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3.2.1 Abstract 
 
Introduction: To prospectively determine the diagnostic value of CSF levels total-tau 
(tau) to Amyloid-β1-42 ratio (Aβ1-42) ratio (tau / Aβ1-42 ratio), phosphorylated-tau (p-
tau) to tau ratio (p-tau / tau ratio), neurofilament light chain (NfL) and YKL40 in the late-
onset frontal lobe syndrome, in particular for the differential diagnosis of behavioural 
variant frontotemporal dementia (bvFTD) versus primary psychiatric disorders (PSY). 
 
Method: We included patients with a multidisciplinary 2-year-follow-up diagnosis of 
probable/definite bvFTD (n=22) or PSY (n=25), who underwent a detailed 
neuropsychiatric clinical examination, neuropsychological test battery, and MRI at 
baseline. In all cases CSF was collected through lumbar puncture at baseline. We 
compared CSF biomarker levels between the two groups and measured the diagnostic 
accuracy for probable/definite bvFTD, using the follow-up diagnosis as the reference 
standard. 
 
Results: The best discriminators between probable/definite bvFTD and PSY were the 
levels of CSF NfL (AUC 0.93, p<0.001, 95% CI 0.85-1.00), p-tau / tau ratio (AUC 0.87, 
p<0.001, 95% CI 0.77-0.97) and YKL40 (AUC 0.82, p=0.001, 95% CI 0.68-0.97). The 
combination of these three biomarkers had a sensitivity of 91% (95% CI 66-100%) at a 
specificity of 83% (95% CI 65%-95%) with a AUC of 0.94 (p< 0.001, 95% CI 0.87-1.00) 
for bvFTD. CSF tau/Aβ1-42 ratio was less accurate in differentiating between bvFTD and 
PSY. 
 
Conclusion: We found a good diagnostic accuracy for higher levels of CSF NfL and 
YKL40 and reduced p-tau / tau ratio in distinguishing bvFTD from PSY. We advocate the 
use of these CSF biomarkers as potential additional tools to neuroimaging in the 
diagnosis of bvFTD versus PSY. 
  

	

3.2.2 Introduction 
 
Clinical differentiation between behavioural variant frontotemporal Dementia (bvFTD) 
from primary psychiatric disorders such as Major Depressive Disorder (MD), Bipolar 
Disorder (BD) or Schizophrenia (SZ) forms a great challenge due to symptomatic 
overlap(1,2). These disorders share clinical features that are generally characterized by 
changes in the regulation of social, interpersonal and personal conduct and cognitive 
impairment. For example, the neuropsychiatric feature apathy is frequently present in 
both bvFTD and primary psychiatric disorders (3). Although bvFTD and primary 
psychiatric disorders can often be discriminated through imaging techniques, these 
investigations have a relatively low sensitivity (magnetic resonance imaging (MRI)) or 
specificity ([18F]-fluorodeoxyglucose-positron emission tomography ([18F]FDG-PET))(4). 
Therefore, ancillary biomarkers that are able to distinguish between bvFTD and primary 
psychiatric disorders at a higher accuracy are needed. Apart from patient management 
perspectives, this is becoming even more important in light of future treatment 
development in both bvFTD and primary psychiatric disorders.  
 
Cerebrospinal Fluid (CSF) biomarkers are of great potential since they are considered to 
reflect pathological processes taking place in the brain. CSF biomarkers have proven to 
be of great diagnostic value in the diagnosis of Alzheimer’s disease (AD), whereby levels 
of CSF total-tau (CSF tau) and phosphorylated-tau (CSF p-tau181) are increased, and 
levels of CSF Amyloid-β1-42 (CSF Aβ1-42) are decreased reflecting amyloid plaque load 
and severity of neurodegeneration, respectively(5).  
 
For bvFTD, several studies investigated the utility of CSF biomarkers. However, in 
contrast to AD, the pathology of the clinical phenotype bvFTD is heterogeneous, and 
consists of either TAR-DNA binding protein 43 (TDP43) inclusions or tau pathology in 
the majority of cases, whereas a smaller proportion (<10%) has Fused in Sarcoma (FUS) 
protein pathology(6). Since most CSF studies in FTD rely on clinically diagnosed cases, 
various results have been found regarding the conventional biomarkers (CSF tau, p-
tau181, and Aβ1-42). More recently, however, a decreased phosphorylated-tau to total-
tau ratio (p-tau / tau ratio), increased CSF light chain neurofilaments (NfL), and YKL-40 
have been identified as markers of underlying TDP43 pathology in FTD(7-10), while 
these markers have also been found to be accurate for subjects with underlying tau 
pathology and correlated with survival(9). In addition, NfL is a marker for axonal 
dysfunction or degeneration and YKL-40 (chitinase-3 like-1, cartilage glycoprotein-39) is 
a glycoprotein that is produced by activated microglia and reflects inflammatory 
processes(11,12). 
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tau) to tau ratio (p-tau / tau ratio), neurofilament light chain (NfL) and YKL40 in the late-
onset frontal lobe syndrome, in particular for the differential diagnosis of behavioural 
variant frontotemporal dementia (bvFTD) versus primary psychiatric disorders (PSY). 
 
Method: We included patients with a multidisciplinary 2-year-follow-up diagnosis of 
probable/definite bvFTD (n=22) or PSY (n=25), who underwent a detailed 
neuropsychiatric clinical examination, neuropsychological test battery, and MRI at 
baseline. In all cases CSF was collected through lumbar puncture at baseline. We 
compared CSF biomarker levels between the two groups and measured the diagnostic 
accuracy for probable/definite bvFTD, using the follow-up diagnosis as the reference 
standard. 
 
Results: The best discriminators between probable/definite bvFTD and PSY were the 
levels of CSF NfL (AUC 0.93, p<0.001, 95% CI 0.85-1.00), p-tau / tau ratio (AUC 0.87, 
p<0.001, 95% CI 0.77-0.97) and YKL40 (AUC 0.82, p=0.001, 95% CI 0.68-0.97). The 
combination of these three biomarkers had a sensitivity of 91% (95% CI 66-100%) at a 
specificity of 83% (95% CI 65%-95%) with a AUC of 0.94 (p< 0.001, 95% CI 0.87-1.00) 
for bvFTD. CSF tau/Aβ1-42 ratio was less accurate in differentiating between bvFTD and 
PSY. 
 
Conclusion: We found a good diagnostic accuracy for higher levels of CSF NfL and 
YKL40 and reduced p-tau / tau ratio in distinguishing bvFTD from PSY. We advocate the 
use of these CSF biomarkers as potential additional tools to neuroimaging in the 
diagnosis of bvFTD versus PSY. 
  

	

3.2.2 Introduction 
 
Clinical differentiation between behavioural variant frontotemporal Dementia (bvFTD) 
from primary psychiatric disorders such as Major Depressive Disorder (MD), Bipolar 
Disorder (BD) or Schizophrenia (SZ) forms a great challenge due to symptomatic 
overlap(1,2). These disorders share clinical features that are generally characterized by 
changes in the regulation of social, interpersonal and personal conduct and cognitive 
impairment. For example, the neuropsychiatric feature apathy is frequently present in 
both bvFTD and primary psychiatric disorders (3). Although bvFTD and primary 
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of CSF total-tau (CSF tau) and phosphorylated-tau (CSF p-tau181) are increased, and 
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and severity of neurodegeneration, respectively(5).  
 
For bvFTD, several studies investigated the utility of CSF biomarkers. However, in 
contrast to AD, the pathology of the clinical phenotype bvFTD is heterogeneous, and 
consists of either TAR-DNA binding protein 43 (TDP43) inclusions or tau pathology in 
the majority of cases, whereas a smaller proportion (<10%) has Fused in Sarcoma (FUS) 
protein pathology(6). Since most CSF studies in FTD rely on clinically diagnosed cases, 
various results have been found regarding the conventional biomarkers (CSF tau, p-
tau181, and Aβ1-42). More recently, however, a decreased phosphorylated-tau to total-
tau ratio (p-tau / tau ratio), increased CSF light chain neurofilaments (NfL), and YKL-40 
have been identified as markers of underlying TDP43 pathology in FTD(7-10), while 
these markers have also been found to be accurate for subjects with underlying tau 
pathology and correlated with survival(9). In addition, NfL is a marker for axonal 
dysfunction or degeneration and YKL-40 (chitinase-3 like-1, cartilage glycoprotein-39) is 
a glycoprotein that is produced by activated microglia and reflects inflammatory 
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Although primary psychiatric disorders are considered to lack neuropathological 
changes, several CSF biomarkers have been investigated in psychiatric illnesses based 
on the persistence of cognitive impairment in euthymic or remitted patients(13) or on 
morphological abnormalities of the brain(14). For example, in patients with BD levels of 
CSF NfL and YKL40 were found to be higher than in healthy controls(15,16), whereas 
levels of CSF Aβ1-42, tau and p-tau181 were found to be similar compared with healthy 
controls(17). In schizophrenia, CSF Aβ1-42 was found to be significantly lower with equal 
levels of tau and p-tau181 compared to healthy controls(18). Thus, although there is some 
evidence of axonal dysfunction in primary psychiatric disorders, it is unknown to what 
extent levels of CSF biomarkers are elevated or decreased compared to bvFTD patients.  
 
Therefore, in the present study we aim to prospectively determine the diagnostic value 
of CSF levels of total-tau to Amyloid-β1-42 ratio (tau / Aβ1-42 ratio), p-tau / tau ratio, NfL 
and YKL40 in a cohort presenting with a late-onset frontal lobe syndrome, in particular 
for the differential diagnosis of bvFTD versus primary psychiatric disorders. By selecting 
bvFTD and a heterogeneous group of primary psychiatric disorders, this study resembles 
a daily clinical practice where different primary psychiatric disorders can overlap with 
bvFTD. 
 
3.2.3 Methods 
 
3.2.3.1 Participants  
 
All subjects were participants of the Late Onset Frontal lobe (LOF) study, a multi-centre 
prospective study conducted between April 2011 and June 2015(19). In the LOF study, 
137 patients who presented with behavioural changes consisting of apathy, disinhibition, 
and/or compulsive/stereotypical behaviour between 45 and 75 years of age were 
included. Patients were included in the study when they had a score of ≥ 11 on the Frontal 
Behavioural Inventory (FBI)(20) or a score of ≥ 10 on the Stereotypy Rating Inventory 
(SRI)(21). All patients received full neurological and psychiatric examination at baseline 
and at two-year-follow-up. Cognitive screening tests included the Mini Mental State 
Examination (MMSE)(22), the Frontal Assessment Battery (FAB)(23) and a 
neuropsychological battery concerned the domains of attention/concentration, memory, 
language, visuospatial, executive and social functioning. Psychiatric evaluation included 
applying the Montgomery Aberg Depression Rating Scale (MADRS)(24) for depressive 
symptoms, the positive and negative symptom scale for psychotic symptoms 
(PANSS)(25), and the MINI-PLUS Diagnostic interview(26) to assess primary psychiatric 
disorders. A consensus diagnosis between the neurologist and the psychiatrist was 
made at baseline based upon the clinical information and additional investigations, 
including results of conventional CSF biomarkers (CSF tau, p-tau181, and Aβ1-42; ratio 

	

was not used), MRI and [18F]FDG-PET. After two years of follow-up, the neuropsychiatric 
examination, neuropsychological tests, and the MRI of the brain were repeated, followed 
by establishment of the final multidisciplinary diagnosis. Diagnoses were based on the 
consensus guidelines for various types of dementia including the Frontotemporal 
Dementia Consensus criteria (FTDC) and the psychiatric diagnoses were based on 
current psychiatric criteria(27-32).  
 
From the original LOF cohort of 137 cases included at baseline, a total of 21 patients 
were excluded at follow-up. Three patients were excluded from the final analysis with a 
two-year follow-up diagnosis of possible bvFTD, whereas three patients died without post 
mortem verification or a clear clinical diagnosis. Fifteen patients were lost to follow-up.  
 
For the present study, we included participants with a final multidisciplinary diagnosis at 
2-years-follow-up who had undergone a diagnostic lumbar puncture at baseline with 
either a primary psychiatric diagnosis (n=25) or a probable/definite bvFTD (n=22) 
diagnosis. Subsequently the diagnostic accuracies of CSF biomarkers (tau/ Aβ1-42 ratio, 
p-tau / tau ratio, NfL and YKL40) at baseline were calculated, using the follow-up 
diagnosis as reference standard. Participants in the psychiatric group had a clinical 
diagnosis of major/minor depression (n=11), bipolar disorder (n=4), autism spectrum 
(n=1), anxiety disorder (n=1), obsessive-compulsive disorder (n=1) and personality 
disorder (n=7). In the bvFTD group, we included patients with a final multidisciplinary 
diagnosis of probable bvFTD (n=19) or definite bvFTD (n=3). We excluded patients with 
CSF AD profile or lower CSF Aβ1-42 levels according to previously published cut-off 
values; <550 pg/ml for CSF Aβ1-42, >375 pg/ml for CSF tau, and >52 pg/ml CSF p-
tau181(5). Furthermore, for the present study we excluded patients with other types of 
dementia (n=30), other neurologic disorders (n=8), subjective cognitive decline (n=5) and 
other diagnoses (n=9). We using the follow-up diagnosis as the reference standard. The 
local institutional ethical review board approved this study and a written informed consent 
was obtained from all participants. 
 
3.2.3.2 CSF biomarkers analyses 
 
CSF was obtained with a lumbar puncture (LP), after informed consent had been signed. 
The LP was performed according to a standard medical procedure in the lateral position 
(L3-L4, L4-L5 or L5-S1 intervertebral space) by a 25-gauge needle and syringe. CSF 
was collected in polypropylene tubes and centrifuged within an hour. CSF samples were 
centrifuged for 10 minutes at 4 ºC. The supernatant was stored in 0.5 ml aliquots at -20 
ºC. CSF levels of NfL were measured by using ELISAs (Uman) according to the 
manufacturers instructions as described before(33). YKL40 CSF levels were measured 
by using human YKL-40 (MicroVueTM YKL-40 EIA kit, Quidel, CA, USA). Performance of 
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Although primary psychiatric disorders are considered to lack neuropathological 
changes, several CSF biomarkers have been investigated in psychiatric illnesses based 
on the persistence of cognitive impairment in euthymic or remitted patients(13) or on 
morphological abnormalities of the brain(14). For example, in patients with BD levels of 
CSF NfL and YKL40 were found to be higher than in healthy controls(15,16), whereas 
levels of CSF Aβ1-42, tau and p-tau181 were found to be similar compared with healthy 
controls(17). In schizophrenia, CSF Aβ1-42 was found to be significantly lower with equal 
levels of tau and p-tau181 compared to healthy controls(18). Thus, although there is some 
evidence of axonal dysfunction in primary psychiatric disorders, it is unknown to what 
extent levels of CSF biomarkers are elevated or decreased compared to bvFTD patients.  
 
Therefore, in the present study we aim to prospectively determine the diagnostic value 
of CSF levels of total-tau to Amyloid-β1-42 ratio (tau / Aβ1-42 ratio), p-tau / tau ratio, NfL 
and YKL40 in a cohort presenting with a late-onset frontal lobe syndrome, in particular 
for the differential diagnosis of bvFTD versus primary psychiatric disorders. By selecting 
bvFTD and a heterogeneous group of primary psychiatric disorders, this study resembles 
a daily clinical practice where different primary psychiatric disorders can overlap with 
bvFTD. 
 
3.2.3 Methods 
 
3.2.3.1 Participants  
 
All subjects were participants of the Late Onset Frontal lobe (LOF) study, a multi-centre 
prospective study conducted between April 2011 and June 2015(19). In the LOF study, 
137 patients who presented with behavioural changes consisting of apathy, disinhibition, 
and/or compulsive/stereotypical behaviour between 45 and 75 years of age were 
included. Patients were included in the study when they had a score of ≥ 11 on the Frontal 
Behavioural Inventory (FBI)(20) or a score of ≥ 10 on the Stereotypy Rating Inventory 
(SRI)(21). All patients received full neurological and psychiatric examination at baseline 
and at two-year-follow-up. Cognitive screening tests included the Mini Mental State 
Examination (MMSE)(22), the Frontal Assessment Battery (FAB)(23) and a 
neuropsychological battery concerned the domains of attention/concentration, memory, 
language, visuospatial, executive and social functioning. Psychiatric evaluation included 
applying the Montgomery Aberg Depression Rating Scale (MADRS)(24) for depressive 
symptoms, the positive and negative symptom scale for psychotic symptoms 
(PANSS)(25), and the MINI-PLUS Diagnostic interview(26) to assess primary psychiatric 
disorders. A consensus diagnosis between the neurologist and the psychiatrist was 
made at baseline based upon the clinical information and additional investigations, 
including results of conventional CSF biomarkers (CSF tau, p-tau181, and Aβ1-42; ratio 

	

was not used), MRI and [18F]FDG-PET. After two years of follow-up, the neuropsychiatric 
examination, neuropsychological tests, and the MRI of the brain were repeated, followed 
by establishment of the final multidisciplinary diagnosis. Diagnoses were based on the 
consensus guidelines for various types of dementia including the Frontotemporal 
Dementia Consensus criteria (FTDC) and the psychiatric diagnoses were based on 
current psychiatric criteria(27-32).  
 
From the original LOF cohort of 137 cases included at baseline, a total of 21 patients 
were excluded at follow-up. Three patients were excluded from the final analysis with a 
two-year follow-up diagnosis of possible bvFTD, whereas three patients died without post 
mortem verification or a clear clinical diagnosis. Fifteen patients were lost to follow-up.  
 
For the present study, we included participants with a final multidisciplinary diagnosis at 
2-years-follow-up who had undergone a diagnostic lumbar puncture at baseline with 
either a primary psychiatric diagnosis (n=25) or a probable/definite bvFTD (n=22) 
diagnosis. Subsequently the diagnostic accuracies of CSF biomarkers (tau/ Aβ1-42 ratio, 
p-tau / tau ratio, NfL and YKL40) at baseline were calculated, using the follow-up 
diagnosis as reference standard. Participants in the psychiatric group had a clinical 
diagnosis of major/minor depression (n=11), bipolar disorder (n=4), autism spectrum 
(n=1), anxiety disorder (n=1), obsessive-compulsive disorder (n=1) and personality 
disorder (n=7). In the bvFTD group, we included patients with a final multidisciplinary 
diagnosis of probable bvFTD (n=19) or definite bvFTD (n=3). We excluded patients with 
CSF AD profile or lower CSF Aβ1-42 levels according to previously published cut-off 
values; <550 pg/ml for CSF Aβ1-42, >375 pg/ml for CSF tau, and >52 pg/ml CSF p-
tau181(5). Furthermore, for the present study we excluded patients with other types of 
dementia (n=30), other neurologic disorders (n=8), subjective cognitive decline (n=5) and 
other diagnoses (n=9). We using the follow-up diagnosis as the reference standard. The 
local institutional ethical review board approved this study and a written informed consent 
was obtained from all participants. 
 
3.2.3.2 CSF biomarkers analyses 
 
CSF was obtained with a lumbar puncture (LP), after informed consent had been signed. 
The LP was performed according to a standard medical procedure in the lateral position 
(L3-L4, L4-L5 or L5-S1 intervertebral space) by a 25-gauge needle and syringe. CSF 
was collected in polypropylene tubes and centrifuged within an hour. CSF samples were 
centrifuged for 10 minutes at 4 ºC. The supernatant was stored in 0.5 ml aliquots at -20 
ºC. CSF levels of NfL were measured by using ELISAs (Uman) according to the 
manufacturers instructions as described before(33). YKL40 CSF levels were measured 
by using human YKL-40 (MicroVueTM YKL-40 EIA kit, Quidel, CA, USA). Performance of 
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the assays was evaluated using CSF pools as internal controls. The coefficient of 
variation (CV) was calculated for each sample in duplicate as the standard deviation 
divided by the mean. Intra- and inter- assays CVs were calculated for NfL (1.3% and 
6.1%) and YKL40 (2.8% and 9.5%). Laboratory analysis of levels of CSF tau, p-tau181 
and Aβ1-42 concentrations was performed using sandwich ELISA’s 
(Fujirebio/Innogenetics, Belgium) on a routine basis. 
 
3.2.3.3 Statistical-analysis 
 
Data analysis was performed using IBM SPSS statistics version 22.0 (IBM SPSS 
Statistics, Armonk, NY) for Mac. Clinical and demographic baseline characteristics were 
compared between groups using independent student’s t-tests for normally distributed 
continuous data. Assumptions for normality were checked and if not normally distributed 
after log-transformation, a Mann-Whitney test was used. For categorical data, chi-square 
tests were used. The comparison of levels CSF tau, CSF p-tau181, CSF Aβ1-42, CSF 
tau/ Aβ1-42, CSF p-tau / tau ratio, CSF NfL and CSF YKL40 between probable/definite 
bvFTD and primary psychiatric disorders were made using non-parametric tests (Mann-
Withney U test). Receiver operating characteristic (ROC) curves were plotted for CSF 
tau/ Aβ1-42, CSF p-tau / tau ratio, CSF NfL and CSF YKL40 and we calculated the area 
under the curves (AUC) with 95% confidence interval (CI). We calculated the best cut-
off value using the Youden index for CSF markers with AUC >0.80(34). Furthermore, a 
binary logistic regression was used to combine the best CSF markers (AUC >0.80; CSF 
p-tau / tau ratio, CSF NfL and CSF YKL40) in one model (ENTER). The linearity of the 
associations was studied prior to the logistic regression for continuous data of the CSF 
biomarkers. Potential multicollinearity was investigated for the multivariable model using 
the variance inflation factor (VIF) for each of the independent variables in the 
multivariable model using linear regression analyses and variables (VIF <3). The model 
was plotted in a ROC curve and we calculated AUC with 95% CI. A p-value of < 0.05 
was considered statistically significant. 
 
3.2.4 Results 
 
3.2.4.1 Clinical and demographical characteristics  
 
The final cohort consisted of 22 patients with probable/definite bvFTD, of whom 19 
patients had probable bvFTD and 3 definite bvFTD. Definite bvFTD included a 
histopathologically proven tauopathy and two cases carrying a C9orf72 hexanucleotide 
repeat expansion. In the primary psychiatric group, a total of 25 patients were included. 
The clinical and demographical characteristics of patients with probable/definite bvFTD 

	

and primary psychiatric disorders are presented in table 1. There were no significant 
differences in clinical and demographical characteristics between the two groups. 
 
Table 1. Demographics and CSF biomarkers levels. 

 Probable/definite bvFTD (n=22) Primary Psychiatric disorders (n=25) p-value 

    
Age, years 62.9 (6.3) 60.6 (7.00) 0.25 
Gender, % male 59 84 0.06 
Education, verhage 4.42 (1.32) 4.35 (1.46) 0.57 
MMSE 26.2 (2.8) 25.6 (2.9) 0.49 
FAB 14.1 (4.2) 14.8 (2.8) 0.52 
CSF Aβ1-42, pg/ml† 1103 (607-1460) 1057 (632-1472) 0.29 
CSF tau, pg/ml† 379 (182-993) 278 (152-648) 0.02 
CSF p-tau181, pg/ml† 40 (16-76) 47 (16-112) 0.24 
CSF p-tau/tau ratio† 0.11 (0.05-0.2) 0.17 (0.09-0.22) <0.001 
CSF tau/Aβ1-42 ratio† 
CSF NfL, pg/ml†* 
CSF YKL40, ng/ml†* 

0.34 (0.19-0.76) 
5630 (821-26599) 
399 (224-712) 

0.27 (0.15-0.55) 
759 (369-1542) 
254 (150-394) 

0.006 
<0.001 
0.001 

 
Abbreviations: CSF, Cerebrospinal Fluid; bvFTD, behavioural variant frontotemporal dementia; FAB, Frontal Assesment 
Battery; MMSE, Mini-Mental State Examination; Tau, total-tau; p-tau181, phosphorylated-tau; Aβ1-42, Amyloid-β1-42; 
NfL, neurofilament light chain. Data are mean (Standard deviation) unless otherwise stated. †: Mean, minimum-
maximum. * CSF NfL missing 8 bvFTD cases and 4 psychiatric cases, CSF YKL40 7 bvFTD cases and 4 psychiatric 
cases. 
 
3.2.4.2 Levels of CSF biomarkers 
 
Mean CSF levels for both groups are shown in table 1. We found significant higher CSF 
tau levels in bvFTD compared to primary psychiatric disorders. CSF p-tau181 levels, 
however, were similar between the bvFTD group and the psychiatric group. CSF Aβ1-42 
levels were not significantly different. 
 
Furthermore, the mean CSF p-tau / tau ratio was significantly lower in the bvFTD group 
than in patients with a primary psychiatric disorder (figure 1). Similarly, the CSF tau/Aβ1-
42 ratio was higher in the bvFTD group compared to the primary psychiatric group. Mean 
CSF NfL levels were >7 fold higher in the probable/definite bvFTD group compared to 
the primary psychiatric disorders. The CSF YKL 40, levels were 1.4 fold higher in the 
probable/definite bvFTD group compared to those in the primary psychiatric disorders. 
Of note, although the levels of NfL and YKL40 in the group of psychiatric disorders were 
lower than in bvFTD, they were higher than levels described in control subjects, which 
are typically in the range of 254-365 pg/ml for CSF NfL(12,15,35) and around 200 ng/ml 
for CSF YKL40(8,36). 
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the assays was evaluated using CSF pools as internal controls. The coefficient of 
variation (CV) was calculated for each sample in duplicate as the standard deviation 
divided by the mean. Intra- and inter- assays CVs were calculated for NfL (1.3% and 
6.1%) and YKL40 (2.8% and 9.5%). Laboratory analysis of levels of CSF tau, p-tau181 
and Aβ1-42 concentrations was performed using sandwich ELISA’s 
(Fujirebio/Innogenetics, Belgium) on a routine basis. 
 
3.2.3.3 Statistical-analysis 
 
Data analysis was performed using IBM SPSS statistics version 22.0 (IBM SPSS 
Statistics, Armonk, NY) for Mac. Clinical and demographic baseline characteristics were 
compared between groups using independent student’s t-tests for normally distributed 
continuous data. Assumptions for normality were checked and if not normally distributed 
after log-transformation, a Mann-Whitney test was used. For categorical data, chi-square 
tests were used. The comparison of levels CSF tau, CSF p-tau181, CSF Aβ1-42, CSF 
tau/ Aβ1-42, CSF p-tau / tau ratio, CSF NfL and CSF YKL40 between probable/definite 
bvFTD and primary psychiatric disorders were made using non-parametric tests (Mann-
Withney U test). Receiver operating characteristic (ROC) curves were plotted for CSF 
tau/ Aβ1-42, CSF p-tau / tau ratio, CSF NfL and CSF YKL40 and we calculated the area 
under the curves (AUC) with 95% confidence interval (CI). We calculated the best cut-
off value using the Youden index for CSF markers with AUC >0.80(34). Furthermore, a 
binary logistic regression was used to combine the best CSF markers (AUC >0.80; CSF 
p-tau / tau ratio, CSF NfL and CSF YKL40) in one model (ENTER). The linearity of the 
associations was studied prior to the logistic regression for continuous data of the CSF 
biomarkers. Potential multicollinearity was investigated for the multivariable model using 
the variance inflation factor (VIF) for each of the independent variables in the 
multivariable model using linear regression analyses and variables (VIF <3). The model 
was plotted in a ROC curve and we calculated AUC with 95% CI. A p-value of < 0.05 
was considered statistically significant. 
 
3.2.4 Results 
 
3.2.4.1 Clinical and demographical characteristics  
 
The final cohort consisted of 22 patients with probable/definite bvFTD, of whom 19 
patients had probable bvFTD and 3 definite bvFTD. Definite bvFTD included a 
histopathologically proven tauopathy and two cases carrying a C9orf72 hexanucleotide 
repeat expansion. In the primary psychiatric group, a total of 25 patients were included. 
The clinical and demographical characteristics of patients with probable/definite bvFTD 

	

and primary psychiatric disorders are presented in table 1. There were no significant 
differences in clinical and demographical characteristics between the two groups. 
 
Table 1. Demographics and CSF biomarkers levels. 

 Probable/definite bvFTD (n=22) Primary Psychiatric disorders (n=25) p-value 

    
Age, years 62.9 (6.3) 60.6 (7.00) 0.25 
Gender, % male 59 84 0.06 
Education, verhage 4.42 (1.32) 4.35 (1.46) 0.57 
MMSE 26.2 (2.8) 25.6 (2.9) 0.49 
FAB 14.1 (4.2) 14.8 (2.8) 0.52 
CSF Aβ1-42, pg/ml† 1103 (607-1460) 1057 (632-1472) 0.29 
CSF tau, pg/ml† 379 (182-993) 278 (152-648) 0.02 
CSF p-tau181, pg/ml† 40 (16-76) 47 (16-112) 0.24 
CSF p-tau/tau ratio† 0.11 (0.05-0.2) 0.17 (0.09-0.22) <0.001 
CSF tau/Aβ1-42 ratio† 
CSF NfL, pg/ml†* 
CSF YKL40, ng/ml†* 

0.34 (0.19-0.76) 
5630 (821-26599) 
399 (224-712) 

0.27 (0.15-0.55) 
759 (369-1542) 
254 (150-394) 

0.006 
<0.001 
0.001 

 
Abbreviations: CSF, Cerebrospinal Fluid; bvFTD, behavioural variant frontotemporal dementia; FAB, Frontal Assesment 
Battery; MMSE, Mini-Mental State Examination; Tau, total-tau; p-tau181, phosphorylated-tau; Aβ1-42, Amyloid-β1-42; 
NfL, neurofilament light chain. Data are mean (Standard deviation) unless otherwise stated. †: Mean, minimum-
maximum. * CSF NfL missing 8 bvFTD cases and 4 psychiatric cases, CSF YKL40 7 bvFTD cases and 4 psychiatric 
cases. 
 
3.2.4.2 Levels of CSF biomarkers 
 
Mean CSF levels for both groups are shown in table 1. We found significant higher CSF 
tau levels in bvFTD compared to primary psychiatric disorders. CSF p-tau181 levels, 
however, were similar between the bvFTD group and the psychiatric group. CSF Aβ1-42 
levels were not significantly different. 
 
Furthermore, the mean CSF p-tau / tau ratio was significantly lower in the bvFTD group 
than in patients with a primary psychiatric disorder (figure 1). Similarly, the CSF tau/Aβ1-
42 ratio was higher in the bvFTD group compared to the primary psychiatric group. Mean 
CSF NfL levels were >7 fold higher in the probable/definite bvFTD group compared to 
the primary psychiatric disorders. The CSF YKL 40, levels were 1.4 fold higher in the 
probable/definite bvFTD group compared to those in the primary psychiatric disorders. 
Of note, although the levels of NfL and YKL40 in the group of psychiatric disorders were 
lower than in bvFTD, they were higher than levels described in control subjects, which 
are typically in the range of 254-365 pg/ml for CSF NfL(12,15,35) and around 200 ng/ml 
for CSF YKL40(8,36). 
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Figure.1 CSF tau relative to CSF p-tau181 levels per diagnostic group. 
 

 
Abbreviations: CSF, cerebrospinal fluid; bvFTD, behavioural variant frontotemporal dementia; Psy, primary psychiatric 
disorders. 
 
3.2.4.3 Diagnostic accuracy for CSF markers 
 
ROC curves of CSF biomarkers are shown in figure 2. The highest AUC was reached for 
CSF NfL (AUC 0.93, p<0.001, 95% CI 0.85-1.00) followed by the CSF p-tau / tau ratio 
(AUC 0.87, p<0.001, 95% CI 0.77-0.97). For CSF YKL40, the AUC for probable/definite 
bvFTD was relatively good (AUC 0.82, p=0.001, 95% CI 0.68-0.97). The diagnostic 
accuracy for CSF tau/Aβ1-42 ratio was moderate with an AUC of 0.74 (p= 0.006, 95% 
CI 0.54-0.84).  
 
For CSF NfL, CSF p-tau / tau ratio and CSF YKL40 we calculated the optimal cut-off 
value to discriminate probable/definite bvFTD from psychiatric disorders. The optimal 
cut-off for CSF NfL for probable/definite bvFTD versus primary psychiatric disorders was 
>1063 pg/ml with a sensitivity of 79% at at specificity of 91%. For the CSF p-tau / tau 
ratio, we found a sensitivity of 91% at a specificity of 72% at a cut-off <0.15 for 

	

probable/definite bvFTD. CSF YKL40 had a sensitivity of 67% with a specificity of 81% 
at a cut-off >324 ng/ml. 
 
Figure 2. ROC curves of CSF biomarkers for probable/definite bvFTD versus primary 
psychiatric disorders. 

 
Abbreviations (A) CSF p-/t-tau ratio (AUC 0.87, p<0.001, 95% CI 0.77-0.97), CSF tau/Aβ1-42 (AUC 0.74, p= 0.006, 95% 
CI 0.54-0.84); (B) CSF NfL (AUC 0.93, p<0.001, 95% CI 0.85-1.00), CSF YKL40 (AUC 0.82, p=0.001, 95% CI 0.68-
0.97); (C) Combination of CSF NfL, YKL40 and p-/t-tau ratio (AUC of 0.94, p< 0.001, 95% CI 0.87-1.00). Abbreviations: 
CSF, cerebrospinal fluid; bvFTD, behavioural variant frontotemporal dementia; AUC, area under the curve; CI, 
confidence interval. 
 
By using a logistic regression model, the combination of CSF NfL, p-tau / tau ratio and 
YKL40 explained 73.8% (Chi-test 27.6, df 3, p<0.001) of the variance. This model had a 
sensitivity of 91% (95% CI 66-100%) at a specificity of 83% (95% CI 65%-95%). The 
ROC curve, shown in figure 2, had a AUC of 0.94 (p< 0.001, 95% CI 0.87-1.00).  
 
3.2.5 Discussion 
 
We found that the best discriminators between probable/definite bvFTD and primary 
psychiatric disorders were the CSF NfL levels and the p-tau / tau ratio. Likewise, we 
showed that the levels of CSF YKL40 were increased in probable/definite bvFTD and 
had a good diagnostic accuracy for probable/definite bvFTD. The combination of these 
three CSF biomarkers showed the highest diagnostic accuracy in differentiating 
probable/definite bvFTD from primary psychiatric disorders in patients with behavioural 
changes. The value of tau/ Aβ1-42 ratio in distinguishing between these disorders was 
less accurate, although there was a higher ratio in the group of probable/definite bvFTD.  
 
The most important clinically relevant finding was that the combination of CSF NfL, p-tau 
/ tau ratio and YKL40 has proven to be a good diagnostic tool to discriminate between 
probable/definite bvFTD and primary psychiatric disorders. Combining these CSF 
biomarkers showed a sensitivity of 91% with a specificity of 83% for probable/definite 
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Figure.1 CSF tau relative to CSF p-tau181 levels per diagnostic group. 
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accuracy for CSF tau/Aβ1-42 ratio was moderate with an AUC of 0.74 (p= 0.006, 95% 
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For CSF NfL, CSF p-tau / tau ratio and CSF YKL40 we calculated the optimal cut-off 
value to discriminate probable/definite bvFTD from psychiatric disorders. The optimal 
cut-off for CSF NfL for probable/definite bvFTD versus primary psychiatric disorders was 
>1063 pg/ml with a sensitivity of 79% at at specificity of 91%. For the CSF p-tau / tau 
ratio, we found a sensitivity of 91% at a specificity of 72% at a cut-off <0.15 for 

	

probable/definite bvFTD. CSF YKL40 had a sensitivity of 67% with a specificity of 81% 
at a cut-off >324 ng/ml. 
 
Figure 2. ROC curves of CSF biomarkers for probable/definite bvFTD versus primary 
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CSF, cerebrospinal fluid; bvFTD, behavioural variant frontotemporal dementia; AUC, area under the curve; CI, 
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By using a logistic regression model, the combination of CSF NfL, p-tau / tau ratio and 
YKL40 explained 73.8% (Chi-test 27.6, df 3, p<0.001) of the variance. This model had a 
sensitivity of 91% (95% CI 66-100%) at a specificity of 83% (95% CI 65%-95%). The 
ROC curve, shown in figure 2, had a AUC of 0.94 (p< 0.001, 95% CI 0.87-1.00).  
 
3.2.5 Discussion 
 
We found that the best discriminators between probable/definite bvFTD and primary 
psychiatric disorders were the CSF NfL levels and the p-tau / tau ratio. Likewise, we 
showed that the levels of CSF YKL40 were increased in probable/definite bvFTD and 
had a good diagnostic accuracy for probable/definite bvFTD. The combination of these 
three CSF biomarkers showed the highest diagnostic accuracy in differentiating 
probable/definite bvFTD from primary psychiatric disorders in patients with behavioural 
changes. The value of tau/ Aβ1-42 ratio in distinguishing between these disorders was 
less accurate, although there was a higher ratio in the group of probable/definite bvFTD.  
 
The most important clinically relevant finding was that the combination of CSF NfL, p-tau 
/ tau ratio and YKL40 has proven to be a good diagnostic tool to discriminate between 
probable/definite bvFTD and primary psychiatric disorders. Combining these CSF 
biomarkers showed a sensitivity of 91% with a specificity of 83% for probable/definite 
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bvFTD. This results in a similar or even higher diagnostic accuracy for bvFTD than 
frontotemporal changes on neuroimaging(4,37,38). So, we advocate the use of CSF, in 
particular these three biomarkers, in the diagnostic process of patients with changes in 
the regulation of social, interpersonal and personal conduct and cognitive impairment. 
 
Levels of CSF NfL were significantly increased in probable/definite bvFTD and had a 
good diagnostic accuracy with a sensitivity of 79% at a specificity of 91% for 
probable/definite bvFTD. This is in line with previous findings of increased CSF NfL levels 
in TDP43 and tau-pathology FTLD cases in comparison with AD and subjective memory 
complaints (SMC) (9,36). Higher CSF NfL levels were also found in a more 
heterogeneous FTD group in a large clinically established dementia cohort including 
healthy controls(35). Moreover, it also reflects the disease severity in specific FTD cases, 
indicating the clinical relevance of this CSF biomarker (39). The intermediate CSF NfL 
levels in our probable/definite bvFTD cohort is probable due to NfL being a marker for 
axonal dysfunction or degeneration(40), which is a hallmark of neurodegenerative 
disorders. In contrast, no sustainable evidence exists for axonal loss in the 
pathophysiology of primary psychiatric disorders. Nevertheless, we found somewhat 
elevated CSF NfL levels in our heterogeneous group of primary psychiatric disorders 
compared to previous described levels in healthy controls(12,15,35). This finding is in 
line with one study where levels of CSF NfL were higher in BD compared to healthy 
controls(15), suggesting some axonal loss or dysfunction in specific primary psychiatric 
disorders presenting with behavioural changes.   
 
The ratio of p-tau / tau appeared a good diagnostic test for distinguishing between 
probable/definite bvFTD and primary psychiatric disorders with a sensitivity of 91% and 
a specificity of 72%. In recent publications, the diagnostic value of CSF p-tau / tau ratio 
for differentiation between FTLD-Tau and FTLD-TDP pathology was proven to be 
accurate(7,41). In general, our findings in clinical bvFTD are comparable with Pijnenburg 
et al(9), who found similar reduced CSF p-tau / tau values in proven TDP-FTLD and Tau-
FTLD pathology compared to subjective memory complaints (SMC). The most likely 
explanation of the reduced CSF p-tau / tau ratio in our heterogeneous group of bvFTD is 
that it reflects neuronal degeneration in an active disease leading to increased total CSF 
tau levels, with relative stable levels of CSF p-tau181. It appears that hyperphosphorylated 
tau, in contrast to what is the case in AD, is not a specific marker for bvFTD(5). 
 
Moreover, various results have been found for CSF tau levels in clinically diagnosed FTD 
cases. Whereas some studies reported normal CSF tau levels, others reported 
moderately increased CSF tau levels(42,43). One group reported decreased CSF tau 
levels in clinical and definite bvFTD(44). Others, however, have not reproduced this 
finding. From these studies it appears that the diagnostic value of CSF tau for bvFTD is 

	

relatively low(45,46). Nearly all these previous studies compared FTD with SMC or 
healthy controls, but never with primary psychiatric patients, where the differential 
diagnosis is clinically most challenging(43,46).  
 
The increased marker YKL40 in bvFTD compared to primary psychiatric disorders is a 
novel finding. YKL 40 is a glycoprotein that is produced by activated microglia and 
reflects inflammatory processes that may contribute to the neural or synaptic dysfunction 
in neurodegenerative disorders and also in some primary psychiatric disorders(11,12). 
Moreover, YKL 40 is found to be elevated in AD patients and other neurodegenerative 
disorders(47-49). However, the sensitivity and disease specificity of this marker is still 
uncertain since other studies found no increased levels CSF YKL40 in 
neurodegenerative disorders(50-52). A possible explanation of our increased levels of 
YKL40 for bvFTD in contrast to other studies could be the careful adherence to the 
bvFTD diagnostic criteria providing less heterogeneity than groups in some other studies, 
or that the level of neuro-inflammatory depends upon when in the course of disease, they 
are measured. For primary psychiatric disorders, higher levels of CSF YKL40 have been 
described in bipolar patients and found to be associated with the severity of cognitive 
impairment(12). Although a neuro-inflammatory response might not be specific for 
neurodegenerative disorders, higher levels of YKL40 in our group of probable/definite 
bvFTD may reflect the presence of more neuro-inflammation in bvFTD than in primary 
psychiatric disorders. Still, our result of increased YKL40 in psychiatric patients in 
comparison to previous described levels in controls(8) supports the hypothesis that 
neuro-inflammation plays a role in specific psychiatric diseases too(53). 
 
Another finding of our study was the higher tau/Aβ1-42 ratio in bvFTD compared to 
primary psychiatric disorders. As described in several studies, decreased or equal CSF 
Aβ1-42 values are found in FTD cases compared to healthy controls(43,54). We found 
essentially identical values for CSF Aβ1-42 in bvFTD and primary psychiatric disorders. 
As a consequence, the higher CSF tau/Aβ1-42 is probably due to the higher CSF tau 
levels in the bvFTD group. 
 
Few CSF biomarker studies have been performed in primary psychiatric disorders and 
mainly investigated the conventional markers such as Aβ1-42, tau and p-tau181. For 
example, decreased CSF Aβ1-42 levels have been described in schizophrenia and 
depressive patients compared to healthy elderly controls, while compared to AD higher 
levels of CSF Aβ1-42 were found(18,55). In a different study, patients with schizophrenia 
had normal levels of CSF tau and CSF p-tau181 compared to age-matched healthy 
controls(18). In comparison with these studies, we were unable to demonstrate 
significant lower Aβ1-42 for the psychiatric group compared to bvFTD. A possible 
explanation for their findings is that lower CSF Aβ1-42 levels in these psychiatric patients 
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bvFTD. This results in a similar or even higher diagnostic accuracy for bvFTD than 
frontotemporal changes on neuroimaging(4,37,38). So, we advocate the use of CSF, in 
particular these three biomarkers, in the diagnostic process of patients with changes in 
the regulation of social, interpersonal and personal conduct and cognitive impairment. 
 
Levels of CSF NfL were significantly increased in probable/definite bvFTD and had a 
good diagnostic accuracy with a sensitivity of 79% at a specificity of 91% for 
probable/definite bvFTD. This is in line with previous findings of increased CSF NfL levels 
in TDP43 and tau-pathology FTLD cases in comparison with AD and subjective memory 
complaints (SMC) (9,36). Higher CSF NfL levels were also found in a more 
heterogeneous FTD group in a large clinically established dementia cohort including 
healthy controls(35). Moreover, it also reflects the disease severity in specific FTD cases, 
indicating the clinical relevance of this CSF biomarker (39). The intermediate CSF NfL 
levels in our probable/definite bvFTD cohort is probable due to NfL being a marker for 
axonal dysfunction or degeneration(40), which is a hallmark of neurodegenerative 
disorders. In contrast, no sustainable evidence exists for axonal loss in the 
pathophysiology of primary psychiatric disorders. Nevertheless, we found somewhat 
elevated CSF NfL levels in our heterogeneous group of primary psychiatric disorders 
compared to previous described levels in healthy controls(12,15,35). This finding is in 
line with one study where levels of CSF NfL were higher in BD compared to healthy 
controls(15), suggesting some axonal loss or dysfunction in specific primary psychiatric 
disorders presenting with behavioural changes.   
 
The ratio of p-tau / tau appeared a good diagnostic test for distinguishing between 
probable/definite bvFTD and primary psychiatric disorders with a sensitivity of 91% and 
a specificity of 72%. In recent publications, the diagnostic value of CSF p-tau / tau ratio 
for differentiation between FTLD-Tau and FTLD-TDP pathology was proven to be 
accurate(7,41). In general, our findings in clinical bvFTD are comparable with Pijnenburg 
et al(9), who found similar reduced CSF p-tau / tau values in proven TDP-FTLD and Tau-
FTLD pathology compared to subjective memory complaints (SMC). The most likely 
explanation of the reduced CSF p-tau / tau ratio in our heterogeneous group of bvFTD is 
that it reflects neuronal degeneration in an active disease leading to increased total CSF 
tau levels, with relative stable levels of CSF p-tau181. It appears that hyperphosphorylated 
tau, in contrast to what is the case in AD, is not a specific marker for bvFTD(5). 
 
Moreover, various results have been found for CSF tau levels in clinically diagnosed FTD 
cases. Whereas some studies reported normal CSF tau levels, others reported 
moderately increased CSF tau levels(42,43). One group reported decreased CSF tau 
levels in clinical and definite bvFTD(44). Others, however, have not reproduced this 
finding. From these studies it appears that the diagnostic value of CSF tau for bvFTD is 

	

relatively low(45,46). Nearly all these previous studies compared FTD with SMC or 
healthy controls, but never with primary psychiatric patients, where the differential 
diagnosis is clinically most challenging(43,46).  
 
The increased marker YKL40 in bvFTD compared to primary psychiatric disorders is a 
novel finding. YKL 40 is a glycoprotein that is produced by activated microglia and 
reflects inflammatory processes that may contribute to the neural or synaptic dysfunction 
in neurodegenerative disorders and also in some primary psychiatric disorders(11,12). 
Moreover, YKL 40 is found to be elevated in AD patients and other neurodegenerative 
disorders(47-49). However, the sensitivity and disease specificity of this marker is still 
uncertain since other studies found no increased levels CSF YKL40 in 
neurodegenerative disorders(50-52). A possible explanation of our increased levels of 
YKL40 for bvFTD in contrast to other studies could be the careful adherence to the 
bvFTD diagnostic criteria providing less heterogeneity than groups in some other studies, 
or that the level of neuro-inflammatory depends upon when in the course of disease, they 
are measured. For primary psychiatric disorders, higher levels of CSF YKL40 have been 
described in bipolar patients and found to be associated with the severity of cognitive 
impairment(12). Although a neuro-inflammatory response might not be specific for 
neurodegenerative disorders, higher levels of YKL40 in our group of probable/definite 
bvFTD may reflect the presence of more neuro-inflammation in bvFTD than in primary 
psychiatric disorders. Still, our result of increased YKL40 in psychiatric patients in 
comparison to previous described levels in controls(8) supports the hypothesis that 
neuro-inflammation plays a role in specific psychiatric diseases too(53). 
 
Another finding of our study was the higher tau/Aβ1-42 ratio in bvFTD compared to 
primary psychiatric disorders. As described in several studies, decreased or equal CSF 
Aβ1-42 values are found in FTD cases compared to healthy controls(43,54). We found 
essentially identical values for CSF Aβ1-42 in bvFTD and primary psychiatric disorders. 
As a consequence, the higher CSF tau/Aβ1-42 is probably due to the higher CSF tau 
levels in the bvFTD group. 
 
Few CSF biomarker studies have been performed in primary psychiatric disorders and 
mainly investigated the conventional markers such as Aβ1-42, tau and p-tau181. For 
example, decreased CSF Aβ1-42 levels have been described in schizophrenia and 
depressive patients compared to healthy elderly controls, while compared to AD higher 
levels of CSF Aβ1-42 were found(18,55). In a different study, patients with schizophrenia 
had normal levels of CSF tau and CSF p-tau181 compared to age-matched healthy 
controls(18). In comparison with these studies, we were unable to demonstrate 
significant lower Aβ1-42 for the psychiatric group compared to bvFTD. A possible 
explanation for their findings is that lower CSF Aβ1-42 levels in these psychiatric patients 
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are a result of a prodromal stage of neurodegeneration or a secondary underlying 
neurodegenerative disorder. Overall, primary psychiatric disorders are unlikely to be 
associated with AD-related pathology. 
 
Limitations of this study should be acknowledged in order to interpret the findings. One 
limitation is the small number of cases with a definite FTD diagnosis, based on autopsy 
and genetic testing. We relied on the clinical consensus diagnosis at two-year follow-up. 
As a consequence of the two-year follow-up, we are unable to rule out a 
neurodegenerative disease for the patients in the primary psychiatric group with higher 
CSF tau, YKL-40 and NfL or be 100% certain about the clinical bvFTD diagnosis. The 
absence of clinical decline or changes on neuroimaging in two years makes a 
neurodegenerative cause of the frontal symptoms less likely and slow progressive cases 
of bvFTD that mimic psychiatric disorders were identified by testing of C9orf72 repeat 
expansion in all subjects. On the other hand, our cohort represents the heterogeneous 
group of bvFTD and primary psychiatric patients in a daily practice. However, this 
heterogeneity may have influenced the results on CSF markers, as these disorders may 
be associated to different profiles of CSF markers. Furthermore, with a small sample 
size, caution must be applied, as the findings are less generalizable and so future studies 
must validate our findings.  
 
In conclusion, we found a good diagnostic accuracy for the CSF biomarkers NfL, YKL40 
and p-tau / tau ratio in distinguishing probable/definite bvFTD from primary psychiatric 
disorders in patients presenting with behavioural changes. In general, this study 
strengthens the idea that the use of CSF biomarkers as a potential additional tool to 
neuroimaging in distinguishing bvFTD from primary psychiatric disorders has diagnostic 
relevance and may be incorporated in future diagnostic guidelines for bvFTD. 
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are a result of a prodromal stage of neurodegeneration or a secondary underlying 
neurodegenerative disorder. Overall, primary psychiatric disorders are unlikely to be 
associated with AD-related pathology. 
 
Limitations of this study should be acknowledged in order to interpret the findings. One 
limitation is the small number of cases with a definite FTD diagnosis, based on autopsy 
and genetic testing. We relied on the clinical consensus diagnosis at two-year follow-up. 
As a consequence of the two-year follow-up, we are unable to rule out a 
neurodegenerative disease for the patients in the primary psychiatric group with higher 
CSF tau, YKL-40 and NfL or be 100% certain about the clinical bvFTD diagnosis. The 
absence of clinical decline or changes on neuroimaging in two years makes a 
neurodegenerative cause of the frontal symptoms less likely and slow progressive cases 
of bvFTD that mimic psychiatric disorders were identified by testing of C9orf72 repeat 
expansion in all subjects. On the other hand, our cohort represents the heterogeneous 
group of bvFTD and primary psychiatric patients in a daily practice. However, this 
heterogeneity may have influenced the results on CSF markers, as these disorders may 
be associated to different profiles of CSF markers. Furthermore, with a small sample 
size, caution must be applied, as the findings are less generalizable and so future studies 
must validate our findings.  
 
In conclusion, we found a good diagnostic accuracy for the CSF biomarkers NfL, YKL40 
and p-tau / tau ratio in distinguishing probable/definite bvFTD from primary psychiatric 
disorders in patients presenting with behavioural changes. In general, this study 
strengthens the idea that the use of CSF biomarkers as a potential additional tool to 
neuroimaging in distinguishing bvFTD from primary psychiatric disorders has diagnostic 
relevance and may be incorporated in future diagnostic guidelines for bvFTD. 
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