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Introduction: In this study, we aimed to evaluate the feasibility, utility, and potential effects of LQ-M/D App, a smartphone application developed by Life Quest Inc., Tokyo, Japan, for patients with mild cognitive impairment (MCI) and mild dementia. The app incorporates cognitive and physical exercise training, lifestyle habit acquisition features, and a continuity improvement feature added in the post-update version to enhance user engagement. The continuity improvement feature includes the optimization of training content, and disease education, and enables family monitoring via a family app.



Methods: A retrospective analysis was conducted on app usage, cognitive and exercise training implementation and interruptions, questionnaire response rates, and cognitive assessments in a single institution. A total of 20 patients used the app, with 10 patients using the pre-update version without the continuity improvement feature, and the other 10 patients using the post-update version with the continuity improvement feature.



Results and Conclusion: The results demonstrated that the LQ-M/D App could be effectively used by the study population, and the continuity improvement feature positively influenced app usage in several aspects. Although a potential association between app usage and cognitive ability was suggested, the scatter in the data points warrants cautious interpretation. Limitations of the study included a small sample size, a single institution setting, and the retrospective nature of the study. In the future, a randomized controlled trial design using a larger sample size and multiple institutions to further evaluate the effectiveness of LQ-M/D App in managing MCI and mild dementia should be performed.
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Introduction

The prevalence of dementia in Japan is increasing, and the number of people in Japan with dementia in 2025 is estimated to be 6.75 million (1). Although pharmacotherapy is thought to alleviate symptoms in patients who have developed dementia, its effectiveness in halting or slowing the progression of the disease is very limited. Therefore, interventions are recommended to be performed in patients with mild cognitive impairment (MCI) before the onset of dementia or in the early stages of dementia. The prevalence of MCI is reported to be 15%–25% in those aged 65 years and older (2–4), and the conversion rate from MCI to dementia is reported to be approximately 5%–15% per year (5). On the other hand, MCI-to-normal reversion has also been reported to be 16%–41% per year (6), and although it is controversial whether such improvement can actually be observed, it is considered important to actively address this from the time a patient has MCI, to prevent subsequent dementia. Cholinesterase inhibitors used for dementia have been reported to improve cognitive function in MCI patients; however, they have not been shown to prevent the progression to dementia (7). Non-drug therapies centered on moderate physical activity and lifestyle modification have been recommended to reduce the progression from MCI to dementia (8–10). In addition, lifestyle-associated diseases, such as hypertension, diabetes, dyslipidemia, and a history of cerebrovascular disease are known to be risk factors for the progression from MCI to dementia, and appropriate management of these risk factors is important (10, 11). Management of these risk factors requires that the patient and family members have an appropriate understanding of MCI, and they receive guidance to prepare for the progression to dementia, including understanding and improving lifestyle habits.

In recent years, the field of mobile health using smartphones and mobile phones has gained attention, and is beginning to be used for older adults (12, 13), including those with MCI (14, 15). However, treatment-focused apps designed specifically for patients with MCI or dementia are limited at present. Cognitive Assessment for Dementia, iPad version (CADi), and the Cogstate Brief Battery (CBB) are examples of apps intended for the assessment of cognitive function (16, 17). CADi can be used as a new mass screening tool that comprises memory and cognitive tasks, and has demonstrated good reliability and validity for the screening of patients with dementia (16). CBB, on the other hand, has shown promise for unsupervised at-home cognitive assessments, but it primarily focuses on evaluation, rather than intervention (17). Exercise-based interventions are expected to slow cognitive decline as non-pharmacological therapies (18), and it was reported that a smartphone app called “HealtheBrain” can be used without any problems in older adults with or without MCI (19). This app, designed to provide a visuospatial memory exercise called the square stepping exercise, aims to improve cognitive function in older adults. In addition, cognitive training, traditionally conducted on paper but now often conducted using computers, has been suggested to be effective for cognitive function (20). A digital calendar with activity/event reminders via short messages that can be used on smartphones or mobile phones, which can be set by family members, professionals, or other supporters, has been used by older adults aged 65 years and older (including older adults who are aware of memory loss), and it was reported that the use of this system can be learned easily (21).

As described above, it has been reported that providing exercises, scheduling, and obtaining activity records via smartphones can be used without problems by older patients, including those with cognitive impairment. In addition, computer-based cognitive training can be substituted by mobile devices, such as smartphones. A smartphone application for patients with MCI or mild dementia called “LQ-M/D App” was developed by Life Quest Inc. (Tokyo, Japan), which includes the following functions: (i) training content (cognitive training and exercise training), and (ii) content for the acquisition of lifestyle habits (diet, sleep, and walking time). At present, there are a limited number of treatment-focused apps specifically tailored for patients with MCI or dementia. The LQ-M/D App is specifically designed for older adults with cognitive impairments to provide a non-pharmacological intervention. The purpose of this study was to investigate the feasibility and utility of the LQ-M/D App, and we conducted a retrospective observational study to analyze the clinical and application data of patients with MCI or mild dementia who used LQ-M/D App.



Patients and methods


Study design

This observational study was retrospectively conducted to investigate the effects of LQ-M/D App on patients with MCI or mild dementia treated at Hirokawa Clinic, Kyoto, Japan, from September 1, 2020, to August 31, 2021, using the clinic's medical records and data from the app. All patients were provided with smartphones containing the pre-downloaded LQ-M/D App, and used the LQ-M/D App, as well as received standard treatments for MCI or mild dementia. All procedures were performed in accordance with the ethical principles described in the 1995 Declaration of Helsinki. Written informed consent was obtained from each patient. The study was approved by the Institutional Review Board of Juntendo University and registered in UMIN Clinical Trials (UMIN000047077). In this study, external monitoring by the Japan Organization for Research and Treatment of Cancer (JORTC) verified data accuracy by comparing original sources with analysis data for a random subset of cases, with no discrepancies identified, confirming data integrity.



LQ-M/D App

In this study, the smartphone application “LQ-M/D App” developed by Life Quest Inc. was used. LQ-M/D App has two main features: (i) provision of training content, and (ii) content for the acquisition of lifestyle habits (Figure 1).
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FIGURE 1
Overview of LQ-M/D App main features. Screenshots of LQ-M/D App, showcasing its main features: (i) training content, and (ii) acquisition of lifestyle habits. Images depict examples of exercise training (top-right), cognitive training (bottom-left and center-bottom), and the dietary questionnaire (bottom-right).


The training content consists of cognitive function training and physical exercise training. The cognitive training consists of multiple menus targeting various cognitive functions, including memory function, language function, judgment function, calculation function, executive function, and visuospatial cognitive function, with a total of 21 different tasks. The physical exercise training comprises dual-task training and other types of training, and includes 38 dual-task exercises and 24 other types of physical activities. The lifestyle habits acquisition feature collects information on diet, sleep, and walking time through questionnaires conducted within the app. However, at present, the app does not have a feature for physicians to review records and provide feedback.

On December 21, 2020, LQ-M/D App was updated to include a continuity improvement feature designed to enhance sustained user engagement. This feature consists of optimizing training content, providing disease education, and enabling family monitoring via a family app (Figure 2). The optimization of training content adjusts and reconfigures the content based on usage, with varying intervention frequencies by an avatar. Disease education offers valuable information and resources to help patients and their families better understand and manage the condition. The family app enables monitoring of the patient's app usage, and enables simple message exchanges between patients and their family members. As a result, families can better understand the patient's situation, and an improvement in the patient's app usage can be expected. A summary of the features of the LQ-M/D App is shown in Table 1.


[image: Figure 2]
FIGURE 2
Enhancements in the post-updated LQ-M/D App. Screenshots of the post-updated LQ-M/D App, highlighting continuity improvement features. The left and center images show avatar interventions, and the right image presents educational content. These features aim to enhance patient engagement and understanding.



TABLE 1 Summary of features of the LQ-M/D App.
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In this study, we used both the pre-update version without the continuity improvement feature, and the post-update version with the continuity improvement feature, each for a duration of 6 months, to compare and investigate their respective effects. Patients and caregivers were provided with comprehensive instructions on how to use the app. During regular monthly check-ups, healthcare providers asked about app usage to evaluate its use by the patients and caregivers. However, the actual usage of the app was ultimately at the discretion of the users themselves.



Assessment procedures

In this study, data from medical records were retrospectively collected, including patient background, MCI and dementia treatment courses, and scores for Mini-Mental State Examination (MMSE), Hasegawa's Dementia Scale-Revised (HDS-R), Clinical Dementia Rating (CDR), and Alzheimer's Disease Assessment Scale-Cognitive Subscale Japanese version (ADAS-jcog). Additionally, information on app malfunctions occurring during use, daily app usage duration (in minutes), the daily number of cognitive training and exercise training sessions performed, daily number of interruptions of cognitive training and exercise training, and the presence or absence of daily questionnaire responses were obtained from the app data. The data were compared between the pre-update version without the continuity improvement feature and the post-update version with the continuity improvement feature. Furthermore, MMSE scores of 24–27 points were classified as MCI, and those of 20–23 points as mild dementia. For these patients, the association between daily app usage duration (in minutes), the daily number of cognitive training and exercise training sessions, and changes in MMSE, HDS-R, and ADAS-jcog scores from the start of app use to 6 months after the end of app usage were examined.



Statistical analyses

For both the pre-update version without the continuity improvement feature and the post-update version with the continuity improvement feature, unpaired t-tests were conducted for daily app usage duration (in minutes), daily number of cognitive training and exercise training sessions, and daily number of interruptions for cognitive training and exercise training. Additionally, the Mann-Whitney U-test was performed to compare the presence or absence of daily questionnaire responses between the pre-update and post-update versions. Pearson's correlation coefficients were measured between the changes in MMSE, HDS-R, and ADAS-jcog scores (6-month score—initial score) and daily app usage duration, and daily number of cognitive training and exercise training sessions. Standard deviations of mean dataset values were calculated. All p-values were two-sided, and a p-value of less than 0.05 was considered to indicate a statistically significant difference between two groups. All statistical analyses were performed using Easy R software (version 1.61; Saitama Medical Center, Jichi Medical University, Saitama, Japan), a graphical user interface that is a modified version of R (The R Foundation for Statistical Computing, Vienna, Austria) (22).




Results


Patient characteristics

A total of 20 patients (7 men and 13 women) used LQ-M/D App, with a mean age of 72.3 (range: 50–82) years at the start of app usage. The MMSE, HDS-R, CDR, and ADAS-jcog scores at the start of app usage are shown in Table 2. The mean daily app usage duration (minutes), mean daily number of cognitive training and exercise training sessions, mean daily number of interruptions, and the proportion of questionnaire responses are presented in Table 3 for the entire study period as well as from the first month to the sixth month.


TABLE 2 Patient characteristics.
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TABLE 3 Summary of App usage, training sessions, interruptions, and response rates.
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App malfunctions

During usage of the app, 11 patients experienced malfunctions. In 4 cases of patients using the pre-updated version, the training feature of the app was unstable for 36, 34, 26, and 8 days, respectively. In 6 cases of patients using the post-updated version, the app could not be launched owing to an inability to communicate with the server for 14, 13, 12, 8, 6, 5, and 4 days, respectively.



Comparison between the pre-update version and the post-update version

In this analysis, the pre-update version without the continuity improvement feature (n = 10) was compared with the post-update version with the continuity improvement feature (n = 10). For each version, the mean daily app usage time, mean number of cognitive training and exercise training sessions, mean number of interruptions, and presence or absence of questionnaire responses were shown for the entire period and from the first to the sixth month, in Figures 3–6.


[image: Figure 3]
FIGURE 3
LQ-M/D App usage duration. Usage duration of LQ-M/D App (n = 20), LQ-M/D App without the continuity improvement feature (n = 10), and LQ-M/D App with the continuity improvement feature (n = 10), from the first to the sixth month, as well as the entire observation period (6 months). The graph shows the mean values for app usage duration in each group, with error bars representing the standard error. *p < 0.05, **p < 0.005.
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FIGURE 4
Number of cognitive and exercise training sessions on LQ-M/D App. Number of sessions of cognitive and exercise training performed by patients who used LQ-M/D App (n = 20), LQ-M/D App without the continuity improvement feature (n = 10), and LQ-M/D App with the continuity improvement feature (n = 10), from the first to the sixth month, as well as the entire observation period (6 months). (A) Graph showing the mean values for sessions of cognitive training performed by each group, with error bars representing the standard error. (B) Graph showing the mean values for sessions of exercise training performed by each group, with error bars representing the standard error. *p < 0.05, **p < 0.005.
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FIGURE 5
Interruptions in cognitive and exercise training on LQ-M/D App. Interruptions of cognitive and exercise training of patients who used LQ-M/D App (n = 20), LQ-M/D App without the continuity improvement feature (n = 10), and LQ-M/D App with the continuity improvement feature (n = 10), from the first to the sixth month, as well as for the entire observation period (6 months). (A) Graph showing the mean values for interruptions of cognitive training in each group, with error bars representing the standard error. (B) Graph showing the mean values for interruptions of exercise training in each group, with error bars representing the standard error. *p < 0.05, **p < 0.005.
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FIGURE 6
Questionnaire response rates on LQ-M/D App. Questionnaire responses for LQ-M/D App (n = 20), LQ-M/D App without the continuity improvement feature (n = 10), and LQ-M/D App with the continuity improvement feature (n = 10), from the first to the sixth month, as well as for the entire observation period (6 months). The graph shows the mean values for questionnaire response rates in each group, with error bars representing the standard error. *p < 0.05, **p < 0.005.


Over the entire 6-month observation period, there was no statistically significant difference in mean daily app usage time between the pre-update and post-update versions. Examining the monthly results, the mean usage time tended to decrease over time in the pre-update version, whereas the post-update version did not show a clear decline in mean usage time, and at 6 months, the mean daily app usage time was significantly longer for the post-update version (Figure 3).

Regarding the mean number of daily cognitive training sessions, there was a tendency for the pre-update version to have more sessions, with a significantly higher number of sessions for the overall observation period (6 months), as well as for the first and fourth months. On the other hand, at 6 months, the number of sessions decreased in the pre-update version, and a significant increase in the number of sessions was observed in the post-update version (Figure 4A). For the mean number of interruptions, a statistically significant difference was observed between the pre-update and post-update versions for the overall observation period (6 months) and in each month, with more interruptions in the pre-update version (Figure 5A). The mean number of daily exercise training sessions was significantly higher for the post-update version during the overall observation period of 6 months and in each month, except for the second month (Figure 4B). Additionally, the mean number of interruptions was lower for the post-update version, with a statistically significant difference observed for the overall observation period of 6 months and each month, except for the first and 6 months (Figure 5B).

The mean daily questionnaire response rate tended to be lower for the post-update version, except for the sixth month. A significantly higher mean questionnaire response rate was observed for the pre-update version during the overall 6-month observation period, as well as at the first, second, and fourth months (Figure 6). However, it is difficult to compare the data, as the number of questionnaires differed between the two versions; i.e., in the pre-update version, questionnaires were conducted after breakfast, lunch, and dinner, whereas in the post-update version, questionnaires were additionally conducted upon waking and before bedtime.



Association between scores for MMSE, HDS-R, and ADAS-jcog, and app usage

In this study, patients with MMSE scores of 24–27 were classified as having mild MCI, and those with scores of 20–23 were classified as having mild dementia. Four patients with MMSE scores of 28 or higher and 1 patient with a score of 19 or lower were excluded. The remaining sample comprised 11 patients with MCI and 4 with mild dementia, totaling 15 patients. The association between daily app usage duration (in minutes), the daily number of cognitive training and exercise training sessions, and changes in MMSE, HDS-R, and ADAS-jcog scores from the start of app use to 6 months after the end of app use was investigated for these 15 patients using Pearson's correlation coefficients. Scatterplots of the associations are shown in Figure 7. The results indicate positive correlations between MMSE and HDS-R cognitive assessments and factors, such as app usage duration, cognitive training sessions, and exercise training sessions, suggesting potential cognitive improvement. In contrast, a negative correlation was observed with ADAS-jcog scores, also implying cognitive enhancement. However, the p-values were not statistically significant, suggesting that further research is needed to confirm these findings and their effects on cognitive function.
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FIGURE 7
Correlation between app usage and cognitive test scores. Scatterplots illustrating the association between daily app usage duration, daily number of cognitive training sessions, and exercise training sessions with changes in MMSE, HDS-R, and ADAS-jcog scores from the start of app use to 6 months after the end of app use in 15 patients. The Pearson's correlation coefficient for each association is provided. No statistically significant differences were observed between the groups.





Discussion

In this study, we investigated the feasibility and utility of LQ-M/D App, a smartphone application developed for patients with MCI or mild dementia. The results demonstrated that the app could be utilized by the study population without major issues, and that the continuity improvement feature introduced in the updated version of the app appeared to positively influence app usage in several aspects. Although some app malfunctions were observed during the study, they were within acceptable limits and did not greatly hinder the app's usability. However, although the association between app usage and cognitive ability of the patients showed a tendency for a positive correlation, the available data was not sufficient to draw definitive conclusions. Therefore, further research is needed to confirm these findings and their effects on cognitive function.

Previous studies have reported the potential benefits of nonpharmacological interventions, such as moderate physical activity and lifestyle modifications, in slowing cognitive decline and reducing the progression from MCI to dementia (23, 24). LQ-M/D App incorporates cognitive and physical exercise training, as well as lifestyle habit acquisition features, which may contribute to the management of MCI or mild dementia. The app also includes disease education and family monitoring through the family app, which may help patients and their families better understand and manage their condition, in line with recommendations for MCI management (25, 26). The comparison between the pre-update and post-update versions of LQ-M/D App in our study demonstrated that the continuity improvement feature positively influenced app usage duration, the number of cognitive training and exercise training sessions, and the number of interruptions. These findings suggest that the updated app may provide a more engaging and user-friendly experience for patients with MCI or mild dementia, which is consistent with previous reports on the usability of mobile health interventions for older adults (27–29).

Our study observed a generally low questionnaire response rate in both the pre-update and post-update versions of LQ-M/D App. A possible reason for this might be the lack of evaluation and feedback on patients’ questionnaire responses, as feedback has been shown to improve engagement and adherence in eHealth interventions (30). The post-update version showed a lower response rate compared with the pre-update version, potentially owing to response fatigue among patients resulting from the increased frequency of questionnaires in the post-update version (31, 32). Further investigation is needed to determine the optimal questionnaire frequency and the role of feedback in balancing data collection and patient engagement in electronic health interventions.

In this study, the association between app usage and cognitive improvement did not reach statistical significance, with correlation coefficients demonstrating wide-ranging confidence intervals and relatively high p-values. These findings suggest a potential association between app usage and cognitive improvement but should be interpreted with caution owing to the small sample size and the retrospective nature of the study. Moreover, among the 20 patients, 17 were receiving medication for dementia, and 2 patients started taking medication during the study period. Therefore, the possibility of the slight improvement in cognitive performance being a result of the effects of the medication rather than the effects of training using the App cannot be ruled out. Further research with larger sample sizes and prospective study designs is necessary to better understand the effects of the LQ-M/D App on cognitive function in patients with MCI or mild dementia, and to confirm the potential cognitive benefits of the app and to investigate the underlying mechanisms contributing to these correlations, as suggested by prior research on the effectiveness of cognitive training for cognitive function (33).

There are some limitations to our study. First, the sample size was relatively small, which may have affected the statistical power of the analyses. Second, the study was conducted in a single institution, which may limit the generalizability of the findings. Third, the study was retrospective in nature, which may have introduced biases in the data collection and interpretation. Fourth, the study lacked a control group, making it difficult to determine the specific effects of the LQ-M/D App on cognitive function compared with standard treatments alone. Future research should consider a randomized controlled trial design with larger sample sizes and multiple institutions to further evaluate the effectiveness of LQ-M/D App in managing MCI and mild dementia.



Conclusions

In conclusion, this study demonstrated the feasibility and potential utility of LQ-M/D App for patients with MCI or mild dementia. The app's continuity improvement feature appeared to positively influence app usage, and the observed trends in cognitive assessments suggested potential cognitive improvement, although further research is needed to confirm these findings. LQ-M/D App may be a promising tool for the management of MCI and mild dementia, potentially contributing to the prevention or delay of cognitive decline in this population.



Data availability statement

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



Ethics statement

The studies involving humans were approved by Institutional Review Board of Juntendo University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

All authors conceived and designed the study. RH performed the literature review and drafted the manuscript. TH and HK independently managed the study data. SI analyzed the data and provided insights for the interpretation of the results. HI supervised the overall study execution. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by Life Quest Inc., Tokyo, Japan, which provided the app used in the research free of charge and covered the necessary expenses for conducting the research. The funder was not involved in the study design, analysis, interpretation of data, the writing of this article or the decision to submit it for publication.



Acknowledgments

The authors thank Helena Akiko Popiel of Tokyo Medical University for her editing of this article.



Conflict of interest

RH, YH, HT, NH, and SH hold executive or advisory positions within Life Quest Inc. EI is involved in development and research at Life Quest Inc., although not directly engaged in the development of the app analyzed in this study. RH, YH, HT, and SH own unlisted shares of the company. RS is the founder and a shareholder of Life Quest Inc.

The remaining authors declare that the research was conducted in the absence of any commercial relationships that could be construed as 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. Ministry of Health, Labour and Welfare Scientific Research Grant. Special research project for fiscal year 2014: a study on future projections of elderly population with dementia in Japan (2015). (in Japanese)

2. Petersen RC. Early diagnosis of Alzheimer’s disease: is MCI too late? Curr Alzheimer Res. (2009) 6(4):324–30. doi: 10.2174/156720509788929237

3. Luck T, Luppa M, Briel S, Riedel-Heller SG. Incidence of mild cognitive impairment: a systematic review. Dement Geriatr Cogn Disord. (2010) 29(2):164–75. doi: 10.1159/000272424

4. Ward A, Arrighi HM, Michels S, Cedarbaum JM. Mild cognitive impairment: disparity of incidence and prevalence estimates. Alzheimers Demen. (2012) 8(1):14–21. doi: 10.1016/j.jalz.2011.01.002

5. Mitchell AJ, Shiri-Feshki M. Rate of progression of mild cognitive impairment to dementia–meta-analysis of 41 robust inception cohort studies. Acta Psychiatr Scand. (2009) 119(4):252–65. doi: 10.1111/j.1600-0447.2008.01326.x

6. Roberts R, Knopman DS. Classification and epidemiology of MCI. Clin Geriatr Med. (2013) 29(4):753–72. doi: 10.1016/j.cger.2013.07.003

7. Doody RS, Ferris SH, Salloway S, Sun Y, Goldman R, Watkins WE, et al. Donepezil treatment of patients with MCI: a 48-week randomized, placebo-controlled trial. Neurology. (2009) 72(18):1555–61. doi: 10.1212/01.wnl.0000344650.95823.03

8. Baker LD, Frank LL, Foster-Schubert K, Green PS, Wilkinson CW, McTiernan A, et al. Effects of aerobic exercise on mild cognitive impairment: a controlled trial. Arch Neurol. (2010) 67(1):71–9. doi: 10.1001/archneurol.2009.307

9. Etgen T, Sander D, Bickel H, Forstl H. Mild cognitive impairment and dementia: the importance of modifiable risk factors. Dtsch Arztebl Int. (2011) 108(44):743–50. doi: 10.3238/arztebl.2011.0743

10. World Health Organization. Risk reduction of cognitive decline and dementia: WHO guidelines. Geneva: World Health Organization (2019). Available at: https://apps.who.int/iris/bitstream/handle/10665/312180/9789241550543-eng.pdf?ua=1 (Accessed June 8, 2023).

11. Li J, Wang YJ, Zhang M, Xu ZQ, Gao CY, Fang CQ, et al. Vascular risk factors promote conversion from mild cognitive impairment to Alzheimer disease. Neurology. (2011) 76(17):1485–91. doi: 10.1212/WNL.0b013e318217e7a4

12. Chaudhry BM, Dasgupta D, Chawla NV. Successful aging for community-dwelling older adults: an experimental study with a tablet app. Int J Environ Res Public Health. (2022) 19:13148. doi: 10.3390/ijerph192013148

13. Dasgupta D, Chaudhry B, Koh E, Chawla NV. A survey of tablet applications for promoting successful aging in older adults. IEEE Access. (2016) 4:9005–17. doi: 10.1109/ACCESS.2016.2632818

14. Bateman DR, Srinivas B, Emmett TW, Schleyer TK, Holden RJ, Hendrie HC, et al. Categorizing health outcomes and efficacy of mHealth apps for persons with cognitive impairment: a systematic review. J Med Internet Res. (2017) 19(8):e301. doi: 10.2196/jmir.7814

15. Chaudhry BM, Smith J. Refinemind: a mobile app for people with dementia and their caregivers. In: Chandra Kruse L, Seidel S, Hausvik GI, editors. The next wave of sociotechnical design. DESRIST 2021. Lecture notes in computer science. Vol. 12807. Cham: Springer (2021). p. 16–21.

16. Onoda K, Hamano T, Nabika Y, Aoyama A, Takayoshi H, Nakagawa T, et al. Validation of a new mass screening tool for cognitive impairment: cognitive assessment for dementia, iPad version. Clin Interv Aging. (2013) 8:353–60. doi: 10.2147/CIA.S42342

17. Edgar CJ, Siemers E, Maruff P, Petersen RC, Aisen PS, Weiner MW, et al. Pilot evaluation of the unsupervised, at-home cogstate brief battery in ADNI-2. J Alzheimers Dis. (2021) 83(2):915–25. doi: 10.3233/JAD-210201

18. Suzuki T, Shimada H, Makizako H, Doi T, Yoshida D, Ito K, et al. A randomized controlled trial of multicomponent exercise in older adults with mild cognitive impairment. PLoS One. (2013) 8(4):e61483. doi: 10.1371/journal.pone.0061483

19. Shellington EM, Felfeli T, Shigematsu R, Gill DP, Petrella RJ. Healthebrain: an innovative smartphone application to improve cognitive function in older adults. Mhealth. (2017) 3:17. doi: 10.21037/mhealth.2017.04.05

20. Gates NJ, Vernooij RW, Di Nisio M, Karim S, March E, Martínez G, et al. Computerised cognitive training for preventing dementia in people with mild cognitive impairment. Cochrane Database Syst Rev. (2019) 3(3):Cd012279. doi: 10.1002/14651858.CD012279.pub2

21. Baric V, Andreassen M, Ohman A, Hemmingsson H. Using an interactive digital calendar with mobile phone reminders by senior people—a focus group study. BMC Geriatr. (2019) 19(1):116. doi: 10.1186/s12877-019-1128-9

22. Kanda Y. Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone Marrow Transplant. (2013) 48(3):452–8. doi: 10.1038/bmt.2012.244

23. Gauthier S, Reisberg B, Zaudig M, Petersen RC, Ritchie K, Broich K, et al. Mild cognitive impairment. Lancet. (2006) 367(9518):1262–70. doi: 10.1016/S0140-6736(06)68542-5

24. Petersen RC. Clinical practice. Mild cognitive impairment. N Engl J Med. (2011) 364(23):2227–34. doi: 10.1056/NEJMcp0910237

25. Kueper JK, Speechley M, Montero-Odasso M. The Alzheimer’s disease assessment scale-cognitive subscale (ADAS-cog): modifications and responsiveness in pre-dementia populations: a narrative review. J Alzheimers Dis. (2018) 63(2):423–44. doi: 10.3233/JAD-170991

26. Winblad B, Amouyel P, Andrieu S, Ballard C, Brayne C, Brodaty H, et al. Defeating Alzheimer’s disease and other dementias: a priority for European science and society. Lancet Neurol. (2016) 15(5):455–532. doi: 10.1016/S1474-4422(16)00062-4

27. Reeder B, Meyer E, Lazar A, Chaudhuri S, Thompson HJ, Demiris G. Framing the evidence for health smart homes and home-based consumer health technologies as a public health intervention for independent aging: a systematic review. Int J Med Inform. (2013) 82(7):565–79. doi: 10.1016/j.ijmedinf.2013.03.007

28. Wildenbos GA, Peute L, Jaspers M. Aging barriers influencing mobile health usability for older adults: a literature based framework (MOLD-US). Int J Med Inform. (2018) 114:66–75. doi: 10.1016/j.ijmedinf.2018.03.012

29. Gordon NP, Hornbrook MC. Older adults’ readiness to engage with eHealth patient education and self-care resources: a cross-sectional survey. BMC Health Serv Res. (2018) 18(1):220. doi: 10.1186/s12913-018-2986-0

30. Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, Curtis K, et al. Understanding and promoting effective engagement with digital behavior change interventions. Am J Prev Med. (2016) 51(5):833–42. doi: 10.1016/j.amepre.2016.06.015

31. Christensen H, Griffiths KM, Farrer L. Adherence in internet interventions for anxiety and depression. J Med Internet Res. (2009) 11(2):e13. doi: 10.2196/jmir.1194

32. Eysenbach G. The law of attrition. J Med Internet Res. (2005) 7(1):e11. doi: 10.2196/jmir.7.1.e11

33. Hill NT, Mowszowski L, Naismith SL, Chadwick VL, Valenzuela M, Lampit A. Computerized cognitive training in older adults with mild cognitive impairment or dementia: a systematic review and meta-analysis. Am J Psychiatry. (2017) 174(4):329–40. doi: 10.1176/appi.ajp.2016.16030360



OPS/images/fdgth-05-1243253-g001.jpg
0 @

Events Cognitive

Number of boxes

Answer the number of boxes in the
stack. Include boxes that are hidden
and not visible.

Question 1

LEEEEE
00000

©2
(WL
@U

Fingering exercise

Toe and heel tapping

Side step

O @ PP

Events Cognitive Exercise Survey
Number of boxes

Answer the number of boxes in the

stack. Include boxes that are hidden

and not visible.

Question 1

8 boxes

LEEEEE
20000

Dual task

How much staple food did
you eat today?

P

Rice Rice
(one bow)) | | (haifa bow) {one sce)

Plin bread

Noodles

one bowl) )

Plin bread
(half sice)

& | o





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Retrospective observational study of a novel smartphone app on the management of patients with mild cognitive impairment or mild dementia

		Introduction



		Patients and methods



		Study design



		LQ-M/D App



		Assessment procedures



		Statistical analyses











		Results



		Patient characteristics



		App malfunctions



		Comparison between the pre-update version and the post-update version



		Association between scores for MMSE, HDS-R, and ADAS-jcog, and app usage











		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Digital Health

Retrospective observational study

of a novel smartphone app on the

management of patients with mild
cognitive impairment or mild dementia





OPS/images/fdgth-05-1243253-t001.jpg
Feature Pre-update
version

Training content

Post-update
version

Cognitive function training®
Physical exercise training’

Lifestyle habits

Collection of information on diet, sleep,
and daily walking time"

Continuity improvement feature

Optimizing training content*

Providing discase education®

Family monitoring via family app®

‘All features except for the family monitoring feature are utilized by patients

through the LQ-M/D App.

The family monitoring feature is utilized by family members through the family

app.





OPS/images/fdgth-05-1243253-t002.jpg
Number of patients 20
Age, yaars

Mean (range) 723 (50-82)
Sex

Men 7

Women 13
MMSE score 247230
HDS R score 244137
CDR score 0450.15

CDR category (number of patients)
0
0.5

1

2
ADAS jcog score 104438
Medication (anti-dementia drugs)

Yes

No

MMSE, mini-mental state examination; HDS-R, Hasegawa's dementia scale-
revised: CDR, clinical dementia rating; ADAS-jcog, Alzheimer's ~disease
ssesssrriant scals-coonitive sibscals: Jananess Varsion:









OPS/images/fdgth-05-1243253-t003.jpg
App usage duration Cognitive training Exercise training Questionnaire

(minutes/day) 2
Sessions Interruptions Sessions Interruptions Response rate per

(times/day) (times/day) (times/day) (times/day) day (%)

Observation period 38241 76+10.7 0125+ 0.420 0.159+0517 217421
(6 months)

Ist month 4495395 82+93 0152+ 0489 4047 0.249 %0784 224+441
2nd month 39.1+457 66+9.5 0.118 0382 4570 0.200 % 0.589 238+429
3rd month 89+13.1 0.134 = 0390 45:56 0.158 % 0.420 234439
4th month X 0.135 = 0446 32:48 0.123+0373 19.6+415
5th month 3572359 78+10.0 0100 = 0386 3548 0.113+0354 216408
6th month 293311 63+85 0.100 = 0.400 28+40 0.077 %0292 1794370

Data are shown as mean + standard deviation.





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





OPS/images/fdgth-05-1243253-g006.jpg
‘Questionnaire responses per day (%)

B LQ-WD App without continuity improvement feature (n = 10)
I LQ-M/D App with continuity improvement feature (n = 10)

[ LQ-M/D App (total sample, n = 20)
| n
s 6

Moon
‘ | ‘ |
' 2 s 4

Month during the observation period

i‘

Overall
(6 months)






OPS/images/logo.jpg
& frontiers | Frontiers in Digital Health





OPS/images/fdgth-05-1243253-g007.jpg
Changes in MMSE Changes in MMSE

Changes in MMSE

x© 4
1] 2 Correlation coefficient: -0.207
Q )
T < .
£ g2 1
g s e
>
2 @
g 3
8 5 0
. © o
Correlation coefficient: 0.506 -10 Correlation coefficient: 0297 | &
. . -2 . }
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Mean daily app usage time per day (minutes)
« i g i Correlation coefficient: -0.383
B 0 &
2 <
b= g a
£ - < Ri
? 5 £
= o
2 ©
2 5 |
g £o
o <
Correlation coefficient: 0.430 -10 Correlation coefficient: 0.267 ©
s -2 : 5
0 5 10 15 20 25 25 0 5 10 15 20 25
Mean number of cognitive training sessions per day
o g .
& 0 S 4 Correlation coefficient: -0.232
2 2
= o
£ < 2
@ -5, £
e 8
2 5 g
5 s =2
S 2
. -10/ S
Correlation coefiicient: 0.436 Correlation coefficient: 0.459 5 .

0 2 4 6 8

10

0 2 4 6 8 10

Mean number of exercise training sessions per day





OPS/images/fdgth-05-1243253-g002.jpg
Your performance continues to

be very good, so let's keep it that S:ienpinu gp, the good work and To prevent dementia

way. ! —_—
There are three important points to
prevent dementia.

- Prevention of lifestyle-related diseases
- Early detection
- Start treatment and prevention efforts
atan early stage

Early stage means pre-MCl or MCI stage.






OPS/images/fdgth-05-1243253-g003.jpg
‘App usage duration (minutes/day)

W LQ-M/D App without continuity improvement feature (n = 10)
W LQ-M/D App with continuity improvement feature (n = 10)
[@ LQ-M/D App (total sample, n = 20)

Overall
(6 months)

3 6
Month during the observation period





OPS/images/fdgth-05-1243253-g004.jpg
W LQ-M/D App without continuity improvement feature (n = 10)
I LQ-MID App with continuity improvement feature (n = 10)
[ LQ-MID App (total sample, n = 20)

~

Sessions of exercise raining (imesiday) gy
w » o o

Overall
(6 months)

Month during the observation period





OPS/images/fdgth-05-1243253-g005.jpg
LQ-M/D App without continuity improvement feature (n = 10)
I LQ-M/D App with continuity improvement feature (n = 10)
[ LQ-M/D App (total sample, n = 20)

siday)

ime:
°
4

030

o o
BB

015
0.10
0.05

°

Interruptions of exercise training (ti

Interruptions of cogr

Overall
(6 months)

Month during the observation period





