	EXPRESSIVE PROSODY IN BVFTD & LOAPD
	0



Supplementary material 1
Prosody assessment - Data exclusion 
For the anamnestic task recordings, five patients with bvFTD were excluded, including two patients with dysfunctional audio recordings and one patient with a clinical pathologic voice (“creaky voice”). For this last patient, their voice frequently dropped to almost f0 = 0 hertz, which has been interpreted as reflecting involuntary variations due to motor dysfunctions. Additionally, we excluded two patients with audio files < 10 seconds. One patient with LOAPD and six controls were excluded due to the absence of anamnestic interview. 
For narrative recordings, two patients with bvFTD were excluded, including one patient with an audio file < 10 seconds and one patient with a dysfunctional audio recording.
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Neuroimaging (MRI) data acquisition 
Regarding imaging data acquisition, scans were obtained from different sites from the Haut de France region. Whole-brain MRI scans were all acquired with 8 channels head coil, obtained using either a 3T or a 1.5T scanner. The different magnetic fields were well-distributed in our two groups (N = 10/22 MRI at 1,5T in the bvFTD group and N = 6/12 MRI at 1,5T in the LOAPD group). Only MRI scanners contributing scans to both clinical groups were considered, while scanners used solely in one group were excluded to prevent scanner-specific biases. In addition, only imaging examinations conducted within 12 months of the prosody assessment were considered. This resulted in 22 patients with bvFTD and 12 patients with LOAPD with MRIs. 
Neuroimaging (MRI) data pre-processing 
MRI data were pre-processed using FSL-VBM (Ashburner & Friston, 2000; Good et al., 2001), part of the FSL software package (Smith et al., 2004). Structural images were brain-extracted using the BET brain extraction tool, and tissue segmentation was conducted using the FAST automatic segmentation tool (Zhang et al., 2001). Rigorous quality checks were performed at each stage, with manual corrections performed (e.g. neck clean up, with manual editing if needed, robust brain centre estimation, modulation of fractional intensity threshold, etc.). Grey matter partial volumes were aligned to the Montreal Neurological Institute standard space (MNI152) using the FNIRT non-linear registration approach (Andersson et al., 2007a, 2007b), using a B-spline representation of the registration warp field (Rueckert et al., 1999). We created a study-specific template in which patients with bvFTD and LOAPD were equally represented, as well as images from each scanner, and the native grey matter images were registered non-linearly. Registered partial volumes maps were modulated by dividing them by the Jacobian modulation of the warp field to correct for local expansion or contraction. The Jacobian modulation step did not include the affine part of the registration, which meant that the data were normalized for head size as a scaling effect (Good et al., 2002). Modulated images were smoothed with an isotropic Gaussian kernel with a sigma of 4 mm (roughly corresponding to 8mm full-width at half-maximum (FWHM) smoothing). A fronto-temporal-insular mask was then created to enhance statistical power in reducing the regions that are a priori not involed.
Neuroimaging (MRI) mask design
The following regions from the Harvard-Oxford cortical and subcortical structural atlases have been included: frontal regions (frontal pole, superior frontal gyrus, middle frontal gyrus, inferior frontal gyrus pars triangularis, inferior frontal gyrus pars opercularis, frontal medial cortex, frontal orbital cortex, frontal operculum cortex, subcallosal cortex, juxtapositional lobule cortex, precentral gyrus), anterior cingulate regions (paracingulate gyrus, cingulate gyrus anterior division), temporal regions (temporal pole, superior temporal gyrus anterior division, superior temporal gyrus posterior division, middle temporal gyrus anterior division, middle temporal gyrus posterior division, inferior temporal gyrus anterior division, inferior temporal gyrus posterior division, temporal fusiform cortex anterior division, temporal fusiform cortex posterior division, planum temporal, parahippocampal gyrus anterior division, parahippocampal gyrus posterior division and insular regions (insular cortex).
Neuroimaging (MRI) data harmonization
To control scanner-related variability introduced by the consideration of different scanners and sequence parameters, the ComBat harmonization method was applied. ComBat removes site-specific additive and multiplicative effects while preserving biologically relevant variation. Voxel intensity values were first extracted within the predefined anatomical mask for each participant and compiled into a participant × voxels matrix. Covariates of interest, including age, gender, MMSE score were entered as variables to preserve. Scanner identity was treated as a batch variable. Harmonization was performed using a custom Python pipeline implementing the empirical Bayes framework of ComBat, after which harmonized images were reconstructed in standard space and submitted to group-level statistical analyses. 
Imaging analysis - Data analysis
VBM analyses were performed with FSL. First, we ran a two-sample t-test to contrast bvFTD and LOAPD, in order to identify specific grey matter regions that were atrophied in a specific group using permutation-based non-parametric testing, with 5000 permutations per contrast and correction for multiple comparisons (familywise error, FWE, p < 0.05) using threshold-free cluster enhancement (TFCE) for clusterwise correction (Smith et al., 2004; Smith & Nichols, 2009). Then, regarding correlation analyses, separate voxel-wise general linear models were run for each group to test the hypothesis that reduced f0 measures were associated with decreased GM density using the same method (5000 permutations, TFCE) and threshold. Importantly, age, gender & MMSE scores were added as nuisance covariable for VBM analyses, and a fronto-insular-temporal mask was applied for the correlation analyses. For VBM analyses, results were similar when adding the delay between prosody assessment and MRI as a nuisance covariate.
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Table 1
Neuropsychological assessment.
	Variable
	bvFTD
	LOAPD
	p Value

	
	Mean ± SD

	MDRS
	
	
	

	N
	30
	13
	

	Score (/144)
	115.83 ± 15.80
	125.38 ± 10.27
	.074

	Verbal episodic memory
	
	
	

	FCSRT
	
	
	

	N
	26
	15
	

	Free recalls (/48)
	13.92 ± 7.01
	18.47 ± 9.09
	.047

	Total recalls (/48)
	35.88 ± 8.90
	37.00 ± 9.48
	.116

	Language processing
	
	
	

	Picture naming
	
	
	

	N
	31
	15
	

	Score (/37)
	30.23 ± 3.84
	31.67 ± 3.18
	.317

	Visuospatial processing
	
	
	

	VOSP
	
	
	

	N
	30
	15
	

	Score (/30)
	26.47 ± 3.00
	27.53 ± 2.61
	.302

	Executive processing
	
	
	

	Digit Span Backward
	
	
	

	N
	29
	15
	

	 Score (/8)
	3.10 ± 1.20
	3.13 ± 0.91
	.897

	TMT
	
	
	

	N
	22
	14
	

	B-A time (seconds)
	133.64 ± 83.24
	149.29 ± 83.99
	.650

	Stroop Victoria
	
	
	

	N
	18
	8
	

	 3-1 time (seconds)
	36.33 ± 29.98
	35.75 ± 19.98
	.651

	Attention processing
	
	
	

	Digit Span Forward
	
	
	

	N
	29
	15
	

	 Score (/9)
	4.86 ± 0.91
	4.67 ± 0.90
	.691

	WAIS-Codes
	
	
	

	N
	30
	15
	

	Number of correct signs
	35.80 ± 12.12
	41.60 ± 14.14
	.382

	Social cognition
	
	
	

	FER
	
	
	

	N
	31
	15
	

	Score (/35)
	19.87 ± 5.70
	25.60 ± 5.05
	.009

	mFP
	
	
	

	N
	15
	12
	

	Score (/40)
	26.00 ± 7.70
	24.42 ± 5.87
	.514

	Mini-SEA
	
	
	

	N
	15
	12
	

	Score (/30)
	19.38 ± 4.54
	20.84 ± 2.95
	.026


Note. bvFTD = behavioral variant frontotemporal degeneration; LOAPD = late-onset or atypical psychiatric disorder; SD = standard deviation; N = sample size; MDRS = Mattis dementia rating scale; FCSRT = free and cued selective recall test; VOSP = visual object and space perception; TMT = trail making test; WAIS = Weschler adult intelligence scale; FER = facial emotion recognition; mFP = modified faux-pas test; Mini-SEA = mini social cognition and emotional assessment. 
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Imaging analysis - VBM contrast 
Table 1
Regions where participants with LOAPD show greater grey-matter density compared to participants with bvFTD
	Cluster Index
	Voxels
	MAX
	MAX X (vox)
	MAX Y (vox)
	MAX Z (vox)
	Regions

	1
	3435
	0.992
	46
	2
	-30
	Anterior temporal lobe (L), including superior, middle and inferior temporal gyri. 
Orbital cortex (L+R), prefrontal median pole (L), subcallosal gyrus (L+R).

	2
	671
	0.982
	38
	24
	26
	Lateral frontal cortex (R) including middle frontal gyrus and lateral frontal pole.

	3
	439
	0.972
	-38
	-6
	-32
	Anterior temporal lobe (R), including superior, middle and inferior temporal gyri.

	4
	426
	0.966
	40
	12
	12
	Insular cortex (R).


Note. Results obtained at pFWE < .05. The third volumn “MAX” shows the value of the maximum z-statistic. “MAX X”, “MAX Y”, “MAX Z” show the coordinates of the peak voxel. Coordinates have been translated to MNI space. “Regions” indicates the area covered by the cluster according to the Harvard-Oxford cortical and subcortical structural atlases. L refers to Left and R to Right and clusters are bilateral if not specified; vox = voxel; FEW = family-wise error; MNI = Montreal Neurological Institute. 
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Table 1
Imaging analysis - VBM correlations in bvFTD
Anamnestic task - f0 standard deviation
	Cluster Index
	Voxels
	MAX
	MAX X (vox)
	MAX Y (vox)
	MAX Z (vox)
	Regions

	1
	65
	0.976
	-20
	14
	50
	Superior frontal gyrus (L)


Narrative task - f0 range
	Cluster Index
	Voxels
	MAX
	MAX X (vox)
	MAX Y (vox)
	MAX Z (vox)
	Regions

	1
	706
	0.984
	22
	47
	22
	Middle temporal gyrus (R), inferior temporal gyrus (R), fusiform cortex (R).


Note. Results obtained at pFWE < .05. The third volumn “MAX” shows the value of the maximum z-statistic. “MAX X”, “MAX Y”, “MAX Z” show the coordinates of the peak voxel. Coordinates have been translated to MNI space. “Regions” indicates the area covered by the cluster according to the Harvard-Oxford cortical and subcortical structural atlases. L refers to Left and R to Right and clusters are bilateral if not specified; vox = voxel; FEW = family-wise error; MNI = Montreal Neurological Institute. 
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With the aim of more precisely characterizing our population of patients with LOAPD, and to ensure the relative homogeneity of their clinical profiles and the appropriateness of grouping them together, we examined the distribution of fundamental frequency values for each patient subgroup with MDD or BD on Figure 1 and Table 1. With one notable exception, the f₀ metrics for both tasks show complete overlap between the MDD and BD groups.
Supplementary Figure 1
Plot of f0 measures with LOAPD diagnoses indicated (MDD or BD)
[image: ]
Note. Measures of f0 (fundamental frequency) were obtained from vocal recordings during the anamnestic interview and narrative task, with individual values, error bars representing standard deviation, and histograms. Values are expressed in Hertz; bvFTD = behavioral variant frontotemporal degeneration; MDD = Major Depressive Disorder; BD = Bipolar Disorder.
Table 1
Distribution of f0 values across LOAPD subgroups
	Variable
	MDD
	BD

	
	Mean ± SD

	Anamnestic interview

	N
	11
	3

	f0 range (hertz)
	53.87 ± 24.70
	49.41 ± 14.13

	f0 SD (hertz)
	49.00 ± 20.26
	44.14 ± 20.07

	Narrative task

	N
	12
	3

	f0 range (hertz)
	50.10 ± 23.51
	104.70 ± 118.93

	f0 SD (hertz)
	49.23 ± 27.40
	56.35 ± 38.79


Note. MDD = major depressive disorder; BD = bipolar disorder; SD = standard deviation; N = sample size; f0 = fundamental frequency.
To further characterize the LOAPD subgroups, we examined (Table 2) the distributions of cognitive screening scores and autonomy in daily activities, which again proved very similar across subgroups.
Table 2
General cognitive efficiency and autonomy 

	Variable
	MDD
	BD

	
	Mean

	N
	12
	3

	MMSE (/30)
	22.7
	23.7

	MDRS (/144)
	129
	130

	IADL (/4)
	2.75
	2.33


Note. MDD = major depressive disorder; BD = bipolar disorder; N = sample size; MMSE = mini mental state examination; MDRS = Mattis dementia rating scale; IADL = instrumental activities of daily living.
We also reviewed the number of Rascovsky et al. (2011) criteria fulfilled by each patient to better describe LOAPD subgroups (Table 3). No differences between the subgroups were observed, with similar ranges.

Table 3
Number of bvFTD (Rascovsky et al., 2011) Criteria met
	Variable
	MDD
	BD

	
	Mean

	N
	12
	3

	Number of bvFTD criteria /5 (range)
	2.5 (0-5)
	2.67 (0-4)


Note. MDD = major depressive disorder; BD = bipolar disorder; N = sample size

Finally, we performed a detailed examination of the outliers’ profile observed in the Supplementary Figure 1.

Outliers’ profile review
As outliers appeared on the plots in Supplementary Figure 1, their clinical profile as well as audio recordings were duly checked. 
In the bvFTD group: The outlier participant from the bvFTD group regarding the f₀ range in the anamnestic task was a woman who had f₀ Pc10 = 144.00Hz, and Pc90 = 299.03Hz (data obtained with Praat). Clinical notes from the neuropsychologist and speech therapist that have performed assessments revealed that they retrieved alterations of the pragmatic aspects of language, with slight theatricality in her verbal answers and behavior, a tendency to echolalia, as well as joviality and clear disinhibition (she repeatedly tries to remove a barcode label from the evaluation binder). Her MMSE and MDRS scores were 30/30 and 123/144 respectively, corresponding to a patient in early/moderate stages of the disease at the time of the assessment. This patient, a former teacher, was followed for 86 months and showed a steeper decline in behavior, cognition and imaging compatible with the diagnosis of probable bvFTD. 
In the BD subgroup: The outlier participant from the BD subgroup that can be seen in the plot showing f₀ range data for the narrative task is a man diagnosed with bipolar disorder, with Pc10 = 110.80Hz, and Pc90 = 352.66Hz. The extreme value that can be observed in the plot coincides with the most emotionally loaded part of the storytelling during the narrative task (a father falls off his windsurfer on the picture). During clinical assessments, neuropsychologist and speech-therapist's observations highlighted theatrical, impatient and overexcited behaviors. He had MMSE and MDRS scores of 27/30 and 142/144 respectively, indicating no cognitive decline. The follow-up indicated no sign of cognitive decline or brain atrophy.
Of all the information examined, the most pertinent factor that could explain his outlier profile, since it constitutes an exception within our group of LOAPD patients, is the discontinuation of his mood stabilizers and antidepressants, DEPAKOTE 20 mg and DEROXAT 20 mg, one month before the cognitive evaluation. On the day of the prosody assessment, he was indeed the only patient no longer taking their prescribed medications (aside from the anxiolytic TEMESTA). Because his clinical profile does not differ from that of the two patients with BD, and those patients themselves appear to have profiles similar to those of MDD patients, we therefore hypothesize that treatment discontinuation could explain the “child‐voice imitation in certain neuropsychological tests” reported by the neuropsychologist, and, above all, the use of an overly theatrical voice in the narrative task, which renders him an outlier.
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Replication of results without MMSE as a covariate of nuisance
Overall, the results remain essentially unchanged when MMSE is excluded as a nuisance covariate across patient groups, with no difference observed between bvFTD and LOAPD groups for the f0 median in the anamnestic context (F = 2.527; p = .121; η² = .07; 95% CI [–22.908, 2.775]) and the narrative context (F = 4.116; p = .05; η² = .09; 95% CI [–31.353, –0.061]); no differences observed on f0 range between patient groups in the anamnestic (F = 0.450; p = .506; η² = .01; 95% CI [–22.106, 11.113]) and the narrative (F = 1.276; p = .265; η² = .03; 95% CI [–38.040, 10.763]) contexts; and o differences observed on f0 standard deviation between patient groups in the anamnestic (F = 0.883; p = .354; η² = .02; 95% CI [–8.527, 23.244]) and narrative (F = 0.261; p = .612; η² = .01; 95% CI [–12.054, 20.215]) contexts. 
Length of audio recordings
In the anamnestic interview, the length of audio recordings was shorter for bvFTD (F = 18.947; p < .001; η² = .25; 95% CI [–249.895, –92.417]) and LOAPD (F = 6.344; p = .015; η² = .12; 95% CI [–242.938, –27.043]) compared to controls, as well as bvFTD compared to LOAPD patients (F = 7.958; p = .008; η² = .17; 95% CI [–62.117, –10.213]). In the narrative task, the length of audio recordings was longer for bvFTD (F = 8.391; p = .005; η² = .11; 95% CI [4.306, 23.405]) and LOAPD (F = 4.588; p = .037; η² = .08; 95% CI [0.617, 18.923]) compared to controls, with no difference observed between bvFTD and LOAPD patients. 
Even though some differences were observed, the length of the audio recordings, included as a nuisance covariate in post-hoc analyses, had no effect on the results of the group comparisons. In the anamnestic interview, there was no effect between bvFTD and LOAPD on f0 range (F = 0.200, p = .657, η² = .006, 95% CI [–0.157, 0.246]) or f0 standard deviation (F = 0.021, p = .886, η² = .001, 95% CI [–0.180, 0.207]); between bvFTD and controls on f0 range (F = 0.435, p = .512, η² = .008, 95% CI [–0.050, 0.025]) or f0 standard deviation (F = 0.506, p = .480, η² = .009, 95% CI [–0.036, 0.075]); or between LOAPD and controls on f0 range (F = 0.032, p = .859, η² = .001, 95% CI [–0.044, 0.036]) or f0 standard deviation (F = 1.020, p = .318, η² = .024, 95% CI [–0.030, 0.089]). Similarly, in the narrative interview, there were no effects between bvFTD and LOAPD on f0 range (F = 0.264, p = .610, η² = .007, 95% CI [–0.703, 0.419]) or f0 standard deviation (F = 0.323, p = .573, η² = .008, 95% CI [–0.475, 0.267]); between bvFTD and controls on f0 range (F = 0.010, p = .919, η² = .000, 95% CI [–0.350, 0.316]) or f0 standard deviation (F = 0.055, p = .816, η² = .001, 95% CI [–0.335, 0.423]); or between LOAPD and controls on f0 range (F = 0.371, p = .545, η² = .008, 95% CI [–0.987, 0.528]) or f0 standard deviation (F = 0.294, p = .590, η² = .006, 95% CI [–0.501, 0.871]).
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