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Differentiating sporadic frontotemporal 
dementia from late-onset primary psychiatric 
disorders
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and Olivier Piguet3

Sporadic behavioural variant frontotemporal dementia (bvFTD) is often misdiagnosed as late-onset primary psychiatric disorder 
(PPD) due to overlapping symptoms and lack of biomarkers. We aimed to identify clinical features that distinguish sporadic 
bvFTD from PPD. Multi-centre baseline data were retrospectively retrieved and categorized into neuropsychological domains. 
Logistic regression models and receiver operating characteristic curves were conducted to determine discriminators. Data from 
508 sporadic bvFTD and 152 PPD cases were included. Higher scores in cognitive screening [odds ratio (OR): 1.23], facial emotion 
processing (OR: 1.69), episodic memory (OR: 1.09), animal fluency (OR: 1.17), working memory (OR: 1.18), letter fluency (OR: 
1.17) and depressive symptoms (OR: 7.41) were significantly associated with PPD (all Ps ≤ 0.010). Within a combined model, higher 
scores of letter fluency (OR: 1.47), cognitive screening (OR: 1.72) and lower attention (OR: 0.77) were significantly (all Ps ≤ 0.05) 
associated with PPD (area under the curve = 0.771). Neuropsychological measurements—letter fluency, cognitive screening and at
tention—can help distinguish sporadic bvFTD from late-onset PPD. Depressive symptoms and facial emotion processing emerged 
as potential discriminators, warranting further exploration.
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Graphical Abstract

Introduction
The behavioural variant frontotemporal dementia (bvFTD) 
is a progressive neurodegenerative brain disorder that affects 
the frontal and temporal lobe resulting in behavioural and 
personality changes, language impairment and executive 

dysfunction.1-3 The peak age at onset of bvFTD is between 
40 and 60 years of age, making it the second most common 
cause of young onset dementia after Alzheimer’s disease.4

Between 20 and 30% of bvFTD cases exhibit a strong family 
history of the disease across multiple generations, mainly 
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accounted for by the following genetic abnormalities: 
CCCCGG hexanucleotide repeat expansion in the non- 
coding region of chromosome 9 open reading frame 72 
gene (C9orf72), mutations in the progranulin (GRN) or 
microtubule-associated protein tau (MAPT) genes.5,6 Most 
of the remaining cases of bvFTD lack identifiable family his
tory and/or mono-genetic causes and are labelled sporadic 
bvFTD.7 Although they account for the majority of cases, 
sporadic bvFTD has received little attention compared 
with genetic bvFTD in previous research.8

bvFTD symptomatology overlaps with that found in 
primary psychiatric disorders (PPD), including major 
depressive disorder, bipolar disorder, schizophrenia, 
obsessive-compulsive disorder and personality disorders,9

making PPD the most common differential diagnosis for 
bvFTD.10 In addition to symptomatic similarity, the lack of 
a family history of FTD and genetic diagnostic markers 
makes an accurate diagnosis of sporadic bvFTD challenging, 
particularly in the early disease stages. Notably, between a 
quarter to half of patients are misdiagnosed,11-13 accompan
ied by lengthy delays (3–6 years) between symptom onset and 
diagnosis.14,15 This uncertainty results in a high psychosocial 
burden for the patients and caregivers and delays access to ap
propriate treatment options and interventions, an increasing
ly important issue in the light of current developments of 
therapeutics and disease-modifying treatments in FTD.16

We have established the international multi-centre 
‘Diagnostic and Prognostic Precision Algorithm FTD’ 
(DIPPA-FTD) project in order to improve the differentiation 
of sporadic bvFTD from PPD.17 DIPPA-FTD, which aims 
to develop diagnostic and prognostic tools to distinguish 
sporadic bvFTD from late-onset PPD in its earliest stages, 
consists of two arms: a retrospective cohort study and a pro
spective study. The retrospective cohort combines clinical, 
neuropsychological and social cognition markers, structural 
neuroimaging, blood-based biomarkers and pathological 
data sets from five international centres specialized in neuro
psychiatry and dementia. Here, this study focused on the 
clinical components of the retrospective cohort and aimed 
to identify the clinical and neuropsychological indices that 
most robustly differentiate sporadic bvFTD from late-onset 
PPD. Findings from the retrospective analyses will eventually 
inform the design of the prospective arm of the DIPPA-FTD 
research programme.

Materials and methods
Study structure
DIPPA-FTD is an international multi-centre retrospective 
observational cohort study from the Alzheimer Center 
Amsterdam, the Brain and Mind Centre at the University 
of Sydney, the Douglas Mental Health University Institute 
at McGill University, Fondazione Ca’ Granda, IRCCS 
Ospedale Maggiore Policlinico, University of Milan and 
the Technical University of Munich. The study was approved 

by local ethical committees. No participants were excluded 
on the basis of their gender, ethnicity or cultural back
ground. However, legal requirements regarding the in
formed consent to share personal data for retrospective 
data analyses prevented access to ethnic background infor
mation, thereby preventing quantification of representation 
relative to population estimates. It is possible that some mi
norities may be underrepresented.

Participants
The retrospective DIPPA-FTD study included individuals aged 
45 years and older presenting with behavioural change, who 
were eventually diagnosed with either sporadic bvFTD or 
with a late-onset PPD meeting one of the Diagnostic and 
Statistical Manual of Mental Disorders, fifth edition classifica
tions for major depressive disorder (MDD), manic episode, bi
polar disorder, schizophrenia, personality disorders, delusional 
disorder or obsessive-compulsive disorder.18 Individuals with a 
prior psychiatric history before age 45 were eligible for inclu
sion if their early-life psychiatric history was unrelated to the 
current late-onset behavioural change, such as a patient with 
late-onset delusional disorder who experienced a mild depres
sive episode as adolescent after a major life event. Patients 
with bvFTD met current diagnostic criteria for probable or def
inite bvFTD (based on pathology)2 with a Clinical Dementia 
Rating19 score of ≤1. Diagnoses were established according 
to the International Consensus Diagnostic Criteria for 
bvFTD2 or Diagnostic and Statistical Manual of Mental 
Disorders, fifth edition.18 Diagnoses were made by neurolo
gists, psychiatrists or geriatricians, specialized in FTD and/or 
PPD, operating within the participating centres. Clinical diag
nostic workup followed local guidelines in each of the partici
pating centres, involving measures such as (informant-based) 
history-taking, neuropsychological and neuropsychiatric as
sessments and brain imaging. To minimize the risk of including 
an individual with a genetic form of FTD, cases were classified 
using Goldman20-22 or Wood scores.23 A Goldman score of 1 
indicates a strong family history of FTLD whereas the highest 
score of 4 reflects an absence of family history for FTLD or that 
the family history is unknown. Wood scores range from ‘high’ 
to ‘apparent sporadic’. Here, a case was classified as sporadic 
bvFTD on the condition of having a Goldman score of ≥3 or 
a Wood score of ‘low’ or ‘apparent sporadic’ in the absence 
of a C9orf72 repeat expansion. Participants with a Goldman 
score of 2 or a Wood score of ‘medium’ were included if genetic 
testing of (at least) C9orf72, GRN and MAPT, the three most 
common pathogenic genetic abnormalities in FTD at each par
ticipating site, was negative. Individuals with a Goldman score 
of 1 and Wood score ‘high’ were excluded, as these scores are 
likely to be associated with pathogenic mutations. Individuals 
diagnosed with PPD were only included if the clinicians were 
certain of the diagnosis and if screening for the presence of 
C9orf72 repeat expansion was negative.

All participants provided informed consent to participate 
in the original local studies and to share their data for future 
research purposes. The study was approved by local ethical 
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committees and was performed in accordance with the ethic
al standards as laid down in the 1964 Declaration of Helsinki 
and its later amendments.

Clinical data harmonization methods
Each site collected clinical demographics, neuropsychologic
al and social cognition tests, neuroimaging and blood for 
their local biobank(s) at baseline and at follow-up visits. In 
the present study, clinical demographics and neuropsycho
logical data acquired within a 6-month window of the first 
visit were included and classified into eight domains: (I) glo
bal cognitive screening, (II) facial emotion processing, (III) 
episodic memory, (IV) animal fluency, (V) attention, (VI) 
working memory, (VII) letter fluency and (VIII) neuropsychi
atric symptoms. As anticipated, clinical assessment and pro
tocols differed across sites, leading to a heterogeneous data 
set with variable percentages of missing data. To overcome 
this issue, we applied four data harmonization methods in 
order to maximize data combinations across sites, as 
follows: 
(a) ‘raw scores’ were used when test protocols across sites 

were identical;
(b) ‘conversion’ was applied to convert results from differ

ent tests measuring the same construct into a common 
metric using published methods;

(c) ‘min–max scaling’ was used to transform data into one 
range (0–1) by using the min–max method (xm = (x −  
xmin)/(xmax − xmin)).24 Prior to min–max scaling, out
liers (i.e. ±3 SD from the group mean) were removed. 
Outlier thresholds were calculated for PPD and FTD sep
arately; and

(d) ‘dichotomizing’ method converted continuous variables 
into a dichotomous variable by predefined and validated 
cut-off points.

Neuropsychological domains and 
harmonization
Following examination of data availability in the different 
sites, we selected the cognitive measures that had the smallest 
number of missing values within sites and had the largest 
amount of data points available across sites. These measures 
were selected for harmonization and analyses. There were 
different reasons for missing values; either data were not 
available (i.e. task not administered in that site), or partici
pant(s) did not complete the task. If multiple measures of a 
particular test were available (e.g. letters ‘D’ and ‘S’ for letter 
fluency), an average between these measures was calculated. 
All tests harmonized into one domain showed similar 
distributions.

The global cognitive screening domain (I) included 
the Mini-Mental State Examination (MMSE)25 or the 
Addenbrooke’s Cognitive Examination-III (ACE-III).26

ACE-III scores were converted to MMSE scores as previously 
published.27 The facial emotion processing domain (II) in
cluded the Facial Affect Selection Task28,29 and the 

Ekman-60 Faces test.30 These scores were harmonized by 
min–max scaling. No transformation was needed for the epi
sodic memory domain (III) where the raw score from the Rey 
Complex Figure test 3-min delayed recall was used.31,32

Likewise, animal fluency was used to measure the semantic 
fluency domain (IV) and comprised the raw score from the 
‘animal fluency 1 min’. The attention domain (V) was ob
tained by min–max scaling and harmonizing the Digit Span 
Forward33 and Trail Making Test Part A (TMT-A)34 mea
sures. The min–max scaled score for TMT-A was further in
verted (i.e. 1 minus TMT-A score) as a higher score on this 
task indicates worse performance, unlike Digit Span 
Forward where a higher score reflects better performance. 
Similarly, the working memory domain (VI) was obtained 
by min–max scaling and harmonizing the Digit Span 
Backward and inverting the TMT-B35 minus TMT-A score. 
Letter fluency was used as a measure of executive function 
(VII) and was obtained by averaging the raw scores of the 
letter fluency task for the letters ‘A’, ‘F’, ‘S’ or ‘T’.36 For 
the neuropsychiatric domain, two independent scores were 
extracted. The first score reflected depressive symptomatol
ogy, which was derived by dichotomizing in ‘absent’ or ‘pre
sent’ scores from the Geriatric Depression Scale −15 item 
version37,38 (‘absent’: <6, ‘present’: ≥6), the Beck 
Depression Scale version II39,40 (‘absent’: <14, ‘present’: 
≥14) or the Montgomery Åsberg Depression Rating 
Scale41 (‘absent’: <7, ‘present’: ≥7). The second score re
flected the presence or absence of apathy symptoms by di
chotomizing scores of the Starkstein Apathy Scale42

(‘absent’: <14, ‘present’: ≥14) or the Neuropsychiatric 
Inventory43,44 question on apathy (‘yes’ or ‘no’). A visual re
presentation of missing data in each clinical group and the 
harmonization methods for each of neuropsychological do
main is shown in Fig. 1. Additional methodological informa
tion on the harmonization methods used for domains (II), 
(V) and (VI) can be found in Supplementary Methods 1. 
We acknowledge that different ways of categorizing and 
combining the available measurements in cognitive 
constructs are possible. Although grounded in solid theoret
ical considerations, we recognize that our method to categor
ize these measurements may not be the only possible 
approach.

Statistical analyses
All statistical analyses were performed using R (version 
4.2.1, R Development Core Team, 2020). Missing data heat
maps were created using the naniar package.45 Baseline 
demographics and neuropsychological scores were com
pared between bvFTD and PPD. Normally distributed con
tinuous values were compared using t-tests. Non-normally 
distributed continuous values were examined using 
Mann–Whitney U tests. Pearson’s χ2 test was used when di
chotomous variables were compared. To correct for multiple 
comparisons, results were considered significant if P <  
0.0055 (P 0.05 divided by the nine logistic regression models 
that were run).
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To assess diagnostic classification strength of each do
main, we performed logistic regression models, corrected 
for age (at time of assessment), sex and education (years), 
for each domain. Missing data were imputed for education 
using site-specific mean imputation. The reference group 
was set to sporadic bvFTD. Interpretability of the min– 
max-scaled variables was improved by multiplying the scores 
with 10 so that one-unit increase in test score equals a 10% 
increase of correct score. In order to maximize available data 
points, the regression models were performed separately for 
each domain using subsets of data with no missing values in 
the variables under consideration for that particular domain. 
As such, the number of cases included in each model differed 
and prevented direct comparisons across the models.

Finally, we performed one overall logistic regression analysis 
that combined all the variables, corrected for age, sex and edu
cation, using the most optimal (e.g. no missing data) data set to 
identify the best discriminator(s) between bvFTD and PPD. For 
the latter analysis, all variables were converted to a min– 
max-scaled score, enabling comparing odds ratios (OR) be
tween the neuropsychological domains. Receiver operating 
characteristic (ROC) curves were plotted and area under the 

curve (AUC) calculated, using the pROC R-package,46 to iden
tify the best model and clinical discriminator.

Results
Clinical data from baseline visit from a total of 660 patients 
(bvFTD = 508; PPD = 152) were included. Diagnostic char
acteristics of the study samples are shown in Table 1.

Distributions of the diagnoses per centre can be found in 
Supplementary Material 1. Patient characteristics for the 
sporadic bvFTD and PPD group are shown in Table 2. 
PPD patients were significantly younger than bvFTD patients 
at both time points (symptom onset, age at first visit, both Ps  
< 0.001). Among the study participants, 230/508 (45.3%) 
had Alzheimer’s disease biomarkers available (e.g. amyloid 
PET scan or determination of amyloid-beta and p-tau in 
cerebrospinal fluid). Within the bvFTD group, 17/183 
(9.3%) were amyloid- and tau-positive, compared with 3/ 
47 (6.4%) within the PPD group. Sex distribution between 
the bvFTD and PPD and education years did not significantly 
differ between groups.

Figure 1 Visual illustration of missing data before (left) and after (right) data harmonization. The x-axis in the heatmap represents a 
subset % of missing data for each variable. y-axis represents the diagnostic group (bvFTD and PPD). ACE-III, Addenbrooke’s Cognitive 
Examination III; BDI-II, Beck Depression Inventory II; FAST, Facial Affect Selection Test; FTD, frontotemporal dementia; GDS, Geriatric 
Depression Scale; MADRS, Montgomery Åsberg Depression Rating Scale; MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric 
Inventory; PPD, primary psychiatric disorders; TMT, Trail Making Test. Visual illustration created with Biorender.com.
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Harmonization methods, data availability per diagnostic 
group and average scores for each domain are shown in 
Table 3. The FTD group had significantly lower scores 
than the PPD group for the domains global cognitive screen
ing, facial emotion processing, episodic memory score, ani
mal fluency, letter fluency and depressive symptoms (all Ps  
< 0.0055; Table 3). Scores for the domains of attention, 
working memory and apathy did not significantly differ be
tween bvFTD and PPD (P = 0.04, P = 0.04 and P = 1.00, re
spectively; Table 3). Average scores for each domain per 
diagnostic subtype in the PPD group can be found in 
Supplementary Material 2.

As indicated in the Materials and methods section, logistic 
regression analyses were carried out on each domain separ
ately. Each model included age, sex and education as covari
ates. These analyses showed that higher scores in the 
domains global cognitive screening (OR 1.23, P < 0.001), fa
cial emotion processing (OR 1.69, P < 0.001), episodic 
memory score (OR 1.09, P < 0.001), animal fluency (OR 
1.17, P < 0.001), working memory (OR 1.18, P = 0.010), 
letter fluency (OR 1.17, P < 0.001) and presence of depres
sive symptoms (OR 7.41, P < 0.001) were all significantly as
sociated with an increased likelihood of PPD (Table 4). In 
contrast, attention score (P = 0.130) and the presence of ap
athy symptoms (P = 0.640) were not significantly associated 
with group membership. Output data from each comparison 
and logistic regression can be found in Supplementary 
Material 3.

A final analysis was conducted by combining the domains 
with the largest number of cases with no missing data. This 
maximal and optimal data set contained 292 cases (n =  
217 bvFTD, n = 75 PPD; see breakdown of PPD diagnosis 
in Supplementary Material 4) with data from four domains: 
global cognitive screening, attention, working memory and 
letter fluency. To facilitate OR comparisons across domains 
in the model, all domain scores were min–max scaled if not 
already scaled. Logistic regression analysis in the optimal 
data set, corrected for age, sex and education, showed that 
10% increases in scores resulted in a higher odds of PPD clas
sification for global cognitive screening (OR 1.72, P = 0.008) 

and letter fluency (OR 1.47, P < 0.001), but a lower odds of 
being classified as PPD for attention (OR 0.77, P = 0.049; 
Table 5). Working memory was not found to contribute sig
nificantly to the model (P = 0.498). The diagnostic subtypes 
of the PPD group that were included in the optimal data set 
can be found in Supplementary Table 4.

Based on the regression model that included global cogni
tive screening, attention, working memory and letter fluency, 
corrected for age, sex and education, the ROC curve yielded 
an AUC of 0.771 (95% confidence interval: 0.712, 0.831) 
(Fig. 2).

Discussion
Here, we harmonized large retrospective clinical data sets 
from five international cohorts with the aim to identify the 
best clinical discriminator(s) between sporadic bvFTD and 
late-onset PPDs. Three neuropsychological domains—global 
cognitive screening, letter fluency and attention—emerged as 
potential candidates in various logistic regression models, ei
ther when considered independently or simultaneously.

Our results showed the clinical importance of examining 
letter fluency in dementia, particularly when a differential 
diagnosis between bvFTD and PPD is considered. When 
diagnosis is uncertain, our study demonstrates that low letter 
fluency scores will favour bvFTD. Letter fluency task per
formance was the only test that was available in both groups 
as a measurement for executive functioning, and therefore, 
we were only able to investigate a very limited facet of execu
tive function. As such, this finding may need to be taken with 
caution. Nevertheless, our finding contrasts with the 
late-onset frontal lobe study47—which shares some of the 
cases included in this study—where executive function tests 
did not differentiate between bvFTD and PPD.48 It is plaus
ible that a low performance on letter fluency in the bvFTD 
group may have arisen from a breakdown in language skills, 

Table 1 Diagnosis per each diagnostic group

Diagnostic group Diagnosis n

FTD Probable bvFTD 492
Definite bvFTD 16

PPD Major depressive disorder 107
Bipolar disorder 18
Delusional disorder 6
Schizophrenia 4
Schizoaffective disorder 3
Manic episode 2
Obsessive compulsive disorder 1
Psychiatric disorders NOSa 11

Total 660

bvFTD, behavioural variant frontotemporal dementia; NOS, not otherwise specified; 
PPD, primary psychiatric disorder. aParticipants diagnosed with a psychiatric disorder 
but not further classified into one of the Diagnostic and Statistical Manual of Mental 
Disorders, fifth edition categories.

Table 2 Demographic and clinical characteristics of 
sporadic bvFTD and PPD participants

bvFTD PPD P-value

n (% total) 508 (77.0) 152 (23.0) n.a.
Sex, % male 58.7 65.1 0.18a

Education, mean years (SD) 11.7 (3.9) 11.6 (3.5) 0.83b

Age at onset, mean (SD) 61.5 (9.1) 55.3 (8.1) <0.001b

Age at first visit, median 
(IQR)

65.0 (12.0) 59.0 (10.5) <0.001c

Age at neuropsychology 
tests, median (IQR)

65.0 (13.0) 59.0 (12.0) <0.001c

Disease duration, median 
years (IQR)

2.5 (2.9) 3.0 (3.6) 0.68c

Deceased, n 148 8 n.a.
Mean age at death (SD) 67.2 (8.4) 65.5 (12.1) n.a.
Pathology available, n 16d 0 n.a.

bvFTD, behavioural variant frontotemporal dementia; IQR, interquartile range; PPD, 
primary psychiatric disorder; SD, standard deviation. aChi-square. bt-test. cMann– 
Whitney U. dPathology subtypes: FUS n = 2, TAU n = 8, TDP n = 5 and FTLD other  
n = 1.
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which can be present early in the disease course,49 rather 
than reflecting executive dysfunction. Taken together, al
though the discriminative utility of letter fluency seems 
promising, it requires, together with other (non-verbal) ex
ecutive function tasks, further validation.

The global cognitive screening domain also emerged as a 
potential discriminator between bvFTD and PPD. This do
main harmonized MMSE and ACE-III, instruments that 
both include tasks measuring a range of cognitive processes, 
such as orientation, language and memory. The similar na
ture of these instruments enabled us to combine them into 
a single domain. Importantly, the discriminating power of 
this domain was present even although the MMSE has previ
ously shown limited sensitivity in distinguishing bvFTD from 
PPD in the late-onset frontal lobe study,50 and MMSE scores 
are often preserved in early FTD stages.51 The ACE-III has 
shown that it can differentiate FTD from Alzheimer’s disease 
dementia in mild dementia stages52 and from MDDs.53 In 
this context, this finding suggests that the discriminating 
power between bvFTD and PPD arises not from the compo
nents shared by the ACE-III and the MMSE, but from the 
additional cognitive tasks present in the ACE-III, namely se
mantic memory, language and visuospatial ability.52,54

Importantly, the letter fluency task is also included in the 
ACE-III. Whether ACE-III subdomains on their own, 

including letter fluency, contribute to the differentiation be
tween bvFTD and PPD will be examined in the prospective 
DIPPA-FTD study.

The domain of attention emerged as another significant 
discriminator between the groups in the combined logistic re
gression model. Its contribution, however, was unexpected, 
as a worse attention test performance was associated with 
PPD, even though the PPD group scored significantly higher 
on attention than the bvFTD group. As discussed in greater 
detail below, it is plausible that this ‘inverted’ contribution 
may have arisen from the patient selection bias in the optimal 
model. Indeed, unlike in the global samples, the scores for the 
attention domain were identical in the bvFTD (0.62) and PPD 
(0.62) subgroups included in the optimal data set. An add
itional explanation is a potential influence of attention on 
the other cognitive domains. This position is supported 
with the highest AUC value being reached with the model 
that included attention, together with global cognitive 
screening, working memory and letter fluency. This suggests 
that it may be necessary to correct for attention performance 
in future analysis rather than incorporating it as isolated 
discriminator.

Separate logistic regression models carried out on each do
main separately, to maximize information extraction from 
the data available, further demonstrated that self-reported 
presence of depressive symptoms gives a 7-fold higher odds 
of being in the PPD group. Almost three-quarters (71.4%) of 
PPD patients scored above the threshold for the presence of de
pressive symptoms compared with only a quarter (24.3%) in 

Table 3 Performance on neuropsychological and neuropsychiatry domains in sporadic bvFTD and PPD

Neuropsychological and neuropsychiatry domains Harmonization method bvFTD (n)/PPD (n) bvFTD PPD P-value

Global cognitive screening, median (IQR) (b) 419/133 26.0 (4.0) 28.0 (4.0) 2.01e−12c

Facial emotion processing, median (IQR) (c) 132/26 0.68 (0.3) 0.80 (0.2) 1.17e−03c

Episodic memory score, median (IQR) (a) 129/40 11.0 (10.5) 17.0 (8.7) 1.79e−04c

Animal fluency, mean (SD) (a) 217/82 11.9 (6.3) 18.2 (5.8) 7.21e−14b

Attention, mean (SD) (c) 387/118 0.55 (0.2) 0.59 (0.2) 0.04b

Working memory, mean (SD) (c) 278/100 0.39 (0.2) 0.43 (0.2) 0.04b

Letter fluency, median (IQR) (a) 257/89 7.2 (6.2) 11 (6.7) 1.62e−08c

NPS—depressive symptoms, present (%) (d) 140/91 24.3 71.4 3.96e−12a

NPS—apathy, present (%) (d) 115/54 73.9 74.1 1.00a

Harmonization methods: (a) raw scores, (b) conversion, (c) min–max scaling and (d) dichotomizing. bvFTD, behavioural variant frontotemporal dementia; IQR, interquartile range; 
NPS, neuropsychiatric symptoms; PPD, primary psychiatric disorders; SD, standard deviation. aChi-square. bt-test. cMann–Whitney U.

Table 4 Logistic regression of each domain per subset

Domain Estimate P-value OR 95% CI

Global cognitive screening 0.21 <0.001 1.23 1.14, 1.33
Facial emotion processing 0.52 <0.001 1.69 1.26, 2.40
Episodic memory score 0.08 <0.001 1.09 1.03, 1.15
Animal fluency 0.16 <0.001 1.17 1.11, 1.23
Attention score 0.09 0.130 1.10 0.97, 1.24
Working memory 0.17 0.010 1.18 1.05, 1.34
Letter fluency 0.16 <0.001 1.17 1.11, 1.25
NPS—depressive 

symptoms
2.00 <0.001 7.41 3.97, 14.27

NPS—apathy −0.19 0.640 0.82 0.37, 1.86

Reference group is bvFTD. All regression analyses are corrected for age, sex and 
education. Each row represents a separate logistic regression analysis in a subset of the 
total cohort. See Table 3 Column 3 for number of cases included in each model. See 
Supplementary Material 2 for output of all separate models. CI, confidence interval; 
NPS, neuropsychiatric symptoms; OR, odds ratio.

Table 5 Logistic regression model of optimal data set

Estimate P-value OR 95% CI

Intercept −0.25 0.900 0.78 0.01, 41.34
Global cognitive screening 0.54 0.008 1.72 1.18, 2.62
Attention −0.27 0.049 0.77 0.58, 0.99
Working memory 0.07 0.498 1.07 0.87, 1.32
Letter fluency 0.39 <0.001 1.47 1.21, 1.80

Corrected for age, education and sex. All variables are min–max scaled. One-unit 
increase represents 10% increase in correct score for each variable. Reference group: 
bvFTD. Number of cases included in the model: bvFTD n = 217, PPD n = 75. bvFTD, 
behavioural variant frontotemporal dementia; CI, confidence interval; OR, odds ratio; 
PPD, primary psychiatric disorder.
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the bvFTD group. In addition, the magnitude of this association 
may be explained by the high frequency of MDD diagnosis in 
the PPD group and the lack of disease insight in the FTD group. 
Not enough data were available to include depressive symp
toms in the optimal model, but these findings suggest it is essen
tial to include this variable in future investigations. The facial 
emotion processing domain also emerged as a significant clinic
al discriminator between bvFTD and PPD in the single logistic 
regression models. This domain included the Facial Affect 
Selection Task and the Ekman-60 Faces; both tests have been 
proven to be sensitive instruments to detect social cognition dis
turbances.30,55 Impaired social cognition is one of the earliest 
and most distinctive features of bvFTD.8 As such, inclusion 
of social cognition tasks during the clinical workup is strongly 
recommended when diagnostically differentiating between 
bvFTD and PPD or between bvFTD and other neurological 
disorders.9,56

While shedding important light on the differential diagno
sis between sporadic bvFTD and PPD, findings from this 
study need to be interpreted with caution. First, possible cir
cularity cannot be entirely ruled out, since the tests included 
in the statistical analyses were also employed to classify the 
study participants. Moreover, most neuropsychological tests 
measure multiple cognitive processes, possibly increasing 
collinearity across the predictors. However, variance infla
tion factors across predictors in the most optimal model 
were smaller than or equal to 2 and were therefore consid
ered low (Supplementary Fig. 5).

Second, this study relied on clinical judgment as the final 
diagnostic standard due to the absence of disease-specific 
biomarkers, underscoring the importance of studies like 
ours that aim to identify discriminative and diagnostic mar
kers. While this reliance may introduce some degree of noise 
into the final diagnoses, steps were taken to minimize this 

risk. Specifically, only cases for which expert (bv)FTD clini
cians were highly confident in the diagnosis were included, of 
which significant portion had follow-up, and individuals 
with possible bvFTD—known to have the highest diagnostic 
instability13—were excluded. Despite these meticulously 
chosen inclusion and exclusion criteria, it is possible that 
some PPD cases were not followed up long enough to rule 
out a conversion to bvFTD. Of note, in previous work, we 
found that between 1.9 and 3.7% of PPD cases changed to 
a bvFTD diagnosis over time, which would be equivalent 
to three to six individuals in this study. Similarly, the lack 
of systematic genetic screening beyond the three most com
mon gene mutations raises the possibility of misclassifica
tion, with some sporadic cases potentially harbouring rare 
mutations or atypical FTD presentations being mistaken 
for PPD. However, our genetic testing criteria, combined 
with the use of the Goldman and Wood scores, significantly 
reduced this risk. Twenty patients included in the study were 
diagnosed with FTD or PPD despite displaying positive 
Alzheimer’s disease biomarkers. According to the clinical cri
teria,2 a diagnosis of probable bvFTD should only be made 
in the absence of biomarkers indicative of Alzheimer’s dis
ease. Alzheimer’s disease co-pathology in bvFTD, however, 
is not uncommon and has been previously reported in up 
to 50% of patients.57 If anything, the rate of Alzheimer’s dis
ease pathology in our bvFTD and PPD cohorts appears low. 
This is possibly explained by a hesitancy in diagnosing a pa
tient with a psychiatric disorder in the presence of 
Alzheimer’s disease-positive biomarkers, even though the 
Alzheimer’s disease pathology has no clinical significant ef
fect yet. We cannot entirely rule out whether or not the three 
PPD patients with Alzheimer’s disease-positive biomarkers 
in our study may have had prodromal Alzheimer’s disease 
symptoms. Importantly, additional analyses after excluding 
the 17 bvFTD and 3 PPD cases with positive Alzheimer’s dis
ease biomarker did not change the results of this study.

Third, because of its retrospective design, the study relies 
on a convenience sample, which could reduce its novelty, 
and also results in high percentages of missing data. This is
sue is not uncommon when pooling data sets from different 
sources. Detailed information on neuropsychiatric symp
toms was not available across all sites. Only apathy and de
pressive symptoms were consistently assessed, although 
using different measures. Other neuropsychiatric symptoms, 
such as anxiety and hallucinations, were not systematically 
assessed across all sites and could therefore not be harmo
nized. These missing data also limited direct comparisons 
across the neuropsychological and neuropsychiatric do
mains and prevented the inclusion of all nine domains in 
the final model. This is particularly relevant for the domains 
showing the highest ORs in the separate logistic regression 
models, namely, depressive symptoms and facial emotion 
processing. Moreover, the missing data required different 
harmonization methods across domains, which could theor
etically influence the results. To address this potential issue, 
we performed a sensitivity analysis on the individual tests be
fore applying harmonization methods (b) and (c). The 

Figure 2 ROC curves and AUC of most optimal model to 
distinguish sporadic bvFTD from PPD (n = 292 cases, n =  
217 bvFTD, n = 75 PPD). ROC curve of model including global 
cognitive screening, attention, working memory and letter fluency, 
corrected for age, sex and education. AUC, area under the curve; 
ROC, receiver operating characteristic.
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analysis revealed similar differences between the groups and 
predictive values for each domain in the logistic regression 
models (Supplementary Tables 6 and 7). This consistency 
supports our findings despite the harmonization methods 
used. In addition, by applying multiple harmonization meth
ods, we were able to maximize data extraction for compari
sons, an approach that is useful when pooling retrospective 
data from rare and understudied populations. This study 
also demonstrates the challenges of harmonizing retrospect
ive clinical data sets from different sites and the urgent need 
for a common prospective core protocol when investigating 
these patient populations.

Fourth, it is important to note that the relatively small 
number of participants in the PPD group (152 cases) com
pared with the sporadic bvFTD group (508 cases) may have 
limited the statistical power and generalizability of the find
ings. Moreover, the majority of the PPD group consisted of 
individuals with MDD (n = 107). This finding provides in
sight into the most likely underlying psychiatric disorder in 
a population presenting with behavioural changes after the 
age of 45 in a specialized FTD clinic. This may be explained 
by our inclusion criteria as the onset of a depressive episode 
after the age of 45 is more common later in life compared 
with conditions such as personality disorders or schizophre
nia. However, the predominance of MDD in our PPD group 
potentially affects the generalizability of our findings to other 
PPDs. To address this limitation and provide more insights 
into the cognitive performance of the MDD group, we con
ducted a sub-analysis that included sporadic bvFTD and 
MDD cases only (Supplementary Material 8). This sub- 
analysis demonstrated that letter fluency emerged as the 
only significant predictor in the most optimal model for dis
tinguishing MDD from sporadic bvFTD.

Lastly, the amount of data available, and therefore the num
ber of patients, included in the optimal subset may have arisen 
from the level of diagnostic uncertainty in a patient. In other 
words, it is plausible that the greater the diagnostic doubt ex
perienced by the clinician, the larger the number of investiga
tions was carried out, resulting in more data from more 
domains. This data generation bias may have resulted in the op
timal subset to comprise the more challenging patients, from a 
diagnostic perspective, across a larger number of domains con
sidered important when in diagnostic doubt. This group, how
ever, may well be a better representation of the early phase 
sporadic bvFTD during which symptoms are less pronounced 
and phenotypes more ambiguous. The primary aim of this 
study was to identify neuropsychological measures that can dif
ferentiate sporadic bvFTD from PPD. As a result, biomarkers 
such as neurofilament light or imaging data were not included 
in this analysis, even though their incorporation could enhance 
diagnostic accuracy. Future investigations, including the pro
spective design of DIPPA-FTD, aim to address this limitation 
by integrating biomarker data to complement and extend the 
findings presented here.17

The results from this study identified three cognitive mea
surements—letter fluency, global cognitive screening and at
tention—that have clinical relevance towards effectively 

distinguish sporadic bvFTD from late-onset PPD. 
Arguably, a diagnosis of a disorder as complex as bvFTD 
or PPD relies on the input of multiple features combined ra
ther than single features. Nevertheless, our results support 
the clinical intuition that patients with bvFTD have lower 
performance on executive and global cognitive tests, while 
PPD patients have predominant attentional deficits. While 
the neuropsychiatric domain depressive symptoms and the 
facial emotion processing tests contained considerable miss
ing data, they emerged as potential discriminators, warrant
ing the need for further exploration in prospective studies.
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Supplementary material is available at Brain Communications 
online.

Acknowledgements
We are grateful to our research participants for their valu
able contributions to this study.

Funding
The DIPPA-FTD study is funded by EU Joint Programme – 
Neurodegenerative Disease Research JPND/JPco-fuND 2 
(grant number 825664). The matched Australian funding 
for the DIPPA study is National Health and Medical 
Research Council (NHMRC) (#GNT1191407).

This work was supported in part by funding to ForeFront, 
a collaborative research group dedicated to the study of 
frontotemporal dementia and motor neuron disease, from 
the National Health and Medical Research Council 
(NHMRC) (GNT1037746). In addition, this study was sup
ported by NHMRC Project Grant (GNT1121791). O.P. 
is supported in part by a NHMRC Leadership Fellowship 
(GNT2008020). G.M.H. is supported by a NHMRC 
Senior Leadership Fellowship (GNT1176607). R.L.-R. is 
supported by a NHMRC Emerging Leadership Fellowship 
(GNT2010064). D.F. is supported by the Edwards Fund 
for Dementia Research. S.C.M.d.B. was a recipient of the 
Alzheimer Nederland travel grant to conduct this work.

Competing interests
The authors report no competing interests.

Data availability
The data that support the findings of this study are available 
from the corresponding author, upon reasonable request. 
The code for this study is available via https://github.com/ 
sterredeboer/DIPPA_braincomm.git.

Sporadic FTD versus psychiatric disorders                                                                              BRAIN COMMUNICATIONS 2025, fcaf199 | 9

http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf199#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf199#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf199#supplementary-data
http://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcaf199#supplementary-data
https://github.com/sterredeboer/DIPPA_braincomm.git
https://github.com/sterredeboer/DIPPA_braincomm.git


References
1. Piguet O, Kumfor F. Frontotemporal dementias: Main syndromes 

and underlying brain changes. Curr Opin Neurol. 2020;33(2): 
215-221.

2. Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised 
diagnostic criteria for the behavioural variant of frontotemporal de
mentia. Brain. 2011;134(9):2456-2477.

3. Snowden J, Neary D, Mann D. Frontotemporal lobar degeneration: 
Clinical and pathological relationships. Acta Neuropathol. 2007; 
114:31-38.

4. Onyike CU, Diehl-Schmid J. The epidemiology of frontotemporal 
dementia. Int Rev Psychiatry. 2013;25(2):130-137.

5. Lashley T, Rohrer JD, Mead S, Revesz T. Review: An update on 
clinical, genetic and pathological aspects of frontotemporal lobar 
degenerations. Neuropathol Appl Neurobiol. 2015;41(7):858-881.

6. Moore KM, Nicholas J, Grossman M, et al. Age at symptom onset 
and death and disease duration in genetic frontotemporal dementia: 
An international retrospective cohort study. Lancet Neurol. 2020; 
19(2):145-156.

7. Heuer HW, Wang P, Rascovsky K, et al. Comparison of sporadic 
and familial behavioral variant frontotemporal dementia (FTD) in 
a North American cohort. Alzheimers Dement. 2020;16(1):60-70.

8. Boeve BF, Boxer AL, Kumfor F, Pijnenburg Y, Rohrer JD. Advances 
and controversies in frontotemporal dementia: Diagnosis, biomarkers, 
and therapeutic considerations. Lancet Neurol. 2022;21(3):258-272.

9. Ducharme S, Dols A, Laforce R, et al. Recommendations to distin
guish behavioural variant frontotemporal dementia from psychi
atric disorders. Brain. 2020;143(6):1632-1650.

10. Krudop WA, Dols A, Kerssens CJ, et al. The pitfall of behavioral 
variant frontotemporal dementia mimics despite multidisciplinary 
application of the FTDC criteria. J Alzheimers Dis. 2017;60(3): 
959-975.

11. Tsoukra P, Velakoulis D, Wibawa P, et al. The diagnostic challenge 
of young-onset dementia syndromes and primary psychiatric dis
eases: Results from a retrospective 20-year cross-sectional study. 
J Neuropsychiatry Clin Neurosci. 2022;34(1):44-52.

12. Woolley JD, Khan BK, Murthy NK, Miller BL, Rankin KP. The 
diagnostic challenge of psychiatric symptoms in neurodegenerative 
disease: Rates of and risk factors for prior psychiatric diagnosis in 
patients with early neurodegenerative disease. J Clin Psychiatry. 
2011;72(2):126-133.

13. de Boer SCM, Gossink F, Krudop W, et al. Diagnostic instability 
over time in the late-onset frontal lobe syndrome: When can we 
say it’s FTD? Am J Geriatr Psychiatry. 2023;31(9):679-690.

14. Van Vliet D, De Vugt M, Bakker C, et al. Time to diagnosis in 
young-onset dementia as compared with late-onset dementia. 
Psychol Med. 2013;43(2):423-432.

15. Leroy M, Bertoux M, Skrobala E, et al. Characteristics and progres
sion of patients with frontotemporal dementia in a regional memory 
clinic network. Alzheimers Res Ther. 2021;13(1):19.

16. Panza F, Lozupone M, Seripa D, et al. Development of disease- 
modifying drugs for frontotemporal dementia spectrum disorders. 
Nat Rev Neurol. 2020;16(4):213-228.

17. de Boer SCM, Riedl L, Fenoglio C, et al. Rationale and design of the 

“DIagnostic and Prognostic Precision Algorithm for behavioral 

variant Frontotemporal Dementia” (DIPPA-FTD) study: A study 

aiming to distinguish early stage sporadic FTD from late-onset pri

mary psychiatric disorders. J Alzheimers Dis. 2024;97(2):963-973.
18. American Psychiatric Association. Diagnostic and statistical man

ual of mental disorders. 5th ed. American Psychiatric Association; 
2013.

19. Morris JC. The Clinical Dementia Rating (CDR): Current version 
and scoring rules. Neurology. 1993;43(11):2412-2412-a.

20. Goldman JS, Farmer JM, Wood EM, et al. Comparison of family 
histories in FTLD subtypes and related tauopathies. Neurology. 
2005;65(11):1817-1819.

21. Rohrer JD, Guerreiro R, Vandrovcova J, et al. The heritability and 
genetics of frontotemporal lobar degeneration. Neurology. 2009; 
73(18):1451-1456.

22. Goldman JS, Rademakers R, Huey ED, et al. An algorithm for gen
etic testing of frontotemporal lobar degeneration. Neurology. 2011; 
76(5):475-483.

23. Wood EM, Falcone D, Suh E, et al. Development and validation of 
pedigree classification criteria for frontotemporal lobar degener
ation. JAMA Neurol. 2013;70(11):1411-1417.

24. Maito MA, Santamaría-García H, Moguilner S, et al. Classification 
of Alzheimer’s disease and frontotemporal dementia using routine 
clinical and cognitive measures across multicentric underrepre
sented samples: A cross sectional observational study. Lancet Reg 
Health Am. 2023;17:100387.

25. Folstein MF, Folstein SE, McHugh PR. Mini-mental state”. A prac
tical method for grading the cognitive state of patients for the clin
ician. J Psychiatr Res. 1975;12(3):189-198.

26. Hsieh S, Schubert S, Hoon C, Mioshi E, Hodges JR. Validation of 
the Addenbrooke’s Cognitive Examination III in frontotemporal de
mentia and Alzheimer’s disease. Dement Geriatr Cogn Disord. 
2013;36(3-4):242-250.

27. Matías-Guiu JA, Pytel V, Cortés-Martínez A, et al. Conversion be
tween Addenbrooke’s Cognitive Examination III and Mini-Mental 
State Examination. Int Psychogeriatr. 2018;30(8):1227-1233.

28. Kumfor F, Sapey-Triomphe L-A, Leyton CE, Burrell JR, Hodges JR, 
Piguet O. Degradation of emotion processing ability in corticobasal 
syndrome and Alzheimer’s disease. Brain. 2014;137(11):3061-3072.

29. Miller LA, Hsieh S, Lah S, Savage S, Hodges JR, Piguet O. One size 
does not fit all: Face emotion processing impairments in semantic 
dementia, behavioural-variant frontotemporal dementia and 
Alzheimer’s disease are mediated by distinct cognitive deficits. 
Behav Neurol. 2012;25(1):53-60.

30. Diehl-Schmid J, Pohl C, Ruprecht C, Wagenpfeil S, Foerstl H, Kurz 
A. The Ekman 60 Faces Test as a diagnostic instrument in fronto
temporal dementia. Arch Clin Neuropsychol. 2007;22(4):459-464.

31. Rey A. L’examen psychologique dans les cas d’encephalopathie 
traumatique. Arch Psychol (Geneve). 1941;28:286-340.

32. Osterrieth PA. Le test de copie d’une figure complexe; contribution a l’e
tude de la perception et de la memoire. Arch Psychol (Geneve). 1944.

33. Wechsler D. Wechsler adult intelligence scale. PsycTESTS Dataset. 
1997.

34. Reitan RM. The relation of the trail making test to organic brain 
damage. J Consult Psychol. 1955;19(5):393-394.

35. Arbuthnott K, Frank J. Trail making test, Part B as a measure of ex
ecutive control: Validation using a set-switching paradigm. J Clin 
Exp Neuropsychol. 2000;22(4):518-528.

36. Benton AL. Multilingual aphasia examination. University of Iowa; 
1976.

37. Sheikh JI, Yesavage JA. Geriatric Depression Scale (GDS): Recent 
evidence and development of a shorter version, eds. Clinical geron
tology. Routledge; 2014:165-173.

38. Wancata J, Alexandrowicz R, Marquart B, Weiss M, Friedrich F. 
The criterion validity of the Geriatric Depression Scale: A systematic 
review. Acta Psychiatr Scand. 2006;114(6):398-410.

39. Beck AT. Manual for the beck depression inventory-II. (No Title). 
1996;

40. Beck AT, Steer RA, Ball R, Ranieri WF. Comparison of beck depres
sion inventories-IA and-II in psychiatric outpatients. J Pers Assess. 
1996;67(3):588-597.

41. Montgomery SA, Asberg M. A new depression scale designed to be 
sensitive to change. Br J Psychiatry. 1979;134:382-389.

42. Starkstein SE, Migliorelli R, Manes F, et al. The prevalence and clin
ical correlates of apathy and irritability in Alzheimer’s disease. Eur J 
Neurol. 1995;2(6):540-546.

43. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi 
DA, Gornbein J. The Neuropsychiatric Inventory: Comprehensive 
assessment of psychopathology in dementia. Neurology. 1994; 
44(12):2308-2314.

10 | BRAIN COMMUNICATIONS 2025, fcaf199                                                                                                          S. C. M. de Boer et al.



44. Cummings JL. The Neuropsychiatric Inventory: assessing psycho
pathology in dementia patients. Neurology. 1997;48(5 Suppl 6): 
S10-S16.

45. Tierney N, Cook D. Expanding tidy data principles to facilitate 
missing data exploration, visualization and assessment of imputa
tions. J Stat Softw. 2023;105(7):1-31.

46. Robin X, Turck N, Hainard A, et al. pROC: An open-source pack
age for R and S+ to analyze and compare ROC curves. BMC 
Bioinformatics. 2011;12:77.

47. Krudop WA, Kerssens CJ, Dols A, et al. Building a new paradigm 
for the early recognition of behavioral variant frontotemporal de
mentia: Late onset frontal lobe syndrome study. Am J Geriatr 
Psychiatry. 2014;22(7):735-740.

48. Overbeek JM, Korten N, Gossink F, et al. The value of neuro
psychological assessment in the differentiation between behavioral 
variant frontotemporal dementia and late-onset psychiatric disor
ders. J Clin Psychiatry. 2020;81(1):19m12811.

49. Geraudie A, Battista P, García AM, et al. Speech and language im
pairments in behavioral variant frontotemporal dementia: A sys
tematic review. Neurosci Biobehav Rev. 2021;131:1076-1095.

50. Krudop WA, Kerssens CJ, Dols A, et al. Identifying bvFTD within 
the wide spectrum of late onset frontal lobe syndrome: A clinical ap
proach. Am J Geriatr Psychiatry. 2015;23(10):1056-1066.

51. Hutchinson A, Mathias J. Neuropsychological deficits in frontotem
poral dementia and Alzheimer’s disease: A meta-analytic review. 
J Neurol Neurosurg Psychiatry. 2007;78(9):917-928.

52. Mathuranath PS, Nestor PJ, Berrios GE, Rakowicz W, Hodges JR. A 
brief cognitive test battery to differentiate Alzheimer’s disease 
and frontotemporal dementia. Neurology. 2000;55(11):1613-1620.

53. Dudas RB, Berrios GE, Hodges JR. The Addenbrooke’s Cognitive 
Examination (ACE) in the differential diagnosis of early dementias 
versus affective disorder. Am J Geriatr Psychiatry. 2005;13(3): 
218-226.

54. So M, Foxe D, Kumfor F, et al. Addenbrooke’s Cognitive Examination 
III: Psychometric characteristics and relations to functional ability in 
dementia. J Int Neuropsychol Soc. 2018;24(8):854-863.

55. Kumfor F, Irish M, Leyton C, et al. Tracking the progression of so
cial cognition in neurodegenerative disorders. J Neurol Neurosurg 
Psychiatry. 2014;85(10):1076-1083.

56. Dodich A, Crespi C, Santi GC, Cappa SF, Cerami C. Evaluation of 
discriminative detection abilities of social cognition measures 
for the diagnosis of the behavioral variant of frontotemporal demen
tia: A systematic review. Neuropsychol Rev. 2021;31(2):251-266.

57. Perry DC, Brown JA, Possin KL, et al. Clinicopathological correla
tions in behavioural variant frontotemporal dementia. Brain. 2017; 
140(12):3329-3345.

Sporadic FTD versus psychiatric disorders                                                                            BRAIN COMMUNICATIONS 2025, fcaf199 | 11


	Differentiating sporadic frontotemporal dementia from late-onset primary psychiatric disorders
	Introduction
	Materials and methods
	Study structure
	Participants
	Clinical data harmonization methods
	Neuropsychological domains and harmonization
	Statistical analyses

	Results
	Discussion
	Supplementary material
	Acknowledgements
	Funding
	Competing interests
	Data availability
	References


