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Abstract: Dementia prevalence has soared due to population aging. In Mild Cognitive Impairment (MCI) as a pre-dementia stage, sleep disturbances have raised much interest as a factor in a bidirectional relationship with cognitive decline. Thus, this study developed the Sleep and Cognition Enhancement Multimodal Intervention (SCEMI) based on Lazarus’ multimodal approach and conducted a randomized controlled experiment to investigate the effects of the novel program on sleep and cognition in MCI elderly. The participants were 55 MCI elderly with sleep disturbances at two dementia care centers located in S-city, Gyeonggi-do, South Korea (n = 25 in the experimental group and n = 30 in the control group). The study period was from November 01 to December 27, 2022. The experimental group received 8 sessions of SCEMI, 60 min per session once a week. The control group received general education and guidance using a simplified booklet on the sleep and cognitive improvement. For data collection, a self-reported questionnaire was used to investigate sleep quality, presleep arousal, cognitive function, stress, and depression. The results showed that, compared to the control group, the experimental group had significantly improved across all variables: sleep quality (U = 109.50, p < 0.001), presleep arousal (U = 11.50, p < 0.001), cognitive function (U = 72.00, p < 0.001), stress (U = 139.00, p < 0.001), and depression (U = 231.50, p = 0.015). Thus, the SCEMI appears to positively affect symptomatic improvement and delays the progression to dementia as an integrated intervention to enhance sleep and cognition in community-dwelling MCI elderly with sleep disturbances.
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Introduction

With increased average life expectancy, the elderly population has increased, accompanied by a global phenomenon of population aging. The rate of increase in the elderly population is particularly high in developing countries in Asia and South America [1]. As a result, the prevalence of dementia, a representative geriatric disease, has soared, while it is known to increase with increasing age to show a 2-fold increase in the number of patients every five years after the age of 65 years [2,3]. South Korea has been predicted to become a superaged society [1] as the number of dementia patients reaches 1 million by 2030 and 2 million by 2050, with a large increase in socioeconomic burdens [4].

Dementia causes irreversible pathological changes as well as psychobehavioral symptoms as the level of cognitive impairment becomes severe, which lowers the expected effects of the treatment. For dementia, therefore, prevention and early detection are critical [5]. In this regard, mild cognitive impairment (MCI) is viewed as a transitional stage from normal to dementia [6]. Hence, the probability of progression from MCI to dementia is relatively high, and MCI is considered a risk factor or a critical condition of dementia. The clinical significance is high as MCI offers insights into the pathogenesis of dementia at a pre-dementia stage [7]. Mild cognitive impairment should be differentiated from a cognitive decline caused by normal aging as the MCI-related cognitive decline does not negatively affect the activities of daily living (ADL) or instrumental ADL (iADL). At the same time, a preemptive interest should be taken toward preventing dementia as MCI causes functional decline at a rate averaging between healthy elderly and mild dementia patients [7,8].

The factors known to influence cognitive decline are negative mental health conditions such as depression, anxiety and stress, poor physical health conditions such as obesity and hypertension, and health risk factors such as smoking and inadequate physical activity [9]. Recently, sleep disturbances have gained attention as another critical risk factor in a bidirectional relationship with cognitive decline (i.e., sleep disturbances can significantly reduce the cognitive functioning of elderly individuals with MCI) [6,10–12]. The prevalence of sleep disturbances increases with age, suggesting that sleep is affected by aging itself and/or by aging-related conditions [13,14]. Notably, more than 60% of MCI patients experience sleep disturbances [8], which can induce cognitive dysfunction with a potential influence on the onset of dementia and reduce ADL to increase the burden of care [6,8,12–14].

Strategies should thus be developed to improve the sleep quality in MCI elderly. However, only a few protocols of integrated non-pharmacological interventions have been developed for sleep and cognition enhancement in MCI elderly, while much of the previous literature has focused on pharmacological interventions for sleep enhancement [15]. Notable disadvantages of this pharmacological approach in the elderly include the potential for side effects, interactions, and polypharmacy, and the side effects of sedative-hypnotics and benzodiazepine drugs include daytime sleepiness, nocturnal confusion, increased fall accidents, and dependency on drugs [16,17]. Sedative-hypnotics, in particular, may aggravate cognitive impairment in the elderly [16,17].

This has raised interest in non-pharmacological interventions for MCI patients [16]. The non-pharmacological interventions in previous studies include a moderate-intensity aerobic exercise program [18], mindfulness meditation [19], and the physical activity program [20]. These interventions had positive effects on sleep, cognition, depression, and anxiety; nevertheless, to maximize the optimal intervention effects on the enhancement of sleep and cognition in individuals with cognitive decline, Rodriguez et al. [21] highlighted the need to reduce the risk factors and enhance the protective factors through multi-component, multi-factorial, multi-level and customization strategies. In Lee et al. [22], a food art therapy of a multimodal approach positively affected the cognitive, emotional, and social functions in MCI patients. Bae et al. [23] also showed the effects of a multi-component intervention combining physical, cognitive, and social activities to enhance cognitive function. According to a systematic review of the interventions combining cognitive and physical domains [24], multi-component interventions positively affected the cognitive and motor abilities of the elderly with a risk of dementia. However, only a few multi-component interventions are available to enhance sleep and cognition in the MCI elderly [24,25]. Sleep disturbances in MCI are affected by multiple factors to imply a need for an integrated non-pharmacological approach for multi-component interventions. Thus, this study developed the Sleep and Cognition Enhancement Multimodal Intervention (SCEMI) based on Lazarus’ multimodal approach [26] for enhancing sleep and cognition and investigated the effects of the novel program on the sleep quality, pre-sleep arousal, cognitive function, depression, and stress.

The hypotheses in this study are as follows:
1.    The SCEMI group will show a lower sleep quality score than will the control group.

2.    The SCEMI group will show a lower score of presleep arousal than will the control group.

3.    The SCEMI group will show a higher cognitive function score than will the control group.

4.    The SCEMI group will show a lower score of depression than will the control group.

5.    The SCEMI group will show a lower stress score than will the control group.

Materials and Methods

Study design

This randomized, controlled experimental study aimed at investigating the effects of a novel program SCEMI on sleep quality, presleep arousal, cognitive function, depression, and stress in MCI elderly with sleep disturbances.

Participants

The participants were recruited using an ad posted on the noticeboard at two dementia care centers located in S-city, Gyeonggi-do, South Korea. The participants were elderly patients diagnosed with MCI and experiencing sleep disturbances and who had never participated in a sleep-related intervention program. The diagnosis of MCI was based on the criteria of the International Working Group on Mild Cognitive Impairment.

To be specific, the inclusion criteria were (1) individuals aged ≥60 years and satisfying the MCI diagnostic criteria, (2) individuals with the score of Montreal Cognitive Assessment–Korean version (MoCA-K), a cognitive assessment tool developed for the screening of MCI, <24 points [27], (3) individuals with the score of Pittsburgh Sleep Quality Index (PSQI) >5 points, and (4) individuals able to communicate and provide responses to the questionnaire. The exclusion criteria were (1) individuals diagnosed with dementia, (2) individuals with a neurological disorder such as stroke, epilepsy, and Parkinson’s disease, (3) individuals with a major mental disorder (depression or anxiety disorder), and (4) individuals on sedative-hypnotics, anti-anxiety or anti-depression agents.

The sample size was estimated using G*Power 3.1 by Cohen’s formula in the following conditions: number of groups = 2, number of measurements = 2, testing power = 0.80, significance level = 0.05, and effect size = 0.5 [20]. The minimum sample size was n = 25 per group, and assuming a 20% dropout rate, 60 participants were recruited in total; n = 30 in the experimental group and n = 30 in the control group (Fig. 1). With the exclusion of 5 participants in the experimental group, who either discontinued the intervention due to a health-related (e.g., COVID-19) or personal reason or provided an incomplete questionnaire, the data of 55 participants (n = 25 in the experimental group and n = 30 in the control group) were analyzed.
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Figure 1: Consort flow diagram.

Randomization

Through the ad, 125 participants were recruited. For the selection and enrollment of participants, the assessment for eligibility included two steps. First, two trained researchers conducted 1:1 interviews, each lasting within 10 min. Next, individual cognitive function tests, self-reported questionnaires, and InBody measurements were performed. Among the participants who agreed to participate, 60 participants were selected based on the inclusion and exclusion criteria and the study purpose. The participants were randomized into the experimental or control group by coin flipping (Fig. 1).

Instruments

General characteristics

The general characteristics in this study included age, gender, marital status, education, living situation, sleeping condition, alcohol use, and smoking. To measure the height, weight, and body mass index (BMI), a body composition analyzer (InBody 770, InBody Co., Ltd., Korea) was used. For accurate measurements, participants were guided to wear as light as possible, and after removing any metallic materials from the body two hours before or after a meal, they were guided to stand straight on the electrodes with each hand lightly holding a palm electrode.

Sleep quality

Sleep quality was measured using the PSQI developed by Buysse et al. [28]. The PSQI consists of 19 self-rated questions on subjective sleep quality, habitual sleep efficiency, sleep disturbances, sleep latency, sleep duration, use of sleep medication, and other sleep-related factors. Each item is rated on a scale from 0 (no difficulty) to 3 (severe difficulty), with the total score ranging between 0 and 21 and scores >5 points indicating poor sleep quality. Cronbach’s α was 0.98 in Buysse et al. [28] and 0.90 in this study.

Presleep arousal

Presleep arousal was measured using the Korean version of the Presleep Arousal Scale (PSAS), a tool developed by Nicassio et al. [29] and translated by Cho et al. [30]. The tool was developed to assess the physical and cognitive arousal levels before sleep using 16 questions. Each question is rated on a 5-point Likert scale, with higher scores indicating higher levels of presleep arousal. Cronbach’s α was 0.89 in Cho et al. [30] and 0.92 in this study.

Cognitive function

Cognitive function was measured using the MoCA-K, a tool developed by Nasreddine et al. [31] for the screening of MCI and translated by Lee et al. [32]. The MoCA-K consists of 12 questions on visuoconstructional skills, language, attention, abstraction, delayed recall, and orientation, with the total score ranging from 0 to 30 and higher scores indicating higher levels of cognitive function. Cronbach’s α was 0.86 in Lee et al. [32] and 0.78 in this study.

Depression

Depression was measured using the Geriatric Depression Scale Short Form–Korean Version (GDSSF-K). The original tool Geriatric Depression Scale (GDS), was developed by Yesavage et al. [33] and modified by Kee [34] to suit the elderly in South Korea. The GDSSF-K consists of 15 questions, with the total score ranging from 0 to 15 and higher scores indicating higher levels of depression. Cronbach’s α was 0.88 in Kee [34] and 0.86 in this study.

Stress

Stress was measured using the Korean version of the Perceived Stress Scale (PSS), a tool developed by Cohen [35] and translated by Lee et al. [36]. The PSS measures the perceived stress level in situations that arise in daily life. The tool consists of 10 questions, including 5 on stress perception and 5 on stress management. Questions 4, 5, 7, and 8 were reverse-coded for scoring. Each question is rated on a 4-point Likert scale, with higher scores indicating higher stress. Cronbach’s α was 0.78 in Lee et al. [36] and 0.78 in this study.

SCEMI development and application

The SCEMI was constructed for MCI elderly with sleep disturbances, based on Lazarus’ multimodal approach [26] and through a systematic review of studies on non-pharmacological interventions for sleep enhancement in MCI and Alzheimer’s dementia [16].

The SCEMI involved 8 sessions, one session a week and each session lasting 60 min, and 8 sessions of telephone coaching, one session a week based on a previous study [25]. In particular, Naismith et al. [25] evaluated the efficacy of a four-session multicomponent group intervention for participants with MCI. The intervention consisted four fortnightly face-to-face sessions and fortnightly coaching phone calls [25]. In Lazarus’ multimodal theory [26], the Behavior component is a regular exercise combined with light exposure and behavioral strategies to practice sleep hygiene through sleep education. Based on a previous study where resetting the circadian rhythm led to increased sleep duration [37], a walking exercise (30 min) was included in this study. The Cognition component included cognitive training using a cognition calendar. In the Affect component, positive feedback and emotional support were given by an expert through sharing the experience of sleep and cognition activities of the past week. At the same time, negative feelings were neutralized and turned into positive language through education to focus on improving emotional factors. In the Sensation component, an aroma necklace and roll-on were used for olfactory stimulation, and breath meditation was performed in the Imagery component. Lastly, the Interpersonal-relations component included a weekly session of telephone coaching to assess the performance of sleep and cognitive training with support and encouragement and to discuss strategies for difficulties to raise self-confidence (Fig. 2). Table 1 presents the details of the SCEMI based on multimodal approach.
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Figure 2: Sleep and cognition enhancement multimodal intervention.
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Sleep education

A sleep expert provided sleep education with a doctorate degree and ≥15 years of clinical experience on patients regarding insomnia, MCI, and dementia, with the help of one research assistant. The education consisted of 8 weekly sessions, each lasting 60 min. Participants were given a booklet on sleep and a cognition calendar in the first session. The education comprised orientation, sharing the experience of sleep and cognition activities of the past week, sleep education, cognitive training, aroma inhalation training, and medication. The educational contents included the function of sleep, the relationship between insomnia and cognitive function, stimulation control, sleep and biorhythm, sleep inhibitors, and sleep hygiene, in reference to a previous study [13]. Except for the first session, each session began by sharing the experience, success, or barriers of practicing sleep and cognition activities of the past week. Considering that the participants are MCI patients, the education was repeatedly given via clear and detailed contents, which included stimulation control [38] and sleep hygiene education for the elderly. The sleep hygiene education applied in this study was as follows: (1) Try not too hard to sleep, (2) Stay active out of bed until feeling drowsy, (3) Wake up at a fixed time (and avoid staying in bed after that time even if the previous night’s sleep has been inadequate), (4) Avoid checking the clock upon waking up, (5) Perform abdominal breathing before sleep, and (6) Perform stretching after waking up in the morning.

Cognitive training

Cognitive training was based on the MoCA [31] and used a cognition calendar. The components of the cognition calendar were pieces of training on (1) visuoconstructional skills (connecting numbers and letters in a given order, drawing cubes, drawing clocks, etc.), (2) naming (images of animals), (3) memory (memorizing and recalling five words), (4) attention (memorizing numbers in a given order, memorizing numbers in a reverse order, memorizing the days of the week in a reverse order, repeatedly subtracting 7 from 100, etc.), (5) language (repeating after stimuli, saying words beginning with a, etc.), (6) abstraction (finding similarities of two objects), (7) orientation (checking a weekly calendar and saying the day, month, year and the day of the week). The pieces of training (1)–(7) of the cognition calendar were revised each week to allow participants to be challenged with new words, numbers, and names weekly. In addition, a checklist was included in the cognition calendar to assess the performance regarding walking exercises and aroma inhalation.

Aroma inhalation

Based on a previous study [39] reporting the positive effects of aroma inhalation in enhancing the quality of sleep in MCI and dementia patients, a set of essential oils with positive effects on sleep, depression, and anxiety were selected, and by consulting an expert with aroma therapist qualification, a 4:1:1 mixture of lavender oil, marjoram oil, and Roman chamomile oil was used. Lavender relaxes the mind and body, relieves stress, and reduces insomnia. Marjoram has effects of reducing anxiety and insomnia as well as calming effects, and Roman chamomile is effective for psychological stability and stress relief [40]. For simple and convenient daily use by MCI elderly with sleep disturbances, the inhalation was applied using an aroma necklace and roll-on. The aroma oil mixture was placed in a 0.20 mL glass vial to allow participants to wear it as a necklace so that the aromatic fragrance could be inhaled through the nose. At night before sleep, participants were guided to inhale the aroma before lying on the bed by applying the roll-on at a single pulse point of the radial artery behind the ear [41].

Mindfulness meditation

Breath meditation was used as an easy form of mindfulness meditation for the elderly based on a previous study reporting such effects as reduced sleep onset latency, enhanced sleep quality, and ameliorated insomnia symptoms [42]. Breath meditation focuses on the perception of the change of breath in line with emotion. Abdominal breathing to assist with relaxation was repeated five times, and if a thought emerged, the participant was guided to look into the thought and then refocus on breathing.

Telephone coaching

The contents of telephone coaching were based on the concept of verbal persuasion of Bandura [43]. The present researcher and a research assistant received telephone coaching training before the study. In this study, the telephone coaching proceeded as follows: Greeting, Evaluating the state of sleep of the past week, Assessing the sleep inhibitors and promotors, Intervention with support and encouragement, Assessing the performance regarding the cognitive training at home, and Discussing the strategies on difficulties, thereby providing social support as well as raising the self-confidence. For 8 weeks, the researcher and the research assistant conducted weekly telephone coaching (e.g., landline) on each participant. Each coaching session lasted 10–15 min.

Walking exercise

Walking exercise was included in this study based on the reported effects to enhance sleep quality and reduce the sleep onset latency [44] in addition to the effects of enhanced cognitive function, reduced anxiety and depression, and enhanced quality of life. The daily goal of the walking exercise was 5,000 steps, set within the recommended range of 6,000–8,500 steps for adults aged ≥50 years [45]. In the first face-to-face education session, the participants were guided to download the Walk-on app and set a daily goal of 5,000 steps. The walking exercise intervention was applied for 8 weeks with 5 sessions a week, and the recorded number of steps of the past week was checked in the face-to-face education session. As a result, all 25 participants in experimental group completed ≥5,000 steps of walking, while 7 participants completed ≥10,000 steps.

Data collection and ethical considerations

This study was approved by the Institutional Review Board of E University in Seongnam-si, Gyeonggi-do, South Korea (IRB No. EU22-63). The consent for the experiment was obtained from the director and administrative officer of the data repository. The period of data collection was from November 01 to December 27, 2022. The experimental group received 8 sessions of SCEMI, while the control group received general education and guidance using a simplified booklet on the sleep and cognitive improvement. The participants in both groups completed the same set of structured questionnaires in the pre- and post-test. The participants were recruited through an ad posted with the consent of the administrative officer at the dementia care centers, and those voluntarily agreeing to participate were led to enrollment. Before the intervention, the researcher provided detailed verbal and written explanations of the study's purpose and procedures. The participants were informed through verbal and written explanations that the collected data would be anonymized, used solely for the study purpose, and discarded at the end of the study with full confidentiality on any personal information. They were also informed that they could withdraw from the study at any time, and signed consent was obtained from each participant.

Data analysis

Data was analyzed using SPSS version 21.0. For the homogeneity test before intervention on the general characteristics in the control and experimental groups, χ2-test and independent t-test were used. The Shapiro–Wilk test was used for the normality test on the dependent variables. For the homogeneity test before intervention and the test of intervention effects on the dependent variables, independent t-test, Mann–Whitney U test, and Wilcoxon signed ranks test were used.

Results

General characteristics

Table 2 presents the general characteristics of the participants. The mean age of the participants was 71.35 years, and there were 22 female elderly (88.0%) in the experimental group and 24 female elderly (80.0%) in the control group. Regarding marital status, most participants in both groups were married (n = 15 [60.0%] in the experimental group and n = 18 [60.0%] in the control group), followed by the widowed (n = 8 (32.0%) in the experimental group and n = 10 [33.3%] in the control group). For education, most participants in both groups were high school graduates (n = 13 [52.0%] in the experimental group and n = 14 [46.7%] in the control group). With regards to the living situation, the number of those living with a spouse or others was 19 (76.0%) in the experimental group and 20 (66.7%) in the control group, which was greater than the number of those living alone at 6 (24.0%) and 10 (33.3%), respectively. Regarding the sleeping conditions, the number of those sleeping alone was greater than that of those not sleeping alone in both groups (n = 23 [92.0%] in the experimental group and n = 23 [76.7%] in the control group). Most participants replied that they did not use alcohol or smoke (n = 23 [92.0%] and n = 26 [86.7%] in the experimental group and n = 23 [92.0%] and n = 30 [100.0%] in the control group). On the other hand, a high percentage of participants in both groups replied that they drank caffeine (n = 20 [80.0%] in the experimental group and n = 18 [60.0%] in the control group). In both groups, the participants had at least one experience of nocturia. The mean BMI was 23.65 ± 3.30 in the experimental group to indicate a level of overweight and 22.63 ± 3.01 in the control group to indicate a normal weight level, although the difference was not statistically significant.
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Study variables

Table 3 presents the study variables. The Shapiro–Wilk test indicated that depression and stress did not satisfy normal distribution, and the Mann–Whitney U test analyzed the between-group homogeneity for the two variables. The results showed that sleep quality, presleep arousal, cognitive function, depression, and stress were homogeneous between the control and experimental groups.

[image: images]

Intervention effects

The intervention effects (Table 4) indicated significant improvements in the experimental group compared to the control group as follows: sleep quality (U = 109.50, p < 0.001), presleep arousal (U = 11.50, p < 0.001), cognitive function (U = 72.00, p < 0.001), stress (U = 139.00, p < 0.001) and depression (U = 231.50, p = 0.015). The Wilcoxon signed ranks test was used to analyze the difference between pre- and post-test; the experimental group showed significant improvements in sleep quality (W = −3.95, p < 0.001), presleep arousal (W = −4.29, p < 0.001), cognitive function (W = −4.03, p < 0.001), stress (W = −3.73, p < 0.001) and depression (W = −3.03, p = 0.002).
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Discussion

This study developed and applied the SCEMI as an integrated non-pharmacological intervention incorporating multiple components to enhance sleep and cognition. The SCEMI significantly affected sleep quality, presleep arousal, cognitive function, depression, and stress in community-dwelling MCI elderly with sleep disturbances, which led to the following discussions.

First, the SCEMI was based on Lazarus’ multimodal approach [26] and was developed as a multi-component intervention in previous studies [13,16,25,32,38–42,44] with verified effects on sleep and cognition enhancement. For each component, Behavior focused on the behavioral strategies to practice sleep habits and sleep hygiene through sleep education; Affect focused on the emotional support and health information sharing by a health expert; Sensation involved aroma inhalation using an aroma necklace and roll-on; Cognition used cognitive training with a cognition calendar; Imagery applied breath meditation as a form of mindfulness meditation; Interpersonal-relations involved telephone-coaching by a researcher and research assistant as sleep partners. The effects of the SCEMI were shown to be similar to those of the single or multimodal interventions applied in previous studies. It is noteworthy that, in this study, the effects of single interventions were reviewed at a time when no standardized intervention for MCI elderly was available, based on which a multimodal intervention involving Behavior, Affect, Sensation, Cognition, and Interpersonal relations, was developed and validated for the sleep and cognition enhancement. Notably, for cognition-based therapies in patients with MCI, a systematic approach should be taken, and the report that a multimodal intervention is suitable for these patients [46] lent further support for the validity of the development of SCEMI. It is also significant that the program consists of such components as cognitive training using a cognition calendar, aroma inhalation, and walking exercise that could be easily performed by each MCI elderly with sleep disturbances without temporal or spatial constraints, with the benefit of simultaneous enhancement of sleep and cognition. Nevertheless, the synergistic effect through the combination of existing single interventions or the effect size of each intervention could not be directly compared. In light of this, repeated studies are necessary to standardize the program contents.

The results of this study revealed that sleep quality, presleep arousal, and cognitive function in MCI elderly were significantly improved after participation in the SCEMI. This agreed with a previous study on MCI patients with insomnia, which reported improvements in sleep quality, anxiety, and stress through an approach focused on emotional factors, such as a mindfulness meditation as a non-pharmacological intervention to enhance sleep and cognition [42]. The results also agreed with a study reporting enhanced cognitive functions in MCI elderly using a workbook through 10 sessions [47]. What should be noted, however, is that a cognition calendar was used in this study in lieu of a workbook or booklet to allow more convenient and familiar use by the elderly in daily life, and it is conjectured that the utility or effectiveness of the calendar matched those of the conventional educational materials to lead to similar results. The enhancement of sleep, in particular, is likely to have positively influenced the cognitive function of the MCI elderly in this study, based on the previous report on the close association of the health of MCI elderly with the prevention of physiological aging and neurodegenerative disease [34]. Nonetheless, it is necessary to check the extent and retention of intervention effects as only the short-term effects were verified in this study after a total of 8 weekly sessions of SCEMI in MCI elderly. Regarding this, a previous study using a multifactorial program for a 6-week intervention by weekly sessions [48] reported that the memory capacity in MCI patients was improved on the subjective memory test despite the lack of difference on the objective memory test. The study also reported that negative thoughts on the probability of cognitive decline were reduced and that the intervention effects were maintained after six months of follow-up monitoring. Thus, in the future, objective and subjective tests should be simultaneously used for the follow-up monitoring of effects and the test of short-term effects.

Furthermore, the levels of depression and stress in the MCI elderly in this study significantly decreased after the SCEMI. This coincided with previous studies showing reduced levels of depression and stress after aroma inhalation [39–41]. Aroma inhalation, in particular, as a type of aromatherapy using essential oils, is known to be effective for the relaxation of the body and mind through close association with emotion to reduce depression and stress and elicit positive moods [40]. The aroma inhalation applied in this study involved the inhalation via aroma necklace and roll-on containing a 4:1:1 mixture of lavender, marjoram, and Roman chamomile oil to reflect the efficacy of each essential oil. This had a beneficial effect on inducing emotional changes while being easily applied by MCI elderly. Of note is that, among the positive emotional changes, the reduction of depression could promote the enhancement of sleep and cognition, and the reduction of stress could assist with the body’s homeostasis and influence neurological behaviors [49,50]. Hence, a repeated study should be conducted on the interactions across each positive effect.

The participants in this study, throughout the SCEMI program, received counseling on ways to resolve individual difficulties via 8 sessions of telephone coaching. The participants could describe the personal situation to the coach to question and resolve the problem. The telephone coach assessed the adherence to sleep hygiene, walking exercise, and aroma inhalation and promoted the respective behaviors, and this is thought to have enhanced the sleep and cognitive function and reduced the levels of depression and stress in the participants. The interventions using telephone coaching were shown to have effects in various domains, from treatment adherence to lifestyle modification, pain control, and management of the chronic disease [51]. Renneberg et al. [52] claimed that tele-based health coaching programs were an effective intervention for the elderly with chronic disease regarding behavior planning, social support, and lifestyle improvement. Hence, telephone-coaching should be included in addition to face-to-face education in developing a multi-component intervention for MCI patients with sleep disturbances.

In this study, an intervention to enhance sleep and cognition in MCI elderly with sleep disturbances was tested. Despite the lack of relevant research, the significance lies in providing basic data on a multimodal intervention incorporating multiple components based on Lazarus’ multimodal approach [26]. The findings of this study are expected to contribute to maximizing the social interest and support for community-dwelling MCI elderly, and repeated studies must be conducted to establish a standardized intervention on the management of sleep and cognition in MCI elderly through the use of community-based resources such as dementia care centers. In addition, this study has evaluated the short-term effects of an intervention involving 8 sessions. In further studies, follow-up monitoring should be conducted to evaluate the long-term effects at 3, 6, and 12 months of intervention regarding sleep and cognition enhancement and the retention of positive effects in MCI elderly. The improvement for cognitive function in the MCI elderly after the SCEMI may partly be attributed to practice effects associated with the MoCA-based cognitive training. It is also recommended that polysomnography or actigraphy be performed in addition to the self-reported questionnaire for more objective results.

Conclusion

This study demonstrated the positive effects of an 8-week multimodal intervention SCEMI for sleep and cognition enhancement on sleep quality, presleep arousal, cognitive function, stress, and depression in MCI elderly with sleep disturbances. Notably, the SCEMI, as a readily applicable intervention for sleep and cognition enhancement in elderly patients, is predicted to be useful in the primary and secondary dementia prevention projects for community-dwelling MCI elderly in South Korea, with a rapid increase in the elderly population. Considering that MCI is a stage at which the progression to dementia could be delayed or prevented, an integrated intervention at an early stage would have positive effects on the incidence of dementia in MCI elderly as well as the reduction of the burden of support and care by the family. The intervention would also contribute to the reduction of the dementia-related medical cost.
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TABLE 1

The eight-session sleep and cognition enhancement multimodal intervention

Session  Multimodal theory Contents Duration
sub-domain (min)
1 Affect Orientation (schedule, procedures) & Sharing the experience of sleep 20
and cognitive problems
Behavior Sleep education (lecture, booklet) 10
-Function of sleep
-Relationship between exercise and sleep
Cognition Cognitive training (visuoconstructional skills) 10
Sensation Aroma oil inhalation (orange, lavender) 10
Imagery Breath meditation 10
2 Affect Sharing the experience of sleep and cognition activities of the past week 10
Behavior Sleep education (lecture, booklet) 10
-Relationship between insomnia and cognitive function
Cognition Cognitive training (language) 10
Sensation Aroma necklace making and training (lavender, marjoram, chamomile) 20
Imagery Breath meditation 10
3 Affect Sharing the experience of sleep and cognition activities of the past week 10
Behavior Sleep education (lecture, booklet) 10
-Importance of the sleep hormone melatonin and exposure to sunlight in the
mornings
Cognition Cognitive training (memory) 10
Sensation Aroma roll-on making and training (jojoba, lavender, marjoram, chamomile) 20
Imagery Breath meditation 10
4 Affect Sharing the experience of sleep and cognition activities of the past week 10
Behavior Sleep education (lecture, booklet) 20
-Sleep and biorhythm
-Stimulation control
Cognition Cognitive training (attention) 10
Sensation Aroma roll-on making and training (jojoba, lavender, marjoram, chamomile) 10
Imagery Breath meditation 10
5 Affect Sharing the experience of sleep and cognition activities of the past week 10
Behavior Sleep education (lecture, booklet) 20
-Stress coping strategy (how to promote positive thoughts/attitudes/beliefs)
Cognition Cognitive training (abstraction) 10
Sensation Aroma roll-on inhalation 10
Imagery Breath meditation 10
6 Affect Sharing the experience of sleep and cognition activities of the past week 10
Behavior Sleep education (lecture, booklet) 20
-Sleep habits (positive thinking and well-being perception technique)
Cognition Cognitive training (orientation) 10
Sensation Aroma necklace and roll-on inhalation 10
Imagery Breath meditation 10
7 Affect Sharing the experience of sleep and cognition activities of the past week 10
Behavior Sleep education (lecture, booklet) 20
-Sleep hygiene (1)
Cognition Cognitive training (memory enhancement) 10
Sensation Aroma necklace and roll-on inhalation 10
Imagery Breath meditation 10
8 Affect Sharing the experience of sleep and cognition activities of the past week 10
Behavior Sleep education (lecture, booklet) 20
-Sleep hygiene (2)
-Sleep inhibitors (caffeine, alcohol)
Cognition Cognitive training (attention) 10
Sensation Aroma necklace and roll-on inhalation 10
Imagery Breath meditation 10
1-8 Interpersonal relations Telephone coaching (once a week) 10-15
(At -Encouragement toward sleep and cognition activities
home) Behavior Walking exercise (five times a week) 30
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TABLE 3

Study variables (N = 55)

Variables M= SD tor U P
Exp. Group (n = 25) Cont. Group (n = 30)

Sleep quality 11.40 + 2.99 11.30 + 3.41 0.11 0.909

Presleep arousal 43.80 + 10.24 43.37 + 9.69 0.76 0.873

Cognitive function 20.80 + 1.91 21.33 + 1.88 0.72 0.304

Stress 18.24 + 3.99 18.50 + 5.68 340.50 0.558*

Depression 6.44 + 3.37 4.56 + 2.79 370.50 0.939*

Note: Exp. = Experimental group; Cont. = Control group; "Mann-Whitney U test.
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TABLE 4

Comparison of sleep quality, presleep arousal, cognition, stress, and depression

Variables Group M+ SD wt (p) M + SD U”(p)
Pre-test Post-test Difference (Pre-Post) Difference (Cont.-Exp.)

Sleep quality Exp. 1140 £2.99 7.0 £2.78 4.40 + 3.89 -3.95 (<0.001) 440 + 0.78 109.50
Con. 1130 £ 3.41 1140 £2.9 -0.10 + 2.02 -0.12 (0.907) (<0.001)

Presleep arousal Exp. 43.80 £ 10.24 2540 £ 8.80 18.40 = 10.75 —4.29 (<0.001) 16.70 £ 3.01 11.50
Con. 4337 £9.69 42.10 £ 12.71 1.27 £ 6.70 -0.89 (0.371) (<0.001)

Cognitive function Exp. 20.80 £ 191 2540 £2.42 -4.60£2.98 —4.03 (<0.001) 493 1 073 72.00
Con. 2133 £1.88 2047 £291 0.87 £ 0.48 -2.51 (0.012) (<0.001)

Stress Exp. 1824 £3.99 11.64 £6.40 6.60 + 6.28 -3.73 (<0.001) 786 4 1.69 139.00
Con. 1850 £5.68 19.50 £ 6.13 —-1.00 £ 5.08 -1.15 (0.251) (<0.001)

Depression Exp. 6.44 + 3.37 4.56 £2.79 1.88 + 2.80 -3.03 (0.002) 217 4 0.83 231.50
Con. 6.57 + 3.45 6.73 £3.29 -0.17 £ 2.34 —-0.55 (0.580) (-0.015)

Note: Exp. = Experimental group; Cont. = Control group; "Wilcoxon signed ranks test; ""'Mann-Whitney U test.
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TABLE 2

General characteristics (N = 55)

Characteristics Category Total n (%) or M = SD it p

Exp. Group (n = 25) Cont. Group (n = 30)

Age (years) 7135+ 530 71.68 + 6.17 71.06 + 4.53 0.41 0.682
Gender Men 9 (16.4) 3 (12.0) 6 (20.0)
0.64 0.487
Women 46 (83.6) 22 (88.0) 24 (80.0)
Marital status Married 33 (60.0) 15 (60.0) 18 (60.0)
Widowed 18 (32.7) 8 (32.0) 10 (33.3) 0.04 0.980
Divorced 4 (7.3) 2 (8.0) 2 (6.7)
Education <Elementary school 9 (16.3) 5 (20.0) 4 (13.3)
Middle school 10 (18.2) 5 (20.0) 5 (16.7)
5.69 0.223
High school 27 (49.1) 13 (52.0) 14 (46.7)
>University 9 (16.4) 2 (8.0) 7 (23.3)
Living situation Live alone 16 (29.1) 6 (24.0) 10 (33.3) 0.58 0.556
Live with spouse or others 39 (70.9) 19 (76.0) 20 (66.7) ' '
Sleeping alone Yes 46 (83.6 23 (92.0 23 (76.7
ping ( ) ( ) ( ) 2.34 0.160
No 9 (16.4) 2 (8.0) 7 (23.3)
Alcohol use Yes 6 (10.9) 2 (8.0) 4 (13.3)
0.40 0.678
No 49 (89.1) 23 (92.0) 26 (86.7)
Smokin; Yes 2 (3.6 2 (8.0 0(0
& (3.6) 8.0) © 2.49 0.202
No 53 (96.4) 23 (92.0) 30 (100)
Drinking caffeine Yes 38 (69.1) 20 (80.0) 18 (60.0)
2.55 0.147
No 17 (30.9) 5 (20.0) 12 (40.0)
Experience of nocturia 1 4 (7.3) 1 (4.0) 3 (10.0)
2 24 (43.6) 10 (40.0) 14 (46.7) 1.26 0.533
>3 27 (49.1) 14 (56.0) 13 (43.3)
BMI (kg/mz) 23.09 + 3.16 23.65 + 3.30 22.63 + 3.01 1.20 0.237
Body water (L) 29.05 + 391 28.32 + 3.95 29.66 + 3.84 -1.27 0.209
Skeletal muscle mass (kg) 21.20 £ 3.20 20.56 + 3.29 21.73 + 3.08 -1.36 0.180
Body fat mass (kg) 18.40 £ 5.25 18.94 + 5.23 17.95 + 5.31 0.69 0.492
Fat free mass (kg) 39.53 £+ 528 38.52 + 5.36 40.37 £ 5.15 -1.30 0.199
% Body fat 3143 +6.97 33.19+7.03 29.96 + 6.68 1.75 0.087

Note: Exp. = Experimental group; Cont. = Control group.
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