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The precision of temporal multisensory integration is associated with specific aspects of
physical functioning in ageing, including gait speed and incidents of falling. However, it
is unknown if such an association exists between multisensory integration and grip
strength, an important index of frailty and brain health and predictor of disease and mor-
tality in older adults. Here, we investigated whether temporal multisensory integration is
associated with longitudinal (eight-year) grip strength trajectories in a large sample of
2,061 older adults (mean age = 64.42 years, SD = 7.20; 52% female) drawn from The Irish
Longitudinal Study on Ageing (TILDA). Grip strength (kg) for the dominant hand was
assessed with a hand-held dynamometer across four testing waves. Longitudinal
k-means clustering was applied to these data separately for sex (male, female) and age
group (50–64, 65–74, 75+ years). At wave 3, older adults participated in the Sound
Induced Flash Illusion (SIFI), a measure of the precision of temporal audio-visual integra-
tion, which included three audio-visual stimulus onset asynchronies (SOAs): 70, 150 and
230 ms. Results showed that older adults with a relatively lower (i.e., weaker) grip strength
were more susceptible to the SIFI at the longer SOAs compared to those with a relatively
higher (i.e., stronger) grip strength (p <.001). These novel findings suggest that older adults
with relatively weaker grip strength exhibit an expanded temporal binding window for
audio-visual events, possibly reflecting a reduction in the integrity of the central nervous
system.
� 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

There is growing evidence that the precision by which
the brain combines information across the senses, multi-
sensory integration, is reduced in older adults. That is,
while there is evidence that older adults can exhibit a lar-
ger benefit from multisensory relative to unisensory cues
compared to their younger counterparts [1–3], sustained
multisensory integration over longer temporal intervals is
also evidenced in ageing [4–7]. This is interpreted as an
age-related ‘expansion’ of the temporal binding window
(TBW), the optimal period of time in which sensory inputs
are integrated [8–10]. For example, in the Sound Induced
Flash Illusion, SIFI [11,12], a measure of temporal audio-
visual integration in which the presentation of one ‘flash’
alongside two ‘beeps’ typically results in the perception
of two ‘flashes’, older adults routinely report perceiving
the additional illusory flash across longer audio-visual off-
sets than young adults [4–7,13]. Moreover, illusion
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susceptibility at longer temporal delays continues to
increase in older age [4].

Less precise temporal multisensory integration is par-
ticularly pronounced in older adults who exhibit reduced
cognitive function [4,14,15], across multiple subdomains
of cognition [15], indicating a relationship between multi-
sensory integration and global brain health. In addition,
older adults with relatively slow gait speed [16] or who
report incidents of falling [7,17] demonstrate increased
susceptibility to the SIFI at longer temporal offsets, when
controlling for global cognitive function. Collectively, these
findings indicate that the temporal precision of multisen-
sory integration is interlinked with the broader cognitive
and physical health of an older adult, thereby emphasising
the value of investigating multisensory perception in age-
ing. These findings are perhaps unsurprising, as multisen-
sory integration is considered an important ‘scaffold’ for
higher-order cognition [18] and normal motor functions
[19]; for example, holding a conversation or walking both
have integral multisensory and temporal components
[18,19].

Grip strength is a critical index of physical functioning,
frequently utilised in clinical settings as a straightforward
way to gauge overall body strength and to discriminate
the functional capacity and potential frailty of an older
adult [20–23]. Grip strength is associated with a higher
number of markers of frailty than chronological age in both
males and females [23] and is a significant predictor of
functional decline and disability [24,25], disease [26,27],
mortality [27,28], fall incidents [22] and brain health
[29–31]. Moreover, grip strength has been associated with
self-reported impaired vision and hearing as well as
reduced visual acuity and poorer eye health in older adults
[32,33], suggesting an association between physical
strength and sensory function in ageing. Collectively, these
findings perhaps indicate common mechanisms underly-
ing age-related declines across several domains of func-
tioning [33–36]. However, no study has investigated if
the precision of multisensory integration is associated with
grip strength in older adults. Exploring this relationship is
important given that multisensory integration is critical to
everyday functioning [18,19] and is a potential index of
healthy versus less healthy ageing [4,7,14–17]. Moreover,
this would help to determine if patterns of temporal mul-
tisensory integration in older adults are sensitive to multi-
ple indices of potential frailty or if such associations
maintain only for specific aspects of functional mobility,
such as the speed and flexibility of an older adult’s gait
[16] which is more obviously reliant on multisensory inte-
gration [18]. As such, we examined whether grip strength
performance was associated with susceptibility to the SIFI
in a large sample of community-dwelling older adults
drawn from The Irish Longitudinal Study on Ageing (TILDA
[37]). We focused on longitudinal as opposed to cross-
sectional patterns of grip strength as the former allowed
for a more comprehensive profile of the physical strength
of these older adults over an extended (eight-year, span-
ning four testing waves) period. Based on previous findings
from this sample linking less precise multisensory integra-
tion with reduced cognitive or physical health [4,15–17],
we hypothesised that those with reduced grip strength
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over time would be more susceptible to the SIFI at longer
audio-visual asynchronies compared to their stronger
counterparts.
Methods

Study population

Participants were drawn from waves 1 – 4 (2009 –
2016) of TILDA, a population representative sample of
8,504 individuals, resident in the Republic of Ireland [37].
The study was approved by the Trinity College Dublin Fac-
ulty of Health Sciences Research Ethics Committee and
complied with relevant data protection legislation. All par-
ticipants provided informed consent at every testing wave.
In total, 4,771 older adults had available data for all four
waves and, of these, 3,654 had data available for the Sound
Induced Flash Illusion (SIFI) experiment conducted only at
wave 3. Consistent with previous studies involving the
TILDA cohort, in which SIFI susceptibility was the outcome
measure [4,15–17], data were omitted prior to analysis for
participants who met the following criteria: younger than
50 years at wave 1 (n = 189), were registered as legally
blind at wave 3, when SIFI was conducted (n = 2), had a
suspected mild cognitive impairment at wave 3 (based
on a Montreal Cognitive Assessment Score < 23; n = 387)
and/or had missing/problematic data for important model
predictors/covariates (n = 1,015, 757 of whom were miss-
ing grip strength data for all four waves and nineteen of
whom self-reported levels of physical activity of � 16hrs/-
day). This resulted a final sample of 2,061 older adults
(mean age = 64.42 years, SD = 7.20; 52% female) whose
data were available for analysis.
Grip strength

At all four waves, older adults provided a measure of
their grip strength. This was conducted in a healthcare set-
ting as part of a comprehensive health assessment at
waves 1 and 3 and in the participant’s home environment
at waves 2 and 4. All assessments of grip strength, mea-
sured in kilograms, were performed in the presence of a
trained interviewer. Participants were asked to squeeze a
hydraulic hand dynamometer (Baseline, Fabrication Enter-
prises, Inc, White Plains, NY) as hard as possible for a few
seconds. While the same testing protocols were used in
the healthcare and home settings, four readings were taken
during the former (two on the dominant hand and two on
the non-dominant hand) and two readings were taken dur-
ing the latter (two on the dominant hand only). Therefore,
the average reading for grip strength on the dominant
hand was extracted at each wave for our analysis. As our
aim was to investigate the association between long-
term grip strength profiles and multisensory integration,
we applied longitudinal k-means clustering via the ‘kml’
package [38] in R to these grip strength data, which were
continuous in nature. As expected, there was a sex differ-
ence in grip strength, in which males had, on average, a
higher grip strength compared to females across all four
waves (see Fig. 2 and Supplementary Materials, Table S1).



Fig. 1. Plots show the groups for average grip strength on the dominant hand (kg) for (a) males across age groups and (b) females across age groups. Thick
lines indicate the mean trajectory over the four waves (W1 – W4) and thin lines indicate individual grip strength trajectories. Sample sizes are as follows:
High dominant grip strength: Males 50–64 years = 227; Males 65–74 years = 160; Males 75 + years = 58; Females 50–64 years = 300; Females 65–
74 years = 208; Females 75 + years = 35. Low dominant grip strength: Males 50–64 years = 300; Males 65–74 years = 187; Males 75 + years = 66; Females
50–64 years = 304; Females 65–74 years = 160; Females 75 + years = 56.
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There was also an expected age difference, in which grip
strength declined with increasing age (see Fig. 2 and Sup-
plementary Materials, Table S1). Therefore, k-means clus-
tering was applied separately for males and females and,
within each sex group, separately for three distinct age
groups (50–64, 65–74 and 75 + years, with the selection
of these age groups based on previous research involving
the TILDA sample; e.g., [4,39]).

Performance on the Sound-Induced Flash Illusion

The precision of temporal multisensory integration was
assessed as susceptibility to the Sound Induced Flash Illu-
sion (SIFI [11,12]) across three Stimulus Onset Asyn-
chronies (SOAs) of varying duration. SIFI susceptibility
measures the temporal precision of audio-visual integra-
tion and is associated with activity in the primary visual
and auditory cortices [13,40,41] as well as the superior
temporal sulcus, angular gyrus and anterior cingulate
[13,42–44]. The SIFI was included as part of a comprehen-
sive health assessment only at wave 3 of TILDA. The task
was performed in the presence of a trained healthcare
nurse. Participants were seated approximately 60 cm from
a computer (Dell Latitude E6400 with Intel Core 2 Duo CPU,
2 Gb RAM, using Windows 7 Professional OS, 60 Hz refresh
rate) and fixated on a fixation cross (1,000 ms) located at
the centre of the screen. On each trial, a visual stimulus
(a white disc, 1.5� visual angle, approximately 32 fl lumi-
nance) and/or auditory (brief bursts 3500 Hz sounds
3

(10 ms, 1 ms ramp)) stimuli were presented. The visual
stimulus was presented on a black background (5 cm
beneath the central fixation cross, approximately 4.7�
visual angle), for 16 ms. The auditory stimuli were pre-
sented at approximately 80 dB over the computer
speakers.

The main testing block contained a random order of
multisensory illusory trials (2B1F, in which 2 Beeps are
paired with one Flash), non-illusory trials (2B2F, 1B1F)
and unisensory visual trials (0B2F, 0B1F), each presented
twice. The participants reported the number of perceived
visual flashes. Unisensory auditory trials (1B0F, 2B0F) were
presented in a separate block and participants reported the
number of perceived auditory beeps. Participants’ vocal
responses were recorded by the nurse who pressed the
corresponding number key on a laptop. Illusion trials of
the SIFI consisted of three SOAs, 70 ms, 150 ms and
230 ms, and the second beep either preceded (pre) or fol-
lowed (post) the flash-beep pair. Due to time constraints
within the overall TILDA protocol, a total of twelve ‘illu-
sory’ trials were completed (i.e., two trials per SOA across
pre-post conditions). Overall, the experiment was com-
pleted in approximately six minutes.

Analysis

Response accuracy to illusion trials (2 beeps with 1
flash) of the SIFI task constituted the main outcome of this
study. An accurate response indicated that the participant



Fig. 2. Plot shows dominant grip strength values for the high and low longitudinal grip strength groups across age groups and participant sex, separately for
waves 1 – 4 (panels A – D). Mean values are illustrated with large triangle points. Boxplot and violin plots show the distribution of grip strength values per
longitudinal grip strength group. Small circles show outliers.
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was not susceptible to the illusion on that trial. As there
were two trials per condition of the SIFI within TILDA,
accuracy took the form of 0 (i.e., an incorrect response on
both trials, indicating illusion susceptibility), 0.5 (correct
response on one trial) or 1 (correct response on both trials)
and was treated as a discrete variable. Generalised logistic
mixed effects regression models were fitted to these data
via the ‘lme40 package [45].

All statistical models controlled for a range of covari-
ates, as in previous studies involving the TILDA sample
[4,15–17]. The following terms were included in the
model: age, stimulus onset asynchrony (SOA; 70, 150,
230 ms), longitudinal grip strength group (GSGroup), sex
(male, female), education (primary, secondary, tertiary),
self-reported vision and audition (poor to excellent), visual
acuity score (VAS = 100 – 50 * LogMAR), hearing aid use
(yes, no), number of cardiac (0, 1, 2+) and non-cardiac (0,
1, 2+) diseases, depression (CES-D � 9), body mass index
(BMI; kg/m2), weekly physical activity (metabolic minutes
a week based on the International Physical Activity Ques-
tionnaire), accuracy (0, 0.5, 1) on multisensory congruent
(1 beep and 1 flash), unimodal visual (2 flashes only;
70 ms SOA) and unimodal auditory trials (2 beeps only;
70 ms SOA) and pre-post condition. To ensure that any sig-
nificant interaction between SOA and grip strength was not
explained by differences in cognition or gait speed
4

between the two longitudinal grip strength groups at wave
3, when the SIFI was completed (see Supplementary Mate-
rials, Table S2), the models were also adjusted for MoCA
score and a measure of gait speed flexibility (delta maxi-
mal gait speed: maximal gait speed - usual gait speed/
usual gait speed; as in [16]), both of which are indepen-
dently associated with increased susceptibility to the illu-
sion at longer SOAs [4,16]. The analysis model also
included SOA*age, SOA*sex, SOA*MoCA, SOA*gait and
SOA*pre-post interaction terms and a random intercept
term (participant ID). To address our hypothesis that max-
imum grip strength would be associated with the precision
of temporal multisensory integration in older adults, we
examined whether the effect of SOA on accuracy, using
the 70 ms as the reference condition, interacted with lon-
gitudinal grip strength group (SOA*GSgroup). The statisti-
cal significance of the SOA*GSGroup interaction term was
determined by a likelihood ratio test, where we assessed
the fit of the model with and without this interaction
term while holding constant all the aforementioned
covariates.

The analysis was conducted with R in R studio [46].
Supplementary materials (full model results and R script)
are available at https://osf.io/n3hdq/?view_only=6788dd4
a4b774d11b9cffdd533b1b29c. All continuous variables
were scaled prior to analysis.
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Results

Grip strength trajectories

Longitudinal k-means clustering, applied to the longitu-
dinal grip strength data with 1 – 5 clusters and 100
redraws, produced optimal solutions of two groups for
dominant grip strength for both older adult males and
females across age groups. These solutions were identified
as optimal with visual inspection of Caliński-Harabasz [47]
criterion plots (see Supplementary Materials), a well-
established method of determining the optimal clustering
solution (see Supplementary Materials). The final cluster-
ing solutions are shown in Fig. 1a.

Between-groups t-tests confirmed that, at every testing
wave, the high and low longitudinal grip strength groups
differed significantly on their average dominant grip
strength across all age groups, for both males and females,
when considering the Bonferroni-adjusted alpha level of
a = 0.002, as shown in Fig. 2 (see also Supplementary
Materials, Table S1). These results verified that the two-
group solution reflected genuinely distinct longitudinal
grip strength profiles for these older adults. As such, we
pooled together these clusters into a single representation
of longitudinal grip strength trajectories for the entire
sample, consisting of ‘high’ (n = 988) versus ‘low’
(n = 1,073) grip strength. Importantly, as a result of our
clustering approach, older adults were characterised as
having high or low grip strength only relative to older
adults of the same sex and age group. Descriptive statistics
for these two groups at wave 3, when the older adults par-
ticipated in the SIFI, are available in Supplementary Mate-
rials (Table S2) and further confirm that those in the low
longitudinal grip strength group had reduced functional
capacity more broadly relative to those in the high longitu-
dinal grip strength group.
Multisensory integration (SIFI performance)

The likelihood ratio test revealed that the SOA*GSGroup
term significantly contributed to the model predicting
accuracy on illusion trials of the SIFI (v2

(2) = 28.05,
p <.001) as shown in Fig. 3A. This interaction was driven
by increased SIFI susceptibility at the 150 ms and 230 ms
SOAs relative to the 70 ms SOA for those in the low GSGroup
compared to those in the high GSGroup, as shown in Fig. 3B.
More specifically, older adults with a low GS exhibited 33%
and 35% lower odds of making an accurate response at
150 ms (odds ratio = 0.67, 95% CI [0.56,0.80]) and 230 ms
(odds ratio = 0.65, 95% CI [0.54,0.78]), relative to 70 ms
respectively, compared to older adults with a high GS. As
a We acknowledge that there was a moderate increase in the average
dominant grip strength at wave 2 compared to the other testing waves.
Notably, the same testing protocol was used at all waves, there were no
recorded issues with the grip strength measurements at any of the four
waves and grip strength was assessed in the home environment at both
waves 2 and 4. The cause of this increase in recorded grip strength at wave
2 has not been identified. However, as all groups showed the same pattern
at wave 2, therefore this was not considered problematic for group
comparisons.
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shown in Fig. 3B and Table 1, the difference in the predicted
accuracy values (marginal means) for responses on the illu-
sion trials of the SIFI were 28% versus 34% for the high and
low GS groups respectively at 150 ms (versus 70 ms) and
28% versus 34% for the high and low GS groups respectively
at 230 ms (versus 70 ms). Full model results are available in
Supplementary Materials, Table S3.
Discussion

We investigated the association between longitudinal
(eight-year) trajectories of average grip strength in the
dominant hand and multisensory integration, measured
via susceptibility to the Sound Induced Flash Illusion (SIFI
[11,12]), among a large sample of community-dwelling
older adults (N = 2,061). Older adults were classified into
high and low longitudinal grip strength groups relative to
those of the same sex and age group using longitudinal
k-means clustering [38]. Our results showed that older
adults with a high dominant grip strength were less sus-
ceptible to the SIFI at longer audio-visual offsets (versus
the shortest offset) relative to those with a low dominant
grip strength. Importantly, the effect of longitudinal grip
strength group alone on SIFI susceptibility was not statisti-
cally significant. This is consistent with other findings from
the TILDA sample and other empirical ageing studies
involving the SIFI, namely that the associations between
audio-visual integration and factors such as age [4–7], cog-
nitive function [4,15], gait speed [16] and incidents of falls
[7,17], are shaped by the manipulation of the audio-visual
stimulus onset asynchrony (SOA). As such, older adults
with higher grip strength for the dominant hand (relative
to their own age and sex group, as measured over four
waves, i.e., over eight years) show higher levels of temporal
precision in audio-visual integration (i.e., are less suscepti-
ble to the SIFI at longer SOAs) compared to older adults
with lower dominant hand grip strength.

The significant interaction between grip strength and
SOA is consistent with a wider audio-visual temporal bind-
ing window (TBW) in physically less healthy older adults.
The audio-visual TBW is the period of time in which
audio-visual inputs are most likely to be integrated [8–
10] and it typically expands during the healthy ageing pro-
cess [4–7,13]. While a wider TBW may be a compensatory
mechanism for age-related declines in unisensory abilities
[6,48], it is also potentially maladaptive and a marker of
less healthy functioning. Indeed, our results align well with
previous findings from the TILDA sample and others that
sustained integration over longer audio-visual offsets is
pronounced in older adults with reduced cognitive func-
tion [4,14,15], restricted mobility [16] or those who are
fall-prone [7,17]. In other words, the temporal precision
of multisensory integration has the capacity to discrimi-
nate older adults based on multiple facets of cognitive or
physical health. Achieving a greater understanding of the
relationship between the physical and perceptual func-
tioning of an older adult is particularly important in light
of evidence that these dimensions are independently asso-
ciated with preventable outcomes such as incidents of fall-
ing and frailty [7,17,20–22]. The present findings, together



Fig. 3. Summary of the results of generalised logistic mixed-effects regression models predicting accuracy on 2B1F trials of the SIFI. (A) Plot shows the odds
ratios (with 95% confidence intervals) for key terms from generalised logistic mixed-effects regression models predicting accuracy on illusion (2B1F) trials
of the SIFI. Odds ratios to the left of the vertical dashed line (yellow diamonds) indicate reduced odds of making a correct response (i.e., increased illusion
susceptibility) and odds ratios to the right of the vertical dashed line (blue circles) indicate increased odds of making a correct response (i.e., reduced
illusion susceptibility). The odds ratios for the statistically significant interaction between SOA and longitudinal grip strength group (GSgroup) are
highlighted. B) The predicted accuracy values (marginal means) for responses on illusion (2B1F) trials of the SIFI across longitudinal grip strength groups.
Higher values indicate increasingly correct identification the number of flashes presented (whilst ignoring the beeps), therefore reduced susceptibility to
the illusion. Error bars indicate 95% confidence intervals. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)

Table 1
Table shows the predicted values [marginal means; 95% confidence intervals] of making an accurate response across stimulus onset asynchronies (SOA; 70, 150,
230 ms) for the high and low longitudinal grip strength groups.

70 ms 150 ms 230 ms 70 v 150 70 v 230

High grip (n = 988) 51% [46,55] 23% [20,27] 23% [20,27] 28% 28%
Low grip (n = 1,073) 51% [47,55] 17% [15,20] 17% [15,19] 34% 34%
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with those of Setti et al. [16], demonstrate that an accessi-
ble, cost-effective and easy-to-administer measure of tem-
poral audio-visual integration is sensitive to at least two
well-recognised, fundamental dimensions of physical
frailty: gait speed and grip strength [20,21]. Therefore,
we propose that the precision by which the brain combines
sensory information in time is a critical aspect of the age-
ing process, meriting greater attention in empirical studies
of ageing and in assessments of the functional capacity of
an older adult.

Perhaps the most parsimonious explanation for the cur-
rent findings is that older adults with lower grip strength
have relatively less healthy functioning of the central ner-
vous system (CNS) compared to their stronger counter-
parts. This would be expected to not only adversely
impact on their capacity to apply sufficient grip force but
also the efficiency with which they can integrate sensory
signals in time [49,50]. Indeed, grip strength specifically
has been described as a vital sign and ‘indispensable bio-
6

marker’ of health [22,24,31], with enormous value as a sin-
gle, non-invasive measure of an older adult’s risk of future
functional decline [22,24,31]. The capacity for grip strength
performance to provide broad insight into the integrity of
the CNS has been highlighted [31] and several lines of evi-
dence support this [31]. To begin with, the recruitment of
central mechanisms for motor control is reported to be
enhanced in older adults, possibly to compensate for con-
comitant declines in the peripheral nervous system [51–
53]. Reduced grip strength performance in older adults is
also linked with variations in both the structural and func-
tional characteristics of the brain [54,55]. In addition,
application of grip force is altered during healthy ageing,
in a manner consistent with a decreased ability to coordi-
nate motor commands via CNS mechanisms [31]. Finally,
grip strength is associated with a range of higher-order
cognitive abilities, including processing speed and verbal
fluency, and can be predictive of cognitive decline and cog-
nitive impairment in ageing [29–31,56–58].
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The latter finding may indicate shared neural substrates
for motor and higher-order cognitive functions [31].
Indeed, activity in motor regions of the brain, such as the
supplementary motor area (SMA) which is active during
the application of grip force [59,60], is observed during
tasks of numerical cognition [31,61] or temporal discrimi-
nation in the absence of any explicit motor demands [62].
Furthermore, frail individuals (without global cognitive
impairment) show altered patterns of oscillatory activity
within and functional connectivity between multiple
fronto-parietal regions, including the right angular gyrus
(rAG) [63,64]. The angular gyrus is considered an
important nexus for different subsystems of the brain
[65]. Disruption of the rAG via transcranial magnetic stim-
ulation (TMS) reduces the occurrence of the SIFI in young
adults [43,44] while variations in grey matter volume in
the rAG in older adults in the TILDA sample is associated
with differences in susceptibility to the SIFI at longer SOAs
[42]. However, it is important to note that relatively few
older adults in the TILDA sample qualify as ‘frail’ per se,
at least based on the criteria of the Fried frailty phenotype
[20,21].

In line with the proposed links between grip strength
and the broader integrity of the CNS, exploratory analyses
of other health variables at wave 3, when the older adults
participated in the SIFI, confirmed that those with a low
grip strength were considerably less healthy than their
stronger counterparts on numerous dimensions (see Sup-
plemental Materials, Table S2). For example, compared to
the latter group, older adults with reduced grip strength
exhibited lower scores on the Montreal Cognitive Assess-
ment (MoCA) and slower processing speed (measured with
the Choice Response Time task) as well as poorer immedi-
ate and delayed recall (of verbally presented words) and
verbal fluency (timed animal naming). They also presented
with slower gait speed and slower sit-to-stand times,
worse visual acuity and a higher percentage of self-
reported fair/poor vision than those with a high grip
strength. Collectively, these findings are consistent with
evidence linking weaker grip strength with reduced mobil-
ity [22,66,67] and cognition [29–31,56–58] as well as less
healthy visual functioning [32,33], supporting our hypoth-
esis that differences in multisensory integration based on
grip strength likely reflect differences in CNS functioning
(i.e., brain health) in ageing. Importantly, the present
results emerged while controlling for these effects at wave
3 in our analysis, indicating that the relationship between
grip strength and multisensory integration cannot be fully
accounted for by these factors. However, we acknowledge
that many of these group differences were relatively small
(see Supplementary Materials, Table S1), as was the group
difference in the predicted accuracy values for responses at
the long versus short SOAs of the SIFI (6% for both 150 and
230 ms versus 70 ms). This likely reflects that, overall, the
older adults in the TILDA study are relatively young and
high-functioning, limiting the extent to which perfor-
mance on these various measures diverged between the
two groups.

To account for links between sensorimotor and cogni-
tive abilities in ageing, some have proposed a ‘common
cause’ hypothesis, namely that a common, biological
7

mechanism(s) (e.g., white matter integrity) underpins con-
comitant age-related changes in performance across multi-
ple domains of functioning [34–36,53]. Reduced
availability and increased interdependency of neural
resources in ageing, leading to a compensatory trade-off
across domains, may also play a role [35]. However, a com-
mon cause model is not consistently supported by empir-
ical evidence to fully explain these relationships
[36,68,69] and given their appreciable complexity, the
specific mechanisms involved remain unclear. This is true
for the data presented here as, at the present time, we
cannot interpret directionality or causality in our find-
ings, given that the SIFI was administered once, at wave
3 only of the TILDA study, and the longitudinal trajecto-
ries of grip strength incorporated data from the preceding
and following waves. In addition, susceptibility to the SIFI
can be determined by various factors, including the
weighting of sensory inputs based on their relative relia-
bility [48,49] and the degree of prior expectation of
audio-visual numerical compatibility [70]. Further empir-
ical work will be needed to establish exactly which pro-
cesses (bottom-up, top-down or both) are impacted in
less healthy older adults, contributing to their wider
TBW. We also acknowledge that there are limitations in
the number of trials and range of SOAs in the current SIFI
paradigm, limiting our ability to precisely map the TBW
in these older adults. This is important to clarify, as age-
ing can influence several morphological characteristics of
the TBW, including its peak height and width [6], but the
TBW can also be positively shaped by perceptual training
[6]. These limitations can be readily addressed in follow-
up empirical research.
Conclusions

We investigated whether the temporal precision of
multisensory integration was associated with longitudinal
(eight-year) trajectories of average grip strength in the
dominant hand, using data from a large sample of
community-dwelling older adults (N = 2,061) drawn from
The Irish Longitudinal Study on Ageing (TILDA). Reduced
susceptibility to the audio-visual Sound Induced Flash Illu-
sion [11,12] at longer audio-visual delays was observed in
older adults with stronger grip strength compared to their
physically weaker counterparts, suggesting that grip
strength performance is associated with the width of the
audio-visual temporal binding window, perhaps reflecting
reduced integrity of the central nervous system. These
findings provide novel evidence that an accessible measure
of audio-visual integration is sensitive to performance on a
key indicator of physical functioning and brain health in
ageing.
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