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Background: Since hearing loss and cognitive decline often co-occur among older adults, a cognitive screening test suitable for hearing-impaired people is of high clinical relevance. We report the first evaluation of a German language version of the Montreal Cognitive Assessment—Hearing Impaired version (MoCA-HI).

Objective: The aim of the present study was to compare cognitively healthy participants with and without hearing loss, to examine the impact of age, sex, educational level and degree of hearing impairment on the German MoCA-HI performance, and to develop normative data.

Material and methods: The German MoCA-HI was tested in 94 participants with normal or mild hearing impairment (group 1: 4PTA ≤ 40 dB on the better hearing ear) and 81 participants with moderate to profound hearing loss (group 2: 4PTA > 40 dB on the better hearing ear). Additionally, all participants performed the standard MoCA (version 8.2).

Results: No significant group difference between group 1 and 2 was found in the MoCA-HI total score (p = 0.05). In contrast, group 1 performed significantly better than group 2 on the standard MoCA (p < 0.001). There was no difference between the MoCA and the MoCA-HI performance in group 1 (p = 0.12), whereas individuals of group 2 performed significantly better on the MoCA-HI than on the standard MoCA (p < 0.001). Test-retest reliability of the MoCA-HI was high (p < 0.001). Higher age (p < 0.001), male sex (p = 0.009) and lower education (p < 0.001) were associated with a lower overall MoCA-HI score. Based on the demographic data normative data were developed by a regression-based approach.

Conclusion: The MoCA-HI is a cognitive screening test which is suitable for people with hearing impairment.
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Introduction

Age-related hearing loss and dementia are among the most common chronic diseases in old age. Currently, approximately 430 million people live with disabling hearing loss (1), while 55 million people worldwide have dementia (2). Hearing loss and dementia are commonly co-morbid. Age-related hearing loss is associated with increased risk for cognitive impairment, increasing likelihood of comorbidity of hearing loss with cognitive impairment (3–7). One survey of people with cognitive impairment attending a memory clinic reported that around 85% had a hearing impairment (8).

There is a growing interest in neurocognitive testing in settings outside psychologic or psychiatric ones (9, 10), particularly in hearing rehabilitation settings. Routine hearing assessments depend on cognitive function; tests of speech recognition, for example, are impacted by cognitive factors (11). A patient's cognitive profile is increasingly taken into account in auditory rehabilitation in cochlear implant patients (9, 12–14) and speech recognition outcomes among cochlear implant recipients are better for those with better cognitive ability (15, 16).

Numerous screening tests are available to identify cases of cognitive impairment (17). However, these tests mostly involve spoken stimuli, and persons with hearing loss (or under conditions of simulated hearing loss) perform worse than those with normal hearing (18–20). Hearing impairment may lead to false-positive diagnosis of dementia and/or overestimation of cognitive impairment (19).

Several attempts have been made to adapt cognitive screening tests for people with hearing loss (21, 22). Adaptations included deleting spoken items or presenting spoken items in visual format. Although these adaptations can impact the psychometric properties of the tests [e.g., (23)], the sensitivity and specificity of the adapted versions have mostly not been established.

Dawes et al. developed a visual version of the Montreal Cognitive Assessment (MoCA) (24) for people with hearing impairment (25) and validated it in 461 participants with combinations of hearing and cognitive impairment. It has shown a good sensitivity and specificity for the detection of dementia of 95.74 and 85.71% respectively, at a cut-point of ≤ 24 points with a 2-point adjustment for education, comparable to the standard MoCA (www.mocatest.org). This MoCA-HI is freely available from the MoCA website (www.mocatest.org) to appropriately trained persons after a short fee-based online training offered by the same website. In Dawes et al.'s version, the spoken items of the standard MoCA (version 8.1) were presented visually (e.g., with written instructions) or substituted with alternative visual tasks (e.g., the sentence repetition task was replaced by a sentence formation task). These adaptations were designed to index the same cognitive domain as the standard items and to be of a similar level of difficulty.

Dawes et al.'s validation was carried out using an English version of the MoCA-HI (26). Pooling data across different languages for analysis is planned as differences in performance between different language translations have been reported for the original MoCA and may be due to cultural or linguistic impacts or differences in dementia diagnosis between countries (27). An implication is that performance criteria to identify cognitive impairment derived in English may not be applicable to other languages. Translated versions of the MoCA should be re-validated with local populations. Therefore, we developed a German language translation of the MoCA-HI (28).

The aim of the present study was (1) to compare performance of the German version of the MoCA-HI and the original MoCA in cognitively healthy participants with and without hearing loss, (2) to examine the impact of age, education, sex and level of hearing loss on performance and (3) to derive corresponding performance norms of the German MoCA-HI.



Materials and methods

Inclusion criteria were as follows: (1) age of 60 years or older, (2) native or excellent German speaker, (3) normal or corrected near visual acuity of ≤ 0.3 logMAR, (4) normal performance in the GPCOG (General Practitioner Assessment of Cognition) (29) (a score of 9 points) or a GPCOG score between 5-8 in combination with the additional informant questionnaire of the GPCOG with a score of 4–6 points, (5) GDS-15 (Geriatric Depression Scale - 15) in the normal range (30). Participants with a cognitive impairment as shown by the GPCOG or by medical history, and those with a severe neurological or psychiatric disease or a severe motor disorder that might interfere with testing were excluded. Pure tone audiograms at 500, 1000, 2000 and 4000 Hz for each ear separately were performed with headphones, and visual acuity was examined using a near vision panel. Based on the hearing thresholds, participants were divided into two groups according to the WHO classification (31). Group 1 included normal/mild hearing-impaired participants (4PTA on the better hearing ear ≤ 40 dB), which refers to WHO grade 0 and 1 and group 2 included the moderate to profound hearing loss group (4PTA on the better hearing ear > 40 dB), which refers to WHO grade 2, 3 and 4. MoCA and GPCOG testing were done with hearing devices, MoCA-HI testing without a hearing aid or a cochlear implant. All participants performed the MoCA-HI (Version 1.0 German) and the two spoken tasks of the standard MoCA (Version 8.2), i.e., the list of letters and the sentence repetition. A retest of the MoCA-HI was conducted in 115 participants after at least 4 weeks.


Statistical analysis

To achieve a medium effect size for a group comparison using a t-test at an alpha level of 0.05 with a power (1-beta) of 0.90, two groups of at least 70 participants were required. In total, 175 participants were included (group 1: n = 94; group 2: n = 81). Descriptive statistics including mean (M) and standard deviation (SD) were used to describe sociodemographic, audiological and cognitive data. T-tests were performed to compare group 1 to group 2 with regard to age, education, MoCA-HI total-score and the individual cognitive subdomains and reported by mean difference (MD) and p-value. To compare the results of the two groups in the adapted tasks of the MoCA-HI and the corresponding tasks of the standard MoCA, the Mann-Whitney-U-test was used. To examine performance differences between the MoCA and the MoCA-HI within each group, the Wilcoxon signed rank test was applied. In order to analyze the impact of hearing impairment on the MoCA-HI-total-score and the cognitive subdomains, multiple regression analysis was carried out including the 4PTA as a continuous measure of hearing ability taking into account age, education and sex. Test-retest-reliability was determined by a Pearson-correlation of the MoCA-HI total-scores at both measurement time points.

Normative scores of the MoCA-HI, taking into account age, education, and sex, were developed for the age group from 60 to 97 years. A regression-based approach which allows to account for multiple variables and analyzes continuous variables such as age and education across the entire range, was chosen (32–35). The uncorrected MoCA-HI total score (without the 2 points for ≤ 12 years of education) was used (35). First, 20 different general linear models were examined, as described by (36). For this purpose, 5 basic regression models, the squared covariates and their interaction with sex were tested. The best model was defined as the one that had the minimum predicted residual sum of squares (PRESS) statistic with PRESS = [image: image] where [image: image] estimates the ith response from a model that was estimated without this observation (36). Further, the Akaike Information Criterion (AIC) of each model was compared with the result of the PRESS statistic.

Based on the final regression model, the formula for the demographically corrected standard values (z-scores) was developed using the z-score formula z = (score–expected score)/residual standard deviation. Cutoff scores were developed based on the z-score-formula for the 10th percentile (z = −1.28) for men and women for each age (60–97 years) and all years of education (7–18). Statistics were calculated by the statistical program SPSS (Version 28) and normative data were calculated by Rstudio (2021.09.1). Confidence interval was set at 95% and statistical significance was defined as a p < 0.05.

The study was registered on the MoCA homepage (www.mocatest.org). The study met the guidelines of the Declaration of Helsinki, and all participants gave their written consent. All examiners underwent training as required by www.mocatest.org.




Results


Demographics

One hundred seventy-five participants aged 60 to 97 years (M = 71.52; SD = 8.77) were included in the present study. 100 subjects were aged between 60 and 71 years (males n = 59, females n = 41), 60 subjects between 72 and 83 years (males n = 33, females n = 27) and 15 subjects were aged 84 years or older (males n = 7, females n = 8). According to the WHO definition, 52 patients did not suffer from hearing loss (WHO 0, 4PTA: 15.45 (SD 5.11) dB), 42 participants were classified as WHO 1 with a mean 4PTA of 30.63 (SD 3.43) dB, 41 were suffering from a hearing loss of 45.70 (SD 5.66) dB in mean (WHO 2). 40 subjects with a mean 4PTA of 88.75 (SD 22.05) belonged to WHO 3 and 4.

Study samples were divided into 2 groups. Group 1 (94 subjects) was normal hearing or only slightly hearing-impaired (4PTA ≤ 40 dB, WHO 0 and WHO 1) with a mean 4PTA of 22.23 dB (SD 8.78) and group 2 (81 subjects) was moderate or profound hearing-impaired (4PTA > 40 dB, WHO 2, 3 and 4) with a mean 4PTA of 66.96 dB (SD 26.87). Audiometric data are shown in Figure 1. Group 2 [mean age 73.95 (SD 9.22)] was older than group 1 [mean age 69.43 (SD 7.81) (p < 0.001)] and had a lower educational level than group 1 (p < 0.001) (Table 1).


[image: Figure 1]
FIGURE 1
 Audiogram of group 1 and group 2. Testing was performed in the frequencies of 500, 1000, 2000 and 4000 Hz and graphs are shown for the mean sound pressure level in dB with the standard deviation on the better hearing ear.



TABLE 1 Demographic data.

[image: Table 1]



MoCA-HI score and impact of age, sex, education and hearing level

Mean scores of the MoCA-HI and the subdomains in group 1 and group 2 are shown in Table 2A. There was no significant difference between the MoCA-HI total score of group 1 and group 2 (MD = −1.05; p = 0.05). However, Welch test showed that group 1 performed significantly better than group 2 in the cognitive subdomain of visuospatial and executive functions (MD = −0.39; p = 0.02). None of the other cognitive subdomains, such as naming (MD = −0.03; p = 0.36), attention (MD = −0.18; p = 0.2), language (MD = −0.12; p = 0.33), abstraction (MD = −0.12; p = 0.2), and recall (MD = −0.16; p = 0.54), showed a significant difference between the two groups in the independent sample t-test. For the cognitive subdomain of orientation, Welch's test also showed no significant group difference (MD = −0.04; p = 0.28).


TABLE 2A Mean score in MoCA-HI and the different cognitive subdomains in Group 1 and Group 2.

[image: Table 2]

A multiple linear regression analysis revealed that older age (β = −0.28; p < 0.001), male sex (β = −0.16; p = 0.009), and lower education (β = 0.48; p < 0.001) were associated with a lower MoCA-HI total score and together explained 41.7% (adjusted R2 = 0.41) of the total variance (F = 40.73; p < 0.001). Mean total scores in the MoCA-HI in the 4 different WHO groups are shown in Table 2B. There was no difference in MoCA-HI performance using the 4PTA as a continuous variable (β = −0.02; p = 0.72). Further no significant effect of the level of hearing impairment on the different subscores was found (β ≤ 0.06; p ≥ 0.46).


TABLE 2B Mean values of the MoCA-HI total score, age, education and 4PTA according to the WHO classification.

[image: Table 2]

A retest was performed in 115 participants. The mean retest interval was 60.38 (SD 18.08) days after the first administration with a minimum of 28 and a maximum of 112 days. Test-retest reliability was high with a Pearson correlation of 0.84 (p < 0.001). However, the MoCA-HI total score was higher in the retest than at baseline (MD = 0.44; p = 0.008), due to a statistically significant improvement in the cognitive subdomain “recall” in the retest (p < 0.001). All other subtests remained stable after re-testing.



Comparison of the standard MoCA with the MoCA-HI

There was no difference between group 1 (mean rank = 89.70) and group 2 (mean rank = 86.03) in the adapted items of the MoCA-HI (p = 0.58). In contrast, individuals of group 1 (mean rank = 106.27) performed significantly better than subjects of group 2 (mean rank = 66.80) on the sum of the corresponding items of the standard MoCA (p < 0.001). Further, group 1 did not differ in the MoCA and MoCA-HI performance (p = 0.12), whereas group 2 performed significantly better on the MoCA-HI than on the standard MoCA (p < 0.001).



Establishment of normative data

In a first step, MoCA-HI scores were adjusted for education as suggested by Dawes (www.mocatest.org), showing that 35.5% of women and 39.4% of men scored below the original cutoff (see Figure 2). Therefore, in a second step normative data for the German version of the MoCA-HI were calculated taking into account education as well as age and sex using a regression-based approach (Figure 3). A regression model including age, years of education, sex and the interaction of age and sex as covariates had both the lowest PRESS statistic and the lowest AIC and was thus the best predicting model for the MoCA-HI total score, which explained 42.35% of the variance (adjusted R2 = 0.41; F = 31.22; p < 0.001). This effect is strongest for education (t = 7.52), followed by sex (t = −2.65), age (t = −1.86), and the interaction of age and sex (t = −1.41), as indicated by the t-values. Based on the present data, the z-Score could be determined as follows: z = (Score–(22.86 + (−0.07 * age) + (0.53 * education) + (−1.11 * sex) + (−0.07 * (age−71.52) * sex)))/2.72. Sex was coded as 0 = female and 1 = male, age and education are inserted in years. The resulting cutoff scores for the 10th percentile are shown in Tables 3A,B.


[image: Figure 2]
FIGURE 2
 Distribution of the adjusted MoCA-HI total score.



[image: Figure 3]
FIGURE 3
 Example regression lines for the whole study sample (n = 175) representing the relationship of MoCA-HI total score with age, education and sex. Example regression lines are shown for subjects with 8 and 18 years of education. The regression model shows that the MoCA-HI total score was lower in case of less educational years, an increasing age and in male sex. Age had a stronger effect on the MoCA-HI total score in men than in women. 100 of the subjects included were aged between 60 and 71 years (males n = 59, females n = 41), 60 subjects between 72 and 83 years (males n = 33, females n = 27) and 15 subjects were aged 84 years or older (males n = 7, females n = 8).



TABLE 3A Highest MoCA-HI total scores just below the 10th percentile for women (z-score ≤ −1.28).

[image: Table 3]


TABLE 3B Highest MoCA-HI total scores just below the 10th percentile for men (z-score ≤ -1.28).

[image: Table 3]




Discussion

This present study is the first to evaluate the German MoCA-HI in normal-hearing and hearing-impaired subjects and to develop normative data for cognitively healthy individuals adjusted for age, education and sex.


Development of a MoCA version for hearing-impaired

There have been two previous attempts to adapt the MoCA for people with hearing loss. Dupuis et al. adapted the standard MoCA by removing spoken items (sentence repetition, lists of numbers, list of letters, delayed recall) from the assessment and established new cutoff scores proportionally adjusted for the deleted items (18). However, Al-Yawer found in a retrospective analysis that this approach reduced the sensitivity of the test scores of patients with mild cognitive impairment from 90 to 56%, although sensitivity for dementia was not affected (23).

Lin et al. developed a timed computerized visual version of the MoCA and reported no difference in performance of the computerized visual MoCA between cognitively normal participants with normal hearing (n = 103) vs. hearing loss (n = 49) (37). Lerch and Benz created a German language version of Lin et al.'s computerized MoCA and tested it in 50 normal hearing and 100 hearing-impaired participants (38). A comparison with the Consortium to Establish a Registry for Alzheimer's Disease (CERAD) and the Mini Mental Status Examination (MMSE) showed that the computerized MoCA-HI correlated with the CERAD plus battery (38). Utoomprurkporn et al. (2021) tested a modified version of Lin et al.'s computerized visual MoCA in 75 hearing aid users (39), 30 cognitive healthy, 30 with MCI and 15 with a clinical diagnosis of dementia reporting good sensitivity and specificity for MCI and dementia in their analysis. However, the small sample size and group differences in age and educational level limit the reliability of sensitivity/specificity estimates.

The visual version of the MoCA reported in the current study has several advantages over previous versions of the MoCA adapted for people with hearing loss. First, rather than deleting spoken items, it replaces the standard spoken items by other items that tap into the same cognitive domain and are of a similar level of difficulty. Secondly, it was validated in a large cohort in a multi-centre study (25, 26). Thirdly, it may be administered in either paper-and-pencil format or computerized presentation.



Performance of the German version of the MoCA-HI and the MoCA in participants with vs. without hearing loss

Group 2 (hearing loss of ≥ 41 dB) performed worse than group 1, which had no hearing loss or only a mild hearing loss, on the standard MoCA, but not on the three adapted tasks of the MoCA-HI. In line with that, there was no significant difference in the performance in the MoCA and MoCA-HI of group 1, while group 2 performed significantly worse in the standard MoCA than in the MoCA-HI. Thus, at least people with a severe hearing impairment may benefit from a visual version of the MoCA and the MoCA-HI may prevent false-positive diagnosis of dementia especially in case of a severe or profound hearing loss (19). However, the impact of a mild hearing loss cannot be answered right now and should be studied in larger samples in the future.



Impact of age, education, sex and level of hearing loss on performance

The MoCA-HI total score was best predicted by a regression model including age, education, sex, and the interaction of age and sex; age had a stronger effect on the total score in men than in women. This is in line with previous studies on the original MoCA, where regression models including age, education and sex had the best predictive power (33, 35, 40, 41). Given these differences, age-, education- and sex-specific normative values were developed to adjust for these demographic variables and to optimize the detection of cognitive impairment for the German MoCA-HI version. Hearing status based on 4PTA of the better ear did not impact on the total MoCA-HI performance as shown by regression analysis taking into account age, sex and educational level. Therefore, even if the WHO classification of the 4PTA of the better hearing ear used in the present study does not fully reflect the hearing abilities in daily life, this cognitive test battery seems to be suitable for anyone regardless of the hearing level.



Re-test reliability

To use the MoCA-HI in clinical practice, a re-test is necessary. In the present study participants performed slightly better in the re-test with less than 1 point more. Although this improvement was statistically significant, it did not make a difference to the clinical classification on the MoCA-HI. Practice effects cannot fully be ruled out in re-testing (42), although Faletti et al., have demonstrated that an interval of 4 weeks between testing and re-testing might be sufficient (43). In the present study the better performance in the re-test was only due to the large improvement in the recall subtest. Therefore, a further version of the MoCA-HI should be developed, including new terms in the MoCA subtest recall, before introducing the MoCA-HI assessment into clinical routine.



Limitations

One limitation of our study is that we relied on the GPCOG to establish normal cognition criteria. The GPCOG is somewhat like the standard MoCA in including spoken items, so hearing status may have impacted categorization as normal cognition based on GPCOG performance. Some people with hearing loss might have been incorrectly excluded. However, we do not consider this to be a serious issue, since it was our aim to include only cognitive healthy individuals in this analysis.

Previous research indicated that performance criteria to identify cognitive impairment developed in English may not be applicable to translations of the MoCA in other languages (27). Cut-points for the English MoCA-HI may not be applicable to the German MoCA-HI. In a follow-up project, we are currently collecting data to establish optimal performance criteria for identification of cognitive impairment for the German MoCA-HI. The analysis of demographic correlates of performance reported in the current paper suggests that adjustments for age, sex and educational level may facilitate optimal discriminative power.




Conclusion

The German translation of the MoCA-HI is suitable in subjects with and without hearing loss and has high retest reliability. Performance criterion for identification of cognitive impairment should be developed, considering the impact of age, sex and educational level. A language-specific validation is required due to linguistic and cultural differences.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The present study was approved by the Ethic Institution of the Ruhr-University Bochum (No. 20-7076). The patients/participants provided their written informed consent to participate in this study.



Author contributions

CV, LG, and PD designed the study. HF collected the data and did the statistical analysis with critical feedback from FL and MT. CV and HF wrote the manuscript with contributions from PD and critical feedback from LG, ZN, and RW. All authors contributed to the article and approved the submitted version.



Acknowledgments

We thank all the patients of the Cochlear Implant Centre Ruhrgebiet and the Department for Otorhinolaryngology at the St. Elisabeth Hospital, Katholisches Klinikum Bochum of the Ruhr-University Bochum and of the Department for Geriatric Medicine Herne of the Ruhr-University of Bochum that participated in the present study. We further appreciate the support by the DFG Open Access Publication Funds of the Ruhr-University Bochum.



Conflict of interest

CV has received reimbursement of scientific meeting participation fees and accommodation expenses, as well as honoraria for preparing continuing medical education events and funding for research projects that they initiated, from MED-EL.

The remaining 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.



References

 1. WHO. Deafness and Hearing Loss. (2021). Available online at: https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss (accessed August 16, 2022). 

 2. WHO. Dementia. (2021). Available online at: https://www.who.int/news-room/fact-sheets/detail/dementia (accessed August 16, 2022). 

 3. Deal JA, Reed NS, Kravetz AD, Weinreich H, Yeh C, Lin FR, et al. Incident hearing loss and comorbidity: a longitudinal administrative claims study. JAMA Otolaryngol Head Neck Surg. (2019) 145:36–43. doi: 10.1001/jamaoto.2018.2876

 4. Lin FR, Ferrucci L, Metter EJ, An Y, Zonderman AB, Resnick SM. Hearing loss and cognition in the baltimore longitudinal study of aging. Neuropsychology. (2011) 25:763–70. doi: 10.1037/a0024238

 5. Loughrey DG, Kelly ME, Kelley GA, Brennan S, Lawlor BA. Association of age-related hearing loss with cognitive function, cognitive impairment, and dementia: a systematic review and meta-analysis. JAMA Otalaryngol Head Neck Surg. (2018) 144:115–26. doi: 10.1001/jamaoto.2017.2513

 6. Powell D, Oh ES, Reed N, Lin FR, Deal JA. Hearing loss and cognition: what we know and where we need to go. Front Aging Neurosci. (2021) 13:769405. doi: 10.3389/fnagi.2021.769405

 7. Thomson RS, Auduong P, Miller AT, Gurgel RK. Hearing loss as a risk factor for dementia. A systematic review. Laryngoscope Investigat Otolaryngol. (2017) 2:69–79. doi: 10.1002/lio2.65

 8. McDonough A, Dookhy J, McHale C, Sharkey J, Fox S, Kennelly SP. Embedding audiological screening within memory clinic care pathway for individuals at risk of cognitive decline—patient perspectives. BMC Geriatr. (2021) 21:1–8. doi: 10.1186/s12877-021-02701-0

 9. Naples JG, Castellanos I, Moberly AC. Considerations for integrating cognitive testing into adult cochlear implant evaluations-foundations for the future. JAMA Otolaryngol Head Neck Surg. (2021) 147:413–4. doi: 10.1001/jamaoto.2020.5487

 10. Shen J, Anderson MC, Arehart KH, Souza PE. Using cognitive screening tests in audiology. Am J Audiol. (2016) 25:319–31. doi: 10.1044/2016_AJA-16-0032

 11. Dryden A, Allen HA, Henshaw H, Heinrich A. The association between cognitive performance and speech-in-noise perception for adult listeners: a systematic literature review and meta-analysis. Trends Hearing. (2017) 21:2331216517744675. doi: 10.1177/2331216517744675

 12. Illg A, Lenarz T.. Cochlear Implantation in hearing-impaired elderly: clinical challenges and opportunities to optimize outcome. Front Neurosci. (2022) 16:887719. doi: 10.3389/fnins.2022.887719

 13. Prentiss S, Snapp H, Zwolan T. Audiology practices in the preoperative evaluation and management of adult cochlear implant candidates. JAMA Otolaryngol Head Neck Surg. (2020) 146:136–42. doi: 10.1001/jamaoto.2019.3760

 14. Völter C, Götze L, Bajewski M, Dazert S, Thomas JP. Cognition and cognitive reserve in cochlear implant recipients. Front Aging Neurosci. (2022) 14:838214. doi: 10.3389/fnagi.2022.838214

 15. Moberly AC, Bates C, Harris MS, Pisoni DB. The enigma of poor performance by adults with cochlear implants. Otology Neurotol. (2016) 37:1522–8. doi: 10.1097/MAO.0000000000001211

 16. Völter C, Oberländer K, Carroll R, Dazert S, Lentz B, Martin R, et al. Nonauditory functions in low-performing adult cochlear implant users. Otology Neurotol. (2021) 42:e543–51. doi: 10.1097/MAO.0000000000003033

 17. Janssen J, Koekkoek PS, van Moll Charante EP, Jaap Kappelle L, Biessels GJ, Rutten GEHM. How to choose the most appropriate cognitive test to evaluate cognitive complaints in primary care. BMC Fam Pract. (2017) 18:1–8. doi: 10.1186/s12875-017-0675-4

 18. Dupuis K, Pichora-Fuller MK, Chasteen AL, Marchuk V, Singh G, Smith SL. Effects of hearing and vision impairments on the Montreal Cognitive Assessment. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. (2015) 22:413–37. doi: 10.1080/13825585.2014.968084

 19. Jorgensen LE, Palmer CV, Pratt S, Erickson KI, Moncrieff D. The effect of decreased audibility on MMSE performance: a measure commonly used for diagnosing dementia. J Am Acad Audiol. (2016) 27:311–23. doi: 10.3766/jaaa.15006

 20. Völter C, Götze L, Dazert S, Wirth R, Thomas JP. Impact of hearing loss on geriatric assessment. Clin Interv Aging. (2020) 15:2453–67. doi: 10.2147/CIA.S281627

 21. Raymond M, Barrett D, Lee DJ, Peterson S, Raol N, Vivas EX.. Cognitive screening of adults with postlingual hearing loss. a systematic review. Otolaryngol Head Neck Surg. (2021) 164:49–56. doi: 10.1177/0194599820933255

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

 23. Al-Yawer F, Pichora-Fuller MK, Phillips NA. The Montreal Cognitive Assessment after omission of hearing-dependent subtests: psychometrics and clinical recommendations. J Am Geriatr Soc. (2019) 67:1689–94. doi: 10.1111/jgs.15940

 24. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I, et al. The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. (2005) 53:695–9. doi: 10.1111/j.1532-5415.2005.53221.x

 25. Dawes P, Pye A, Reeves D, Yeung WK, Sheikh S, Thodi C, et al. Protocol for the development of versions of the Montreal Cognitive Assessment (MoCA) for people with hearing or vision impairment. BMJ open. (2019) 9:e026246. doi: 10.1136/bmjopen-2018-026246

 26. Dawes P, Reeves D, Yeung WK, Holland F, Charalambous AP, Cote M, et al. Development and validation of the Montreal Cognitive Assessment for people with hearing impairment (MoCA-H). J Am Geriat Soc. (2022). [Under review]. 

 27. O'Driscoll C, Shaikh M. Cross-cultural applicability of the Montreal Cognitive Assessment (MoCA): a systematic review. JAD. (2017) 58:789–801. doi: 10.3233/JAD-161042

 28. Völter C, Götze, L,. MoCA-HI Version 1.0. German. (2021). Available online at: https://www.mocatest.org/paper/ (accessed August 16, 2022). 

 29. Brodaty H, Pond D, Kemp NM, Luscombe G, Harding L, Berman K, et al. The GPCOG: a new screening test for dementia designed for general practice. J Am Geriatrics Soc. (2002) 50:530–34. doi: 10.1046/j.1532-5415.2002.50122.x

 30. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. Development and validation of a geriatric depression screening scale: a preliminary report. J Psychiatr Res. (1983) 17:37–49. doi: 10.1016/0022-3956(82)90033-4

 31. WHO. Report of the Informal Working Group on Prevention of Deafness and Hearing Impairment Programme planning. Geneva. (1991). Available online at: https://apps.who.int/iris/handle/10665/58839 (accessed November 10, 2022). 

 32. Carone DES, Sherman EMS, Spreen O. A compendium of neuropsychological tests: administration, norms, and commentary: a review. Applied Neuropsychol. (2007) 14:62–3. doi: 10.1080/09084280701280502 

 33. Larouche E, Tremblay MP, Potvin O, Laforest S, Bergeron D, Laforce R, et al. Normative data for the Montreal Cognitive Assessment in middle-aged and elderly Quebec-French people. Archiv Clin Neuropsychol. (2016) 31:819–826. doi: 10.1093/arclin/acw076

 34. Pirraglia E, Lobach I, Santi S, de Karantzoulis S, Glodzik, Leon M. A comparison of methods for deriving normative scores for evaluating cognitive impairment. J Alzheimer's Assoc. (2012) 8:P541–42. doi: 10.1016/j.jalz.2012.05.1455 

 35. Thomann AE, Goettel N, Monsch RJ, Berres M, Jahn T, Steiner LA, et al. The Montreal Cognitive Assessment. normative data from a german-speaking cohort and comparison with international normative samples. JAD. (2018) 64:643–55. doi: 10.3233/JAD-180080

 36. Berres M, Zehnder A, Bläsi S, Monsch AU. Evaluation of diagnostic scores with adjustment for covariates. Stat Med. (2008) 27:1777–90. doi: 10.1002/sim.3120

 37. Lin VYW, Chung J, Callahan BL, Smith L, Gritters N, Chen JM, et al. Development of cognitive screening test for the severely hearing impaired. Hearing-impaired MoCA. Laryngoscope. (2017) 127 Suppl 1:4–11. doi: 10.1002/lary.26590

 38. Lerch M, Benz N. Montreal cognitive assessement (hearing impaired) (German Version) in geriatric cognitive screening. Innovation Aging. (2017) 1:1095. doi: 10.1093/geroni/igx004.4016 

 39. Utoomprurkporn N, Stott J, Costafreda SG, North C, Heatley M, Bamiou DE. The screening accuracy of a visually based Montreal Cognitive Assessment tool for older adult hearing aid users. Front Aging Neurosci. (2021) 13:706282. doi: 10.3389/fnagi.2021.706282

 40. Borland E, Nägga K, Nilsson PM, Minthon L, Nilsson ED, Palmqvist S. The Montreal Cognitive Assessment. normative data from a large Swedish population-based cohort. JAD. (2017) 59:893–901. doi: 10.3233/JAD-170203

 41. Konstantopoulos K, Vogazianos P, Doskas T. Normative data of the Montreal Cognitive Assessment in the greek population and parkinsonian dementia. Arch Clin Neuropsychol. (2016) 31:246–53. doi: 10.1093/arclin/acw002

 42. Scharfen J, Peters JM, Holling H. Retest effects in cognitive ability tests: a meta-analysis. Intelligence. (2018) 67:44–66. doi: 10.1016/j.intell.2018.01.003 

 43. Falleti MG, Maruff P, Collie A, Darby DG. Practice effects associated with the repeated assessment of cognitive function using the CogState battery at 10-minute, one week and one month test-retest intervals. J Clin Exp Neuropsychol. (2006) 28:1095–112. doi: 10.1080/13803390500205718



OPS/images/fneur-13-1022292-t002.jpg
MoCA-HI (total score)
Visuospatial/Executive
Naming

Attention

Language

Abstraction

Delayed recall

Orientation

Group 1
N=94
M (SD)

2471 (3.51)
3.88 (0.98)
2,97 (0.18)
520 (0.97)
227 (0.79)
146 (0.67)
2,98 (1.78)
5.96 (0.20)

Group 2
N=381
M (SD)

23.67 (3.51)
349 (1.15)
2.94 (024
5.02 (0.84
2,15 (079
133 (0.61
2.81 (178

)
)
)
)
)
5.91(0.32)

Maximum score

30

o v v oW o w oG

Group 1 includes normal hearing and mild hearing-impaired participants (4PTA on the
better hearing ear < 40 dB), group 2 includes participants with a moderate to profound

hearing impairment (4PTA on the better hearing ear > 40 dB). MoCA-HI, Montreal

Cognitive Assessment - Hearing impairment.





OPS/images/fneur-13-1022292-t003.jpg
WHO 0

N=52

M (SD)
MoCA-HI total score 25.60 (3.30)
Age (years) 67.50 (6.10)
Education (years) 1454 (3.44)
4PTA (dB) 15.45 (5.11)

WHO 1
N=42
M (SD)

2362 (3.49)
71.81(9.04)
13.50 (3.24)
30.63 (3.43)

WHO 2
N=41
M (SD)

23.20 (327)
76.37 (9.36)
12.20 (2.88)
4570 (5.66)

WHO 3 &4
N=40
M (SD)

2415 (3.73)
71.48 (8.50)
12,68 (2.99)
88.75 (22.05)

Normal hearing group, 4PTA on the better hearing ear < 26 dB (WHO 0); WHO 1, 4PTA on the better hearing ear 26-40 dB; WHO 2, 4PTA on the better hearing ear 41-60 dB; WHO 3

& 4, 4PTA on the better hearing ear >60 dB; MoCA-HI, Montreal Cognitive Assessment - Hearing impairment.





OPS/images/fneur-13-1022292-g003.gif





OPS/images/fneur-13-1022292-t001.jpg
Group 1 Group 2

M (SD) M (SD)
Total number of participants 94 81
Total number of male participants 56 43
Total number of female participants 38 38
Age (years) 69.43 (7.81) 73.95 (9.22)
Education (years) 14.07 (3.38) 12.43 (2.93)
4PTA (dB) 2223 (8.78) 66.96 (26.87)

Group 1 includes normal hearing and mild hearing-impaired participants (4PTA on the
better hearing ear of < 40 dB), group 2 includes participants with a moderate to profound
hearing impairment (4PTA on the better hearing ear > 40 dB).





OPS/images/inline_1.gif
o9





OPS/images/fneur-13-1022292-t004.jpg
Education (in years)

19 19 20 20 21 21 22 23 23 24 24 25
19 19 20 20 21 21 22 22 23 24 24 25
19 19 20 20 21 21 22 22 23 23 24 25
19 19 20 20 21 21 22 22 23 23 24 24
19 19 20 20 21 21 22 22 23 23 24 24
18 19 20 20 21 21 22 22 23 23 24 24
18 19 19 20 21 21 22 22 23 23 24 24
18 19 19 20 20 21 22 22 23 23 24 24
18 19 19 20 20 21 21 22 22 23 24 24
18 19 19 20 20 21 21 22 22 23 23 24
18 19 19 20 20 21 21 22 22 23 23 24
18 19 19 20 20 21 21 22) 22 23 23 24
18 18 19 20 20 21 21 22 22 23 23 24
18 18 19 19 20 21 21 22 22 23 23 24
18 18 19 19 20 20 21 22 22) 23 23 24
= 18 18 19 19 20 20 21 21 22 23 23 24
g 18 18 19 19 20 20 21 21 22 22 23 24
‘:” 18 18 19 19 20 20 21 21 22 22 23 23
'f:’ 18 18 19 19 20 20 21 21 22 22 23 23
éb 17 18 19 19 20 20 21 21 22 22 23 23
17 18 18 19 20 20 21 21 22 22 23 23
17 18 18 19 19 20 21 21 22 22 23 23
17 18 18 19 19 20 20 21 22 22 23 23
17 18 18 19 19 20 20 21 21 22 22 23
17 18 18 19 19 20 20 21 21 22 22 23
17 18 18 19 19 20 20 21 21 22 22 23
17 17 18 19 19 20 20 21 21 22 22 23
17 17 18 18 19 20 20 21 21 22 22 23
17 17 18 18 19 19 20 21 21 22 22 23
17 17 18 18 19 19 20 20 21 22 22 23
17 17 18 18 19 19 20 20 21 21 22 23
17 17 18 18 19 19 20 20 21 21 22 22
17 17 18 18 19 19 20 20 21 21 22 22
16 17 18 18 19 19 20 20 21 21 22 22
16 17 17 18 19 19 20 20 21 21 22 22
16 17 17 18 18 19 20 20 21 21 22 22
16 17 17 18 18 19 19 20 21 21 22 22
16 17 17 18 18 19 19 20 20 21 21 2

Odd numbers are highlighted in white and even numbers in gray.





OPS/images/fneur-13-1022292-t005.jpg
Education (in years)

18 19 20 20 21 21 22 22 23 23 24 24
18 19 19 20 20 21 22 22 23 23 24 24
18 19 19 20 20 21 21 22 22 23 24 24
18 19 19 20 20 21 21 22 22 23 23 24
18 18 19 20 20 21 21 22 22 23 23 24
18 18 19 19 20 20 21 22 22 23 23 24
18 18 19 19 20 20 21 21 22 », 23 23
18 18 19 19 20 20 21 21 22 22 23 23
17 18 18 19 20 20 21 21 22 22 23 23
17 18 18 19 19 20 20 21 21 22 23 23
17 18 18 19 19 20 20 21 21 22 22 23
17 17 18 19 19 20 20 21 21 22 22 23
17 17 18 18 19 19 20 21 21 22 22 23
17 17 18 18 19 19 20 20 21 21 22 23
17 17 18 18 19 19 20 20 21 21 22 22
= 16 17 17 18 19 19 20 20 21 21 22 22
g 16 17 17 18 18 19 19 20 21 21 22 22
‘:” 16 17 17 18 18 19 19 20 20 21 21 22
'f:’ 16 17 17 18 18 19 19 20 20 21 21 22
éb 16 16 17 17 18 19 19 20 20 21 21 22
16 16 17 17 18 18 19 19 20 20 21 22
16 16 17 17 18 18 19 19 20 20 21 21
15 16 16 17 18 18 19 19 20 20 21 21
15 16 16 17 17 18 18 19 20 20 21 21
15 16 16 17 17 18 18 19 19 20 20 21
15 16 16 17 17 18 18 19 19 20 20 21
15 15 16 16 17 18 18 19 19 20 20 21
15 15 16 16 17 17 18 18 19 20 20 21
15 15 16 16 17 17 18 18 19 19 20 20
14 15 16 16 17 17 18 18 19 19 20 20
14 15 15 16 16 17 18 18 19 19 20 20
14 15 15 16 16 17 17 18 18 19 19 20
14 15 15 16 16 17 17 18 18 19 19 20
14 14 15 16 16 17 17 18 18 19 19 20
14 14 15 15 16 16 17 17 18 19 19 20
14 14 15 15 16 16 17 17 18 18 19 19
13 14 15 15 16 16 17 17 18 18 19 19
13 14 14 15 15 16 17 17 18 18 19 19

Odd numbers are highlighted in white and even numbers in gray.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Evaluation of the non-auditory neurocognitive test MoCA-HI for hearing-impaired



		Introduction



		Materials and methods



		Statistical analysis







		Results



		Demographics



		MoCA-HI score and impact of age, sex, education and hearing level



		Comparison of the standard MoCA with the MoCA-HI



		Establishment of normative data







		Discussion



		Development of a MoCA version for hearing-impaired



		Performance of the German version of the MoCA-HI and the MoCA in participants with vs. without hearing loss



		Impact of age, education, sex and level of hearing loss on performance



		Re-test reliability



		Limitations







		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Evaluation of the non-auditory
neurocognitive test MoCA-HI
for hearing-impaired





OPS/images/fneur-13-1022292-g001.gif





OPS/images/fneur-13-1022292-g002.gif
il





OPS/images/inline_2.gif
it









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





