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Introduction: It has been proposed that hearing loss may result in improved
visuospatial abilities. The evidence for this assertion is inconsistent, and limited to
studies in congenitally deaf children, despite older adults with age-related hearing
loss constituting the vast majority of the hearing impaired population. We assessed
visuospatial (visuoconstruction and visuospatial memory) ability in older adult hearing
aid users with and without clinically significant cognitive impairment. The primary aim of
the study was to determine the effect of hearing loss on visuospatial abilities.

Method: Seventy-five adult hearing aid users (HA) aged over 65 were recruited, out of
whom 30 had normal cognition (NC-HA), 30 had mild cognitive impairment (MCI-HA),
and 15 had dementia (D-HA). The Rey Osterrieth Complex figure test (ROCFT) copy,
3 min recall and 30 min recall tests were performed to evaluate the visuoconstructional
and visuospatial memory abilities of the participants.

Results: There were significant differences between the ROCFT copy, 3 min recall,
and 30 min recall among the three cohorts (p < 0.005). Compared with previously
published normative data, the NC-HA performed significantly better in the ROCFT copy
(p < 0.001), immediate recall (p < 0.001), and delay recall (p = 0.001), while the MCI-
HA performed similarly to the expected norms derived from population (p = 0.426,
p = 0.611, p = 0.697, respectively), and the D-HA performed below this norm.

Conclusion: Though visuospatial abilities tend to decline when the global cognitive
functioning declines, we found suggestive evidence for positive effects of age-related
hearing loss on visuospatial cognitive ability. Participants with mild cognitive impairment
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and hearing loss, who would have been expected to perform worse than normative
data, were in fact performing as well as cognitively healthy subjects without hearing
loss. Visuospatial ability could be targeted when providing rehabilitation for the older
adults with hearing loss.

Keywords: hearing, hearing impaired, visuospatial, cognitive performance, older adults (50 years and above),
hearing loss

INTRODUCTION

Hearing impairment especially age-related hearing impairment
was found to be associated with many health conditions such
as physical and cognitive frailty (Sardone et al., 2021a), mild
cognitive impairment and dementia (Sardone et al., 2020a),
inflammation, i.e., Inflammatory food consumption (Sardone
et al., 2020b) and degeneration such as retinal vessel changes
(Sardone et al., 2021b).

The most concerning health consequences of hearing
impairment would be cognitive decline. It has been suggested
that hearing impairment can cause cognitive deterioration
through various pathways such as auditory deprivation, through
depression and social isolation (Lin et al., 2011). However, not
all aspects of cognitive ability are found to be worse among the
hearing-impaired population. Some aspects of cognitive ability
may even be better in this population. This superior ability may
be useful in developing an appropriate cognitive intervention for
the hearing-impaired population.

The visuospatial ability of the hearing-impaired population
has been studied extensively due to a belief that this population
had better visuospatial ability as a compensatory mechanism for
their hearing loss. For a congenital profoundly deaf population,
who may rely on sign language and lipreading, visual vigilance
is needed (Rudner et al., 2016). Studies have shown a trend
toward better visuospatial abilities for this population, with
this enhanced ability found only in the hearing-impaired
signers (Wilson et al., 1997), with individuals who were not
exposed to sign language performing similarly to their peers
(Parasnis et al., 1996).

The majority of hearing impairment among older adults is
not congenital but results from age-related hearing loss that
affects up to 1 in 3 of older adults age over 65 (WHO, 2012).
There is still some controversy about the visuospatial ability of
this older adult population. Some previous studies found their
visuospatial memory to be worse than in their normal-hearing
peers (Rönnberg et al., 2014; Rudner et al., 2016). This may result
from the effect of the hearing impairment toward the global
memory impairment of older adults. A hearing impairment is
considered to be the highest modifiable risk factor for developing
dementia (Livingston et al., 2017), as it is estimated that the
risk of developing dementia increases by 1.94 times with hearing
impairment (Livingston et al., 2017). Therefore, when assessing
the visuospatial ability of the hearing-impaired population,
overall cognitive ability should always be accounted for.

We assessed visuospatial (visuoconstruction and visuospatial
memory) ability on older adult hearing aid users with and without
clinically significant cognitive impairment. The primary aim of

the study was to determine whether older people with hearing
impairment with and without global cognitive impairment may
perform differently than would be expected from normative data.

MATERIALS AND METHODS

Participants
We recruited a convenience sample of seventy-five adult hearing
aid users (HA) aged over 65, out of whom 30 had normal
cognition (NC-HA), 30 had mild cognitive impairment (MCI-
HA), and 15 had dementia (D-HA).

The NC-HI were recruited via recruitment flyers and posters
distributed in the hearing aid center at the Royal National Throat,
Nose and Ear Hospital (RNTNEH), London, United Kingdom.
To ensure normal cognition, only those with a General
Practitioner’s Assessment of Cognition (GPCOG; Parasnis et al.,
1996) score = 9 or GPCOG score = 5–8 with informant/carer
interview score = 4–6 (no memory concern for the carer) were
recruited (Brodaty et al., 2004).

The MCI-HI and the D-HI were recruited via clinician referral
and research registry in the memory clinics at Camden and
Islington NHS Foundation Trust, London, United Kingdom. The
diagnosis were made according to ICD-10 diagnostic criteria.
Inclusion criteria in addition to their cognitive diagnosis were
audiogram pure-tone average in the speech frequency range
(500–4,000 Hz) of 30 dB HL or more in the better hearing ear.

Materials
The Rey Osterrieth Complex Figure Test
Rey Osterrieth Complex figure test is a standard
neuropsychological assessment commonly used to assess
visuoconstructive and visual recall abilities (Shin et al., 2006).
The instructions of the tests were adapted to be presented visually
to the participants, which is a common practice for cognitive
testing in hearing impairment participants (Pye et al., 2017).

The ROCFT can be divided into two subtasks, which are the
ROCFT copy and ROCFT recall tests.

The Rey Osterrieth Complex Figure Test Copy
This test evaluates the visuoconstructive cognitive ability to copy
an abstract figure as accurately as possible within a time limit
(Shin et al., 2006). The test has also been validated among the
congenitally deaf native signers (the hearing impaired population
with sign as their first language) (Hauser et al., 2006).

The Rey Osterrieth Complex Figure Test Recall
This test evaluates episodic non-verbal visual memory
by recalling the complex figure previously copied as
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described above (Shin et al., 2006). The participants
were not made aware of the recall part when they were
performing the ROCFT copy.

The recall had two stages. After 3 min from the ROCFT
copy, the participant was asked to draw the figure again. The
researcher took away the drawing and continued to have a
conversation with the participant about their hearing problems.
At 30 min, the participant was asked to draw the figure
again from memory.

Montreal Cognitive Assessment
Montreal Cognitive Assessment is a commonly used cognitive
screening test in general clinical settings. Previous research
has shown that using MoCA among the hearing impaired
population may result in lower score by up to −1.66 points
(Utoomprurkporn et al., 2020b). This may potentially be
due to the misheard of the target words of the hearing
impaired population in the memory recall section of MoCA
(Utoomprurkporn et al., 2020b).

Therefore, we opted for the visually based MoCA to
accurately assess the cognitive abilities of the hearing impaired
participants. The detailed description of the test instruction
and materials can be found in our previously published paper
(Utoomprurkporn et al., 2021b).

Statistical Analysis
The Rey Osterrieth Complex figure test (ROCFT) copy,
3 min recall and 30 min recall tests were performed to
evaluate the participants’ visuoconstructional and visuospatial
memory abilities. The total performance scores of each test
were calculated. Due to the floor and ceiling effects of the
performance scores in selected cohorts, the data did not conform
with normal distribution. Therefore, non-parametric statistical
analysis was used. The comparison of total performance scores
for each cohort was done with independent-samples Kruskal–
Wallis test.

The scores were also compared to the norms for these
tests, obtained from samples with normal cognition and
hearing previously published for different age groups
(Chiulli et al., 1995). The comparisons were done with
independent-sample t-test.

RESULTS

The baseline characteristic of the three cohorts was shown
in Table 1. There were significant different in the baseline
characteristics of the three cohorts with the difference in the
MoCA scores for each cohort were to be expected.

There were significant differences between the ROCFT copy,
3 min recall, and 30 min recall among the three cohorts
(p < 0.005). For the ROCFT copy, the NC-HA scored 35.33
(SD = 0.24), the MCI-HA scored 31.01 (SD = 1.35), the D-HA
scored 20.89 (SD = 3.24) as demonstrated in Figure 1. A slight
ceiling effect was seen for the NC-HI score whereby participants
reached the full score of 36.

For the ROCFT 3 min recall; the NC-HA scored 20.85
(SD = 0.78), the MCI-HA scored 12.22 (SD = 1.09), the D-HA
scored 3.50 (SD = 1.14) as demonstrated in Figure 2.

For the ROCFT 30 min recall; the NC-HA scored 19.63
(SD = 0.95), the MCI-HA scored 11.91 (SD = 1.07), the
D-HA scored 3.46 (SD = 1.16) as demonstrated in Figure 3.
A slight floor effect was seen for the D-HI score whereby some
participants could not recall any part of the ROCFT figure
resulting in the 0 score.

The previously published age-appropriate normative data
(Chiulli et al., 1995) were also shown below in Table 2.
Independent student t-test showed the NC-HA performed
significantly better in the ROCFT copy (p < 0.001), immediate
recall (p < 0.001), and delay recall (p = 0.001), while the MCI-
HA performed similarly to the expected norms derived from the
population (Chiulli et al., 1995) (p = 0.426, p = 0.611, p = 0.697,
respectively), and the D-HA performed significantly below this
norm as illustrated in Table 2.

DISCUSSION

We found that cognitively healthy participants with hearing
loss had significantly better visuospatial performance than
expected relative to normative data from people without hearing
impairment. Participants with mild cognitive impairment and
hearing loss, who would have been expected to perform worse
than normative data, appeared to be performing at a similar level
to cognitively healthy subjects without hearing loss. Our findings
suggest that age-related hearing loss/hearing aid wearers may
result in improved visuospatial abilities.

However, the suggestion that visuospatial abilities
outperform the global cognitive functioning is highly
dependent on whether the normative data are applicable
for the tested persons. Therefore, we selected the age
matched published data set for this comparison. However,
ideally like in many other studies on cognitive functioning,
we should have built a data set of control participants
within our own research and environment setting. This
would be the most suitable way to clearly demonstrate the
intended results.

Rey Osterrieth Complex Figure Test Copy
The ability to copy a complex pattern such as the
ROCFT reflects the participants executive functions
especially planning and organizing (Shorr et al., 1992;
Shin et al., 2003) and visuospatial skills. For the NC-HI,
their visuospatial performances were significantly better
than the norms even though research showed a decrease
overall cognitive ability in this population (Utoomprurkporn
et al., 2020a). This may be because the assessment mode
of most commonly used cognitive tools is auditory based,
which may hinder the hearing-impaired population
responses. Therefore, our result suggested that visually
based cognitive screening tools may also be considered
when assessing the hearing-impaired population ability
(Utoomprurkporn et al., 2021b). It may unveil their compensated
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TABLE 1 | Baseline characteristics of the cohorts.

Baseline characteristics NC-HI (n = 30) MCI-HI (n = 30) D-HI (n = 15) P value

Age (Mean, SD) 75.27 (SD = 5.88) 83.80 (SD = 6.42) 80.80 (SD = 8.53) <0.0005

Education years 16.07 (SD = 3.69) 13.27 (SD = 4.17) 10.53 (SD = 3.87) <0.0005

MoCA score 27.27 (SD = 2.16) 22.03 (SD = 3.06) 15.20 (SD = 4.21) <0.0005

FIGURE 1 | Scatter plot for the ROCFT copy scores of the three cohorts.

cognitive ability via other means such as visuospatial
found in our cohort.

Since we targeted hearing aid wearers, this improved
visuospatial may also be a result of hearing aid use. Previous
UK Biobank research showed that hearing aid acted as a
protective factor against visuospatial working memory error
despite decreasing overall working memory of the hearing-
impaired population (Rönnberg et al., 2014).

For the MCI-HI, the ROCFT copy ability, though decreased
from the N-HI, still performed comparably to the norms.
Although memory is the first function affected in most
individuals with a MCI diagnosis, their executive functions
are also commonly impaired (Traykov et al., 2007). Still, the
impairment in executive function is usually mild since, by
definition of MCI, activities of daily life should not be affected
by the impairment (Petersen, 2004). When the activity of daily
life is affected, by definition, these individuals would be in early
stages of dementia. Therefore, as expected, we found a relatively
smaller mean difference score in the ROCFT copy task between

the NC-HI and the MCI-HI versus between the MCI-HI and
the D-HI.

Rey Osterrieth Complex Figure Test
Recall
Several studies have shown that older adults with hearing loss
may have worse episodic memory of target words than their
normal-hearing peers even after accounting for cognitive status
(Lim and Loo, 2018). However, most studies were done with
verbally administered target words. Therefore, the participants
may not recall the word due to encoding problems (i.e., because
they misheard the target words or due to fatigability from
listening to the unclear target words). It is crucial to understand
what causes the observed impairment in episodic memory among
the hearing-impaired population since this is a hallmark for
Alzheimer’s type dementia (Thompson et al., 2005).

Visually based assessments were previously found to measure
the hearing impairment population’s cognitive abilities more
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FIGURE 2 | Scatter plot for the ROCFT 3 min recall scores of the three cohorts.

accurately than verbal assessment (Wong et al., 2019). The
ROCFT recall does not tap into the language/auditory memory
of the participant, which may be affected by hearing impairment.

For the MCI population, memory ability, as assessed in
ROCFT recall is usually impaired early in the disease progression
(Jessen et al., 2014). However, for the MCI-HI, the visuospatial
memory ability, though decreased from the N-HI, still performed
comparably to the norms. This finding should be considered
when evaluating the hearing-impaired population for early signs
of MCI via visual assessment. They may have a comparable result
with the norms despite fulling the diagnostic criteria of MCI.

We found a relatively larger mean difference score in the
ROCFT recall task, which reflects the memory domain, than in
the mean difference in the ROCFT copy tasks among the three
cohorts. This may be because the memory impairment starts
earlier with a larger effect in the course of MCI and dementia
disease progression. The ROCFT recall tasks were significantly
worse among D-HI and MCI-HI compared with the NC-HI
group in both in the 3 min recall and the 30 min recall tasks.

Possible Explanations for Improved
Visuospatial Ability
Previous research showed similar trends that individuals who
needed to utilize lipreading and sign language, i.e., the early
onset or the profound hearing impairment population, may

have better visuospatial abilities than their normal-hearing peers
(Bavelier et al., 2006; Rudner et al., 2016). Neuroimaging studies
showed evidence of cross-modal plasticity among the hearing-
impaired population, and early adoption of sign language could
enhance this process (Simon et al., 2020). Even though we
specifically excluded the populations with childhood early-onset
hearing impairment and only targeted hearing-impaired older
adults hearing aid users who are not as severe to be on the
cochlear implant waiting lists to avoid this potential confounder,
we still found better visuospatial ability among our NC-HI
cohort.

Currently, several United Kingdom local support groups
for hearing aid users provide various kinds of support,
including manipulating the hearing devices, psychological
support, and lipreading and facial cue interpretation
lessons. Several participants in our cohorts were also active
participants in these other supporting activities. Therefore,
this may be another potential explanation for their superior
visuospatial abilities.

Lipreading is generally used for communication purposes
by hearing-impaired individuals. Even without hearing aids,
the speech recognition scores of hearing-impaired individuals
improve with lipreading (Dell’Aringa et al., 2007). It is estimated
that lipreading alone can help listeners catch about 50% of
the conversation. In combination with hearing aids, the older
adults’ ability to understand speech may increase by up to
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FIGURE 3 | Scatter plot for the ROCFT 30 min recall scores of the three cohorts.

93.5%. These findings may indicate that the older hearing-
impaired population also benefit from superior visuospatial
ability through lipreading in everyday situations, despite not
using sign language.

Our research also indicates that the cross-modal plasticity
may not only present in the congenital deaf population. It may
also occur later in life in older adults with age-related hearing
loss who usually start developing hearing impairment in middle
age (World Health Organization, 2021). With cross-modal
plasticity, previous research suggested an inverse relationship
between improved visual abilities and speech recognition
(Glick and Sharma, 2017; Gilissen and Arckens, 2021). We also
found that our dementia cohort tend to report lower speech
recognition and understanding (Utoomprurkporn et al., 2021a).
However, further research is needed to explore this inverse effect
in more details. Interestingly, previous research also suggested
that hearing intervention can create positive changes in the
cortical plasticity (Glick and Sharma, 2017). This effect should be
further studied to improve the quality of life for these older adults
with hearing impairments.

Many studies among older adults who underwent auditory
interventions with cochlear implantations also showed
improvement in overall global cognition indicating positive

cortical plasticity despite their older ages (Mosnier et al., 2015;
Cosetti et al., 2016). However, these individuals may not be able
perform on par with their peers therefore additional cognitive
training may be needed to enhance their rehabilitation program
(Claes et al., 2018; Mertens et al., 2020). It is noted that when
the subject’s visuospatial abilities were evaluated as part of
a subdomain of a cognitive assessment composite test, their
superior visuospatial ability may not always be apparent.

This superior visuospatial ability could be of benefit even
in the presence of global deterioration of overall cognitive
function in hearing impaired individuals. Further rehabilitation
program may utilize lipreading techniques and use of other
visuospatial clues such as facial expression, etc. By emphasizing
the communication techniques that are most accessible to them,
these individuals would have better communication and would
potentially preserve longer their cognition. A previous systematic
review also showed the importance of communication strategies
and techniques in addition to hearing amplification for this group
of older adults with hearing impairments (Hawkins, 2005).

Another potential explanation is the sampling issue. We
did not have a control group where the participants did not
have hearing impairment. We had to compare the data to the
previously published norm. The general health and education
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levels of our participants may differ from those in the norm
samples. We did not have the information about the norms
overall cognitive functioning data such as IQ, etc. Therefore,
there is a possibility that our NC-HI cohorts may had higher
overall functioning than the normative data set, also reflected
in the superior ROCFT scores. Further study to compare these
cohorts with normal hearing controls, matched for IQ may be
needed to investigate this aspect in more detail.

LIMITATION

The main limitation of our study is that we had to compare
the data to the normative data study that was conducted
in 1995 as we did not have a control group with normal
hearing. Moreover, the age and education years were slightly
different among the cognitively normal and cognitively impaired
cohorts. This discrepancy and its implications of it were
discussed and explored more in our previous published work
(Utoomprurkporn et al., 2021b).

With a relatively small sample size, the lack of difference
of ROCFT scores for the MCI-HI and the D-HI compared
with norms could also be due to inadequate statistical power.
Further studies with larger cohorts of cognitively impaired
older adults hearing aid users may be useful to explore their
ability in more detail.

IMPLICATION/CONCLUSION

We found suggestive evidence for the positive effects of
age-related hearing loss on visuospatial cognitive ability.
The visuospatial ability could be targeted when providing
rehabilitation for the older adult with hearing loss, for example,
with lipreading training, to support their communication.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

NU, D-EB, JS, and SC contributed to the conception and design
of the study. NU organized the data collection and database,
performed the statistical analysis, and wrote the first draft of the
manuscript. All authors contributed to manuscript revision, read,
and approved the submitted version.

FUNDING

This study was partially funded by the National Brain Appeal
Organisation and Alzheimer’s Research UK. Open access
publication fee was supported by University College London and
Chulalongkorn University.

Frontiers in Aging Neuroscience | www.frontiersin.org 7 February 2022 | Volume 14 | Article 785406

https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-14-785406 February 21, 2022 Time: 13:42 # 8

Utoomprurkporn et al. Visuospatial Abilities in Hearing and Cognitive Impairment

REFERENCES
Bavelier, D., Dye, M. W. G., and Hauser, P. C. (2006). Do deaf individuals see better?

Trends Cogn. Sci. 10, 512–518. doi: 10.1016/j.tics.2006.09.006
Brodaty, H., Kemp, N. M., and Low, L. F. (2004). Characteristics of the GPCOG, a

screening tool for cognitive impairment. Int. J. Geriatr. Psychiatry 19, 870–874.
doi: 10.1002/gps.1167

Chiulli, S. J., Haaland, K. Y., Larue, A., and Garry, P. J. (1995). Impact of age on
drawing the Rey-Osterrieth figure. Clin. Neuropsychol. 9, 219–224.

Claes, A. J., van de Heyning, P., Gilles, A., Hofkens-Van den Brandt, A., Van
Rompaey, V., and Mertens, G. (2018). Impaired cognitive functioning in
cochlear implant recipients over the age of 55 years: a cross-sectional study
using the Repeatable Battery for the Assessment of Neuropsychological Status
for Hearing-impaired individuals (RBANS-H). Front. Neurosci. 12:580. doi:
10.3389/fnins.2018.00580

Cosetti, M. K., Pinkston, J. B., Flores, J. M., Friedmann, D. R.,
Jones, C. B., Roland, J. T. Jr., et al. (2016). Neurocognitive testing
and cochlear implantation: insights into performance in older
adults. Clin. Interv. Aging 11, 603–613. doi: 10.2147/CIA.S10
0255

Dell’Aringa, A. H., Adachi, E. S., and Dell’Aringa, A. R. (2007). Lip reading role
in the hearing aid fitting process. Braz. J. Otorhinolaryngol. 73, 95–99. doi:
10.1016/s1808-8694(15)31129-0

Gilissen, S. R., and Arckens, L. (2021). Posterior parietal cortex contributions
to cross-modal brain plasticity upon sensory loss. Curr. Opin. Neurobiol. 67,
16–25. doi: 10.1016/j.conb.2020.07.001

Glick, H., and Sharma, A. (2017). Cross-modal plasticity in developmental and
age-related hearing loss: clinical implications. Hear. Res. 343, 191–201. doi:
10.1016/j.heares.2016.08.012

Hauser, P. C., Cohen, J., Dye, M. W. G., and Bavelier, D. (2006). Visual constructive
and visual–motor skills in deaf native signers. J. Deaf Stud. Deaf Educ. 12,
148–157. doi: 10.1093/deafed/enl030

Hawkins, D. B. (2005). Effectiveness of counseling-based adult group aural
rehabilitation programs: a systematic review of the evidence. J. Am. Acad.
Audiol. 16, 485–493. doi: 10.3766/jaaa.16.7.8

Jessen, F., Wolfsgruber, S., Wiese, B., Bickel, H., Mösch, E., Kaduszkiewicz, H., et al.
(2014). AD dementia risk in late MCI, in early MCI, and in subjective memory
impairment. Alzheimers Dement. 10, 76–83. doi: 10.1016/j.jalz.2012.09.017

Lim, M. Y. L., and Loo, J. (2018). Screening an elderly hearing impaired
population for mild cognitive impairment using Mini-Mental
State Examination (MMSE) and Montreal Cognitive Assessment
(MoCA). Int. J. Geriatr. Psychiatry 33, 972–979. doi: 10.1002/gps.
4880

Lin, F. R., Metter, E. J., O’Brien, R. J., Resnick, S. M., Zonderman, A. B., and
Ferrucci, L. (2011). Hearing loss and incident dementia. Arch. Neurol. 68,
214–220.

Livingston, G., Sommerlad, A., Orgeta, V., Costafreda, S. G., Huntley, J., Ames,
D., et al. (2017). Dementia prevention, intervention, and care. Lancet 390,
2673–2734.

Mertens, G., Andries, E., Claes, A. J., Topsakal, V., Van de Heyning, P., Van
Rompaey, V., et al. (2020). Cognitive improvement after cochlear implantation
in older adults with severe or profound hearing impairment: a prospective,
longitudinal, controlled, multicenter study. Ear Hear. 42, 606–614. doi:
10.1097/AUD.0000000000000962

Mosnier, I., Bebear, J.-P., Marx, M., Fraysse, B., Truy, E., Lina-Granade, G.,
et al. (2015). Improvement of cognitive function after cochlear implantation
in elderly patients. JAMA Otolaryngol. Head Neck Surg. 141, 442–450. doi:
10.1001/jamaoto.2015.129

Parasnis, I., Samar, V. J., Bettger, J. G., and Sathe, K. (1996). Does deafness
lead to enhancement of visual spatial cognition in children? Negative
evidence from deaf nonsigners. J. Deaf Stud. Deaf Educ. 1, 145–152. doi:
10.1093/oxfordjournals.deafed.a014288

Petersen, R. C. (2004). Mild cognitive impairment as a diagnostic entity. J. Intern.
Med. 256, 183–194.

Pye, A., Charalambous, A. P., Leroi, I., Thodi, C., and Dawes, P. (2017). Screening
tools for the identification of dementia for adults with age-related acquired
hearing or vision impairment: a scoping review. Int. Psychogeriatr. 29, 1771–
1784. doi: 10.1017/S104161021700120X

Rönnberg, J., Hygge, S., Keidser, G., and Rudner, M. (2014). The effect of functional
hearing loss and age on long- and short-term visuospatial memory: evidence
from the UK biobank resource. Front. Aging Neurosci. 6:326. doi: 10.3389/fnagi.
2014.00326

Rudner, M., Keidser, G., Hygge, S., and Ronnberg, J. (2016). Better
visuospatial working memory in adults who report profound deafness
compared to those with normal or poor hearing: data from the UK
biobank resource. Ear Hear. 37, 620–622. doi: 10.1097/aud.000000000000
0314

Sardone, R., Battista, P., Donghia, R., Lozupone, M., Tortelli, R., Guerra, V., et al.
(2020a). Age-related central auditory processing disorder, MCI, and dementia
in an older population of Southern Italy. Otolaryngol. Head Neck Surg. 163,
348–355. doi: 10.1177/0194599820913635

Sardone, R., Lampignano, L., Guerra, V., Zupo, R., Donghia, R., Castellana, F.,
et al. (2020b). Relationship between inflammatory food consumption and age-
related hearing loss in a prospective observational cohort: results from the Salus
in Apulia study. Nutrients 12:426. doi: 10.3390/nu12020426

Sardone, R., Castellana, F., Bortone, I., Lampignano, L., Zupo, R., Lozupone, M.,
et al. (2021a). Association between central and peripheral age-related hearing
loss and different frailty phenotypes in an older population in Southern Italy.
JAMA Otolaryngol. Head Neck Surg. 147, 561–571. doi: 10.1001/jamaoto.2020.
5334

Sardone, R., Sborgia, G., Niro, A., Giuliani, G., Pascale, A., Puzo, P., et al. (2021b).
Retinal vascular density on optical coherence tomography angiography and
age-related central and peripheral hearing loss in a Southern Italian older
population. J. Gerontol. A Biol. Sci. Med. Sci. 76, 2169–2177.

Shin, M.-S., Kim, Y.-H., Cho, S.-C., and Kim, B.-N. (2003). Neuropsychologic
characteristics of children with Attention-Deficit Hyperactivity Disorder
(ADHD), learning disorder, and tic disorder on the Rey-Osterreith complex
figure. J. Child Neurol. 18, 835–844. doi: 10.1177/088307380301801203

Shin, M. S., Park, S. Y., Park, S. R., Seol, S. H., and Kwon, J. S.
(2006). Clinical and empirical applications of the Rey-Osterrieth
complex figure test. Nat. Protoc. 1, 892–899. doi: 10.1038/nprot.2006.
115

Shorr, J. S., Delis, D. C., and Massman, P. J. (1992). Memory for the Rey-Osterrieth
figure: perceptual clustering, encoding, and storage. Neuropsychology 6, 43–50.
doi: 10.1037/0894-4105.6.1.43

Simon, M., Campbell, E., Genest, F., MacLean, M. W., Champoux, F., and Lepore,
F. (2020). The impact of early deafness on brain plasticity: a systematic
review of the white and gray matter changes. Front. Neurosci. 14:206. doi:
10.3389/fnins.2020.00206

Thompson, J. C., Stopford, C. L., Snowden, J. S., and Neary, D. (2005). Qualitative
neuropsychological performance characteristics in frontotemporal dementia
and Alzheimer’s disease. J. Neurol. Neurosurg. Psychiatry 76, 920–927. doi:
10.1136/jnnp.2003.033779

Traykov, L., Raoux, N., Latour, F., Gallo, L., Hanon, O., Baudic, S., et al. (2007).
Executive functions deficit in mild cognitive impairment. Cogn. Behav. Neurol.
20, 219–224. doi: 10.1097/wnn.0b013e31815e6254

Utoomprurkporn, N., Stott, J., Costafreda, S. G., and Bamiou, D. E. (2021a).
Lack of association between audiogram and hearing disability measures in
mild cognitive impairment and dementia: what audiogram does not tell you.
Healthcare 9:769. doi: 10.3390/healthcare9060769

Utoomprurkporn, N., Stott, J., Costafreda, S. G., North, C., Heatley, M., and
Bamiou, D. E. (2021b). The screening accuracy of a visually based Montreal
cognitive assessment tool for older adult hearing aid users. Front. Aging
Neurosci. 13:706282. doi: 10.3389/fnagi.2021.706282

Utoomprurkporn, N., Hardy, C. J. D., Stott, J., Costafreda, S. G., Warren, J., and
Bamiou, D. E. (2020a). “The Dichotic Digit Test” as an index indicator for
hearing problem in dementia: systematic review and meta-analysis. J. Am. Acad.
Audiol. 31, 646–655. doi: 10.1055/s-0040-1718700

Utoomprurkporn, N., Woodall, K., Stott, J., Costafreda, S. G., and Bamiou, D. E.
(2020b). Hearing-impaired population performance and the effect of hearing
interventions on Montreal Cognitive Assessment (MoCA): systematic review
and meta-analysis. Int. J. Geriatr. Psychiatry 35, 962–971. doi: 10.1002/gps.5354

WHO (2012). “WHO global estimates on prevalence of hearing loss,” in Mortality
and Burden of Diseases and Prevention of Blindness and Deafness, ed.
WHO. Available online at: https://www.who.int/pbd/deafness/WHO_GE_HL.
pdf (accessed February 11, 2022).

Frontiers in Aging Neuroscience | www.frontiersin.org 8 February 2022 | Volume 14 | Article 785406

https://doi.org/10.1016/j.tics.2006.09.006
https://doi.org/10.1002/gps.1167
https://doi.org/10.3389/fnins.2018.00580
https://doi.org/10.3389/fnins.2018.00580
https://doi.org/10.2147/CIA.S100255
https://doi.org/10.2147/CIA.S100255
https://doi.org/10.1016/s1808-8694(15)31129-0
https://doi.org/10.1016/s1808-8694(15)31129-0
https://doi.org/10.1016/j.conb.2020.07.001
https://doi.org/10.1016/j.heares.2016.08.012
https://doi.org/10.1016/j.heares.2016.08.012
https://doi.org/10.1093/deafed/enl030
https://doi.org/10.3766/jaaa.16.7.8
https://doi.org/10.1016/j.jalz.2012.09.017
https://doi.org/10.1002/gps.4880
https://doi.org/10.1002/gps.4880
https://doi.org/10.1097/AUD.0000000000000962
https://doi.org/10.1097/AUD.0000000000000962
https://doi.org/10.1001/jamaoto.2015.129
https://doi.org/10.1001/jamaoto.2015.129
https://doi.org/10.1093/oxfordjournals.deafed.a014288
https://doi.org/10.1093/oxfordjournals.deafed.a014288
https://doi.org/10.1017/S104161021700120X
https://doi.org/10.3389/fnagi.2014.00326
https://doi.org/10.3389/fnagi.2014.00326
https://doi.org/10.1097/aud.0000000000000314
https://doi.org/10.1097/aud.0000000000000314
https://doi.org/10.1177/0194599820913635
https://doi.org/10.3390/nu12020426
https://doi.org/10.1001/jamaoto.2020.5334
https://doi.org/10.1001/jamaoto.2020.5334
https://doi.org/10.1177/088307380301801203
https://doi.org/10.1038/nprot.2006.115
https://doi.org/10.1038/nprot.2006.115
https://doi.org/10.1037/0894-4105.6.1.43
https://doi.org/10.3389/fnins.2020.00206
https://doi.org/10.3389/fnins.2020.00206
https://doi.org/10.1136/jnnp.2003.033779
https://doi.org/10.1136/jnnp.2003.033779
https://doi.org/10.1097/wnn.0b013e31815e6254
https://doi.org/10.3390/healthcare9060769
https://doi.org/10.3389/fnagi.2021.706282
https://doi.org/10.1055/s-0040-1718700
https://doi.org/10.1002/gps.5354
https://www.who.int/pbd/deafness/WHO_GE_HL.pdf
https://www.who.int/pbd/deafness/WHO_GE_HL.pdf
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles


fnagi-14-785406 February 21, 2022 Time: 13:42 # 9

Utoomprurkporn et al. Visuospatial Abilities in Hearing and Cognitive Impairment

Wilson, M., Bettger, J., Niculae, I., and Klima, E. (1997). Modality of language
shapes working memory: evidence from digit span and spatial span in ASL
signers. J. Deaf Stud. Deaf Educ. 2, 150–160. doi: 10.1093/oxfordjournals.deafed.
a014321

Wong, C. G., Rapport, L. J., Billings, B. A., Ramachandran, V., and Stach, B. A.
(2019). Hearing loss and verbal memory assessment among older adults.
Neuropsychology 33, 47–59. doi: 10.1037/neu0000489

World Health Organization (2021). Hearing Screening: Considerations for
Implementation. Geneva: WHO.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Utoomprurkporn, Stott, Costafreda and Bamiou. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Aging Neuroscience | www.frontiersin.org 9 February 2022 | Volume 14 | Article 785406

https://doi.org/10.1093/oxfordjournals.deafed.a014321
https://doi.org/10.1093/oxfordjournals.deafed.a014321
https://doi.org/10.1037/neu0000489
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/aging-neuroscience#articles

	The Impact of Hearing Loss and Hearing Aid Usage on the Visuospatial Abilities of Older Adults in a Cohort of Combined Hearing and Cognitive Impairment
	Intoduction
	Materials and Methods
	Participants
	Materials
	The Rey Osterrieth Complex Figure Test
	The Rey Osterrieth Complex Figure Test Copy
	The Rey Osterrieth Complex Figure Test Recall
	Montreal Cognitive Assessment

	Statistical Analysis

	Results
	Discussion
	Rey Osterrieth Complex Figure Test Copy
	Rey Osterrieth Complex Figure Test Recall
	Possible Explanations for Improved Visuospatial Ability

	Limitation
	Implication/Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	References


