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Abstract

Introduction: Depression and its components significantly impact dementia prediction
and severity, necessitating reliable objective measures for quantification.

Methods: We investigated associations between emotion-based speech measures
(valence, arousal, and dominance) during picture descriptions and depression dimen-
sions derived from the geriatric depression scale (GDS, dysphoria, withdrawal-apathy-
vigor (WAV), anxiety, hopelessness, and subjective memory complaint).

Results: Higher WAV was associated with more negative valence (estimate = -0.133,
p = 0.030). While interactions of apolipoprotein E (APOE) 4 status with depression
dimensions on emotional valence did not reach significance, there was a trend for
more negative valence with higher dysphoria in those with at least one APOE4 allele
(estimate = -0.404, p = 0.0846). Associations were similar irrespective of dementia
severity.

Discussion: Our study underscores the potential utility of speech biomarkers in char-
acterizing depression dimensions. In future research, using emotionally charged stimuli
may enhance emotional measure elicitation. The role of APOE on the interaction of
speech markers and depression dimensions warrants further exploration with greater
sample sizes.

KEYWORDS
apathy, cognitive decline, dementia, depression, neuropsychiatric symptoms, speech

Highlights

* Participants reporting higher apathy used more negative words to describe a neutral
picture.

* Those with higher dysphoria and at least one APOE4 allele also tended to use more

negative words.
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* Our results suggest the potential use of speech biomarkers in characterizing

depression dimensions.

1 | INTRODUCTION

Depression and its respective dimensions (e.g., apathy, anxiety) are
common in older adults with cognitive impairment across various
stages including the preclinical phase. This highlights the value of using
these symptoms for improving detection at the preclinical stages of
dementia.! Depression as a whole and apathy specifically, have also
been shown to be associated with faster cognitive decline,? hence hold
predictive value.®

Leveraging large datasets with extensive cognitive information,
our previous research has demonstrated that specific depression
dimensions derived from the Geriatric Depression Scale (GDS-15),
including dysphoria, apathy, anxiety, helplessness, and subjective
memory complaint, are associated with cognitive decline.*> How-
ever, the use of questionnaires to define these dimensions is con-
strained by subjectivity and limited reliability of participants and
informants.!

This study investigates the use of speech biomarkers to identify
specific dimensions within the depression phenotype in dementia,
leveraging the significant role of language in psychiatric evaluation and
recent advancements in speech technology. In a prior study by Konig
et al., automated analysis of speech features revealed connections
between neuropsychiatric symptoms. Apathy was linked to slower
speech, indicating greater severity, while anxiety showed a correlation
with voice quality measures like sound-to-noise ratio.® Given the signif-
icance of emotional processing in the depression dimensions, we tried
touse the quantifiable emotion-based speech measures extracted from
speech data and explore their association with depression dimensions
from the population at risk of dementia.® Additionally, we investigated
whether the apolipoprotein E4 (APOE4) genotype has an impact on
these observed associations.

2 | MATERIALS AND METHOD

21 | Participants

We analyzed cross-sectional speech data from participants at the Uni-
versity of Pennsylvania, who were native English speakers and were
recruited to Penn’s Institutional Review Board (IRB)-approved longitu-
dinal frontotemporal dementia (FTD) cohort study. The diagnosis was
determined based on published criteria’ and validated in a multidis-
ciplinary consensus, with no additional exclusion criteria. A total of
112 samples were included in this analysis (Alzheimer’s disease [AD]:
76; mild cognitive impairment [MCI]: 16; and healthy age-matched
participants: 20).

2.2 | Speech collection and processing

Detailed methodology on a collection of semi-structured narrative
speech samples was previously described.® Briefly, an interviewer
instructed participants to provide a detailed description of the “Cookie
Theft” scene from the Boston Diagnostic Aphasia Examination.? For
the purpose of this study, only the earliest available recordings
from each participant were analyzed. Recordings were transcribed by
trained annotators at the Linguistic Data Consortium (LDC) of the
University of Pennsylvania who were blinded to the cognitive or emo-
tional status of the speaker and tokenized with spaCy!° open-source

libraries.

2.3 | Emotion-based measures

Emotion-based measures, including valence, arousal, and dominance,
for each word were calculated based on a previously published
database.!! Valence is defined as the pleasantness of a stimulus,
arousal as the intensity of emotion elicited, and dominance as the
degree of power exerted by the word. Based on this database, higher
scores correspond to positive valence, more arousal, and more con-
trol, respectively. For each subject, we rated valence, arousal, and
dominance of all content words including nouns, verbs, adjectives,
and adverbs that were automatically tagged by spaCy and averaged
per participant. We excluded all function words as well as the cop-
ula verb “to be” from the analysis, since these categories do not
have any semantic content but only serve their grammatical roles in

sentences.

2.4 | Depression dimensions

The depression dimension scores were calculated for dysphoria,
withdrawal-apathy-vigor (WAV), anxiety, hopelessness, and subjective
memory complaint based on the mean of itemized Geriatric Depression
Scale—15 item (GDS-15)*° for each dimension. The resulting score
ranged from O to 1, with O indicating the absence of any symptom and

1indicating the presence of all symptoms.

2.5 | APOE 4 carrier’s status

DNA was extracted from blood and APOE4 genotype was available for
a subsample of the participants (n = 79). APOE status was categorized
based on the presence of at least one epsilon 4 (¢4) allele.
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RESEARCH IN CONTEXT

1. Systematic Review: PubMed was used to review the liter-
ature. Findings highlight the potential value of depression
and its associated dimensions in predicting the trajec-
tory of cognitive decline and call for a need for objective
quantification. This study explores the associations of
emotion-based speech measures and these depression
dimensions derived from the Geriatric Depression Scale
(GDS-15).

2. Interpretation: This study underscores the potential util-
ity of speech biomarkers (including valence) in character-
izing depression dimensions.

3. Future Directions: In future research, using emotionally
charged stimuli rather than neutral ones may enhance
emotional measure elicitation.

2.6 | Statistical analysis

Linear regression was used to assess the association between base-
line depression score (total GDS) and for each depression dimension
as independent variable and speech features (i.e., valence, arousal,
and dominance) as dependent variable, adjusting for age, sex, years
of education, and Mini-Mental Status Examination (MMSE) score. All
analyses were done with SAS 121 9.4 (SAS Institute Inc., Cary, NC). A
two-sided p < 0.05 was defined as the significance level in all statistical

tests. All results are reported in Table 1.

2.7 | Consent statement

All human subjects provided written informed consent approved by the
IRB at the University of Pennsylvania. All patient data were handled by
Health Insurance Portability and Accountability Act (HIPPA) -certified

personnel and stored on HIPPA-compliant servers.

3 | RESULTS

3.1 | Description of the sample
Demographic and clinical characteristics of the patient groups are
summarized in Table S1.

The study included 112 subjects (49.0% female) with a mean age
of 66.95 (SD 9.29) years, 16.39 (SD 2.80) years of education, and a
baseline MMSE score of 23.69 (SD 5.23).

On average, the sample had a GDS score of 2.14 (SD 2.39) at base-
line, reflecting a relatively low number of depressive symptoms. The
most reported GDS-15 items at baseline among the participants was
item 10 (memory problems), reported by 55.36% of the participants as

expected from the nature of the study cohort. The subsequent items

Disease Monitoring

included item 2 (drop activities), reported by 24.11% of the partic-
ipants, and item 13 (decreased energy), reported by 22.32% of the
participants (Figure 1).

3.2 | Emotion-based measures
Scores for the lowest and highest-rated words for valence, arousal, and
dominance are listed in Table S2.

Table 1 summarizes the results of the regression models. A high
WAV score was associated with more negative valence (apathy: esti-
mate = —0.133, p = 0.03). We did not find a significant association
between valence with total GDS or other depression dimensions. Sim-
ilarly, other emotion-based measures (arousal and dominance) did not
show a significant association with depression dimensions.

When exploring the interaction of emotional measures with APOE4
and depression dimensions, none of the associations reached statis-
tical significance. However, there was a trend for significant interac-
tion between dysphoria and APOE4 on valence (estimate = —0.404,
p = 0.084) suggesting that carriers of the APOE4 allele with higher
reported dysphoria may be using language with more negative valence
when compared to those with no APOE4 allele (Figure S1). There were
no interactions between dementia severity and depression dimensions

on emotion measures.

4 | DISCUSSION

Our study revealed a noteworthy association between the emotional
aspects of speech and specific facets of depression, particularly the
WAV dimension (related to apathy). Notably, participants with high
apathy scores used words with less positive emotional meaning even
when describing neutral stimuli. No similar associations were found
with other dimensions of depression. These associations persisted
after controlling for severity of impairment (i.e., MMSE score), suggest-
ing that they are maintained during the disease course. The progressive
and persistent nature of apathy coupled with its predictive value for
cognitive decline, adds to the clinical value of this finding for detecting
apathy at the preclinical stage.'?

Apathy is a multi-dimensional construct encompassing domains of
behavior, cognition, and emotions. The latter encompasses emotional
blunting in response to positive and negative stimuli. In our study,
the three GDS-15 items constituting the WAV dimension primarily
describe the behavioral and cognitive components of apathy, not the
emotional domain.'3 Therefore, subjects with high WAV scores using
fewer positive words may not necessarily score high on emotional
apathy. Moreover, apathy is linked to an altered meso-cortico-limbic
dopaminergic system, leading to reduced salience of the positive
stimuli.’* This potential alteration in the reward network of those
reporting higher apathy items, may steer them away from positive
elements of the relatively neutral image.

There is a growing body of literature on the use of different aspects

of speech (including acoustic and lexical features as well as emotional
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Percentage for reported symptoms

Item10: Memory Problems
Item8: Helpless

Item12: Worthless
Item14: Hopeless

Item6: Bad will happen
Item2: Dropped interest
Item9: Stay home

Item13: Full of energy*
Item1: Satisfied*

Item3: Life empty

Item4: Boredom

Item5: Good spirit*
Item7: Happy most times*
Iltem11: Wonderful to be alive*

Item15: Others better off

o
[
o
N
o

m Dysphoric Mood = Withdrawal-Apathy -Vigor

FIGURE 1
score represents a higher depression score

content) for detecting psychiatric symptoms including depression>-17

and anxiety.16-18 Alteration in cognitive processing, leading to an auto-
matic preference for negative stimuli (i.e., negative attention bias) has

been shown both for depression and anxiety 17-20

and speech may be a
sensitive and objective measure to capture these subtle changes.?! The
three-dimensional representation of emotion (i.e., valence, arousal, and
dominance) allows for a refined description of emotional content in
speech.!! Higher scores of depression and anxiety were previously
shown to be associated with higher frequency of negative valence
words.26~18 The absence of such association in our study for total GDS,
dysphoria, or anxiety may stem from the neutral nature of the “cookie
theft” picture, the fact that our population is not clinically depressed
with low depression scores, or the limitations of questionnaires to ade-
quately capture these depression dimensions. While dysphoria, per se,
was not associated with more negative valence in speech, those with
higher dysphoria who were carriers of the APOE4 genotype tended
to express more negative emotional valence. This finding should be
replicated in larger sample sizes as it suggests that APOE4 may be a
modulator for the expression of behavioral phenotypes.

Although preliminary, our study findings offer promising insights
into objective and quantifiable speech-emotional measures. Yet, this
study has a few limitations, including the use of subjective self-report
questionnaires to delineate depression dimensions, which may be
influenced by variable symptom awareness across the spectrum of cog-
nitive disorder.22 This can be addressed in future studies by using more
in-depth questionnaires that incorporate collateral information from
study informants. The small sample size of the study may limit the gen-

eralizability of the findings to a larger population. In addition, using

W Anxiety

w
o
S
o
%
o

60

Hopelessness W Subjective memory complaint

Percentage of reported symptoms from Geriatric Depression Scale-15 items (GDS-15). *GDS score was reversed such that a higher

neutral stimuli may have contributed to the sparsity of associations
with emotional speech measures. In future studies, using positively or
negatively charged pictures may be helpful to explore the differential
effect of emotional stimuli on the speech measures given the expected
cognitive bias in patients with dominant depression and anxiety symp-
toms in comparison with those with prominent apathy who may be

experiencing emotional blunting.
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