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Advances in artificial intelligence for diagnosing

Alzheimer’s disease through speech
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Alzheimer’s disease (AD) is a brain disorder that has been ranked
as the seventh leading cause of death in the United States mainly
affecting older adults. It is estimated that approximately more than
6 million Americans have dementia caused by Alzheimer’s™!]. In
the early stages of AD, individuals may experience subtle changes
in language abilities, such as difficulty finding words or repeating
phrases. As the severity advances, these language impairments
become more pronounced, affecting both expressive and receptive
language skills. Furthermore, deficits in cognition can contribute
to the language processing difficulties observed in AD patients.
Executive dysfunction, for example impairs the ability to plan and
organize thoughts, leading to disorganized speech and difficulty
staying on topic during conversations. Semantic memory deficits
result in difficulties understanding and producing meaningful
language, while attention deficits contribute to distractibility and
poor concentration during language tasks.

These language and cognitive impairments not only impact
communication and social interactions but also pose significant
challenges for accurate diagnosis and monitoring of disease pro-
gression. As advancements are made in artificial intelligence (AI)—
particularly natural language processing (NLP), there have been
more ways being explored to diagnose Alzheimer’s dementia at an
earlier stage. For diagnoses through speech, data from Alzheimer’s
Dementia Recognition through Spontaneous Speech (ADReSS) is
usually used and for knowledge of the severity of AD, the Mini-
Mental State Examination (MMSE) cognitive test results are taken
into account as well. The speech recordings used are of patients
with an AD diagnosis and healthy controls describing a Cookie
Theft picture from Boston Diagnostic Aphasia Examination!?.

While traditional diagnostic approaches, such as cognitive
testing and neuroimaging, have demonstrated utility, they may
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not capture subtle changes in linguistic patterns that can manifest
in the early stages of the disease, highlighting the need for more
sensitive and objective measures. Our manuscript stresses on the
importance of leveraging advancements in Al-based systems to
develop more accurate and efficient tools for diagnosing AD at
earlier stages.

Recently, GPT-3—a language model produced by OpenAl was
experimented with to discover if it could predict Alzheimer’s
dementia®®!. Spontaneous speech was converted to a GPT-3 based
embedding and was compared with previously used methodolo-
gies including acoustic feature-based approach and fine-tuned
model. The data were confined to the dataset of ADReSS chal-
lenge and for AD and non-AD classification, the embeddings
were rendered to a machine-learning model such as support
vector classifier (SVC) or random forest (RF) for a 10-fold cross-
validation (CV). The results of the study concluded that GPT-3
embeddings proved to be more advanced for predicting AD
dementia than the conventional methods with an accuracy of
0.8028 by SVC. Even after these results, there is a concern of its
public usage as it has only been experimented with a small
ADReSS data hence more enhancements need to be made for
more reliability.

A study was conducted to diagnose dementia using speech,
comparing the performance of two Al-based systems. The first
system utilized the pre-trained data2vec-audio-base-960h model,
while the second system used the pre-trained wav2vec2-base-
960h model and an acoustic feature approach as a benchmark for
comparison'*. For improved testing, an internal dataset
(ADReSS) along with an external dataset (DementiaBank Pitt)
were used in the 10-fold CV. The assessment after going through
a thorough technical procedure reflected that the internal dataset
achieved an area under the receiver operating characteristic
(ROC) curve (AUC) of 0.846, whereas the external dataset
gained an AUC of 0.835 complying that data2vec can be used for
Alzheimer’s diagnosis. The study also showed that data2vec
worked better than wav2vec2. Although multiple datasets were
used, they are still considered small and require more in-depth
assessment before it is considered an official diagnosing option.

Different studies explore ways of Alzheimer’s dementia
through different angles. Fine-tuning text converted from speech,
through  Bidirectional ~ Encoder  Representations  from
Transformers (BERT) and Enhanced Representation through
Knowledge Integration (ERNIE) language models was experi-
mented where atypical pauses between sentences were observed.
Speech recordings and transcripts were used from ADReSS
challenge and were annotated using CHAT coding system—an
integrated tool of Child Language Data Exchange System
(CHILDES) project®!. The transcripts were force-aligned, fine-
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tuned along with encoding pauses and classified for authentic
results. The leave-one-out (LOO) cross-validation showed 89.6 %
accuracy with ERNIE fine-tuning including the pauses that were
encoded for AD classification. It was also noticed that ‘um’ was
comparatively repeated less often in AD, indicating that it may
have a lexical status!®!. Due to low research on the importance of
pauses for AD classification, it is still a question whether it should
be paid attention to or not.

The on-going research on the effect on spontaneous speech due
to AD also caters to proving its authenticity through challenging
it via multi-lingual machine learning. Evidence was collected
from participants fluent in English and French language. They
were extracted from different collections of datasets (English,
2020 ADReSS INTERSPEECH challenge and French, EIT-
Digital ELEMENT project). Speech recordings of participants
describing the Cookie theft picture were used as speech samples.
Different language features that is semantics, syntax, task-specific
and paralinguistic, were checked and measured using a program
created in python programming language. The results contribute
to the conclusion that language impairment in AD can be used to
diagnose the disease since it can be measured through advanced
NLP techniques combined with machine learning (ML) without
undermining the performance!”.

With growing usage of Al in all fields around the globe, it is
essential that it is used as a good beneficial resource in the medical
field as well. Along with diagnosing Alzheimer’s dementia at an
early stage, it can also prove to play a vital role in diagnosing or
curing other diseases as well. It is not only cost-effective but
sooner with upgrades, different applications might come into
action, which could allow self-diagnose and reduce patient’s
mental stress and expenses. There is a need for transparency and
accountability in the development and deployment of Al-based
systems, as well as regulation and oversight to ensure their
responsible use. The development of Al-based systems for diag-
nosing and managing AD has the potential to revolutionize the
field of dementia care. However, it is important to note that more
research is needed to ensure the reliability and public usage of
these Al-based systems. As these systems rely on large datasets for
training, it is crucial that the datasets used are diverse, repre-
sentative, and of high quality. Furthermore, ethical considera-
tions such as data privacy and informed consent need to be
considered when implementing these systems. Patient’s con-
fidentiality matters and it shall be ensured that no software or any
Al by-product abuses patient’s information since using un-
encrypted voice recordings of patients for dementia diagnosis can
be considered a breach to privacy. There is a need for transpar-
ency and accountability in the development and deployment of
Al-based systems, as well as regulation and oversight to ensure
their responsible use.

With continued advancements and collaboration between
researchers, clinicians, and policymakers, these systems have the
potential to transform the landscape of dementia care and
improve the lives of millions of individuals and their families
affected by AD.
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