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Abstract

Purpose: to compare, in a real-world scenario, the effects of different levels of technology on attention, memory, electrophys-

iological response, and self-perceived benefit of new users of hearing-aids in a developing country such as Brazil. Method: A

pragmatic parallel-group, single-blinded, and randomized pilot clinical trial was conducted. Patients were divided into 3 groups

according to hearing aid technology: (A) advanced technology; (B) basic technology; and (C) placebo. Participants were [?] 60

years old, had moderate sensorineural hearing loss, and had never been exposed to hearing aid before. Prior to data collection,

patients were electronically randomized to receive unique identity numbers. Patient numbers were placed in opaque envelopes

until the day of the first visit at which hearing aids were fitted with appropriate amplification settings. Attention, memory,

and latency of auditory evoked potentials of patients were assessed while using the hearing aids at baseline and then after 12

weeks of use. The primary outcome was any improvement in scores on neuropsychological tests and/or shortening of latency

in the auditory-evoked potentials. Results: A total of 22 individuals were assessed (A=8, B=6, and C=8). Participants had

a mean age of 80.4 (±6.1) years, were predominantly female (63.63%), and were poorly educated (3.8±1.6 years). Comparison

of groups AXC and of BXC revealed differences in NEUPSILIN scores (Brazilian instrument) for reverse counting (p=0.002,

95%CI 5.9;20.55) and recognition (p=0.013, 95%CI -6.1;-0.88). No difference between groups A and B were found. Responses

on the International Outcome Inventory for Hearing Aids (IOI-HA) differed for the benefit (p<0.001), satisfaction (p=0.007),

participation restriction (p=0.012) and quality of life (p=0.037). Conclusion: The level of technology of the devices had no im-

pact on the general satisfaction of new users of hearing-aids and appeared to have no differential effect on memory or attention

after 12 weeks of use of the sound amplification products.
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Abstract

Effect of hearing aids on attention, memory, and auditory evoked potentials: a pragmatic,
single-blinded, and randomized pilot clinical trial

Introduction: Population aging and its association with cognitive impacts of hearing loss is a growing
concern. As hearing is restored and the auditory deprivation is reduced, the deleterious effects of hearing
loss may be prevented or attenuated

Objective: to compare, in a real-world scenario, the effects of different levels of technology on attention,
memory, electrophysiological response, and self-perceived benefit of new users of hearing-aids in a developing
country such as Brazil.

Material and methods: A pragmatic parallel-group, single-blinded, and randomized pilot clinical trial was
conducted. Patients were divided into 3 groups according to hearing aid technology: (A) advanced technology;
(B) basic technology; and (C) placebo. Participants were [?] 60 years old, had moderate sensorineural hearing
loss, and had never been exposed to hearing aid before. Prior to data collection, patients were electronically
randomized to receive unique identity numbers. Patient numbers were placed in opaque envelopes until the
day of the first visit at which hearing aids were fitted with appropriate amplification settings. Attention,
memory, and latency of auditory evoked potentials of patients were assessed while using the hearing aids
at baseline and then after 12 weeks of use. The primary outcome was any improvement in scores on
neuropsychological tests and/or shortening of latency in the auditory-evoked potentials.

Results: A total of 22 individuals were assessed (A=8, B=6, and C=8). Participants had a mean age of 80.4
(+-6.1) years, were predominantly female (63.63%), and were poorly educated (3.8+-1.6 years). Comparison
of groups A X C and of B X C revealed differences in NEUPSILIN scores (Brazilian instrument) for reverse
counting (p=0.002, 95%CI 5.9;20.55) and recognition (p=0.013, 95%CI -6.1;-0.88). No difference between
groups A and B were found. Responses on the International Outcome Inventory for Hearing Aids (IOI-HA)
differed for the benefit (p<0.001), satisfaction (p=0.007), participation restriction (p=0.012) and quality of
life (p=0.037).

Conclusion: The level of technology of the devices had no impact on the general satisfaction of new users
of hearing-aids and appeared to have no differential effect on memory or attention after 12 weeks of use of
the sound amplification products.

Trial registration: UTN U1111-1250-9090; Brazilian Registry of Clinical Trials RBR-3Z98RP.

Funding: None

Keywords: Hearing Aids; Electrophysiology; Attention; Memory.
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INTRODUCTION

Population aging and its association with cognitive impacts of hearing loss [1–5] is a growing concern. As
people age, cognitive dysfunction may manifest from mild to severe, including dementia itself [6], which
represents a public health concern [7,8] that might be considered a priority for public health [8].

Hearing loss affects 23% of Americans who are 12 or older [9] and is considered the main modifiable factor
capable of preventing cognitive decline in adult life [10]. As hearing is restored and the auditory deprivation
is reduced, the deleterious effects of hearing loss can be prevented or attenuated, satisfaction with the use
of hearing aids will increase, and auditory brain response will improve [11–20]. Also, despite the level of
technology, both basic and premium hearing aids performs similarly among those with mild-to-moderate
hearing loss [21,22]. Brazilian public health system, named SUS, freely provides hearing aids for those who
have a medical prescription to use them.

Depending on the level of technology, hearing aids present some special sound processing strategies. The
premium hearing aids typically include more complex, automatic and adaptative version of the features, as
well as some features that are not available in the basic devices [23]. Among the features currently available
are modern microphones, transposing frequencies, and cancelling feedback, besides amplifying the sound.
Over the past years, both hardware (such as microphones) and software (directionality, noise reduction
and such) have been evolving to a point in which microphones can adopt spatially dependent directivity
pattern. Also, natural directivity that works as pinna-simulation directivity is an algorithm that seems to
improve SNR. The premium hearing aids we used in this study accounts for all these features. More details
on directionality, noise reduction, and sound processing algorithms can be found in some theorical books
[24–26].

Although previous research have shown that hearing aids may impact on auditory brain response [20] and
improve signal-to-noise ratio significantly [21,22], none of them describes pragmatically the hearing aids’
effect on poor educated individuals. Thus, we aimed to compare, in a real-world scenario, the effects of
different levels of technology on attention, memory, electrophysiological response, and self-perceived benefit
of new users of hearing-aids in a developing country such as Brazil.

MATERIALS AND METHODS

Design

A pragmatic parallel-group, single-blinded, randomized pilot clinical trial was conducted (UTN U1111-1250-
9090; Brazilian Registry of Clinical Trials RBR-3Z98RP) according to the recommendations of CONSORT,
2010 [27]. The study protocol was approved by the Research Ethics Committee of the Santa Casa de
Sao Paulo (permit CAAE 50268715.1.0000.5479) and was devised in compliance with the principles of the
Declaration of Helsinki. All participants signed the consent form.

Participants

Criteria for inclusion were individuals seen at the institution, aged [?] 60 years, with sensorineural, symmetric,
and moderate hearing loss (air-conduction thresholds of 250-4000 Hz not exceeding 60 dB bilaterally) clinical
indication of hearing aid use and naive to sound amplification products. Individuals who died or failed to
attend the follow-up visits were excluded. Data collection was carried out between 2015 and 2016.

We did not change the original methods we designed after this trial was started.

The flow diagram of enrollment, gain prescription, and algorithms activated in each group are depicted in
Figure 1.

Sample size calculation and randomization

The sample size was not calculated because accurate data on the prevalence of cognitive decline in older
patients with moderate hearing loss are lacking.
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The main author randomized the patients into three groups – A, B, and C – in a 1:1:1 ratio, using the
Randomizer for Clinical Trials tool developed at the Medical University of Graz [28]. After random selection,
the numbers and their respective groups were placed in opaque envelopes and sealed. Envelopes were opened
at the time of selection of the hearing instruments to be fitted and the patients were blinded to their group
allocation. Patient sequence, allocation, and treatment were carried out by the researchers.

Setting and data collection

All the data were collected by the main author, who have experience in fitting hearing aids. He conducted
all the patients that were seen at the outpatient clinic of our institution (Santa Casa de Sao Paulo).

Procedures and intervention

During the first visit, a clinical history was taken. Also, the Montreal Cognitive Assessment (MoCA) was ap-
plied [29,30] to guarantee no previous cognitive impairment (based on normative scores for hearing-impaired
individuals [31]) and to exclude those individuals who could possibly introduce bias into the results of the
proposed intervention. Hearing aids (receptor-in-the-ear, RIE) were then fitted according to the previously
performed randomization. The acoustic gain prescription and the algorithms activated are described in Fig-
ure 1. After the first fitting, microphone probe measurements were made so as to ensure that both Groups
A and B received at least 50% Speech Intelligibility Index (SII) in speech mapping for weak intensity sounds
and at least 80% SII for medium-to-strong sounds. We activated the premium and basic features as shown in
Figure 1. Checks were also carried out in Group C to ensure that the non-amplifying hearing-aid (placebo)
did not exacerbate auditory deprivation of these control subjects. All participants were instructed on the
use of the hearing aids and were given the contact of the researchers to remedy any problems arising during
the use of the devices. After fitting the hearing aids, part of the Brief Neuropsychological Assessment In-
strument was applied (NEUPSILIN) [32] to assess attention and memory abilities (for further details on this
neuropsychological test, please read Fonseca et al., 2008 [33]). The patients we studied in this protocol did
not pay for any device or health service as it happens in our health service which is financed by the Brazilian
Public Health System (named SUS).

At the end of the consultation, cortical auditory responses were determined using a HEARLab(r) device
according to the protocol recommended by Durante et al. [34] with speech stimuli (/m/, /g/ and /t/ at
intensities of 55, 65 and 75 dB). Only latencies of P1 and N1 waves were employed. At the end of that
visit, the next visit was scheduled (12 weeks later). During the period between the visits, the researchers
contacted the patients every two weeks to ensure that hearing aids were being used properly.

Twelve weeks after the first visit, the participants returned to the service and were reassessed using the same
NEUPSILIN tasks. Cortical auditory responses were measured again with the HEARLab(r) device according
to the previously applied protocol. At the end of that visit, participants completed the International Out-
come Inventory for Hearing Aids (IOI-HA), which investigated self-perceived usage, benefit, residual activity
limitation, overall satisfaction, residual participation restriction, residual impact on others and quality of life
change [35].

Outcomes

Primary outcome

The primary outcome was any of the following after 12 weeks of hearing aid use: 1) improving attention
or memory scores on the NEUPSILIN; or 2) reducing latency of auditory evoked potentials, as measured
by HEARLab(r) equipment. This variable was dichotomized into two categories: improved (1) and not
improved (0).

Improvement in the NEUPSILIN scores was defined as a reduction (in seconds) in reverse counting time
and/or higher total score on the tasks of digit sequence repetition, working memory, auditory word span,
immediate and delayed recall, recognition, long-term memory evocation, and visual memory. Improvement
in auditory evoked potentials was defined as a decrease in latency time > 1 millisecond.
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Secondary outcomes

We considered the total score of IOI-HA as a secondary outcome, which meant the overall satisfaction with
the hearing aids. This variable was analyzed as an ordinal one.

After the trial started, we included the total score of IOI-HA as a secondary outcome so that we could assess
self-satisfaction with regards to hearing aid use at the end of the research.

Statistical analysis

Data were typed into Microsoft(r) Excel for Mac, version 16.35, and analyzed using IBM(r) SPSS Statistics
software, version 26 for Mac. Data are shown as absolute and relative frequencies (nominal variables) and
mean and standard deviation (continuous variables with non-normal distribution). Pearson’s chi-square,
ANOVA, Wilcoxon, and Mann-Whitney tests were employed to compare nominal and numerical variables
and pre and post-use of hearing-aids, as needed, as well as Bonferroni correction (alpha = 0.05; confidence
interval = 95%). Also, we used the package pwr in R(r) software to calculate the Pearson’s chi-square power.
As a pragmatic study, we applied the intention-to-treat method to analyze our data.

RESULTS

Figure 1 shows the flow diagram from enrollment to randomization, intervention, follow-up, and analysis.

All the patients were recruited from the waiting list of our service and those who met the inclusion criteria
(elderly with mild-to-moderate sensorineural and naive to sound amplification) were invited to our outpatient
clinic to receive their hearing aids. All the appointments (recruitment and follow-up) happened from a July
2015 to July 2016. The follow-up appointment was set in accordance with the protocol of our institution.
Those who did not meet the 12 weeks of hearing aids use (after 3 months from the first appointment)
were rescheduled to a next appointment as suggested in the current practice of hearing aid fitting of our
institution. We stopped the trial because of the time we had to finish this study, which worked as a master’s
degree of the main author.

The final sample comprised 22 individuals who had a mean age of 80.4 (+- 6.1) years, were predominantly
female (63.63%), and had a mean education of 3.8 (+- 1.6) years. The participants randomized into the
3 groups (A=8, B=6, and C=8) were analyzed by original assigned groups and did not differ for age,
gender, education, cognitive screening scores on the MoCA (except language), hours of hearing aid use
(informed and actual recorded), pure-tone audiometry (sensorineural, symmetric, and moderate hearing loss
bilaterally), initial results on the NEUPSILIN tasks and auditory evoked potentials as shown in Table 1 and
Supplementary Figure 1, which present the baseline characteristics of the three groups.

After fitting the hearing aids, in situ checks (probe measurements) revealed differences between individuals
using sound amplification products (Groups A and B) and those using placebo (Group C) (Supplementary
Table 1) as expected.

The analysis of IOI-HA responses showed differences in benefit (p<0.001), satisfaction (p=0.007), partici-
pation restriction (p=0.012) and quality of life (p=0.037). In addition, mean total scores on that inventory
also differed across groups (p=0.032) (Table 1).

As we conducted a pragmatic study, no subject was excluded, and we adopted an intention-to-treat approach
in analysis.

The primary outcomes are given in Table 2, showing statistically significant differences in reverse counting
(p=0.03), auditory word span (p=0.03) and recognition (p=0.03) on the NEUPSILIN tasks and reduction
in N1 wave latency for the /t/ phoneme at a 55 dB intensity (p=0.01).

No potential harm was observed along with the follow-up of the patients. In the end of data collection, those
who received the placebo intervention (group C) had their devices fitted according to the exact parameters
we fitted the devices of both groups A and B. All the patients kept on ordinary follow-up at the outpatient
clinic.
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The numerical results are summarized in Supplementary Tables 1 and 2.

Comparison of the numerical variables before and after 12 weeks of hearing aid use shows differences in
scores on the NEUPSILIN for reverse counting (p = 0.006, 95%CI 2.2;11.63), digit sequence repetition (p
= 0.039, 95%CI -1.9;-0.05), delayed recall memory (p = 0.036, 95%CI -1.2;-0.05), recognition (p = 0.008,
95%CI -2.6;-0.45) and visual memory (p = 0.008, 95%CI -0.9;-0.15) and in latency of potentials for the N1
wave for the /g/ phoneme at a 55 dB intensity (p = 0.016, 95%CI 2.1;18.59) (Supplementary Table 3).

Variables which differed before and after the intervention were submitted to a post hoc analysis, revealing
differences between the sound amplification groups and the placebo group on NEUPSILIN scores for reverse
counting (p = 0.002, 95%CI 5.9;20.55) and recognition (p = 0.013, 95%CI -6.1;-0.88). This analysis found
no differences among the groups for a reduction in N1 wave latency of the /g/ phoneme at 55 dB. Likewise,
no difference between groups A and B was found (Supplementary Table 3).

DISCUSSION

Our investigation presents data on comparison of different kinds of sound amplification technology (advanced
and basic) for the first time described in a developing country. It also adds information on the short-term
effect of hearing aids in attention and memory tasks and auditory evoked latencies, which should encourage
further long-term studies.

The findings of the present study suggest the short-term beneficial effect of hearing-aid use in older adults
who are naive to sound amplification devices, despite its level of technology [21,22].

With regard to the relationship between auditory deprivation and cognitive decline [1–5,11–19], it is believed
that the use of hearing aids represents a determinant for improving the quality of life among hearing-impaired
elderly [36]. To date, we have no instrument that can directly assess cognition as a whole, so we had to rely
on attention and memory skills, as well as auditory evoked potentials latency to hypothesize so.

The educational level of our sample, comprising older patients who depend on the public health service, is
representative of the majority of the population of the developing countries such as ours. Consequently, the
findings of this study only represent those countries with a similar sociodemographic profile. Poor education
is considered a potentially modifiable risk factor for dementia [10], particularly in countries such as Brazil [37].
Therefore, strategies for mitigating these risks are vital in these countries, which plays an effort to minimize
cognitive impairment. Given Brazil’s rapidly aging population, auditory deprivation may constitute a factor
that limits the quality of life of the elderly. Auditory deprivation is held as the main modifiable factor in
adult life capable of preventing cognitive decline [10]. The role of audiologists and ENT specialists is thus
to minimize hearing deprivation by diagnosing hearing loss as soon as they can.

The hearing aids we used in this study reflect the different levels of technology consistent with the devices
available at the time of this clinical trial. Group A used devices of premium technology, including features of
automatic asymmetric directionality, environmental acoustic gain optimizer (up to 6 dB gain for less noisy
environments), and noise reduction by environment (noise reduction of up to 10 dB in noisy environments).
Group B (basic technology) used hearing aids with fixed symmetric directionality (omnidirectional OR
directional simultaneously), with no gain optimizer by environment, and offering maximum noise reduction
of 3 dB. Both Groups A and B used default manufacturer settings (GN group) for wind-noise reduction,
microphone feedback cancelation, and expansion. Group C (placebo) patients, after using their hearing aids
for 12 weeks with no sound amplification, had their devices programmed according to the same protocol
applied for fitting groups A and B. All the electroacoustic characteristics we mentioned here are easily found
in the technical specifications of the hearing aids from the GN group (ReSound).

As shown by a previous studies [21,22,38], our results failed to show any difference between premium and
basic hearing aids, which suggest that amplification plays the major role in restoring hearing abilities. It
is believed that sound signal processing algorithms may reduce listening effort [16–19], but robust data
supporting these theories are still lacking.
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Although we chose a neuropsychological test that was not sensitive enough for detecting discrete improve-
ments in memory and attention, the NEUPSILIN was elected for the present study because it is validated for
its use in older Brazilian patients and thus could be applied in our sample. One of the tests which differed
statistically between pre and post-intervention was the word recognition task. On this task, the subject
hears the spoken words aloud by the examiner and must decide whether these are part of the list of words
they heard earlier in the test. In this assessment, the patient must deal with phonemic distractors, thus the
sound amplification itself facilitates the patient’s performance at it. A comparison of the 3 groups revealed
that this difference occurred only between Groups B and C, pointing to a possible sample size effect.

The definition used by Moore et al. [39] was originally proposed by Neisser in 1967 and states that cognition
is an individual’s ability to transform sensorial input into meaning. Hearing aids allow the individuals to
perceive sounds again, but the reassignment of meaning to these sound stimuli is not immediate and might
not take place spontaneously. In this respect, auditory training and/or speech-hearing therapy may help
hearing impaired people to derive maximum benefit from sound amplification.

We believe the reassessment with auditory evoked potentials may have been carried out too early, which
prevented the plasticity of the patients’ auditory system to happen. We also speculate if latency could be
rapidly affected by amplification as waves amplitude were [20].

The differences we observed on the IOI-HA were more likely associated with sound amplification, regardless
of the technology level. This suggests that for new users, a well-fitted hearing aid may be the main factor
that guides satisfaction.

Limitations

The main limitations of this study, besides sample size and blinding type, are the limited sensitivity of the
methods we used for assessing patients pre and post-intervention and the short period of use of hearing
aids use. Given the dearth of studies on this topic, the assessment methods chosen in this study are not
deemed a gold standard for cognitive assessment, despite the adoption of intra-subject analyses (comparing
the individual against themselves after the intervention over the time). The period of use of hearing aids up
to the reassessment was very short, precluding the detection of the intervention effects by the assessments
we performed in this study. It is worth to mention this is a pragmatic pilot clinical trial. It may encourage
researches worldwide to conduct other studies that help audiologists and ENTs to better understand how
the hearing aids affect their patients in both short and long-term.

CONCLUSION

In this study, differences in technology had no impact on general customer satisfaction nor in the cognitive
tasks such as memory and attention after 12 weeks of using hearing aids among individuals who were naive
to sound amplification

The significant differences we observed in this study seem to be related to avoiding sound deprivation (through
hearing aids use) for both objective and neuropsychological tests and general customer satisfaction.

CLINICAL TRIAL PROTOCOL REGISTRATION

This protocol was registered at Brazilian Registry of Clinical Trials (RBR-3Z98RP) and it can be fully
accessed at http://www.ensaiosclinicos.gov.br/rg/RBR-3z98rp/.
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FIGURES

Figure 1. Flow diagram of enrollment process according to CONSORT, 2010 [27].

Abbreviations: n, sample.

Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic
technology) and C (placebo) for MoCA screening, NEUPSILIN scores, Speech Intelligibility Index (SII) and
IOI-HA.

Advanced Advanced (n = 8) (n = 8) Basic Basic (n = 6) (n = 6) Placebo Placebo (n = 8) (n = 8) p-value p-value p-value
Age 81.9 (5.91) (5.91) 77.7 77.7 (7.45) (7.45) 80.9 80.9 (5.38) (5.38) N/A N/A a
Sex
Female 5.0 (62.50%) (62.50%) 3.0 3.0 (50.00%) (50.00%) 6.0 6.0 (75.00%) (75.00%) N/A N/A b
Male 3.0 (37.50%) (37.50%) 3.0 3.0 (50.00%) (50.00%) 2.0 2.0 (25.00%) (25.00%)
Education 3.5 (1.07) (1.07) 4.5 4.5 (2.59) (2.59) 3.5 3.5 (1.07) (1.07) N/A N/A a
MoCA
Visuospatial* 3.1 (1.46) (1.46) 3.2 3.2 (1.72) (1.72) 3.3 3.3 (1.83) (1.83) N/A N/A a
Naming* 2.0 (0.00) (0.00) 2.0 2.0 (1.26) (1.26) 2.3 2.3 (0.71) (0.71) N/A N/A a
Attention* 3.3 (1.58) (1.58) 3.7 3.7 (1.21) (1.21) 4.3 4.3 (1.49) (1.49) N/A N/A a
Language* 1.5 (0.53) (0.53) 0.7 0.7 (0.82) (0.82) 0.6 0.6 (0.74) (0.74) N/A N/A a
Abstraction* 1.4 (0.52) (0.52) 1.5 1.5 (0.55) (0.55) 1.0 1.0 (0.76) (0.76) N/A N/A a
Long-term memory* 0.8 (0.89) (0.89) 0.5 0.5 (0.55) (0.55) 0.9 0.9 (1.13) (1.13) N/A N/A a
Orientation* 5.3 (0.71) (0.71) 5.0 5.0 (1.10) (1.10) 5.5 5.5 (0.76) (0.76) N/A N/A a
Hours of use (self-reported) 7.4 (1.19) (1.19) 6.8 6.8 (0.98) (0.98) 7.4 7.4 (1.77) (1.77) 0.72 0.72 a
Hours of use (Data logging) 7.0 (1.41) (1.41) 7.3 7.3 (1.03) (1.03) 8.5 8.5 (2.00) (2.00) 0.17 0.17 a
IOI-HA
1 4 (0.83) (0.83) 5 5 (1.22) (1.22) 4 4 (0.74) (0.74) 0.41 0.41 a
2 4 (0.83) (0.83) 4 4 (0.63) (0.63) 2 2 (0.52) (0.52) < 0.001 < 0.001 a
3 4 (1.07) (1.07) 3 3 (1.33) (1.33) 2 2 (1.25) (1.25) 0.09 0.09 a
4 5 (0.46) (0.46) 5 5 (0.41) (0.41) 4 4 (1.06) (1.06) 0.01 0.01 a
5 5 (0.53) (0.53) 4 4 (0.75) (0.75) 3 3 (1.46) (1.46) 0.01 0.01 a
6 3 (1.41) (1.41) 3 3 (1.37) (1.37) 3 3 (1.67) (1.67) 0.78 0.78 a
7 4 (0.46) (0.46) 4 4 (0.41) (0.41) 4 4 (0.76) (0.76) 0.04 0.04 a
8 2 (1.25) (1.25) 2 2 (0.82) (0.82) 3 3 (1.60) (1.60) 0.51 0.51 a
Total 4 (0.54) (0.54) 4 4 (0.17) (0.17) 3 3 (0.74) (0.74) 0.03 0.03 a
a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is. a One-way ANOVA b Pearson´s chi-squared *The higher the score, the better the result is.
Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization). Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization).
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. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group. Table 2. Absolute and relative frequencies for primary outcomes by group.

Advanced (n = 8) Basic (n = 6) Placebo (n = 8) p-value p-value ES
NEUPSILIN, n (%)
Reverse counting 8 (100,00%) 4 (66,67%) 3 (37,50%) 0,03 b 0,66
Digit sequence repetition 4 (50,00%) 4 (66,67%) 4 (50,00%) 0,55 b 0,08
Working memory 5 (62,50%) 4 (66,67%) 4 (50,00%) 0,42 b 0,08
Auditory digit span 6 (75,00%) 3 (50,00%) 1 (12,50%) 0,03 b 0,61
Short-term memory 4 (50,00%) 3 (50,00%) 2 (25,00%) 0,25 b 0,16
Long-term memory 5 (62,50%) 5 (83,33%) 2 (25,00%) 0,05 b 0,50
Recognition 6 (75,00%) 6 (100,00%) 3 (37,50%) 0,03 b 0,61
Long-term memory 0 (0,00%) 3 (50,00%) 1 (12,50%) 0,54 b 0,58
Visual memory 4 (50,00%) 2 (33,33%) 5 (62,50%) 0,33 b 0,14
Evoked potentials, n(5)
55 dB
P1 /m/ 4 (50,00%) 2 (33,33%) 2 (25,00%) 0,36 b 0,14
N1 /m/ 6 (75,00%) 4 (66,67%) 3 (37,50%) 0,14 b 0,27
P1 /t/ 6 (75,00%) 2 (33,33%) 2 (25,00%) 0,16 b 0,46
N1 /t/ 8 (100,00%) 3 (50,00%) 1 (12,50%) 0,01 b 0,89
P1 /g/ 6 (75,00%) 3 (50,00%) 4 (50,00%) 0,42 b 0,16
N1 /g/ 7 (87,50%) 5 (83,33%) 4 (50,00%) 0,10 b 0,35
65 dB
P1 /m/ 4 (50,00%) 2 (33,33%) 4 (50,00%) 0,55 b 0,08
N1 /m/ 5 (62,50%) 4 (66,67%) 4 (50,00%) 0,42 b 0,08
P1 /t/ 5 (62,50%) 3 (50,00%) 4 (50,00%) 0,55 b 0,07
N1 /t/ 3 (37,50%) 3 (50,00%) 4 (50,00%) 0,55 b 0,07
P1 /g/ 5 (62,50%) 3 (50,00%) 4 (37,50%) 0,55 b 0,07
N1 /g/ 5 (62,50%) 4 (66,67%) 3 (0,00%) 0,22 b 0,17
75 dB
P1 /m/ 3 (37,50%) 4 (66,67%) 2 (25,00%) 0,25 b 0,27
N1 /m/ 8 (100,00%) 2 (33,33%) 4 (50,00%) 0,29 b 0,69
P1 /t/ 3 (37,50%) 4 (66,67%) 4 (50,00%) 0,67 b 0,14
N1 /t/ 4 (50,00%) 2 (33,33%) 3 (37,50%) 0,58 b 0,08
P1 /g/ 3 (37,50%) 2 (33,33%) 2 (25,00%) 0,49 b 0,07
N1 /g/ 3 (37,50%) 1 (16,67%) 3 (37,50%) 0,51 b 0,12
bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests. bPearson´s Chi-squared Relative effect size was [?] 0,80 in all the tests.
Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; ES, absolute effect size.

SUPPLEMENTARY MATERIALS

Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA.

Advanced (n = 8) Basic (n = 6) Placebo (n = 8) p-value p-value p-value
Age 81.9 (5.91) 77.7 (7.45) 80.9 (5.38) N/A
Sex
Female 5.0 (62.50%) 3.0 (50.00%) 6.0 (75.00%) N/A
Male 3.0 (37.50%) 3.0 (50.00%) 2.0 (25.00%)
Education 3.5 (1.07) 4.5 (2.59) 3.5 (1.07) N/A
MoCA
Visuospatial* 3.1 (1.46) 3.2 (1.72) 3.3 (1.83) N/A
Naming* 2.0 (0.00) 2.0 (1.26) 2.3 (0.71) N/A
Attention* 3.3 (1.58) 3.7 (1.21) 4.3 (1.49) N/A
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. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA.

Language* 1.5 (0.53) 0.7 (0.82) 0.6 (0.74) N/A
Abstraction* 1.4 (0.52) 1.5 (0.55) 1.0 (0.76) N/A
Long-term memory* 0.8 (0.89) 0.5 (0.55) 0.9 (1.13) N/A
Orientation* 5.3 (0.71) 5.0 (1.10) 5.5 (0.76) N/A
Hours of use (self-reported) 7.4 (1.19) 6.8 (0.98) 7.4 (1.77) N/A
Hours of use (Data logging) 7.0 (1.41) 7.3 (1.03) 8.5 (2.00) N/A
Audiometry, dB (SD)
Right ear
250 Hz 29 (8.63) 34 (7.36) 29 (9.80) N/A
500 Hz 32 (7.04) 34 (11.58) 31 (13.21) N/A
1000 Hz 41 (10.26) 41 (9.70) 37 (14.62) N/A
2000 Hz 37 (9.61) 38 (11.69) 41 (14.74) N/A
3000 Hz 46 (9.54) 44 (8.01) 46 (5.18) N/A
4000 Hz 49 (12.17) 51 (7.36) 48 (8.45) N/A
6000 Hz 53 (13.09) 56 (6.65) 57 (6.51) N/A
8000 Hz 56 (12.17) 64 (6.65) 58 (5.94) N/A
SRI 89 (4.66) 91 (4.68) 93 (5.83) N/A
Left ear
250 Hz 33 (7.99) 32 (7.53) 30 (10.00) N/A
500 Hz 37 (6.51) 33 (4.18) 32 (7.99) N/A
1000 Hz 34 (19.65) 33 (16.02) 38 (10.33) N/A
2000 Hz 43 (11.95) 39 (8.01) 38 (14.64) N/A
3000 Hz 46 (5.82) 50 (11.40) 40 (15.12) N/A
4000 Hz 50 (11.34) 52 (6.06) 50 (6.55) N/A
6000 Hz 55 (14.14) 58 (5.24) 54 (4.17) N/A
8000 Hz 58 (14.39) 57 (4.08) 58 (5.94) N/A
SRI 94 (5.63) 91 (3.27) 93 (5.95) N/A
NEUPSILIN
Before
Reverse counting, s, (SD)** 32 (11.90) 41 (16.38) 30 (10.27) N/A
Digit sequence repetition, right answers (SD)* 2 (0.99) 3 (2.99) 2 (1.39) N/A
Working memory, right answers (SD)* 5 (1.06) 6 (2.17) 5 (2.70) N/A
Auditory digit span, right answers (SD)* 21 (1.30) 20 (3.35) 19 (1.67) N/A
Short-term memory, right answers (SD)* 4 (0.76) 3 (1.60) 3 (0.92) N/A
Long-term memory, right answers (SD)* 2 (1.41) 1 (0.89) 1 (1.25) N/A
Recognition, right answers (SD)* 10 (1.28) 8 (2.71) 10 (1.07) N/A
Long-term memory, right answers (SD)* 4 (0.46) 5 (0.84) 5 (0.74) N/A
Visual memory, right answers (SD)* 2 (0.74) 2 (0.82) 2 (0.99) N/A
Evoked potential
Before
55 dB
P1 /m/ 69 (9.77) 76 (3.19) 70 (8.81) N/A
N1 /m/ 107 (11.86) 119 (11.73) 105 (14.41) N/A
P1 /t/ 59 (17.15) 53 (15.21) 57 (12.60) N/A
N1 /t/ 101 (11.26) 89 (9.24) 93 (9.56) N/A
P1 /g/ 59 (13.89) 57 (15.78) 62 (11.53) N/A
N1 /g/ 102 (8.38) 100 (6.02) 101 (8.23) N/A
65 dB
P1 /m/ 65 (8.74) 62 (12.64) 64 (13.72) N/A
N1 /m/ 111 (12.78) 107 (13.31) 105 (12.32) N/A
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. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA. Supplementary Table 1. Demographic data and baseline characteristics of Groups A (advanced technology), B (basic technology) and C (placebo) for MoCA screening, pure-tone audiometry, NEUPSILIN scores, Speech Intelligibility Index (SII) and IOI-HA.

P1 /t/ 54 (10.83) 44 (5.39) 56 (14.53) N/A
N1 /t/ 89 (11.17) 91 (14.01) 90 (10.80) N/A
P1 /g/ 56 (9.08) 53 (14.35) 65 (13.83) N/A
N1 /g/ 96 (11.27) 97 (17.50) 101 (10.95) N/A
75 dB
P1 /m/ 54 (7.63) 58 (11.29) 52 (8.96) N/A
N1 /m/ 102 (4.56) 103 (9.24) 102 (10.21) N/A
P1 /t/ 48 (4.17) 49 (3.78) 50 (4.93) N/A
N1 /t/ 91 (11.13) 90 (13.21) 83 (3.80) N/A
P1 /g/ 50 (6.62) 56 (10.78) 50 (5.95) N/A
N1 /g/ 86 (7.23) 90 (18.71) 85 (5.95) N/A
SII
Right ear
55 dB 63.25 (12.29) 66.00 (8.44) 33.38 (16.83) < 0.001 a a
65 dB 83.63 (2.77) 83.50 (2.81) 54.75 (12.52) < 0.001 a a
75 dB 83.75 (5.31) 85.50 (2.43) 81.38 (7.46) 0.41 a a
Left ear
55 dB 65.38 (14.20) 61.67 (5.13) 24.25 (13.94) < 0.001 a a
65 dB 82.88 (3.48) 84.83 (3.76) 49.88 (11.89) < 0.001 a a
75 dB 88.13 (6.27) 86.50 (2.74) 79.00 (7.67) 0.02 a a
a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is. a One-way ANOVA with power [?] 0,50. *The higher the score, the better the result is. **The higher the score, the worse the result is.
Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds. Abbreviations: dB, decibel; IOI-HA, Inventory Outcome Index of Hearing Aids; SRI, Speech Recognition Index; MoCA, Montreal Cognitive Assessment; N1, N1 wave; NEUPSILIN, Brief Neuropsychological Assessment Instrument; P1, P1 wave; SII, Speech Intelligibility Index; N/A, not-applicable (due to prior randomization); dB, decibel; SD, standard deviation; s, seconds.

Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use.

Advanced (n = 8) Basic (n = 6) Placebo (n = 8) (n = 8) (n = 8) p-value p-value (95% CI) (95% CI) (95% CI)
NEUPSILIN
Reverse counting, s (SD)** Before 32 (11.90) 41 (16.38) 30 (10.27) 0.006 0.006 0.006 (2.2; 11.63) (2.2; 11.63) c

After 20 (7.11) 31 (7.28) 31 (11.35)
Digit sequence repetition, right answers (SD)* Before 2 (0.99) 3 (2.99) 2 (1.39) 0.039 0.039 0.039 (-1.9; -0.05) (-1.9; -0.05) c

After 3 (0.35) 4 (1.26) 3 (0.76)
Working memory, right answers (SD)* Before 5 (1.06) 6 (2.17) 5 (2.70) 0.198 0.198 0.198 (-1.3; 0.28) (-1.3; 0.28) c

After 6 (1.19) 7 (0.75) 5 (1.51)
Auditory digit span, right answers (SD)* Before 21 (1.30) 20 (3.35) 19 (1.67) 0.568 0.568 0.568 (-0.9; 1.67) (-0.9; 1.67) c

After 21 (2.33) 19 (1.10) 19 (2.53)
Short-term memory, right answers (SD)* Before 4 (0.76) 3 (1.60) 3 (0.92) 0.284 0.284 0.284 (-0.9; 0.28) (-0.9; 0.28) c

After 4 (1.07) 4 (0.55) 4 (0.76)
Long-term memory, right answers (SD)* Before 2 (1.41) 1 (0.89) 1 (1.25) 0.036 0.036 0.036 (-1.2; -0.05) (-1.2; -0.05) c

After 2 (0.64) 2 (0.82) 2 (1.06)
Recognition, right answers (SD)* Before 10 (1.28) 8 (2.71) 10 (1.07) 0.008 0.008 0.008 (-2.6; -0.45) (-2.6; -0.45) c

After 11 (2.20) 12 (4.03) 10 (1.93)
Long-term memory, right answers (SD)* Before 4 (0.46) 5 (0.84) 5 (0.74) 0.358 0.358 0.358 (-0.6; 0.22) (-0.6; 0.22) c

After 4 (0.35) 5 (0.52) 5 (0.74)
Visual memory, right answers (SD)* Before 2 (0.74) 2 (0.82) 2 (0.99) 0.008 0.008 0.008 (-0.9; -0.15) (-0.9; -0.15) c

After 3 (0.00) 3 (0.52) 3 (0.74)
Evoked potential, ms (SD)
55 dB
P1 /m/ Before 69 (9.77) 76 (3.19) 70 (8.81) 0.569 0.569 0.569 (-5.7; 10.03) (-5.7; 10.03) c

After 62 (17.60) 74 (12.14) 73 (10.72)

13



P
os

te
d

on
A

u
th

or
ea

2
N

ov
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

43
47

24
.4

96
65

63
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use. Supplementary Table 2. Comparison pre and post-intervention involving hearing aids use.

N1 /m/ Before 107 (11.86) 119 (11.73) 105 (14.41) 0.591 0.591 0.591 (-8.7; 5.11) (-8.7; 5.11) c
After 103 (7.58) 119 (9.51) 113 (10.41)

P1 /t/ Before 59 (17.15) 53 (15.21) 57 (12.60) 0.64 0.64 0.64 (-5.4; 8.56) (-5.4; 8.56) c
After 49 (3.85) 51 (6.08) 64 (14.77)

N1 /t/ Before 101 (11.26) 89 (9.24) 93 (9.56) 0.409 0.409 0.409 (-4.8; 11.35) (-4.8; 11.35) c
After 83 (4.10) 88 (4.09) 103 (11.57)

P1 /g/ Before 59 (13.89) 57 (15.78) 62 (11.53) 0.194 0.194 0.194 (-2.4; 10.90) (-2.4; 10.90) c
After 51 (4.52) 52 (4.13) 62 (17.42)

N1 /g/ Before 102 (8.38) 100 (6.02) 101 (8.23) 0.016 0.016 0.016 (2.1; 18.59) (2.1; 18.59) c
After 85 (5.68) 85 (18.37) 101 (24.63)

65 dB
P1 /m/ Before 65 (8.74) 62 (12.64) 64 (13.72) 0.55 0.55 0.55 (-4.1; 7.44) (-4.1; 7.44) c

After 63 (9.75) 61 (12.28) 63 (9.96)
N1 /m/ Before 111 (12.78) 107 (13.31) 105 (12.32) 0.869 0.869 0.869 (-5.7; 6.73) (-5.7; 6.73) c

After 111 (10.88) 104 (4.50) 106 (12.30)
P1 /t/ Before 54 (10.83) 44 (5.39) 56 (14.53) 0.229 0.229 0.229 (-2.4; 9.62) (-2.4; 9.62) c

After 47 (2.20) 43 (1.47) 54 (9.65)
N1 /t/ Before 89 (11.17) 91 (14.01) 90 (10.80) 0.582 0.582 0.582 (-3.8; 6.65) (-3.8; 6.65) c

After 88 (6.85) 87 (4.27) 90 (6.04)
P1 /g/ Before 56 (9.08) 53 (14.35) 65 (13.83) 0.48 0.48 0.48 (-4.6; 9.37) (-4.6; 9.37) c

After 53 (7.43) 53 (5.32) 62 (12.32)
N1 /g/ Before 96 (11.27) 97 (17.50) 101 (10.95) 0.103 0.103 0.103 (-1.0; 9.69) (-1.0; 9.69) c

After 91 (9.87) 92 (7.04) 98 (9.16)
75 dB
P1 /m/ Before 54 (7.63) 58 (11.29) 52 (8.96) 0.418 0.418 0.418 (-7.0; 3.03) (-7.0; 3.03) c

After 56 (7.13) 59 (7.52) 55 (10.57)
N1 /m/ Before 102 (4.56) 103 (9.24) 102 (10.21) 0.11 0.11 0.11 (-0.9; 8.17) (-0.9; 8.17) c

After 92 (2.12) 105 (2.10) 105 (5.90)
P1 /t/ Before 48 (4.17) 49 (3.78) 50 (4.93) 0.639 0.639 0.639 (-5.4; 3.37) (-5.4; 3.37) c

After 49 (5.99) 49 (7.28) 51 (10.11)
N1 /t/ Before 91 (11.13) 90 (13.21) 83 (3.80) 0.568 0.568 0.568 (-3.6; 6.45) (-3.6; 6.45) c

After 84 (5.44) 92 (5.85) 85 (5.58)
P1 /g/ Before 50 (6.62) 56 (10.78) 50 (5.95) 0.266 0.266 0.266 (-5.4; 1.56) (-5.4; 1.56) c

After 52 (6.02) 59 (5.05) 52 (6.31)
N1 /g/ Before 86 (7.23) 90 (18.71) 85 (5.95) 0.747 0.747 0.747 (-6.0; 4.38) (-6.0; 4.38) c

After 87 (5.31) 91 (6.18) 86 (6.29)
c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds. c Wilcoxon test (pre and post-intervention). *The higher the score, the better the result it. ** The higher the score, the worse the result it. Abbreviations: ms, milliseconds; SD, standard-deviation, CI, confidence interval; s, seconds.

Supplementary Table 3. Initial (i) and final (f) assessments and pairwise comparisons (A X C. B X C
and A X B).

Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Initial and final assessments Pairwise comparisons Pairwise comparisons Pairwise comparisons Pairwise comparisons Pairwise comparisons Pairwise comparisons Pairwise comparisons Pairwise comparisons Pairwise comparisons Pairwise comparisons Pairwise comparisons
A X C A X C B X C B X C A X B A X B A X B

A (n = 8) B (n = 6) C (n = 8) p-value (95% CI) p (95% IC) p (95% IC) p (95% CI)
NEUPSILIN
Reverse counting, s, (SD)** i 32 (11.90) 41 (16.38) 30 (10.27) 0.006 (2.2; 11.63) c 0.002 (5.9; 20.55) d 0.104 (-3.0; 25.70) d 0.763 (-16.4; 12.53) d

f 20 (7.11) 31 (7.28) 31 (11.35)
Digit sequence repetition, right answers (SD)* i 2 (0.99) 3 (2.99) 2 (1.39) 0.039 (-1.9; -0.05) c 0.537 (-1.2; 2.20) d 0.765 (-2.6; 3.38) d 0.953 (-3.4; 3.26) d

f 3 (0.35) 4 (1.26) 3 (0.76)
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Long-term memory, right answers (SD)* i 2 (1.41) 1 (0.89) 1 (1.25) 0.036 (-1.2; -0.05) c 0.705 (-1.1; 1.64) d 0.197 (-2.2; 0.50) d 0.205 (-2.8; 0.68) d
f 2 (0.64) 2 (0.82) 2 (1.06)

Recognition, right answers (SD)* i 10 (1.28) 8 (2.71) 10 (1.07) 0.008 (-2.6; -0.45) c 0.156 (-4.0; 0.70) d 0.013 (-6.1; -0.88) d 0.113 (-4.3; 0.51) d
f 11 (2.20) 12 (4.03) 10 (1.93)

Visual memory, right answers (SD)* i 2 (0.74) 2 (0.82) 2 (0.99) 0.008 (-0.9; -0.15) c 0.744 (-0.9; 0.68) d 0.732 (-0.9; 1.20) d 0.549 (-0.7; 1.32) d
f 3 (0.00) 3 (0.52) 3 (0.74)

Evocated potentials, ms (SD)
55 dB
N1 /g/ i 102 (8.38) 100 (6.02) 101 (8.23) 0.016 (2.1; 18.59) c 0.091 (-3.1; 37.12) d 0.168 (-7.7; 39.24) d 0.865 (-16.3; 13.92) d

f 85 (5.68) 85 (18.37) 101 (24.63)
IOI-HA
2 0.001 (-2.2; -0.76) d 0.000 (-2.3; -0.96) d 0.765 (-1.0; 0.77) d
3 0.033 (-2.6; -0.13) d 0.158 (-2.6; 0.47) d 0.612 (-1.1; 1.73) d
4 0.021 (-2.0; -0.21) d 0.015 (-2.1; -0.29) d 0.732 (-0.6; 0.44) d
5 0.016 (-2.9; -0.38) d 0.073 (-2.7; 0.14) d 0.350 (-0.4; 1.08) d
7 0.031 (-1.4; -0.08) d 0.076 (-1.4; 0.08) d 0.732 (-0.4; 0.60) d
Total 0.043 (-1.4; -0.02) d 0.030 (-1.3; -0.09) d 0.980 (-0.5; 0.46) d

c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it. c Wilcoxon text (pre and post intervention). d Mann-Whitney test *The higher the score, the better the result it. ** The higher the score, the worse the result it.
Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds. Abbreviations: A, advanced technology; B, basic technology; C, placebo; CI, confidence interval; NEUPSILIN, Brief Neuropsychological Assessment Instrument; dB, decibel; N1, N1 wave; ms, milliseconds; SD, standard deviation; s, seconds.
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