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Sensory decline is a common feature of aging and an early sign of a high risk of
developing neurodegenerative diseases. Abnormal protein deposits of tau are
also observed in sensorial areas in early stages of Alzheimer's disease and related
dementia (ADRD), indicating that these two features are associated with common
neuropathological changes in the affected brain areas. Alterations in taste and
smell are evident in subjects with cognitive decline, but sensory decline is per-
ceived in olfaction, vision, hearing (at early times of degeneration), and even
touch, which correlates with disease progression. Consequently, affected indi-
viduals may suffer from varying altered behaviors that emerge from the declined
capability to process and perceive information, suggesting that differences in
sensory perception of the environment may play a key role in explaining these
behavioral variations in subjects with cognitive impairment. This commentary
discusses some of the alterations in sensory functionality and how these could
contribute to the development of neurodegenerative disorders, such as ADRD.
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Introduction

Age-related sensory decline across the five senses has been well-documented (Cavazzana
etal,, 2018). This decline is influenced by changes in the nervous system, which is responsible
for regulating sensory function. Brain aging is considered the primary risk factor for the devel-
opment of neurodegenerative disorders such as Alzheimer’s disease (AD; Avila, 2024). Among
the molecular contributors to AD, tau protein plays a significant role (Avila et al., 2004). As
discussed below, sensory impairments have been observed in individuals with AD and, in some
cases, these deficits may emerge during the preclinical stage of the disease. This brief report
explores the hypothesis that sensory dysfunction could serve not only as an early symptom but
also as a potential risk factor for the development of AD. In particular, we examine the possible
involvement of tau protein in age-related sensory impairments. Current knowledge about the
role of tau in sensory function is limited, especially based on studies in tau knockout (k.o.) mice
(Harada et al., 1994; Dawson et al., 2001; de Gomez Barreda et al., 2010; Beauchamp et al.,
2018). Also, there is some evidence suggesting that tau influences neural plasticity (Rodriguez
et al,, 2020) and may play a role in sensory decline, as shown in various mouse models of
tauopathies (Macknin et al., 2004; Mellone et al., 2013; Park et al., 2018; Wang and Wu, 2021;
Meftah et al., 2024). In this context, we aim to discuss the potential contribution of tau protein
to aging-related sensory deficits, and how these deficits may be implicated in the early stages
of AD pathogenesis.
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Individual differences in humans
related to their interaction with the
environment

The concept of “precision medicine” is gaining increasing attention,
aiming to identify individual characteristics that may influence a person’s
response to external stimuli or specific medical treatments (Hampel et
al., 2019). Humans do not interact with their environment in a uniform
way, as individual characteristics contribute to variations in how we per-
ceive our surroundings. Specific personal traits influence these differ-
ences in environmental perception. We experience the world through
our senses, and the information received—unique to each individual—
can be processed, stored, and used to shape future behavior. In fact, our
personal perception of the environment can help develop a memory
system that influences planned behavior in both the present and future
(Budson et al.,, 2022). This behavior can be reflexive or emotionally
driven (Orpwood, 2017). Sensory information is crucial in shaping indi-
vidual responses since we relate to our surroundings through our senses.
As noted by E Galton long time ago, differences in sensory function can
significantly impact behavior (Galton, 1883).

Qualia

To account for individual differences in sensory information, the
concept of “Qualia” emerged in the late-20th century (Jackson, 1982;
Ramachandran and Hirstein, 1997; Tye, 2006; Browning, 2024). The
American Psychological Association (APA) defines Qualia as the
qualities that shape the nature of mental experiences, such as sensa-
tions or perceptions, distinguishing them from other experiences.
Examples of qualia include the experience of pain, the taste of wine,
the color of the sky, the smell of a flower, or the sound of a musical
instrument, indicating that qualia may modulate the information
received by the senses (Skokowski, 2022), in different ways. At the
cellular level, various types of neurons are involved in different sen-
sory pathways, and variations in specific neuronal proteins, such as
tau protein, may play a role in these pathways.

Several questions regarding qualia have arisen across various fields,
such as philosophy, psychology, and neuroscience. These questions
include: (a) Do qualia exist? (b) If qualia exist, can they be measured? (c)
Do animals, such as mammals, experience qualia? (d) Is there a pathol-
ogy related to qualia? Regarding point (a), different disciplines have
offered various definitions of qualia, and some have raised objections.
One notable objection is the ‘absent qualia’ hypothesis (see, for instance,
Tye, 2006). Additionally, qualia are often described as individual and
subjective, which complicates their measurement (Jackson, 1982).
However, neuroscience has explored subjective experiences, such as
subjective cognitive decline (SCD) in humans, which can be measured
across different levels (Avila-Villanueva et al., 2018; Jessen et al., 2020;
Jones and Hunt, 2023). For point (b), we focus on the concept of ‘sensing
qualia’ (Skokowski, 2022), proposing that sensory perceptions like taste,
vision, hearing, or smell could yield measurable qualitative differences
through analysis of sensory responses. While the definition of ‘sensing
qualia’ may not be universally accepted, it will serve as the basis for our
discussion. As for point (c), we propose that qualia, or related character-
istics, might exist in mammals and could be studied using animal
models. Mammals exhibit measurable sensory responses to external
stimuli, suggesting they might experience qualia or similar phenomena.
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Three recent papers explore various aspects of qualia. One discusses
electromagnetic field theories of qualia, suggesting that different brains
might generate distinct colors, tastes, or sounds, possibly explained by
a ‘spike cod€’ (Jones and Hunt, 2023). Another paper proposes that elec-
tromagnetic fields generated by neurons influence individual sensory
perceptions (Bond, 2022). A third paper introduces mathematical
methods to design new experiments for measuring colors, tastes, and
sounds (Tsuchiya et al., 2022). However, neuronal interactions should
also be examined at the cellular and molecular levels using molecular
biology techniques. Although qualia are often defined as the subjective
qualitative aspects of an experience, these subjective elements can also
derive from individual characteristics., such as genetic factors shared
among members of a population. In this context, Moriguchi et al.
(2025) recently analyzed color similarity judgments in large cohorts of
children and adults. Their findings showed that color qualia structures
emerge early in childhood, yet age-related differences appear in how
some colors are perceived in adulthood. Future research could explore
whether these age-related perceptual differences correlate with struc-
tural or molecular changes occurring during the aging process.

Differences between individuals’ brains may stem from genetic
variability. For example, behavioral differences in mice responding to
the same stimuli, such as odors, are often observed. These variations in
olfactory sensitivity may lead to different perceptions of reality and dis-
tinct behaviors. To address this, researchers use the same mouse strains
in experiments, seeking a homogeneous genetic background to account
for variations in olfactory receptors (Gilbert et al., 1986; Wang et al.,
1993; Bansal et al., 2021). In humans, genetic variations in olfactory
perception have been identified. Studies on more genetically homoge-
neous populations, such as Icelandic groups, have been conducted to
analyze behaviors associated with olfactory perception for behavioral
testing (Helgason et al., 2005). Finally, concerning point (d) on potential
qualia-related pathologies, defects in sensory pathways could lead to
qualia dysfunction. For instance, Kandinsky’s synesthesia, where sounds
and colors are perceived interchangeably, is an example of such a dys-
function (Just, 2017). More recently, the existence of a functional bridge
between vision and touch has been proposed (Hedger et al., 2026).

Role of neural proteins in sensory
perception

At the cellular level, it is important to consider the function of
various neurons involved in distinct sensory pathways, with different
proteins or isoforms of a single protein contributing to the processing
of external stimuli. Additionally, individual variations in sensory
reception may occur, influenced by neuronal proteins involved in sen-
sory processing. One example is tau protein, which has been impli-
cated in sensory reception and processing (Lee et al., 2001). For
instance, the absence of tau protein in tau knockout mice leads to
olfactory deficits (Beauchamp et al., 2018).

Presence of different tau isoforms in
sensory neurons

Distinct types of sensory neurons involved in different senses
express specific tau isoforms, suggesting specialized molecular adapta-
tions in sensory processing. In vision, the presence of big tau isoforms
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containing exon 4a has been reported in the retina (Chiasseu et al.,
2016; Fischer et al., 2024; Shi et al., 2024). Additionally, rare post-
translational modifications of tau, such as citrullination, have been
detected, particularly under pathological conditions (Nicholas, 2013).

In touch, big tau isoforms (approximately 100 kDa) are expressed
in sensory neurons responsible for transmitting stimuli such as
touch, pain, and temperature (Oblinger et al., 1991). Dorsal Root
Ganglion (DRG) neurons display a distinctive morphology with two
branches connecting the periphery to the spinal cord, serving as a
key interface between the Peripheral Nervous System (PNS) and the
Central Nervous System (CNS; Donovan et al., 2025). In smell,
within the olfactory bulb, the ON4R tau isoform accounts for
roughly 80% of total tau isoforms, while the ON3R tau isoform pre-
dominates in young olfactory neurons (Tuerde et al., 2018). These
findings suggest that aging or neuronal maturation may be accom-
panied by a decrease in tau isoforms containing exon 2 or exons 2
and 3. Smell and taste are closely related senses (Spence, 2015). In
mouse models, tau protein is expressed in the neuroepithelial cells
of taste buds, which function similarly to sensory neurons (Kim et
al,, 2024a). Tau is mainly found in type II and III taste cells, whereas
type I cells are enriched in APP (amyloid precursor protein; Kim et
al,, 2024a). In hearing, as in other sensory modalities, differences in
tau phosphorylation have been described, some of which parallel
those observed in neurodegenerative disorders (Xu et al., 2019; Wang
et al,, 2022). Taken together, these findings indicate that the differ-
ential expression and modification of tau isoforms across sensory

10.3389/fnins.2026.1754329

systems may contribute to both the functional specialization of sen-
sory neurons and their selective vulnerability in tauopathies. Key
examples of these isoform-specific distributions are summarized in
Figure la.

Correlations of senses dysfunctions
with neurodegenerative disorders

Alzheimer’s disease (AD), the most common form of dementia, is
mainly characterized by two histopathological abnormal protein
structures: senile plaques, made up of amyloid-beta (Af) aggregates
observed in the interstitial spaces of neuronal cells, and neurofibrillary
tangles, consisting of hyperphosphorylated tau protein inside of neu-
rons. These structures are commonly used as histopathological mark-
ers for diagnosis and monitoring the progression of the disease.
Deposition of AP typically precedes neurofibrillary and neuritic
changes, with initial changes in the frontal and temporal lobes.
Whereas, neurofibrillary tangles and neuritic degeneration begin in
the medial temporal lobes and hippocampus and progressively spread
to the neocortex during the course of the disease (Masters et al., 2015).

After the pioneer work of Braak and Braak (Braak and Braak,
1991), it became clear that tau pathology correlates with critical
higher-order cognitive processes such as attention, learning, and
memory, even at early disease Braak stages. Sensory dysfunctions
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FIGURE 1
Presence of different tau isoforms across sensory systems. (a) In vision and touch, the big tau isoform—predominantly expressed in the peripheral
nervous system (PNS)—can be detected. In the olfactory system, there is a reduction in tau isoforms containing exon 2 or exons 2 and 3. In taste, tau is
found in neuroepithelial cells within taste buds. In hearing, as in other senses, tau phosphorylation by various kinases is observed under pathological
conditions. (b) In the retina, the tau sequence encompassing exon 9 (residues 208-212) can undergo post-translational modification either by kinases
(phosphorylation) or by peptidyl arginine deiminases (citrullination). The mechanism of citrullination at arginine 209 is illustrated. References are
provided in the text.
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could contribute to these correlations in neurodegenaration. In the
case of tau pathology, it mainly arises from a toxic gain of function of
modified tau protein rather than from its absence. However, studies
using tau knockout mouse models have highlighted the importance
of tau protein localized in dendritic spines for processes involved in
the interaction of neural cells—including sensory neurons—with the
external environment (Pallas-Bazarra et al., 2016). Additionally, recent
research has suggested that sensory experiences such as music (hear-
ing) may play a role in the development of emotional memory
(Moltrasio and Rubinstein, 2025).

Sensory deficits in Alzheimer disease

Memory problems are typically one of the early signs of AD, as
well as decline in non-memory aspects of cognition. However, a
decline or alterations of the senses: sight, hearing, smell, taste, and
touch, is another early sign of AD and related dementia that are fre-
quently overlooked but that could indicate probable initiation of neu-
rodegeneration. Tau protein is a neuronal protein involved in several
functions and dysfunctions (Igbal et al., 2016), and it may contribute
to a potential ‘spike code’ (Jones and Hunt, 2023) due to its presence
in dendritic spines (Ittner et al., 2010; Pallas-Bazarra et al.,, 2016),
where it could regulate synaptic transmission. Therefore, tau pathol-
ogy is not only linked to dementia or impaired consciousness (Avila
et al., 2004) but also to sensory dysfunctions, including smell, vision,
hearing, touch, and taste.

Tau pathology in different senses
Olfactory impairment

Olfactory impairment has been observed in AD patients (Attems
and Jellinger, 2006; Klein et al., 2021), and even during the earlier
stage of mild cognitive impairment (MCI) (Risacher et al., 2017). This
impairment worsens along the AD continuum (Attems et al., 2005),
as demonstrated by smell tests (Bond and Notides, 1988; Growdon et
al,, 2015). Therefore, assessing the sense of smell may serve as an early
marker for dementia development (Tian et al., 2022). Recent research
has demonstrated how odor information is processed in the brain by
recording the activity of a large number of individual neurons. In
addition to olfactory regions like the piriform cortex, other brain areas
not typically associated with smell—such as the amygdala, entorhinal
cortex, hippocampus, and parahippocampal cortex—may play a role
in odor identity, odor valence (how pleasant the odor is), and odor
recognition (Kehl et al., 2024). Given that tau pathology in AD is
linked to the entorhinal cortex and hippocampus, a connection
between olfactory function and AD can be suggested, as previously
proposed. Tau pathology can be observed in the olfactory bulb, with
odor impairment worsening as AD progresses (Attems et al., 2005;
Diez et al., 2024), as measured through smell tests (Bond and Notides,
1988; Growdon et al., 2015). Tau pathology is associated with olfactory
dysfunction (Klein et al.,, 2021), which, as mentioned earlier, is
observed not only in AD but also in MCI. This tau pathology is linked
to the phosphorylation of tau protein at residue 181, as suggested by
Klein et al. (2021).
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Vision impairment

Vision impairment has been proposed as a potential marker for
the development of dementia (Ehrlich et al., 2022) and has recently
been recognized as one of the 14 modifiable risk (Livingston et al.,
2024) factors for dementia. Studies have shown a higher incidence of
dementia in older adults with poor visual capacity (Davies-Kershaw
et al.,, 2018; Lee et al., 2020). While the occipital lobe, home to the
visual cortex, typically remains undamaged in AD, the link between
vision impairment and dementia has focused on other areas, such as
the retina, where pathological changes have been observed in AD
(Koronyo et al., 2023). In fact, retinal pathology may play a more sig-
nificant role in AD than cortical changes (Hart et al., 2016). This reti-
nal pathology has also been noted in mild cognitive impairment
(MCI), making it a potential early marker for dementia. Additionally,
presenile dementia has been linked to a form of cortical blindness
known as Heidenhain’s syndrome (Meyer et al., 1954). Tau pathology
is associated with visual dysfunction, affecting both the retina and the
optic nerve (Ho et al., 2012; Walkiewicz et al., 2024), and is correlated
with tau phosphorylation at residue 217. This phosphorylation occurs
very early in the AD continuum (Avila and Perry, 2021). As previously
noted, a post-translational modification of the tau protein—citrullina-
tion at arginine residue 209—is increased in tau pathology associated
with visual dysfunction, which correlates with the development of AD
(Nicholas, 2013; Figure 1b).

Tactile and gustatory impairment

Studies have shown a significant reduction in total taste scores,
as well as for individual tastes on either side of the tongue, in AD
patients compared to non-demented controls. Aging is associated
with a decline in taste sensitivity, and this effect is also observed in
a fly model expressing beta-amyloid peptides (Brown et al., 2024).
Similar to smell and vision, differences in taste perception have
been noted between patients with MCI and healthy controls
(Steinbach et al., 2010). Therefore, changes in taste, like those in
smell and vision, are proposed to be linked to dementia progres-
sion. Dementia also affects the sense of touch, with a 1.6% higher
risk of dementia associated with impaired tactile sensation
(Brenowitz et al., 2022). Additionally, altered processing of pain and
temperature has been observed in dementia (Fletcher et al., 2015).
As indicated, touch involves sensory neurons connected to both the
Central Nervous System (CNS) and the Peripheral Nervous System
(PNS). An example of such neurons are Dorsal Root Ganglia (DRG)
neurons, which relay sensory stimuli from the PNS to CNS neu-
rons. DRG neurons may express small tau isoforms at certain
stages; however, a defining feature of these cells is the later emer-
gence of the big tau isoform (Nothias et al., 1995). Small tau iso-
forms, missing exon 4a, are present in CNS, whereas big tau,
containing exon 4a, is present in PNS (Fischer, 2022). In the CNS,
small tau isoforms are prevalent, while the big tau isoform is found
mainly in the PNS (Fischer and Baas, 2020). The big tau isoform
may play a protective role in tau-related pathology (Fischer and
Baas, 2020), suggesting that touch might be less connected to
dementia or tau pathology. On the other hand, tau pathology in the
spinal cord has been observed in Alzheimer’s disease (Schmidt et
al., 2001; Lorenzi et al., 2020), specifically involving small tau iso-
forms. Therefore, the presence of distinct tau isoforms in different
sensory pathways could contribute to varied roles in dementia.
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Nonetheless, touch remains an important means of communication
with older adults with dementia, as it is less affected by sensory
decline (Gleeson and Timmins, 2004). In a tauopathy mouse model
(Pennanen et al., 2004), it was demonstrated that expressing
mutated human tau (Tau P301S) leads to accelerated extinction of
conditioned taste aversion. Interestingly, phosphorylated tau has
been observed in taste bud cells (types II and III) in AD mouse
models (Kim et al., 2024a), whereas amyloid precursor protein
(APP) is mainly present in taste bud cell type I. Moreover, other AD
mouse models, such as APP/PS1 mutant transgenic mice, have
shown selective dysfunction in peripheral taste perception (Wood
et al., 2020).

Auditory dysfunction

Hearing is likely the most significant sense linked to dementi and
its prodromal stages (Swords et al., 2018). According to the World
Health Organization, individuals with hearing loss are twice as likely
to develop dementia compared to those without it, and in cases of
severe hearing loss, the risk increases nearly fivefold (Hardy et al.,
2016). Hearing loss is considered a major risk factor for dementia
(Thomson et al., 2017). Age-related hearing impairment, or presbycu-
sis, is the most common hearing disorder in older adults and is a
modifiable risk factor for both dementia and AD (Panza et al., 2015).
Progressive hearing decline has been associated with increased
p-amyloid and tau deposition in individuals with age-related hearing
loss (Zheng et al., 2022). Additionally, a connection between tau
pathology and hearing impairment has been reported (Park et al.,
2018; Wang et al., 2022). Neurons in the orbital frontal cortex (OFC)
are involved in auditory responses, which are shaped by both lemnis-
cal and non-lemniscal pathways. The lemniscal pathway directs audi-
tory information to the auditory cortex, while the non-lemniscal
pathway connects to other brain regions, including the hippocampus
(Nadhimi and Llano, 2021; Paciello et al., 2021). The hippocampus, a
key site of tau pathology in AD, experiences increased tau phosphory-
lation at serine 396, which promotes long-term depression (LTD;
Kimura et al., 2014; Regan et al., 2015). Hippocampal LTD has been
implicated in synaptic dysfunction in AD (O'Riordan et al., 2018).
Additionally, the induction of LTD increases tau phosphorylation at
residues 181 and 217 (Zhang et al., 2022). These examples highlight
how tau protein-related dysfunction can affect sensory processing. Tau
pathology, driven by changes such as phosphorylation or aberrant
aggregation (Buee et al., 2000; Avila et al., 2004; Ittner et al., 2010),
may contribute to sensory deficits. Other proteins involved in sensory
receptors or external stimulus transmission might also play a role in
the variability of “sensing qualia” Recently, additional studies linking
hearing loss and dementia have been published (Kolo et al., 2025).
Moreover, hearing loss has been proposed as an early neurodegenera-
tive biomarker for disorders such as Alzheimer’s disease, assessed
through noise-based tests, alongside other well-established biomark-
ers, including plasma levels of NfL, GFAP, and tau p217 (Bekena et
al,, 2025).

Discussion

Environmental perception is mediated through the senses, which,
at the cellular level, involve various types of neurons expressing
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distinct proteins or specific isoforms of the same protein. These pro-
teins (or isoforms) contribute to sensory pathways and may be impli-
cated in neurodegenerative disorders like dementia. Differences in
how individuals perceive their environment may be linked to the
expression of particular protein isoforms, such as those of tau. For
example, impairments in the olfactory or hearing senses (see Figure 2)
have been associated with tau pathology in neurons that express small
tau isoforms. In contrast, the presence of big tau isoforms in some
touch-related neurons may offer partial protection against certain dis-
orders. Additionally, the ability to recognize environmental stimuli is
connected to cognitive processes like attention to important features,
learning, and memory (Budson et al., 2022). These characteristics
differ among individuals due to their connection with sensory path-
ways. For instance, genetic variations, epigenetic modifications, or
distinct haplotypes (such as those for the MAPT gene, which encodes
tau protein; Caffrey and Wade-Martins, 2007), can affect the levels or
types of tau isoforms expressed in different brain areas. Indeed, differ-
ent tau isoforms are expressed in the Central Nervous System (CNS)
and the Peripheral Nervous System (PNS), which may contribute to
the higher vulnerability of CNS regions, such as the cortex and hip-
pocampus, to tau pathology compared with the PNS. These differ-
ences are not due to modifications of residues such as tyrosine 29,
which may play a role in the development of tau pathology (Kim et al.,
2024b), but rather to the presence of specific exons, such as exon 4a,
which is predominantly expressed in the PNS and constitutes a major
component of the isoform known as “big tau” (Fischer and Baas, 2020;

(a) HEARING

Hippocampus

Hearing cortex

(b) SMELL

Olfactory cortex
Piriform cortex

[}

Entorhinal cortex
Hippocampus

FIGURE 2

Sensory deficits, tau pathology, and the development of Alzheimer's
disease, the most prevalent form of dementia. (@) Neurons in the
orbitofrontal cortex (orange) are involved in auditory processing via
two pathways: one (I) connecting with the auditory cortex (red) and
another (I1) linking to the hippocampus (blue). Disruptions in the
second pathway may correlate with Tau pathology in the
hippocampus, a hallmark of Alzheimer's disease. (b) Olfactory
information from the olfactory bulb (yellow) is transmitted to the
olfactory cortex (gray), piriform cortex (green), entorhinal cortex
(purple), and hippocampus (blue). As noted in (a), Tau pathology in
the hippocampus is a defining characteristic of Alzheimer's disease.

frontiersin.org


https://doi.org/10.3389/fnins.2026.1754329
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Avila-Villanueva et al.

Fischer, 2022). Indeed, it has been suggested that “big tau” may be
unable to aggregate in the same manner as smaller tau isoforms (Avila,
2000). Moreover, a very recent study shows that the full-length tau
isoform containing all 16 exons has a very low assembly capacity
(Valles-Saiz et al., 2025). Identifying these genetic or epigenetic vari-
ants could enhance the clinical diagnosis of neurodegenerative disor-
ders, especially if specific tau isoforms are associated with dysfunction
in particular sensory neurons. In the context of neurodegenerative
diseases like Alzheimer’s disease, which progresses along a continuum
(Avila-Villanueva et al., 2020; Avila and Perry, 2021), it would be valu-
able to monitor the progression of sensory impairments associated
with various aspects of tau pathology. Combining sensory function
assessments (such as smell or hearing tests, see Figure 2) with cogni-
tive tests for memory and attention could support early diagnosis of
dementia.

Conclusion

Human perception of the environment is a complex, multifacto-
rial process involving the detection of external information through
the senses (qualia). This process is influenced by sensory input as
well as the overall brain state (e.g., wakefulness, not discussed here,
see Zaretskaya (2024)). Deficits in this process may increase the risk
of developing dementia. We have highlighted the potential role of
sensory deficits in dementias such as Alzheimer’s disease, as well as
the involvement of Tau protein, a well-established marker in various
tauopathies, in neurodegeneration. Currently, the most significant
sensory deficit risk for Alzheimer’s disease is hearing impairment,
though recent findings also suggest a possible role for olfactory
impairment (see Figure 2). The good news is that these risks are
modifiable and could potentially be reversed to delay the develop-
ment of the disease, provided that proper clinical studies, precision
medicine, precision psychology, and sensory tests are properly
conducted.
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