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Abstract
Frontotemporal dementia is the second most common form of dementia under the age of 65 years, of which behavioural variant frontotemporal dementia (bvFTD) is a subtype. In clinical practice, much overlap exists between bvFTD and primary psychiatric disorders (PPD). 50% of bvFTD patients get a misdiagnosis of PPD at first and the average diagnostic delay is five to six years. The aim of the current study was to investigate which clinical phenotypes might be helpful in the diagnostic process to better differentiate between bvFTD and PPD patients. The study sample consisted of 268 patients, seen on the screening day of the Social Brain Project at the VUmc Amsterdam. In this cross-sectional study, 103 bvFTD patients were compared with 64 PPD patients on their baseline scores on several questionnaires, cognitive screeners and neuropsychological assessment. These were used to measure behaviour, neurocognition, social cognition and mental impact. Regarding behavioural questionnaires, PPD patients were more affected on the MADRS, measuring depressive symptoms. Within neurocognition, bvFTD patients were more affected on cognitive screeners, global cognition and language. Regarding social cognition, bvFTD patients were more affected on the Ekman 60 faces test, measuring emotion recognition. In conclusion, this study suggests that bvFTD patients might be differentiated from PPD patients by depressive symptoms, overall cognitive functioning, language and basic social cognitive functioning. These findings contribute to the literature and the clinical diagnostic process of differentiating between bvFTD and PPD patients.
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Introduction
Frontotemporal dementia (FTD) is the second most common form of dementia under the age of 65 years, after Alzheimer’s disease dementia (Ratnavalli et al., 2002). One of the subtypes of FTD is behavioural variant frontotemporal dementia (bvFTD). BvFTD is a progressive neurodegenerative disorder with atrophy in the anterior temporal lobes, frontal lobes, or both (Piguet et al., 2011). Deterioration in social functioning and personality change are the core features of bvFTD, divided into six behavioural and cognitive symptoms: disinhibition, apathy, loss of empathy, perseverative behaviours, hyperorality and a dysexecutive neuropsychological profile (Piguet et al., 2011; Rascovsky et al., 2011). Additionally, patients often have impaired social cognition, which is described by Adolphs as a range of cognitive capacities which allow people to understand themselves and others and to interact with others (Adolphs, 2009). There is no clear taxonomy of social cognition (Happé et al., 2017). However, different components of social cognition exist, ranging from basic functions, like social memory representations, encoding of social stimuli and social attention, to higher order functions, like attitudes, social inference, stereotyping, social decision making and prejudice (Fiske & Taylor, 2017). Also, bvFTD patients are often unable to adjust to their environment, are unable to recognize mental states of self and others, are often unconcerned about their relatives and often show social disinhibition (Ibañez & Manes, 2012; Kumfor, 2017). Furthermore, bvFTD patients often show a lack of insight in their symptoms (Ducharme et al., 2020). This can have a large impact on the patients’ life and their relatives, with heavy burden for caregivers of bvFTD patients (Riedijk et al., 2006). 
The diagnosis of bvFTD can be divided into three levels of certainty (Rascovsky et al., 2011). Possible bvFTD is diagnosed when at least three of the above mentioned behavioural/cognitive symptoms are present. Probable bvFTD is diagnosed when criteria are met for possible bvFTD, significant functional decline is present and imaging results are consistent with bvFTD (atrophy in the frontal or anterior temporal lobes) (Piguet et al., 2011). Definite bvFTD is diagnosed when criteria are met for possible or probable bvFTD and histopathological evidence is found for FTLD, or a known pathogenic mutation is present. Also, there must be progressive deterioration of behaviour and/or cognition by observation or history and the pattern of deficits should not be better explained by a non-degenerative disorder or a psychiatric diagnosis (Rascovsky et al., 2011). 
In clinical practice, much overlap exists in clinical symptoms between neurodegenerative bvFTD and non-degenerative primary psychiatric disorders (PPD) (Ducharme et al., 2015). These psychiatric disorders are syndromes in which symptoms cannot be explained by a medical disorder, as described in the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association, 2013). PPD include for example major depressive disorder (MDD), bipolar disorder (BD), schizophrenia and autism spectrum disorder (ASS) (American Psychiatric Association, 2013). It is challenging to differentiate between bvFTD and PPD, because bvFTD patients can present identical clinical symptoms as PPD patients, which is also described as clinical phenotypes (Ducharme et al., 2015). BvFTD is often misdiagnosed, since 50% of bvFTD patients get a PPD diagnosis at first and the average diagnostic delay is five to six years from the first symptoms (Ducharme et al., 2017; van Vliet et al., 2013; Woolley et al., 2011). 
Clinical phenotypes consist of several components, including behaviour, neurocognition and social cognition. First, a main clinical symptom of bvFTD is behavioural change, which can also be seen in PPD. One of the exclusionary criteria for bvFTD is that behavioural disturbance is not better explained by a psychiatric disorder, which shows that behavioural disturbance can be a clinical symptom in both bvFTD and PPD (Rascovsky et al., 2011). For example, apathy is seen in both bvFTD and major depressive disorder and disinhibition is seen in both bvFTD and bipolar disorder patients (Ducharme et al., 2015). Second, deficits of neurocognition can be a clinical symptom in both groups as well. Neurocognition consists of cognitive domains which are tested with neuropsychological assessment. These include memory, attention, executive functioning, language and visuospatial functioning (Lezak et al., 2004). Literature shows overlap between bvFTD and PPD in several cognitive domains, but differences are also found. For example, in bvFTD patients, executive functioning is often disturbed and earlier research found differences between bvFTD and PPD patients in language (Overbeek et al., 2020; Rascovsky et al., 2011). Cognitive deficits can be seen in schizophrenia as well, which can look similar to cognitive deficits in early bvFTD (Lewandowski et al., 2011). This gap in the literature needs to be further investigated. Third, bvFTD and PPD are both associated with problems in social cognition (Rowland et al., 2012; Snowden et al., 2002; Uljarevic & Hamilton, 2013). For example, in both bvFTD and schizophrenia, higher order social cognitive deficits are found (Corcoran et al., 1995; Ibañez & Manes, 2012). However, another study suggests that social cognition tasks can possibly differentiate between bvFTD and PPD, for example with the Ekman 60 faces test, which measures emotion recognition (Diehl-Schmid et al., 2007; Ekman & Friesen, 1976; Gossink et al., 2018). These differences in the literature could possibly be related to different components of social cognition, for example basic functions and higher order social cognition, which needs to be further investigated. 
In the current study, the clinical symptoms of behaviour, neurocognition and social cognition are investigated within bvFTD and PPD patients. The aim of this study is to explore the clinical phenotypes of bvFTD and PPD patients, to better distinguish between these groups within the diagnostic procedure. This will help to diagnose patients more accurately and earlier after symptom onset in the future, which is critical because most psychiatric disorders are treatable, unlike neurodegenerative disorders as bvFTD (Woolley et al., 2011). Besides behaviour, neurocognition and social cognition, the mental impact of bvFTD and PPD on patients and their relatives was investigated as well.
It is hypothesized that behaviour, neurocognition and social cognition will be affected to some extent in both bvFTD and PPD patients, but that some tests and questionnaires will significantly differ between the two diagnostic groups. Regarding the behavioural profile, it is expected that the questionnaires do not differ significantly between bvFTD patients and PPD patients, because of the literature suggesting that behavioural symptoms are present in both bvFTD and PPD (Ducharme et al., 2015; Rascovsky et al., 2011). However, it is expected that PPD patients will show significantly more affected results on the Montgomery Åsberg Depression Rating Scale (MADRS) than bvFTD patients, which measures depressive symptoms (Montgomery & Åsberg, 1979). BvFTD patients might experience less burden of disease, due to the lack of insight in their symptoms (Ducharme et al., 2020). Regarding the neurocognitive profile, it is expected that bvFTD patients will score significantly lower on language and executive functioning than PPD patients, due to previous studies (Overbeek et al., 2020; Rascovsky et al., 2011). Regarding social cognition, it is expected that this profile is more disturbed in bvFTD patients on the Ekman 60 faces test, but not on the other social cognition tests, as the literature suggests (Diehl-Schmid et al., 2007; Ekman & Friesen, 1976; Gossink et al., 2018). Furthermore, it is expected that bvFTD patients score significantly higher on the Revised Self-Monitoring Scale (RSMS), a social cognition self-questionnaire, compared to relatives of bvFTD patients, because of a lack of insight (Ducharme et al., 2020; Lennox & Wolfe, 1984). We expect not to see this difference within PPD patients, because lack of insight is not a common symptom of PPD. 


Methods
Procedure
This study is part of the Social Brain Project (SBP), a research project which started in 2016 at Amsterdam UMC location VUmc. Patients who are suspected to meet the diagnostic criteria for either bvFTD or PPD are seen for a standard diagnostic procedure, which includes several questionnaires and neuropsychological assessment. The SBP focusses on the differential diagnosis between bvFTD and PPD, but other patients might also be seen within this consultation. In addition to the SBP protocol, patients are asked to participate in an additional study for social cognition, called the Social Brain Lab (SBL). Consensus about the diagnosis is reached within a multidisciplinary team, using the latest international criteria for bvFTD and the DSM-V for PPD (American Psychiatric Association, 2013; Rascovsky et al., 2011). Information about the diagnostic procedure is given and patients are included when they agreed and signed the informed consent form for using their data for research. 
Participants
The total sample of the SBP consisted of patients diagnosed with different types of psychiatric disorders or neurodegenerative disorders (N=268). In this study, patients diagnosed with bvFTD (N=103) are compared with patients with PPD (N=64). Probable bvFTD (N=78) and definite bvFTD (N=25) patients were included in this study, while patients diagnosed with possible bvFTD were excluded because of the uncertainty of this group. Within the PPD group, patients diagnosed with a psychiatric disorder are divided into four groups, namely mood disorders (N=32) (major depressive disorder, minor depressive disorder, mania and bipolar disorder), autism spectrum disorder (N=8), psychotic disorders (N=8) (schizophrenia and psychotic disorder) and other psychiatric disorders (N=16) (personality disorder, anxiety disorder, adjustment disorder, other psychiatry and psychiatry not otherwise specified). Additionally, people diagnosed with possible bvFTD, FTD-ALS, FTD primary progressive aphasia, relational problems, subjective cognitive decline, mild cognitive impairment, Alzheimer’s disease, behavioural Alzheimer’s disease, phenocopy frontotemporal dementia, vascular dementia, other dementia, other neurological disorders and postponed diagnoses are included within the total sample, but not within a main diagnostic group of either bvFTD or PPD (N=101). Age, sex and level of education were assessed on the day of screening. Level of education was assessed with the Verhage scale (Verhage, 1964). 

Measurements
Different sources of neuropsychological data are used in this study, including several questionnaires, cognitive screeners, neuropsychological assessment and a social cognition task from the Social Brain Lab, which is a subsample of the Social Brain Project (table 1).
Behaviour
To measure behaviour, several questionnaires were conducted amongst patients and  relatives. The Montgomery Åsberg Depression Rating Scale (MADRS) questionnaire was collected from patients (missing=18 in bvFTD, 10 in PPD) (Montgomery & Åsberg, 1979). Several questionnaires were collected from the relatives of patients, including the Cambridge Behavioral Inventory (CBI) (missing=29 in bvFTD, 19 in PPD), Stereotypy Rating Inventory (SRI) (missing=14 in bvFTD, 10 in PPD), Frontotemporal Dementia Rating Scale (FRS-NED) (missing=27 in bvFTD, 13 in PPD) and Frontal Behavioral Inventory (FBI) (missing=23 in bvFTD, 20 in PPD) (Kertesz et al.; Mioshi et al.; Shigenobu et al., 2002; Wear et al.). 
Neurocognition 
Neurocognition was measured with cognitive screeners and neuropsychological assessment. Overall cognitive functioning was tested with cognitive screeners: the Mini Mental State Examination (MMSE) (missing=25 in bvFTD, 11 in PPD) and the Frontal Assessment Battery (FAB) (missing=24 in bvFTD, 13 in PPD) (Dubois et al., 2000; Folstein et al., 1975). 
Neuropsychological assessment was analysed as global cognition and divided into five cognitive domains, which are memory, attention, executive functioning, language and visuospatial functioning. The first domain, memory, was tested with the recall condition of the Rey Osterrieth Complex Figure, the recall condition of the Visual Association Test (VAT) and the learning ability condition and recall condition of the 15-word Auditory Verbal Learning Test (missing=26 in bvFTD, 14 in PPD) (Lindeboom et al., 2002; Osterrieth, 1944; Rey, 1958). Attention was measured with the Trail Making Test (TMT) Part A, the Digit Span Forward, the Stroop test reading and naming cards and the Letter Digit Substitution Test (missing=23 in bvFTD, 13 in PPD) (Stroop, 1935; Tombaugh, 2004; van der Elst et al.; Wechsler, 1997). To measure executive functioning, the TMT Part B, Digit Span Backwards, Stroop test interference card, Letter Fluency, Clock test, Meander test and Mazes test were assessed (missing=9 in bvFTD, 5 in PPD) (Lezak et al., 2012; Lindeboom, 1989; Porteus, 1950; Royall et al., 1998; Stroop, 1935; Tombaugh, 2004; Wechsler, 1991). Language was assessed by conducting the Category Fluency test, the naming condition of the VAT and the Boston Naming test (missing=25 in bvFTD, 13 in PPD) (Lansing et al., 1999; Lindeboom et al., 2002; Roth, 2011). Lastly, visuospatial functioning was assessed with the copy condition of the Rey Osterrieth Complex Figure and three subtests of the Visual Object and Space Perception Battery, namely the Number Location test, Dot Counting test and Fragmented Letters test (missing=42 in bvFTD, 33 in PPD) (Osterrieth, 1944; Warrington et al., 1991). Raw scores were computed into z-scores. Z-scores of neuropsychological tests were analysed as global cognition and the five domains by computing the average of the tests within a specific domain. 
Social Cognition
To measure social cognition, patients and relatives filled in questionnaires and tasks were conducted amongst patients. The patient filled in the RSMS (missing=43 in bvFTD, 22 in PPD) and the Emotional Contagion Scale (missing=33 in bvFTD, 22 in PPD) (ECS) (Doherty, 1997; Lennox & Wolfe, 1984). The RSMS was also filled in by the relatives as if they were the patients (missing=44 in bvFTD, 25 in PPD). In addition to these questionnaires, the Ekman 60 Faces test was conducted within neuropsychological assessment (missing=21 in bvFTD, 15 in PPD) (Ekman & Friesen, 1976). Furthermore, the Hinting Task was conducted to measure social cognition as part of the Social Brain Lab (missing=89 in bvFTD, 58 in PPD) (Corcoran et al., 1995). 
Mental Impact 
Regarding mental impact, several questionnaires were collected from the patients and relatives to measure quality of life, depressive symptoms and burden. The Manchester Short Assessment of quality of life was collected from the patients (missing=38 in bvFTD, 27 in PPD) and the relatives (missing=42 in bvFTD, 19 in PPD) (MANSA) (Priebe, 1999). The Zarit Burden Interview (missing=50 in bvFTD, 28 in PPD) and Center for Epidemiological Study Depression (missing=56 in bvFTD, 35 in PPD) (CES-D) were also collected from the relatives (Bédard et al., 2001; Radloff, 1977). 


Statistics
All statistical analyses were performed with IBM SPSS Statistics version 28 (IBM Corp. Released 2021. IBM SPSS Statistics for Windows, Version 28.0. Armonk, NY: IBM Corp). Significance was set at p-value <0.05 for all analyses. To correct for multiple comparisons, the Bonferroni correction was applied, which led to a p-value of <0.002 (Armstrong, 2014). This study is cross-sectional, because data is used from baseline measurements and compared between two diagnostic groups. The independent variable contains the two diagnostic groups (bvFTD and PPD). Dependent variables are all measurements for behaviour, neurocognition, social cognition and mental impact. First, age, sex and education have been checked as possible covariates. Then, the assumptions of normality, homogeneity of variances and independence of groups were checked for all dependent variables. When assumptions were met, differences between bvFTD and PPD patients were tested with analysis of variance (ANOVA). When the assumptions were violated, the Mann-Whitney U test was used as a nonparametric test. Differences between the RSMS patients and relatives within both diagnostic groups were analysed with a paired-samples T test. When measurements were significantly different between bvFTD and PPD patients after correction for multiple comparisons, the diagnostic accuracy was analysed with the Receiver Operating Characteristic Curve (ROC-curve) and the area under the curve (AUC) (Hosmer & Lemeshow, 2000). The state variable was bvFTD for all measurements. 
Table 1
Measurements by topic
	Topic
	Questionnaires / tests

	Behaviour
Neurocognition
Social cognition
Mental impact
	MADRS, CBI, SRI, FRS-NED, FBI
MMSE, FAB, Neuropsychological Assessment
RSMS, ECS, Ekman 60 Faces test, Hinting Task
MANSA, ZARIT, CES-D


Note. MADRS = Montogmery Åsberg Depression Rating Scale; CBI = Cambridge Behavioural Inventory; SRI = Stereotypy Rating Inventory; FRS-NED = Frontotemporal Dementia Rating Scale; FBI = Frontal Behavioural Inventory; MMSE = Mini Mental State Examination; FAB = Frontal Assessment Battery; RSMS = Revised Self-Monitoring Scale; ECS = Emotional Contagion Scale; MANSA = Manchester Short Assessment of quality of life; ZARIT = Zarit Burden Interview; CES-D = Center for Epidemiological Study Depression.
Results
Characteristics
The total sample consisted of 268 patients, of which 167 bvFTD and PPD patients in the diagnostic sample. 61.7% of this diagnostic sample were bvFTD patients (N=103) and 38.3% were PPD patients (N=64) (table 2). Within the diagnostic sample, PPD patients were significantly younger (M:61.5±8,59) than bvFTD patients (M:66.4±7.44) (t = 3.928; p = .000). 40 patients were female (38.8%) within the bvFTD group and 20 patients were female (31.3%) within the PPD group (chi= 0.838; p = .360). The mean educational level was 5.0 in the bvFTD group and 4.9 within the PPD group (Mann-Whitney U = 2709.000; p = .393).
Table 2
Characteristics of the total sample and diagnostic subgroups of bvFTD and PPD
	Characteristics
	Total sample
	BvFTD
	PPD
	p-value

	N
	268
	103
	64
	-

	Age, y
	64.5±8.12
	66.4±7.44
	61.5±8.59
	.000**

	Age range
	35-87
	46-87
	35-77
	-

	Sex N (% female)
	75 (23.1)
	40 (38.8)
	20 (31.3)
	.360

	Educational level
	4.9±1.33
	5.0±1.32
	4.9±1.33
	.393


Note. Data is shown as N of the total sample, bvFTD group and PPD group. Age is age in years on screening day, mean±SD and age range. Sex in N and percentage female. Education is classified by level of education according to Verhage (0-7), mean±SD. 
**Significant p-value after correction for multiple comparisons with Bonferroni correction (<0.002).
Behaviour
Regarding the behavioural questionnaires, bvFTD patients had a significantly lower score than PPD patients on the MADRS, measuring depressive symptoms (Mann-Whitney U = 811,500; p = <.001) (Table 3). The diagnostic subgroups did not differ significantly on the CBI (F (1,117) = 0.114; p = .737), SRI (Mann-Whitney U = 2236.000; p = .365), FRS-NED (Mann-Whitney U = 1829.000; p = .441), the total FBI (F(1,122) = 0.224; p = .637) and the positive and negative subscales of the FBI, measuring behavioural aspects (Mann-Whitney U = 1932.000; p = .862 & F = (1,132) = 1.315; p = .575, respectively). 
Table 3
Differences in behavioural scores between bvFTD and PPD patients
	Questionnaire
	
	Total
	
	
	BvFTD
	
	
	PPD
	
	p-value

	
	N
	µ
	SD
	N
	µ
	SD
	N
	µ
	SD
	

	MADRS
	214
	9.3
	8.63
	87
	5.2
	5.33
	54
	15.7
	10.15
	<.001**

	CBI
	183
	54.3
	24.54
	76
	53.0
	24.37
	45
	57.0
	26.08
	.737

	SRI
	226
	10.7
	10.56
	91
	12.4
	11.27
	54
	10.9
	10.43
	.365

	FRS-NED
	205
	53.3
	21.26
	78
	53.9
	21.92
	51
	51.4
	21.54
	.441

	FBI total
	202
	25.3
	10.66
	82
	24.1
	10.52
	44
	25.9
	10.97
	.637

	  FBI positive
	211
	8.0
	5.42
	82
	7.6
	5.28
	48
	7.9
	6.13
	.862

	FBI negative
	198
	17.0
	7.39
	88
	16.3
	7.44
	48
	17.6
	6.61
	.575


Note. MADRS = Montgomery Åsberg Depression Rating Scale (max: 60; CBI = Cambridge Behavioural Inventory (max: 180); SRI = Stereotypy Rating Inventory (max: 60); FRS-NED = Frontotemporal Dementia Rating Scale (max: 100%); FBI = Frontal Behavioural Inventory (max: 72); FBI positive and FBI negative are the positive and negative subscales of the questionnaire. Shown is N, mean and SD of total sample, bvFTD group and PPD group. Lower score = less affected (exception: FRS-NED).
**Significant p-value after correction for multiple comparisons with Bonferroni correction (<0.002).
Neurocognition 
Group differences between bvFTD and PPD patients on the MMSE and the FAB were analysed, measuring overall cognitive functioning. After correction for multiple analysis, bvFTD patients scored significantly lower than PPD patients on the MMSE (Mann = 1422.000; p = .001) and the FAB (Mann = 1204.500; p = <.001) (table 4). Regarding neuropsychological assessment, bvFTD patients scored significantly lower than PPD patients on global cognition (Mann = 1902.500; p = .001) and language (Mann = 698.000; p = .000). Initially, bvFTD patients scores significantly lower on memory, attention and executive functioning compared to PPD patients, but no significant differences were found after correction for multiple comparisons on memory (F(1,125) = 7.906; p = .006), attention (F(1,129) = 4.810; p = .030), executive functioning (Mann = 2138.500; p = .014) and visuospatial functioning (Mann = 871.500; p = .466). 

Table 4
Differences in scores on cognitive screeners and neuropsychological assessment between bvFTD and PPD patients
	Questionnaire
	
	Total
	
	
	BvFTD
	
	
	PPD
	
	p-value

	
	N
	µ
	SD
	N
	µ
	SD
	N
	µ
	SD
	

	MMSE
	206
	25.6
	3.64
	80
	24.8
	3.68
	53
	26.7
	2.63
	.001**

	FAB
Global cognition
Memory
Attention
Executive functioning
Language
Visuospatial functioning
	202
262
222
225
262
221
165
	14.3
-.013
-.004
-.007
-.023
.002
-.033
	3.60
.610
.799
.756
.697
.800
.684
	81
95
78
81
95
78
62
	13.2
-.154
-.150
-.152
-.160
-.363
-.145
	4.09
.651
.697
.770
.742
.814
.761
	51
59
50
51
59
51
31
	15.9
.170
.276
.165
.139
.411
.018
	2.32
.537
.740
.751
.640
.496
.623
	<.001**
.001**
.006*
.030*
.014*
.000**
.466


Note: MMSE = Mini Mental State Examination (max: 30); FAB = Frontal Assessment Battery (max: 18). Neuropsychological assessment (global cognition, memory, attention, executive functioning, language and visuospatial functioning) is shown in Z-scores based on the total sample. Shown is N, mean and SD of total sample, bvFTD group and PPD group. Lower score = more affected.
*Significant p-value (<0.05).
**Significant p-value after correction for multiple comparisons with Bonferroni correction (<0.002).
Social cognition
Regarding social cognition, bvFTD patients scored significantly lower than PPD patients after correction for multiple comparisons on the Ekman 60 faces test, measuring emotion recognition (F (1,129) = 35.846; p = .000) (table 5). On the RSMS, measuring sensitivity to behaviour of others, the two diagnostic groups did not differ significantly when filled in by patients (F (1,100) = 2.222; p = .139), or by relatives (F (1,97) = 0.305; p = .582). On the Emotional Contagion Scale, measuring susceptibility to others’ emotions, and the Hinting Task, measuring mentalizing abilities, the diagnostic groups initially differed significantly, but no significant differences were found after correction for multiple comparisons (F (1,110) = 5.820; p = .018 & Mann = 17.500; p = .024, respectively). Furthermore, looking into patient-relative differences on the RSMS, scores differed significantly within the bvFTD diagnostic group (t = -5.263; p = .000), but not within the PPD diagnostic group (t = -2.958; p = .006).
Table 5
Differences in social cognitive scores between bvFTD and PPD patients
	Questionnaire
	
	Total
	
	
	BvFTD
	
	
	PPD
	
	p-value

	
	N
	µ
	SD
	N
	µ
	SD
	N
	µ
	SD
	

	RSMS patient
	159
	35.8
	10.27
	62
	37.3
	10.74
	42
	34.0
	10.19
	.139

	RSMS relative
	159
	25.8
	11.18
	61
	25.4
	12.69
	39
	26.8
	10.68
	.582

	ECS
	170
	40.1
	8.19
	72
	38.1
	8.86
	42
	42.0
	8.26
	.018*

	Ekman 60 Faces test
	203
	36.3
	10.06
	84
	31.8
	9.37
	49
	41.6
	7.96
	.000**

	Hinting Task
	61
	15.4
	4.34
	16
	13.1
	4.63
	6
	17.7
	1.75
	.024*


Note. RSMS = Revised Self-Monitoring Scale, in patients and relatives (max: 65); ECS = Emotional Contagion Scale (max: 60); Ekman = Ekman 60 faces test (max: 60); Hinting Task (max: 20). Shown is N, mean and SD of total sample, bvFTD group and PPD group. Lower score = more affected.
*Significant p-value (<0.05).
**Significant p-value after correction for multiple comparisons with Bonferroni correction (<0.002).
Mental impact 
With regard to mental impact, the MANSA was analysed to measure differences in quality of life within the diagnostic sample (table 6). BvFTD subgroup scores were significantly higher compared to PPD subgroup scores, in patients (Mann = 581.000; p = <.001) and relatives (Mann = 859.000; p = <.001). The relatives of the two diagnostic groups did not differ significantly on the ZARIT, which measures burden (F (1,87) = .344; p = .559), and on the CES-D, which measures depressive symptoms (Mann = 703.000; p = .938).




Table 6
Differences in mental impact questionnaires between bvFTD and PPD patients
	Questionnaire
	
	Total
	
	
	BvFTD
	
	
	PPD
	
	p-value

	
	N
	µ
	SD
	N
	µ
	SD
	N
	µ
	SD
	

	MANSA patient
	150
	58.0
	9.75
	67
	61.4
	8.97
	37
	53.0
	9.47
	<.001**

	MANSA relative
	166
	58.2
	9.03
	63
	60.9
	9.66
	45
	55.7
	7.73
	<.001**

	ZARIT
	134
	40.7
	19.06
	55
	38.9
	19.91
	36
	46.1
	18.47
	.559

	CES-D
	127
	14.4
	9.64
	49
	13.9
	9.84
	29
	13.2
	9.67
	.938


Note. MANSA = Manchester Short Assessment battery of quality of life, in patients and relatives (max: 84); ZARIT = Zarit Burden interview (max: 88); CES-D = Center for epidemiological study depression (max: 60). Shown is N, mean and SD of total sample, bvFTD group and PPD group. Lower score = less affected (exception: MANSA).
*Significant p-value (<0.05).
**Significant p-value after correction for multiple comparisons with Bonferroni correction (<0.002).
Diagnostic accuracy
The ROC was used to analyse the AUC. The AUC was analysed for the MADRS (0.83; p=.000), MMSE (0.67; p=.001) FAB (0.71; p=.000), global cognition (0.66; p=001), language (0.83; p=.000), and Ekman 60 faces test (0.79; p=.000). The ROC curves are presented in Figure 1. 









Figure 1
ROC curves of significant measurements and the AUC values in the combined model
[image: ]
Note: AUC values of combined model show slight deviations from AUC values of separate measures. State variable: BvFTD.
Discussion
The aim of this study was to investigate the clinical profiles of bvFTD and PPD patients and whether specific neuropsychological tests and questionnaires differed between these diagnostic groups. Additionally, the diagnostic accuracy was analysed to look at the predictive value of measurements for the diagnosis of bvFTD. The results showed that regarding behavioural questionnaires, after correction for multiple comparisons, PPD patients were more affected on the MADRS compared to bvFTD patients, so PPD patients seem to experience more depressive symptoms. For neurocognition, bvFTD patients scored significantly lower on cognitive screeners, global cognition and language, so bvFTD might be more affected on overall cognitive functioning and language. Regarding social cognition, bvFTD patients showed more affected scores on the Ekman 60 faces test, so basic social functioning might be more disturbed in bvFTD patients. Furthermore, within the bvFTD subgroup, the scores on the RSMS from the relatives were significantly lower than the scores on the RSMS from the patients, which might be due to the lack of insight in bvFTD patients. Lastly, bvFTD patients and their relatives rated their own quality of life as significantly better, compared to PPD patients and their relatives. The other questionnaires for behaviour, neurocognition, social cognition and mental impact did not differ significantly after correction for multiple comparisons. 
	Regarding behavioural questionnaires, a significant difference was found between bvFTD patients and PPD patients on the MADRS, on which bvFTD patients scored significantly lower than PPD patients. This questionnaire measures depressive symptoms, showing that PPD patients experience more depressive symptoms than bvFTD patients, which is in line with earlier research and with our hypothesis (Dols et al., 2016; Montgomery & Åsberg, 1979; Vijverberg et al., 2017). This finding might be explained by depressive symptoms in patients with mood disorders, which was our largest subgroup within the PPD group, and the lack of insight and therefore lack of burden of disease in bvFTD patients. This questionnaire seems predictive for bvFTD, since the area under the curve (AUC) showed a moderate diagnostic accuracy (AUC: 0.83) (Hosmer & Lemeshow, 2000). The two diagnostic groups did not differ significantly on the CBI, SRI, FRS-NED and FBI, which suggests that these questionnaires might not be useful in the diagnostic process for differentiating between bvFTD and PPD patients. However, previous research found that bvFTD patients scored higher on stereotypy measured with the SRI (Dols et al., 2016; Gossink et al., 2018; Reus et al., 2018; Vijverberg et al., 2017). Other studies did not find differences between bvFTD and PPD patients on the FBI, measuring behaviour in frontotemporal dementia, which is in line with the current study (Dols et al., 2016; Gossink et al., 2018; Vijverberg et al., 2017). As far as we know, there have not been studies comparing bvFTD and PPD patients on the CBI and FRS-NED. However, these questionnaires have been developed to measure behaviour in neurodegenerative disorders in specific, which is not in line with our findings because of the comparable outcomes in PPD patients (Peakman et al., 2022; Wedderburn et al., 2008). A possible explanation is that this study only analysed the overall scores, which are not differentiating between the two diagnostic groups, but the answers on specific questions could provide clinically relevant information with regard to the differential diagnosis of bvFTD and PPD patients. 
Regarding neurocogniton, bvFTD patients scored significantly lower on the MMSE and FAB, which measure overall neurocognitive functioning, suggesting that bvFTD patients function less well than PPD patients on overall cognition. Previous studies showed that both the MMSE and the FAB were not differentiating between the two diagnostic groups, which is in contrast with our findings (Gossink et al., 2018; Vijverberg et al., 2017). However, the MMSE and FAB are cognitive screeners for neurodegenerative disorders, so it is not surprising that bvFTD patients score lower on these screeners than PPD patients. Besides, bvFTD patients scored lower on global cognition, memory, attention, executive functioning and language, but significance only remained for global cognition and language after correction for multiple comparisons. This is partly in line with our hypothesis, because we expected executive functioning would also be differentiating, based on the criteria for bvFTD (Rascovsky et al., 2011). An explanation is that executive functioning could still be affected in bvFTD patients, but also in PPD patients. Our findings are in line with earlier research showing that language differentiates between bvFTD and PPD, while other cognitive domains do not (Overbeek et al., 2020). Furthermore, concerning the AUC, language had the highest diagnostic accuracy (AUC: 0.82), so this cognitive domain seems to be most predictive for bvFTD. The MMSE, FAB and global cognition have a low diagnostic accuracy (AUC: 0.64, 0.72, 0.70, respectively), so these seem to be less predictive for bvFTD (Hosmer & Lemeshow, 2000). Therefore, the MMSE, FAB and global cognition might not be useful in clinical practice.
Regarding social cognition, the RSMS, measuring sensitivity to behaviour of others, and filled in by patients and by relatives, were not significantly different between bvFTD and PPD patients (Lennox & Wolfe, 1984). Thus, bvFTD patients did not rate themselves as more or less sensitive to behaviour of others than PPD patients. The same applies to the RSMS of patients as rated by their relatives, which is in line with our hypothesis. Besides, bvFTD patients scored lower on the Emotional Contagion Scale, the Ekman 60 Faces test and the Hinting task compared to PPD patients, measuring susceptibility to others’ emotions, emotion recognition and mentalizing abilities, respectively (Corcoran et al., 1995; Doherty, 1997; Ekman & Friesen, 1976). However, the significance only remained for the Ekman 60 faces test when corrected for multiple comparisons. The AUC showed that the Ekman 60 Faces test had a moderate diagnostic accuracy (AUC: 0.79), suggesting that this task might be predictive for bvFTD and therefore useful in the clinical diagnostic process. These findings are in line with our hypothesis that predominantly the Ekman 60 Faces test differentiates between bvFTD and PPD patients, which contributes to the existing literature (Diehl-Schmid et al., 2007; Gossink et al., 2018). This could be due to the difference between basic social functions and higher order social cognitive processes (Fiske & Taylor, 2017). The Ekman 60 Faces test may be seen as a basic social cognitive task, while the ECS and Hinting Task are more higher order social cognitive tasks. Therefore, more basic social cognition might differentiate between bvFTD and PPD, while higher order social cognition might not, because this is affected in both diagnostic groups. This is in line with research showing that patients with major depression show difficulties in higher order social cognition as well (Ladegaard et al., 2014). 
Furthermore, the RSMS filled in by patients was significantly different from the RSMS filled in by relatives within the bvFTD group, but not within the PPD group. The relatives filled in this questionnaire as if they were the patient, so disease insight seemed to be affected within the bvFTD group only. This is in line with our hypothesis, expecting that this difference would only be found in bvFTD patients, because of the lack of insight which is often seen in bvFTD patients (Ducharme et al., 2020). 
Besides the three aforementioned clinical phenotypes, mental impact of the disease was also investigated with several questionnaires. On the MANSA, measuring quality of life, higher scores were found within the bvFTD group compared to the PPD group, in both patients and relatives. This means that both bvFTD patients and their relatives showed higher rates of quality of life than PPD patients and their relatives. Therefore, more care to improve quality of life could be provided to PPD patients and their relatives. The ZARIT, measuring caregiver burden in relatives, and the CES-D, measuring depressive symptoms in relatives, did not differ significantly between bvFTD and PPD. This shows that the impact of disease, by means of burden and depressive symptoms in caregivers, seemed equal for bvFTD and PPD relatives. As far as we know, no studies have yet compared bvFTD and PPD patients on the ZARIT and CES-D. However, in earlier research, more caregiver burden has been found in bvFTD than in Alzheimer’s disease (Boutoleau-Bretonnière et al.). Caregiver burden could therefore be present in bvFTD, as well as in PPD, since equal scores have been found.
In this study, some limitations need to be taken into account. First, the total group of patients consisted of all diagnoses and not only the total of bvFTD patients and PPD patients, which might show biased outcomes of the total sample group. However, in this study, bvFTD patients have been compared with PPD patients in the main analyses, and the total sample is a representative group of the consultation and clinical practice. Second, the PPD group was a heterogeneous group, consisting of several small subsamples of psychiatric disorders, which might not be representative for general groups of psychiatric patients. However, this study focussed mainly on the difference between neurodegenerative bvFTD patients and non-neurodegenerative PPD patients, and it could be interesting for future research to analyse PPD subgroups separately. Third, there are relatively many missing values within most measurements. Yet, in this clinical cohort design, we were able to collect data from a large group of patients, while covering important clinical features.
On the other hand, this study contains strengths as well. First, as far as we know, this study is the first to analyse such a large amount of measurements of behaviour, neurocognition, social cognition and mental impact altogether. For this reason, the current study adds important evidence to the literature about behavioural and (social) cognitive profiles of bvFTD and PPD patients. Second, it is important for clinical practice to compare bvFTD and PPD patients on these three components of clinical phenotypes, since this contributes to the diagnostic process. Diagnosing patients earlier and better is critical, because of the diagnostic delay after symptom onset and the number of patients getting the wrong diagnosis at first (Ducharme et al., 2017; van Vliet et al., 2013; Woolley et al., 2011). Furthermore, most psychiatric disorders are treatable, so it is important to know as soon as possible if patients might benefit from treatment (Vijverberg et al., 2017).
For future research, it could be interesting to look at more specific diagnostic groups, such as possible, probable and definite bvFTD and specific categories of primary psychiatric disorders. Some questionnaires might for example be equally affected in both bvFTD and PPD patients, but be significantly different between more specific groups. Second, it could be useful to compare the diagnostic groups specific questions of behavioural questionnaires, to investigate which questions might differentiate between bvFTD patients and PPD patients. 
	In conclusion, it was found that several measures of behaviour, neurocognition and social cognition differentiated between bvFTD and PPD patients. Regarding behaviour, PPD patients were more affected on the MADRS, measuring depressive symptoms. For neurocognition, bvFTD patients were more affected on cognitive screeners, as well as on global cognition and language. Regarding social cognition, bvFTD patients were more affected on the Ekman 60 Faces test. The RSMS differed significantly between patients and relatives, only within the bvFTD group, suggesting that bvFTD have less insight in their illness. For mental impact, it was found that bvFTD patients and their relatives rate their own quality of life as better than PPD patients and their relatives. Future research could focus on more specific diagnostic groups and specific questions within behavioural questionnaires. This study is an important step towards diagnosing patients who are suspected to meet criteria for bvFTD or PPD easier and earlier after symptom onset.
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