
Articles
eBioMedicine
2024;99: 104896

Published Online xxx

https://doi.org/10.
1016/j.ebiom.2023.
104896
Reduced tactile sensitivity is associated with mild cognitive
impairment
Annette Löffler,a,b,c,g Florian Beier,a,∗,g Robin Bekrater-Bodmann,a,b,c Lucrezia Hausner,a,d Simon Desch,a,e Stefano Silvoni,a Dieter Kleinböhl,a

Martin Löffler,a,e Frauke Nees,a,f Lutz Frölich,d and Herta Flora

aInstitute of Cognitive and Clinical Neuroscience, Central Institute of Mental Health, Medical Faculty Mannheim, Heidelberg University,
Mannheim, Germany
bDepartment of Psychosomatic Medicine and Psychotherapy, Central Institute of Mental Health, Medical Faculty Mannheim, Heidelberg
University, Mannheim, Germany
cDepartment of Psychiatry, Psychotherapy and Psychosomatics, Faculty of Medicine, RWTH Aachen, Aachen, Germany
dDepartment of Geriatric Psychiatry, Central Institute of Mental Health, Medical Faculty Mannheim, Heidelberg University, Mannheim,
Germany
eClinical Psychology, Department of Experimental Psychology, Heinrich Heine University Düsseldorf, Düsseldorf, Germany
fInstitute of Medical Psychology and Medical Sociology, University Medical Center Schleswig-Holstein, Kiel University, Kiel, Germany

Summary
Background Sensory impairment has been related to age-associated cognitive decline. While these associations were
investigated primarily in the auditory and visual domain, other senses such as touch have rarely been studied. Thus, it
remains open whether these results are specific for particular sensory domains, or rather point to a fundamental role
of sensory deficits in cognitive decline.

Methods Data from 31 participants with mild cognitive impairment (MCI), 46 participants with frailty, and 23 non-
clinical control participants (NCCs) were included. We assessed sensory function using visual acuity and contrast
sensitivity, hearing threshold, and mechanical detection threshold. Cognitive function in participants with MCI
was assessed using associative memory performance. Group differences on sensory thresholds were tested using
analyses of covariance with age, sex, and years of education as covariates. Associations between measures within
participants with MCI were evaluated using Spearman correlations.

Findings We found a significant difference in mechanical detection threshold between the groups (p < 0.001,
η2 = 0.18). Participants with MCI showed significantly reduced tactile sensitivity compared to participants with frailty
and NCCs. In participants with MCI, lower associative memory performance was significantly related to reduced
tactile sensitivity (rs = 0.39, p = 0.031) and auditory acuity (rs = 0.41, p = 0.022).

Interpretation Our results indicate that reduced tactile sensitivity is related to cognitive decline. Prospective studies
should investigate the age-related alterations of multimodal sensory processes and their contribution to dementia-
related processes.
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Introduction
Global prevalence of dementia is expected to increase
from 57 million cases in 2019 up to 153 million cases in
2050,1 placing a great need to identify potentially
modifiable risk factors for disease prevention. One
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recent focus has been on the relationship between
sensory deficits and cognitive decline. Longitudinal
studies2–5 have found that sensory impairments such as
hearing loss and reduced visual contrast sensitivity are
associated with increased risk of dementia or mild
tral Institute of Mental Health, Square J5, 68159, Mannheim, Germany.
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Research in context

Evidence before this study
Previous studies revealed an association between sensory
deficits and age-associated cognitive decline. However, these
studies mainly assessed the visual and auditory domain.
Therefore, it remains open, whether these associations are
specific to these modalities or whether impairments in other
senses, such as touch, are also related to cognitive decline.

Added value of this study
Results of this study revealed lower tactile sensitivity in
participants with mild cognitive impairment, compared to
participants with physical impairment and participants
without cognitive or physical impairment. Furthermore, a
lower tactile sensitivity was associated with a lower memory

performance in participants with mild cognitive impairment.
Thus, the results of this study highlight that sensory deficits
other than in the auditory and visual domain are related to
cognitive decline.

Implications of all the available evidence
If validated in larger longitudinal studies, assessment of
sensory functioning, including touch, might help to identify
patients at high risk of cognitive decline. Furthermore,
sensory training could also have positive effects on cognitive
abilities and future research should investigate whether such
types of training have preventive or stabilizing effects on
cognitive decline.

Articles

2

cognitive impairment (MCI), a syndrome of cognitive
decline that often precedes neurodegenerative demen-
tia. However, the mechanisms underlying this rela-
tionship are still not fully understood. Sensory and
cognitive decline may be a sign for a shared neuro-
pathological or neurodegenerative origin.2,6 Alterna-
tively, sensory impairments may mediate and accelerate
cognitive decline through the effects of sensory
impairment on social isolation, depression, or physical
inactivity as well as reduced brain plasticity.7,8 While the
majority of prior studies focused on individual sensory
impairments in the visual and auditory domain, one
study has incorporated other senses such as touch.9 The
study reported an increased risk of dementia for
multisensory impairment in comparison to single or no
sensory impairment.9 Investigating the association be-
tween cognitive and sensory impairment across multi-
ple sensory systems may provide important information
on whether the results are specific for the visual and
auditory domain, or rather point to a fundamental role
of sensory deficits in cognitive decline irrespective of the
particular sensory domain.

Apart from age-related cognitive impairment, sen-
sory decline has also been associated with non-
pathological aging10,11 as well as other conditions of
pathological aging such as frailty,12,13 a clinical syndrome
characterised by an age-related physiological decline
increasing the organism’s vulnerability to stressors.14

Investigating sensory abilities across different groups
of pathological and nonpathological aging may therefore
help to identify potential specificities in sensory deficits
and may shed light on the mechanisms underlying
sensory and cognitive decline.

The objective of the present study was to examine
whether visual, hearing, and somatosensory function
were associated with cognitive impairment. We
compared measures of sensory acuity between partici-
pants diagnosed with MCI, participants without cogni-
tive impairment suffering from age-related physical
frailty, and participants without cognitive or physical
impairments. Relationships between sensory and
cognitive measures were evaluated.
Methods
Participants
Data of participants with MCI and frailty were collected
in two separate interventional studies.15,16 The respective
study designs are described in Bekrater-Bodmann et al.16

for participants with MCI and Beier et al.15,17 for partic-
ipants with frailty. The aim of the interventional studies
(randomised controlled trials) was to examine the
effectiveness of a 90-day computerised neuroplasticity-
based sensorimotor training in reversing maladaptive
alterations of pathological aging. For participants with
MCI, the sensorimotor training was compared to a
validated cognitive training while primary and second-
ary outcomes consisted in episodic memory function as
well as hippocampal volume and function during
memory tasks, respectively.16 For participants with
frailty, the sensorimotor training was compared to a
computerised relaxation training. While both groups
showed a reduction in frailty, the sensorimotor training
demonstrated a trend towards a stronger reduction in
frailty as well as a reduction in bodily pain.15,17

For participants with MCI, the diagnostic procedure
followed current guidelines18 and included the German
version of the Mini-Mental State Examination
(MMSE),19 the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD+) neuropsychological test
battery,20 the logical memory subtests of the Wechsler
Memory Scale-Revised (WMS-R), an expert rating on the
Clinical Dementia Rating scale (CDR),21 an expert eval-
uation of T1-, T2-weighted and fluid attenuated inver-
sion recovery 3T MRI images with semi-quantitative
ratings of medial-temporal lobe atrophy (Scheltens
score, MTA)22 and subcortical white matter lesions
(Fazekas scale),23 as well as analyses of cerebrospinal
www.thelancet.com Vol 99 January, 2024
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fluid to determine total tau (tTau), phosphorylated tau
(pTau), Amyloid ß42 (Aß42), Amyloid ß40 (Aß40), their
ratio (Aß42/Aß40, Aß-ratio), and neuron-specific
enolase. Participants with MCI were included if they
were rated with a score of 0.5 on the CDR21 and fulfilled
one of the following criteria: (a) at least one
z-score <−1.2 of the CERAD + word list recall or reten-
tion, figures recall or retention performance, WMS-R
immediate or delayed recall performance24; (b) at least
one altered amyloid/tau/neurodegenerative (ATN)
biomarker: reduced Aß42 (<600) or Aß-ratio (<0.55), or
increased tTau (>450) or pTau (>61)25–27; and (c) age >60
years and MTA ≥2, or age ≤60 years and MTA ≥1.22

The frailty phenotype model was used to determine
the frailty status of all participants by using the criteria
described by Fried et al.28: unintentional weight loss,
exhaustion, low levels of physical activity, slow gait
speed, and poor grip strength. Unintentional weight loss
was evaluated based on self-reports asking the partici-
pant if they unintentionally lost 4.5 kg or more in weight
within the past year. Exhaustion was assessed using two
items from the German version of the Center for
Epidemiologic Studies Depression Scale (CES-D)29,30: “I
could not get going”, and “I felt that everything I did was
an effort”. Exhaustion was classified as present if a
response of “occasionally” (3–4 days) or “most of the
time” (5–7 days) regarding the past week was given to
either question. Physical activity was measured asking
participants how much time they spent during the past
two weeks doing 18 different leisure activities. The
amount of time was converted into an estimate of the
weekly energy expenditure in kilocalories and low
physical activity was classified as present if the kilocal-
ories expended per week fell below a cut-off value,
stratified by sex. Gait speed was determined by
measuring the time taken to walk 4.57 m at usual pace,
using walking aids if needed. Cut-off points were strat-
ified by sex and height. Grip strength was measured in
kg using a Jamar hand dynamometer (Patterson Medi-
cal, Cedarburg, WI, USA). Maximal grip strength at the
dominant hand was averaged across three trials and cut-
off scores were stratified by sex and body mass index.
According to Fried et al.,28 participants were classified as
robust if they did not fulfil any of the criteria, prefrail if
they fulfilled one or two criteria, and frail if they fulfilled
three or more of the criteria.

To screen for cognitive deficits in participants with
frailty and NCC, we used the German version of the
MMSE.19 This commonly used screening test assesses
cognitive functioning in different cognitive domains
(e.g. memory, language, attention, executive function).
We just included data of participants with frailty and
NCC without cognitive deficits (i.e., MMSE score ≤1 SD
below the norm).20 Sex was self-reported by the
participants.

For the present analyses, we first selected from the
original samples those participants who had complete
www.thelancet.com Vol 99 January, 2024
baseline data sets prior to randomization to any inter-
vention. Of n = 52 participants with MCI, we excluded
those who met the criteria for frailty or the precursor
state of prefrailty, resulting in a final sample of n = 31
participants with MCI but without physical impair-
ments. Of n = 55 participants with prefrailty or frailty,
we excluded those with a cognitive deficit, resulting in a
final sample of n = 46 participants with prefrailty or
frailty but without cognitive deficits. Participants with
prefrailty (n = 33) and frailty (n = 13), did not signifi-
cantly differ in auditory (t (44) = 0.46, p = 0.65; inde-
pendent samples t-test), visual (t (44) = 0.68, p = 0.50;
independent samples t-test), or tactile thresholds
(Z = −0.33, p = 0.74; Mann-Whitney-Test) and were thus
included into the same group. We further recruited
n = 23 non-clinical control participants (NCC) not
meeting the criteria for prefrailty or frailty as assessed
with the frailty phenotype criteria28 or for a cognitive
deficit. Further general exclusion criteria were life-time
prevalence of severe mental disorders (schizophrenia
and other psychotic disorders, bipolar disorder,
obsessive-compulsive disorder, post-traumatic stress
disorder), current severe major depression and other
axis I mental disorders, severe tinnitus symptomatology,
stroke, or myocardial infarction within the last 6
months, as well as current intake of benzodiazepines,
highly potent neuroleptics or tricyclic and anticholin-
ergic antidepressants. Demographics and sample char-
acteristics are provided in Table 1 (see Table S1 for
demographic and sample characteristics, separated by
sex). According to the inclusion criteria, there was a
significant difference in cognitive performance between
the groups, with the participants with MCI showing the
lowest performance. In addition, only the participants
with frailty, but not the participants in either of the other
two groups, met at least one frailty phenotype criterion.
However, there were also significant differences be-
tween the groups in demographic characteristics such as
age, sex, and years of education that could potentially
influence the results. Therefore, in our analyses, we
statistically controlled for the effects of age, sex, and
years of education when groups were compared
statistically.

Ethics
Prior to study participation, all participants gave written
informed consent. The study was approved by the ethics
committee II of the Medical Faculty Mannheim, Hei-
delberg University under Approval No. 2015-543N-MA
and 2015-544N-MA.

Visual sensitivity testing
The automated Freiburg Acuity and Contrast Test
(FrACT, Version 3.9.831,32; https://michaelbach.de/fract/
index.html) was used to assess visual acuity and contrast
sensitivity. To assess visual acuity, black Landolt rings
of different sizes and orientation were depicted on a
3
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MCI [n = 31] Frailty [n = 46] NCC [n = 23] Statistics

Age

M (SD) 69.22 (9.08) 80.45 (5.81) 73.17 (5.58) F2,97 = 25.58, p < 0.001

min/max 49/81 68/92 64/86

Years of education

M (SD) 13.90 (2.96) 12.83 (2.99) 15.87 (3.52) F2,97 = 7.36, p < 0.05

min/max 8/20 8/22 10/21

Sex

n f/m 15/16 35/11 15/8 Х 2
2 = 6.28, p < 0.05

Number of frailty phenotype criteria (0–5)

M(SD) 0.00 (0.00) 2.09 (0.81) 0.00 (0.00)

MMSE (0–30)

M (SD) 27.19 (1.49) 29.35 (0.80) 29.48 (0.73) F2,97 = 46.94, p < 0.001

MCI = mild cognitive impairment, NCC = non-clinical control sample, n = number, M = mean, SD = standard deviation, min = minimum, max = maximum, MMSE = mini
mental state examination.

Table 1: Demographic and sample characteristics of participants with mild cognitive impairment, frailty, and non-clinical controls.
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computer screen with white background in a pre-
defined distance of 1.5m and standardised lighting
conditions. To assess contrast sensitivity, grey-scaled
Landolt rings of the same size but different orienta-
tion were depicted on the same computer screen with
grey scaled background. In both tests, participants had
to indicate each Landolt ring’s orientation in a forced-
choice manner. All participants performed the test
without glasses. Those participants who had glasses
additionally performed the test with their glasses that
best corrected the visual acuity at the given distance
(n = 27 participants with MCI, n = 27 participants with
(pre)frailty, n = 17 NCC). Visual acuity threshold was
determined by the “Best Parameter Estimation by
Sequential Testing”. We report the logMAR score which
is defined as the negative logarithm of the decimal vi-
sual acuity score (logMAR = -log (VA)). Thus, lower
logMAR scores indicate higher visual acuity. For
contrast sensitivity, the program reported Weber
contrast values (in %) which were used to calculate the
log contrast sensitivity score logCS using the formula
logCS = log (100/Weber%). Higher logCS scores indi-
cate enhanced visual contrast sensitivity. Unless other-
wise indicated, we report the results of the test without
glasses because the quality of optical care may confound
with group. More specifically, the two clinical groups
may be less likely to attend optical check-ups because of
their physical and cognitive limitations.

Auditory sensitivity testing
We used a screening Audiometer (MA 25, MAICO Di-
agnostics GmbH, Berlin, Germany) to create an audio-
gram covering the frequency range from 125 Hz to
8 kHz separately for the left and right ear. All partici-
pants performed the test without hearing aids. The
threshold for each frequency was determined by pre-
senting single tones via headphones and by using a
staircase procedure. Starting with a volume of 30 db,
volume was decreased in 10 db steps until a participant
no longer heard a tone. Volume was then increased and
decreased in 5 db steps. The threshold for each fre-
quency was set to the lowest volume that a participant
heard three times. Based on the score defined by the
World Health Organization (WHO) for determining
hearing loss,33 auditory threshold for each ear was
determined by the mean threshold of 0.5 kHz, 1 kHz,
2 kHz, and 4 kHz, with higher scores indicating a lower
hearing ability, and we report data of the better ear. Due
to technical problems with the audiometer, data on
auditory threshold are missing for one NCC.

Tactile sensitivity testing
As a measure of tactile sensitivity, the mechanical
threshold of the tip of the right index finger was
assessed by using the standard examination protocol for
Quantitative Sensory Testing (QST) of the German
Research Network on Neuropathic Pain.34 We used a
standardised set of von-Frey filaments with forces
between 0.25 mN and 512 mN (Opti-hair2,
MARSTOCK-Nervtest, Schriesheim, Germany). A
staircase procedure was implemented to ascertain the
mechanical threshold, defined as the geometric mean of
five below- and five above-threshold intensities, with
higher scores indicating a lower tactile sensitivity. Due
to an acute injury at the stimulation site, data on me-
chanical detection threshold are missing for one
participant with MCI.

Cognitive testing in participants with MCI
In participants with MCI, we assessed associative
memory performance using the paired associates
learning (PAL) paradigm of the Cambridge Neuropsy-
chological Test Automated Battery (CANTAB; Cam-
bridge Cognition, www.cantab.com). During this test,
white boxes are displayed on a screen and are “revealed”
and “concealed” in randomised order. Depending on
www.thelancet.com Vol 99 January, 2024
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the difficulty level, one or more of the boxes “contain” a
visual pattern and the task is to memorize which box
“contains” which visual pattern. After all boxes were
“revealed” and “concealed”, the visual patterns are dis-
played one after the other in the middle of the screen
and the participant has to select the box in which the
pattern was originally located. We used the “total errors
adjusted score” (a measure that is adjusted for the level
of difficulty reached) as a measure for associative
memory performance with higher scores indicating
lower memory performance.35

Statistics
Data were tested for normal distribution using the
Kolmogorov–Smirnov test. If the assumption of
normality was violated, non-parametric statistics were
used. We compared samples for age and years of edu-
cation by using analysis of variance and for sex by using
a Chi–Square test. Due to significant differences be-
tween groups in all three variables, we controlled for
these effects when comparing the groups in their sen-
sory capabilities. To test for differences in auditory and
visual threshold, we used an analysis of covariance
(ANCOVA) with age, sex, and years of education entered
as covariates, and post-hoc pairwise comparisons (Bon-
ferroni-corrected). Data for tactile threshold showed a
non-normal distribution and transformation did not
correct this deviation. To test for differences among
groups on tactile threshold, we therefore used an
ANCOVA based on ranked data with age, sex, and years
of education entered as covariates, and post-hoc pairwise
comparisons (Bonferroni-corrected). We repeated these
analyses separately for female and male participants and
report their results together with the respective
descriptive data in the supplement.

We further computed correlation coefficients be-
tween sensory thresholds and associative memory ca-
pacity as assessed with the PAL in participants with MCI
by using Spearman correlations.

We report test statistics, p-values (in case of multiple
testing we report Bonferroni-corrected p-values, i.e.,
MCI [n = 31]

M (SD)
Mdn (IQR)

Auditory threshold [db] 24.80 (11.86)
23.75 (17.50)

Visual acuity threshold [logMAR] 0.30 (0.31)
0.23 (0.36)

Visual contrast sensitivity [logCS] 1.47 (0.53)
1.60 (0.39)

Tactile threshold [mN] 1.83 (2.08)b

1.23 (2.13)b

MCI = mild cognitive impairment, NCC = non-clinical control sample, n = number, M =
bn = 30. Note: We report descriptives of original data for tactile threshold in the table

Table 2: Auditory, visual, and tactile thresholds of participants with mild co

www.thelancet.com Vol 99 January, 2024
pBonf), and absolute values of effect sizes using partial
η2. All statistical analyses were conducted using SPSS
Statistics (Version 27, IBM Corp., Armonk, USA).

To determine the achieved statistical power, a post-hoc
power analysis was carried out using G*Power for Win-
dows (Version 3.1.9.4.).36 Within the software, the effect
size f was calculated from the reported effect sizes partial
η2 and used together with the given sample size, number
of groups and covariates as well as an α error probability
of 0.05 to calculate the achieved statistical power.

Role of funders
The funding source had no role in the study design; in
the collection, analysis, and interpretation of data; in
writing of the manuscript; and in the decision to submit
the manuscript for publication.

Results
Descriptives for auditory, visual, and tactile thresholds
are displayed in Table 2 and reported separately for
female and male participants in Table S2 in the
supplement.

After controlling for age, sex, and years of education,
there was a significant difference in tactile detection
threshold between the groups (F2,93 = 10.35, p < 0.001,
η2 = 0.18; ANCOVA based on ranked data), with par-
ticipants with MCI showing significantly reduced tactile
sensitivity compared to participants with (pre)frailty
(pBonf < 0.001, MDiff = 33.17, 95%-CI [15.26, 51.08];
Bonferroni-corrected post-hoc pairwise comparison) and
NCC (pBonf = 0.024, MDiff = 19.95, 95%-CI [1.99, 37.92];
Bonferroni-corrected post-hoc pairwise comparison;
Fig. 1a). There was no significant difference between
NCC and participants with (pre)frailty in tactile detec-
tion threshold (pBonf < 0.235, MDiff = 13.22, 95%-CI
[−4.89, 31.33]; Bonferroni-corrected post-hoc pairwise
comparison).

For the Omnibus-tests, the pattern of results was
similar for female and male participants. However,
most post-hoc comparisons, which were significant for
the whole sample, did not reach significance in the
Frailty [n = 46] NCC [n = 23]

M(SD)
Mdn (IQR)

M (SD)
Mdn (IQR)

32.58 (12.23)
29.38 (16.56)

29.05 (12.59)a

28.13 (13.44)a

0.32 (0.26)
0.26 (0.31)

0.35 (0.28)
0.33 (0.44)

1.46 (0.40)
1.43 (0.24)

1.51 (0.48)
1.49 (0.42)

0.71 (1.06)
0.31 (0.52)

0.56 (0.49)
0.41 (0.43)

mean, SD = standard deviation, Mdn = median, IQR = interquartile range. an = 22.
while the statistical analysis in the main text was based on ranks.

gnitive impairment, frailty, and non-clinical controls.
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Fig. 1: The association of tactile sensitivity and cognitive function. a) Medians and inter-quartile ranges of tactile detection thresholds as
assessed with von-Frey filaments in n = 30 participants with mild cognitive impairment (MCI), n = 46 participants suffering from prefrailty or
frailty (Frail), and n = 23 participants without physical or cognitive impairments (NCC). Note that higher tactile detection thresholds reflect
reduced tactile sensitivity. There was a significant difference in tactile detection threshold between participants with MCI and participants with
frailty (pBonf < 0.001) and between participants with MCI and NCC (pBonf = 0.024; Bonferroni-corrected post-hoc pairwise comparisons after
significant ANCOVA based on ranked data with age, sex, and years of education as covariates). b) Association (Spearman correlation) between
ranks of tactile detection thresholds and ranks of associative memory performance as assessed with the paired associate learning test (PAL;
subtest of the Cambridge Neuropsychological Test Automated Battery, CANTAB, Cambridge Cognition, Cambridge, United Kingdom) in n = 30
participants with MCI. c) Association (Spearman correlation) between ranks of auditory threshold and ranks of associative memory performance
as assessed with PAL in n = 31 participants with MCI. Whiskers indicate 1.5 inter-quartile range or minimum/maximum value. *p < 0.05,
***p < 0.001.
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analysis by sex (Supplemental Data), which might be
due to reduced power in smaller samples.

The groups did not significantly differ in auditory
(F2,93 = 0.50, p = 0.608, η2 = 0.01; ANCOVA) or visual
thresholds (visual acuity: F2,94 = 0.57, p = 0.569,
η2 = 0.01; contrast sensitivity: F2,94 = 2.04, p = 0.136,
η2 = 0.04; ANCOVAs). The latter was still true when we
included the results of the visual threshold tests with
glasses in the analysis for participants who achieved a
better test result with glasses (visual acuity: F2,94 = 0.26,
p = 0.771, η2 = 0.01; contrast sensitivity: F2,94 = 2.55,
p = 0.083, η2 = 0.05; ANCOVAs). For results of sex-
specific analyses, please refer to the supplement.

In participants with MCI, associative memory per-
formance as assessed by PAL was significantly positively
related with tactile sensitivity (rs = 0.39, p = 0.031,
Spearman correlation; Fig. 1b) and auditory acuity
(rs = 0.41, p = 0.022, Spearman correlation; Fig. 1c) but
not with visual thresholds (visual acuity: rs = 0.04,
p = 0.814; contrast sensitivity rs = −0.17, p = 0.342;
Spearman correlations).
Discussion
In this study, we compared auditory, visual, and tactile
perception thresholds between participants with MCI
(pre)frailty, and NCC. After controlling for age, sex, and
years of education, we found a significantly reduced
tactile sensitivity in participants with MCI compared to
both other groups. Moreover, we found a significant
correlation between associative memory performance
and tactile as well as auditory threshold in participants
with MCI, indicating that lower memory performance
was associated with lower tactile sensitivity and auditory
acuity.

Our work extends previous studies on sensory
perception in persons with cognitive impairments
which have rarely assessed the association between
somatosensation and cognitive decline. Our present re-
sults are in line with results of a previous longitudinal
study, which reported reduced touch perception as
predictor of dementia in older adults.9 Previous studies
have also provided some evidence of structural and
functional alterations in the somatosensory system that
may underlie reduced tactile sensitivity in MCI. In an
autopsy study on brains of individuals with Alzheimer’s
Disease (AD), Suvà et al.37 found senile plaques, a
neuropathological marker of MCI,38 not only in brain
areas well known to be affected in AD such as the en-
torhinal cortex and hippocampus,39,40 but also in the
primary somatosensory cortex. From a functional
perspective, an MEG study revealed larger somatosen-
sory evoked fields in response to electrical stimulation of
participants with MCI compared to participants with AD
or a non-clinical control sample,41 indicating that
changes in somatosensory cortex might be an early
marker for the transition to AD.

While reduced tactile sensitivity has previously been
associated with an age-related decrease in the number of
peripheral mechanoreceptors,42,43 it is important to note
that we observed reduced tactile sensitivity for partici-
pants with MCI while statistically controlling for age.
Thus, our observations suggest that the relationship
between somatosensory and cognitive impairments is
www.thelancet.com Vol 99 January, 2024
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not due to age per se, but additionally due to patholog-
ical aging mechanisms specific for MCI.

The mechanisms underlying the relationship be-
tween sensory impairment and an increased risk for
dementia or MCI are still a matter of debate.2–5 Neuro-
scientific models of aging consider the brain to play a
major role in determining age-related sensory and
cognitive decline.8,44 As a result of aging, the represen-
tation of complex sensory inputs becomes more inac-
curate and manifests as temporally and spatially “noisy
processing” of sensory stimuli.8 It is assumed that noisy
processing of sensory input affects cognitive processing
such as memory performance.45,46 Given that impaired
tactile sensitivity was found to be related to enlarged
hand representations in somatosensory cortex,47 we may
assume that the significantly reduced tactile sensitivity
found in participants with MCI to be a behavioural
correlate of altered cortical sensory representations and
noisy neuronal processing. Our results could thus pro-
vide support for the hypothesis that altered and less
specific sensory representations are related to cognitive
decline.

Besides, other mechanisms have also been hypoth-
esised to underlie the link between sensory deficits and
cognitive decline. Sensory dysfunction may augment
social withdrawal and isolation and thereby drive
cognitive decline,7 e.g. when hearing ability is reduced.3

However, deficits in tactile sensitivity may be less
associated with social interaction compared to deficits in
the auditory domain. Therefore, our results might sup-
port previous research which suggested that in MCI,
deficits in sensory systems are not only subject to
shared48 but also independent underlying mechanisms
such as detrimental environmental effects or differences
in the decline of peripheral receptors.49 For instance,
Fischer et al.2 found that sensory deficits, in terms of
hearing, visual, and olfactory impairment, indepen-
dently increased the risk to develop MCI.

While we did not observe significant group differ-
ences in hearing thresholds, we found a significant as-
sociation between increased hearing thresholds and
reduced associative memory performance in partici-
pants with MCI. These findings are in line with previous
research reporting associations between hearing loss
and cognitive decline in older adults.3,4,50 With respect to
potential underlying mechanisms, these relationships
have been associated with neuroplastic changes in the
brain in MCI. For instance, participants with MCI
showed greater neuronal activation during speech
recognition compared to healthy individuals, presum-
ably reflecting a compensatory process to overcome
possible deficits in auditory performance and speech
perception.51 However, these compensatory strategies
are likely to fail with the progression of the degenerative
disease, due to structural atrophies and grey matter re-
ductions as well as the accumulation of misfolded pro-
teins in brain regions involved in hearing.4,51
www.thelancet.com Vol 99 January, 2024
Additionally, hearing loss was found to be associated
with reduced hippocampal volume in individuals with
perceived cognitive decline but normal cognitive per-
formance.52 Thus, our findings are consistent with the
hypothesis that hearing impairment may reflect the risk
for cognitive decline and subsequent dementia.4

We did not find a significant relationship between
cognition and visual impairment for either visual acuity
or contrast sensitivity. Previous research revealed het-
erogeneous results with some studies reporting associ-
ations between cognition and vision2,5 while others did
not.9 Moreover, the relationship between vision and
cognition was found to differ by measure of vision and
that impaired contrast sensitivity is related to declines
across more cognitive domains than visual acuity.53

Notably, participants with MCI in the present study
were younger by six to eight years and had higher
cognitive performance (mean MMSE score 27 vs. 25)
compared to participants examined in a prior study.5

This suggests that associations between cognitive and
visual impairment might manifest at older ages or with
temporally more advanced disease symptomatology at
the transition to AD.38

While deficits in auditory or visual abilities can be
compensated by means of hearing and visual aids to
reduce the risk of dementia or to slow down cognitive
decline in MCI,54 compensation of tactile deficits is
difficult. Moreover, tactile deficits are less often recog-
nised than auditory and visual deficits.49 In fact, inten-
sive somatosensory stimulation and sensory
discrimination training were shown to have the poten-
tial to improve sensorimotor performance and promote
cortical changes in somatosensory brain areas.55,56

Notably, high tactile acuity in terms of tactile spatial
resolution was shown to be retained into old age for
blind braille readers compared to sighted individuals,
suggesting that intensive use of active touch in daily
activities could preserve tactile acuity across the life
span.57 The transfer of the effect to nonreading fingers
suggests an underlying central nervous mechanism.57

While braille reading performance was found to be
associated with certain cognitive functions,58,59 the rela-
tionship between the maintenance of braille reading
performance and cognitive performance in old age is
still unclear. Future research should therefore examine
whether diagnostic and prognostic predictions for pa-
tients can be improved by including somatosensory as-
sessments and whether interventions targeted to
improve multisensory impairment may have the po-
tential to modulate the risk for age-related cognitive
decline and subsequent dementia.

Crucially, reduced tactile sensitivity was found in
participants with MCI not only compared to NCCs, but
also compared to participants with frailty. These results
suggest that sensory impairment may be differentially
associated with different conditions of pathological ag-
ing. The syndrome of frailty is determined by decline in
7
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body composition, such as a loss of muscle mass and
function,60 resulting in reduced motor function and
performance.61,62 While positive relationships between
frailty and sensory impairment were found for multiple
sensory domains,12,13,63 it could be that sensory impair-
ment per se may play a differential role in frailty, due to
the multidimensional physiological nature of the syn-
drome. Also, it could be that the extent of sensory def-
icits in frailty was underestimated in our sample. Given
that participants consented to participate in a multi-
month intervention study requiring several onsite
visits, it could be that we primarily included participants
with relatively mild forms of pre-frailty and frailty (mean
number of frailty phenotype criteria [0–5] = 2.09, range
1–4) and sensory decline. The effects observed in the
present study must therefore be replicated in partici-
pants spanning a wider range of the extent of patho-
logical aging.

Our study is subject to limitations. Due to the cross-
sectional nature of the analyses, the results do not
provide information on the temporal relationship and
causal or mechanistic pathways underlying the rela-
tionship between cognitive and somatosensory im-
pairment. The sample size was small, yet post-hoc
power analysis revealed a high power of 0.99 for the
significant effect between groups in tactile threshold.
However, the power for the non-significant effects in
visual and auditory thresholds were lower (≤0.51),
indicating that the sample size was not sufficient to
detect differences between groups for these variables.
Replication studies on larger samples are therefore
necessary to confirm the robustness of our results and
to investigate potential sex-specific effects. Moreover,
the fact that the analyses were performed on baseline
data from participants with MCI and frailty partici-
pating in an intervention study might have promoted
selection and exclusion bias in the sample. In sum, the
small sample size, the adjustment for covariates as well
as the fact that the comparison groups were taken from
three separate studies together limit the generalizability
of the present findings.

In conclusion, our results suggest that somatosen-
sory impairment is associated with reduced cognitive
function in participants with MCI. Our study therefore
extends previous research focusing on the association of
cognitive impairment with auditory and visual ability.
Future studies are required to investigate the mecha-
nistic basis of this observed association and to deter-
mine whether these mechanisms may be amenable to
treatment. Thus, assessment of sensory functioning in
multiple domains, including somatosensation, may help
identify patients at high risk of cognitive decline and
may provide useful targets for preventive interventions.
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