.22 Also, the authors
found differences in the diagnosed disorders by sex. Women had a diag-
nosis of depression in 26.3% and bipolar disorder in 26.3% of the cases;
in contrast, men had a diagnosis of anxiety in 33.3% of the cases. This
initial psychiatric diagnosis can lead to an increase in PM prescription
and can modify the type and number of PM usage by the participants
by the time they were recruited into ALLFTD. Additionally, a recent
case-control study has reported that a family history of primary psy-
chiatric disease is higher in sporadic bvFTD,23 but not in AD or healthy
controls, which could explain why some sporadic bvFTD patients are
initially diagnosed and treated as a primary psychiatric disorder before

arriving to the bvFTD diagnosis. Finally, an interesting finding from

our exploratory analysis stratified by sex was that in the fully adjusted
model males with sporadic bvFTD had anincreased aOOR of 2.14 (95%
Cl: 1.31 to 3.51) of having more PM, while sporadic females only had
a non-significant aOOR of 1.30 (95% Cl: 0.74 to 2.28) of having more
PM prescriptions compared to genetic bvFTD. Moreover, the sex dis-
tribution in the genetic group is fairly equally distributed while in the
sporadic bvFTD group there is a preponderance of males (66.2%). This
discrepancy likely warrants further investigation.

We believe our study has the following strengths. First, we have
a large patient cohort, and most participants were unaware of their
genetic status at baseline, which diminished the risk of information bias
related to knowing genetic status. Second, based on previous research,
we selected our confounding adjustment set with a DAG, an approxi-
mation that improves our confidence in the results. We used a logistic
regression model that used the ordinal nature of the outcome measure
without the necessity of transforming the outcome or using approxi-
mations that do not fit the data structure. Also, our results were robust
in the different exploratory analyses.

However, we acknowledge some weaknesses in our study. We do
not have the order of symptom onset, nor a full set of psychiatric
assessments. We do not know the proportion of bvFTD participants

initially diagnosed with a psychiatric condition. We also have no
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TABLE 3 NPS combinations from NACC UDS clinician judgment in ALLFTD cohort according to genetic or sporadic bvFTD.

Symptoms combination*
Hallucination/delusions™*

Irritability

Agitation

Personality changes

Anxiety + apathy + depressed mood + irritability
Disinhibition + irritability

Anxiety

Agitation + apathy + disinhibition + hallucination/delusions** + Irritability
Apathy + personality changes

Anxiety + apathy + irritability

Agitation + apathy + disinhibition + irritability
Agitation + disinhibition + irritability

Disinhibition + personality changes

Apathy + irritability

Depressed mood

Agitation + anxiety + apathy + irritability
Agitation + apathy + irritability

Agitation + apathy + depressed mood + irritability
REM sleep behavioral disorder

Anxiety + disinhibition

Percentage of total Sporadic, Genetic,
patients, n (%) n (%) n (%)
25(5.5%) 6(24%) 19 (76%)
8(1.8 %) 2(25%) 6 (75%)
11(2.4%) 4(36.3%) 7 (63.7%)
5(1.1%) 2 (40%) 3(60%)
10(2.2%) 4 (40%) 6(60%)
24(5.3%) 10 (41.7%) 14 (58.3%)
7(1.5%) 3(43.9%) 4(57.1%)
7 (1.5 %) 3(43.9%) 4(57.1%)
82 (18 %) 38(46.3%) 44 (53.7%)
15(3.3%) 9 (60%) 6 (40%)
43(9.4%) 26 (60.5%) 17 (39.5%)
16 (3.5%) 10 (62.5%) 6(37.5%)
19 (4.2%) 12 (63.2%) 7 (36.8%)
70(15.4 %) 46 (66%) 24 (34%)
9(2%) 6(66.7%) 3(33.3%)
26 (5.7 %) 19 (73.1%) 7(26.9%)
9(2%) 7(77.8%) 2(22.2%)
31(6.8%) 25 (80.7%) 6(19.3%)
17 (3.7 %) 16 (94.1%) 1(5.9%)
10(2.2%) 10 (100%) 0(0%)

Abbreviations: ALLFTD, Advancing Research and Treatment in Frontotemporal Lobar Degeneration/Longitudinal Evaluation of Familial Frontotempo-
ral Dementia Subjects; bvFTD, behavioral-variant frontotemporal dementia; CART, classification and regression trees; NACC-UDS, National Alzheimer’s
Coordinating Center Uniform Data Set; NPSs, neuropsychiatric symptoms; REM, rapid eye movement.

*A total of 12 (2.6 %) of the participants did not have NPSs, including five sporadic and seven genetic cases.

**For the CART analysis, we combined all hallucinations and delusions in a single category.

information on the diagnostic route that sporadic and genetic patients
followed and if they are patients of a specialized center or only par-
ticipants in the study. Participants that consulted more health-care
providers before a bvFTD diagnosis may have a higher likelihood of
being prescribed additional PMs. Furthermore, we do not have infor-
mation about the initial reason for the PM usage or who prescribed
the medications, and so some of those medications may have been
initially prescribed for a different diagnosis. Also, some molecules
may have been selected to address more than one NPS or relieve
non-NPS symptoms. Also, regarding antipsychotics we only have the
information regarding quetiapine use; we acknowledge that some
participants might be using other commonly prescribed antipsychotics
such as olanzapine and risperidone, and we might not be fully including
the patients presenting more agitation.

Furthermore, we did not analyze individually the most relevant
genetic mutations as we did not have the sample size on the individual
genetic groups to obtain reliable results. Previous recommendations
suggest that a CART analysis should have at least 100 participants.

In summary, our findings indicate that sporadic bvFTD is associ-

ated with a higher likelihood of using more PM, and this increased

risk remains significant even after adjusting for factors such as NPS
and depression scales. Also, we found that the frequency of the NPS
and behavioral combinations is different between sporadic and genetic
cases. Subsequent studies should evaluate further the factors associ-
ated with the increased likelihood of PM use in sporadic bvFTD as some
PMs carry health risks and could have implications for outcome and
quality of life. Additionally, studies should address the chronology of
PM usage as NPS evolve over time, which may modify PM prescription.
Identification of patterns that lead to increased PM usage may result in
more rational prescribing practices across sporadic and genetic bvFTD.
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