

[image: image1]
Photobiomodulation improves frontal lobe cognitive functions and mental health of older adults with non-amnestic mild cognitive impairment: Case studies









 


	
	
TYPE Original Research
PUBLISHED 10 January 2023
DOI 10.3389/fpsyg.2022.1095111






Photobiomodulation improves frontal lobe cognitive functions and mental health of older adults with non-amnestic mild cognitive impairment: Case studies

Mei-Chun Cheung1,2, Tsz-Lok Lee2,3, Sophia L. Sze2,3 and Agnes S. Chan2,3*


1Department of Social Work, The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong SAR, China

2Research Center for Neuropsychological Well-Being, The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong SAR, China

3Neuropsychology Laboratory, Department of Psychology, The Chinese University of Hong Kong, Shatin, New Territories, Hong Kong SAR, China

[image: image2]

OPEN ACCESS

EDITED BY
 Zhiwei Zheng, Institute of Psychology (CAS), China

REVIEWED BY
 Maarten Valentijn Milders, VU Amsterdam, Netherlands
 John Mitrofanis, Université Grenoble Alpes, France
 Lew Lim, Vielight Inc., Canada

*CORRESPONDENCE
 Agnes S. Chan, ✉ aschan@psy.cuhk.edu.hk 

SPECIALTY SECTION
 This article was submitted to Psychology of Aging, a section of the journal Frontiers in Psychology

RECEIVED 10 November 2022
 ACCEPTED 16 December 2022
 PUBLISHED 10 January 2023

CITATION
 Cheung M-C, Lee T-L, Sze SL and Chan AS (2023) Photobiomodulation improves frontal lobe cognitive functions and mental health of older adults with non-amnestic mild cognitive impairment: Case studies. Front. Psychol. 13:1095111. doi: 10.3389/fpsyg.2022.1095111

COPYRIGHT
 © 2023 Cheung, Lee, Sze and Chan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Introduction: This study investigated the effects of transcranial photobiomodulation (tPBM) on improving the frontal lobe cognitive functions and mental health of older adults.

Methods: Three older adults with mild cognitive impairment (MCI) of the non-amnestic type received 18-session tPBM stimulation for 9 weeks and were assessed with neuropsychological tests of memory and executive functions and standardized questionnaires on depressive and anxiety symptoms, global cognitive functions, and daily functioning abilities before and after tPBM stimulation.

Results: At baseline, their intrusion and/or perseveration errors in a verbal memory test and a fluency test, as measures of the frontal lobe cognitive functions, were in the borderline to severely impaired range at baseline. After tPBM stimulation, the three older adults showed various levels of improvement in their frontal lobe cognitive functions. One older adult’s intrusion and perseveration errors improved from the <1st–2nd percentile (moderately to severely impaired range) to the 41st–69th percentile (average range), another older adult’s intrusion errors improved from the 11th percentile to the 83rd percentile, and the third older adult’s intrusion errors improved from the 5th percentile to the 56th percentile. Moreover, improvements in their anxiety and/or depressive symptoms were also observed. One older adult’s depressive and anxiety symptoms improved from the severe range at baseline to the mild range after the intervention. The other two older adults’ depressive symptoms improved from the mild range at baseline to the normal range after the intervention.

Discussion: These findings provide preliminary support for the potential of tPBM to improve the frontal lobe cognitive functions and mental health of older adults with MCI. Given the small sample size of only three older adults and the absence of a placebo control group, larger randomized controlled studies are needed to confirm its potential.
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1. Introduction

It has been documented that progressive brain deterioration occurs when we age. A growing body of evidence suggests that the frontal lobe is more susceptible to deterioration than other parts of the brain (West, 1996). Several magnetic resonance imaging (MRI) studies have reported an age-related reduction in gray and white matter volume in various parts of the frontal lobe, such as the dorsolateral prefrontal cortex and the orbitofrontal cortex (Raz et al., 1997, 2005; Kalpouzos et al., 2009). Some diffusion tensor imaging studies have also revealed age-related changes in the white matter microstructure, which are associated with less efficient neural transmission in the prefrontal cortex (Head et al., 2004; Pfefferbaum et al., 2005; Salat et al., 2005). In addition, aging is associated with neurophysiological changes in the frontal lobe. Some positron emission tomography (PET) studies have indicated reduced regional cerebral oxygenation and blood flow in the gray matter of the frontal cortex (Pantano et al., 1984; Bentourkia et al., 2000). In a systematic review of the neuroimaging literature examining cognition in old and young adults, older adults showed more brain activity in the prefrontal regions as compared with young adults across multiple cognitive domains, suggesting that older adults might allocate more neural resources in maintaining behavioral performance at the level seen in young adults (Spreng et al., 2010). Consistent with the associations between aging and neurophysiological changes in the frontal lobe, aging-associated cognitive decline is more prominent in the functions that are primarily mediated by the frontal lobe (West, 1996). Empirical studies have shown that older adults performed poorly in neuropsychological tests of inhibition (West and Alain, 2000; Salthouse, 2010; Fjell et al., 2017), working memory (MacPherson et al., 2002), verbal fluency (Chan and Poon, 1999; Brickman et al., 2005; Van der Elst et al., 2006), problem-solving (Andrés and Van der Linden, 2000), and decision-making (Denburg et al., 2005; Fein et al., 2007; Beitz et al., 2014) as compared to young adults.

The effects of behavior-based interventions on improving the frontal lobe cognitive functions of normal older adults have been examined, such as 4–8 weeks of video game training for improving executive functions (EF), including sustained attention, task switching, and working memory (Basak et al., 2008; Maillot et al., 2012; Anguera et al., 2013). However, only a slight improvement was reported in a meta-analysis study (Karbach and Verhaeghen, 2014). Specifically, it was found that cognitive training that targets improving EF or working memory yielded a mean Cohen’s d of approximately 0.2 in EF/attention measured based on far-transfer tasks. Thus, behavior-based interventions generally appear to produce limited improvements in the frontal lobe cognitive functions of normal older adults. In view of this, there is increasing interest in applying transcranial photobiomodulation (tPBM) as a possible efficient and non-invasive intervention for improving cognitive functions in either normal or clinical populations (for a review, see Chan et al., 2019b; Lee et al., 2022). Previous studies on normal young and older adults have consistently reported that tPBM can significantly improve various aspects of cognitive functions primarily mediated by the frontal lobe, including set-shifting (Blanco et al., 2017a), rule-based category learning (Blanco et al., 2017b), sustained attention (Barrett and Gonzalez-Lima, 2013; Moghadam et al., 2017; Vargas et al., 2017), and working memory (Barrett and Gonzalez-Lima, 2013; Vargas et al., 2017). Specifically, individuals who underwent active tPBM stimulation reacted more quickly in the psychomotor vigilance and parametric go/no-go tasks as compared to the placebo group, suggesting a beneficial effect of tPBM on sustained attention (Barrett and Gonzalez-Lima, 2013; Moghadam et al., 2017). In addition, individuals who completed an active tPBM session showed shorter memory retrieval latency and higher accuracy on the delayed match-to-sample task as compared to the sham control group, suggesting tPBM may improve working memory (Barrett and Gonzalez-Lima, 2013). Furthermore, individuals who had received only a single active tPBM session showed a significant reduction in frontal hemodynamic levels during a difficult task (Chan et al., 2021a) and faster performance in learning category rules (Blanco et al., 2017b) and shifting sets (Blanco et al., 2017a) as compared to individuals who received a sham tPBM. Based on this research evidence, tPBM seems to enhance the cognitive functions mediated by the frontal lobe.

PBM is a non-invasive biological stimulation technique that applies light from the red to near-infrared spectrum (600 to 1,100 nm) to targeted sites of the body (Hamblin, 2016). When PBM is applied on the scalp in an attempt to influence the brain through the skull, this procedure is called tPBM. Because of the relative transparency of biological tissue to PBM light (Jöbsis, 1977; Villringer and Chance, 1997), a small fraction of the delivered light may reach neural tissue (Jagdeo et al., 2012), even though most of the light is absorbed or scattered by the scalp, skull, and cerebrospinal fluid. The underlying mechanisms of PBM are multifaceted and include intracellular activities, extracellular adaptations, and morphological alterations. It has been proposed that the neurobiological effects of PBM occurred primarily at the mitochondrial level. Cytochrome c oxidase (CCO), the terminal enzyme of the mitochondrial respiratory chain, absorbs the photon energy from the tPBM light, resulting in enhanced energy production and oxygen supply to nerve cells and boosted metabolism (Karu, 2000; Wong-Riley et al., 2005; Avci et al., 2013; Hamblin, 2016). It was found that light absorption by CCO leads to the release of nitric oxide (NO), which removes the inhibition on adenosine triphosphate (ATP) production (Sheppard et al., 2005; Lane, 2006; Hamblin, 2008) and provides additional metabolic energy for neural transduction (Tafur and Mills, 2008). These PBM-induced increases in CCO activity (Wong-Riley et al., 2001, 2005; Liang et al., 2008), NO (Sharma et al., 2011), oxygen consumption (Poyton and Ball, 2011), and ATP (Oron et al., 2007; Ying et al., 2008; Dong et al., 2015) have been demonstrated in numerous cell studies. Furthermore, based on the vasodilating effect of NO (Ignarro et al., 1999), studies on both animals (Uozumi et al., 2010) and humans (Salgado et al., 2015) have demonstrated that tPBM increases the diameter of blood vessels, hence increasing regional cerebral blood flow.

Although some studies of tPBM suggest that this intervention seems to have positive effects on the frontal lobe cognitive functions of normal adults and patients with traumatic brain injury (Lee et al., 2022), and depressive and anxiety symptoms in patients with psychological disorders (Gutiérrez-Menéndez et al., 2020), its effect on older adults with mild cognitive impairment (MCI) of the non-amnestic type remains unknown. In this study, we investigated the effect of tPBM on three older adults with non-amnestic MCI who demonstrated impairment in the frontal lobe cognitive functions and depressive and anxiety symptoms at baseline. Given the positive effects of tPBM on improving inhibitory control and mental flexibility (functions mediated by the frontal lobe) of normal older adults in our recent study (Chan et al., 2019a), and the use of tPBM in improving the frontal lobe cognitive functions of patients with traumatic brain injury (TBI) (Naeser et al., 2011, 2014, 2016; Lee et al., 2022) and depressive and anxiety symptoms in clinical patients (Gutiérrez-Menéndez et al., 2020), we anticipated that tPBM stimulation would improve the frontal lobe cognitive functions, and depressive and anxiety symptoms of older adults with non-amnestic MCI. These case studies may provide preliminary support for the potential of tPBM as an intervention for individuals with non-amnestic MCI or cognitive dysfunction associated with the frontal lobe.



2. Materials and methods


2.1. Participants

Three older adults met the criteria for MCI according to the diagnostic guidelines recommended by the National Institute on Aging and the Alzheimer’s Association (Albert et al., 2011). At baseline, they obtained results above the cutoff level (i.e., 3/5) in the Abbreviated Memory Inventory for Chinese (AMIC) (Lam et al., 2005), which indicated that they had significant subjective complaints of cognitive decline. They reported no history of dementia, other neurological disorders, diabetes, atherosclerosis, hypothyroidism, or cardiac disease. They scored above the clinical cutoff score in the Chinese version of the Mattis Dementia Rating Scale (CDRS) (Chan et al., 2003), suggesting no evidence of dementia. Their functional abilities at baseline were largely independent as measured using the Functional Activities Questionnaire (FAQ) (Pfeffer et al., 1982). They all showed intact memory function (i.e., not meeting the criteria of 1.0 SD below average) as assessed using standardized memory tests, that is, the Hong Kong List Learning Test (HKLLT) (Chan, 2006) and the Rey–Osterrieth Complex Figure Test (Rey-O) (Meyers and Meyers, 1996) at baseline. However, they scored at least 1.0 SD below average in terms of intrusion errors in the HKLLT and the Category Fluency Test (CFT) (Chan and Poon, 1999) and perseveration errors in the CFT. These types of errors are measures of the frontal lobe cognitive functions. Therefore, three older adults were classified as having non-amnestic MCI. This study was approved by the Joint Chinese University of Hong Kong-New Territories East Cluster Clinical Research Ethics Committee (CREC Ref. No.: 2017.354-T). All older adults provided written consent before the study.



2.2. Instruments and materials

Before and after tPBM stimulation, each older adult was assessed by well-trained research assistants using standardized neuropsychological tests of memory and executive functions and standardized questionnaires on depressive and anxiety symptoms, global cognitive functions, and daily functioning abilities. Their test results were compared with the norms of their ages and educational levels. The details of the outcome measures are stated below.

The Clinical Dementia Rating Scale (CDR) (Morris, 1993) is a validated semi-structured interview that assesses six cognitive, behavioral, and functional aspects of MCI and dementia. The CDR global score was computed to reflect the severity level of global cognitive deficits.

FAQ (Pfeffer et al., 1982) is a standardized questionnaire that measures 10 aspects of instrumental activities of daily living, which can differentiate MCI from dementia. Examples of daily activities include preparing balanced meals, managing personal finances, and traveling. The total score was computed to indicate the degree of independent living abilities.

HKLLT (Chan, 2006) is a commonly used verbal memory test in Hong Kong that is ecologically validated. In this test, each examinee was asked to learn a list of 16 two-character Chinese words three times and recall them from memory after 30 min. Verbal memory performance was assessed based on the delayed recall score. A higher delayed recall score, suggesting better memory, yielded a higher percentile rank and z-score. The intrusion error of the delayed recall trial was computed as a measure of the frontal lobe cognitive functions. Fewer intrusion errors, indicating better performance, yielded a higher percentile rank and z-score.

Rey-O (Meyers and Meyers, 1996) is a standardized visual memory test that requires the examinee to copy a complex line drawing and then draw it from memory after 30 min. Visual memory performance was assessed based on the delayed recall score. A higher delayed recall score, suggesting better memory, yielded a higher percentile rank and z-score.

CFT (Chan and Poon, 1999) is a test measuring fluency of speech. It requires the examinee to generate as many words as possible that belong to a semantic category (e.g., animals) within a given time interval. The numbers of perseveration and intrusion errors made were adopted as measures of the frontal lobe cognitive functions. Fewer intrusion or perseveration errors, indicating better performance, yield a higher percentile rank and z-score.

The Geriatric Anxiety Scale—10 Item Version (GAS-10) (Mueller et al., 2015) is a self-reported questionnaire measuring 10 aspects of anxiety or stress-related symptoms, such as irritability, tiredness, muscle tension, and restlessness. The total score, ranging from 0 to 30, was computed to reflect the degree of anxiety. Scores of 0–6 are considered normal with minimal anxiety problems, scores of 7–9 suggest a mild level of anxiety, a score of 10 suggests a moderate level of anxiety, and scores at or above 12 suggest a severe level of anxiety.

The Chinese version of the Geriatric Depression Scale—Short Form (CGDS-SF) (Wong et al., 2002) is a standardized self-reported questionnaire measuring 15 aspects of depressive symptoms, such as life satisfaction and a sense of uselessness, helplessness, and sadness. The total score, ranging from 0 to 15, was computed to indicate the degree of depressive symptoms. Scores of 0–4 are considered normal, scores of 5–9 suggest a mild level of depression, and scores of 10 or above suggest a moderate to severe level of depression (Mui, 1996).



2.3. tPBM stimulation

The Wisefori 5–3,800 model (Wisefor Ltd. Hong Kong) was used for tPBM stimulation. This device, which is CE-certified and FDA-registered, contains nine individual LED nodes of 1 cm2 in size, which were placed on F7, AF7, Fp1, FpZ, Fp2, AF8, F8, Fz, and Cz according to the international 10/10 system. Each LED node emits 810 nm light at an irradiance of 20 mW/cm2. The protocol can be changed via a smartphone using a patented design. Eighteen tPBM stimulation sessions were implemented for each older adult for 9 weeks (i.e., twice per week). Each stimulation session lasted for around 20 min and consisted of three trials and one-minute breaks between the trials (i.e., first tPBM, 1 min break, second tPBM, 1 min break, third tPBM). The duration of stimulation in each trial was 350 s, which generated a fluence of 7 J/cm2. The total surface area of light applied to the skulls was 9 cm2. The energy delivered per session was 189 J and the total energy delivered for the 18 sessions was 3,402 J.




3. Results


3.1. Older adult S1

S1 was a 55-year-old female retired helping professional with 16 years of education. She had a positive history of anxiety and depression. Her level of anxiety symptoms at baseline was assessed to be at the severe level (total score = 15) based on the GAS-10, and her level of depressive symptoms was at the moderate to severe level (total score = 11) as measured by the CGDS-SF (Table 1). Her CGDS-SF score (11/15) was far above the clinical cutoff (8 or above) (Lee et al., 1993), which suggested that her depressive symptoms were clinically significant. At baseline, her age-and education-adjusted CDRS score (total score = 147) was above the clinical cutoff for dementia (Table 1). Her standard CDR global score was 1/3. She reported having moderate impairment in her orientation to time and place and in maintaining life at home and hobbies, mild impairment in memory, and slight problems in managing community affairs. She scored 5/30 in the FAQ (a measure of functional abilities), indicating difficulties in performing some functional activities (Table 1). However, S1 showed intact memory functions at baseline. Her visual memory was assessed to be at the 98th percentile rank (+1.98 SD, clinically classified as in the superior range) based on the Rey-O delayed recall. Her verbal memory was assessed to be in the 72nd percentile (+0.57 SD, clinically classified as in the high average range) based on the HKLLT delayed recall (Table 1).



TABLE 1 Demographics and test scores of each older adult at baseline.
[image: Table1]

She also showed signs of cognitive dysfunction associated with the frontal lobe at baseline, which improved significantly after the intervention. She exhibited substantial intrusion errors in the HKLLT (−2.06 SD; 2nd percentile; clinically classified as in the moderately impaired range) and intrusion and perseveration errors in the CFT (−4.32 SD and − 4.39 SD respectively; <1st percentile; clinically classified as in the severely impaired range). After the intervention, S1’s intrusion and perseveration errors in the CFT improved by 4.55 SD (from the <1st percentile to the 59th percentile) and 4.88 SD (from the <1st percentile to the 69th percentile), respectively. Her intrusion errors in the HKLLT also improved by 1.84 SD (from the 2nd percentile to the 41st percentile), improving from the moderately to severely impaired range to the average range after tPBM stimulation (Figure 1). She also reported better work efficiency after tPBM stimulation.

[image: Figure 1]

FIGURE 1
 Percentile rank of intrusion errors (I) in the Hong Kong list learning test (HKLLT) and the category fluency test (CFT), and perseveration errors (P) in the CFT at baseline and after tPBM.


Significant improvement was also observed in S1’s depressive and anxiety symptoms. According to her CGDS-SF scores, she reported a moderate to severe level of depressive symptoms (total score = 11) at baseline but a mildly depressed level (total score = 6) after the intervention (Figure 2A). In addition, she reported a severe level of anxiety symptoms (total score = 15) at baseline but a mild level (total score = 8) after tPBM as measured based on the GAS-10 (Figure 2B). Her improved self-rated anxiety symptoms were in line with her reported subjective feeling of reduced nervousness and compulsive acts, e.g., repeated checking behavior, after the intervention.

[image: Figure 2]

FIGURE 2
 Total scores in (A) the Chinese version of the Geriatric Depression Scale—Short Form (CGDS-SF) and (B) the Geriatric Anxiety Scale—10 Item Version (GAS-10) at baseline and after tPBM.


Moreover, her CDR global score dropped from 1 to 0 (Table 2). She initially reported mild to moderate impairments in orientation, life at home, hobbies, and memory at baseline, which were no longer a problem after tPBM. Her score in the FAQ dropped slightly from 5 to 4 (Table 2), which remained at the below-cutoff level, and she still had difficulties in performing some functional activities. In addition, her visual and verbal memory remained in the superior (99th percentile) and the high average (81st percentile) ranges, respectively, after the intervention (Figure 3).



TABLE 2 Scores obtained in cognitive and functional abilities tests before and after tPBM.
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[image: Figure 3]

FIGURE 3
 Percentile rank of each older adult in visual and verbal memory tests before and after tPBM. Older adults’ visual memory was measured based on the 30-min delayed recall in the Rey–Osterrieth Complex Figure Test (Rey-O), whereas their verbal memory was measured based on the 30-min delayed recall in the HKLLT.




3.2. Older adult S2

S2 was a 62-year-old female with 18 years of education who was a retired business manager. At baseline, her age-and education-adjusted CDRS score (total score = 146) was above the clinical cut-off, which suggested that her cognitive function was not consistent with dementia. She scored zero in both the CDR and FAQ (Table 1). Her memory function was also within normal limits, and her verbal memory as measured based on the HKLLT (+1.26 SD; 90th percentile; high average range) was better than her visual memory (−0.95 SD; 17th percentile; low average range) as measured based on the Rey-O (Table 1). Moreover, her reported depressive symptoms were mild as measured based on her CGDS-SF total score (5/15), and her anxiety symptoms were minimal as measured based on her GAS-10 total score (4/30) (Table 1).

Similar to older adult S1, S2 showed signs of cognitive dysfunction associated with the frontal lobe at baseline. Her intrusion errors in the HKLLT were at the 11th percentile level (−1.23 SD; borderline range), and her perseveration errors in the CFT were at the <1st percentile level (−3.18 SD; severely impaired range). After the intervention, her intrusion errors in the HKLLT improved by 2.17 SD from the borderline range (11th percentile) to the high average range (83rd percentile) (Figure 1). Her intrusion errors in the CFT remained at the 56th percentile level (+0.16 SD; average range). However, her perseveration errors in the CFT remained at the <1st percentile level after the intervention. According to her feedback, she experienced some improvements in her memory and became more fluent and experienced less difficulty when giving a speech during the course of the intervention.

S2 also showed some improvement in her level of depressive and anxiety symptoms. At baseline, her depressive symptoms as measured based on the CGDS-SF improved from a mild level (total score = 5) to a normal level (total score = 0) (Figure 2A). Furthermore, her initially minimal level of anxiety symptoms, as measured based on the GAS-10 score, had further decreased with the score changing from 4 to 1 (Figure 2B).

According to her scores in the CDR and FAQ, she continued to have intact global cognitive and functional abilities in the pre-and post-intervention assessments (Table 2). Interestingly, her intact memory function at baseline was further improved after the intervention (Figure 3). Her visual memory improved by 2.64 SD from the low average range (17th percentile) to the superior range (95th percentile) in the Rey-O, and her verbal memory improved by 1.19 SD from the high average range (90th percentile) to the superior range (99th percentile) in the HKLLT.



3.3. Older adult S3

S3 was a 70-year-old male retired land surveyor with 13 years of education. At baseline, his adjusted CDRS score (total score = 158) was above the clinical cut-off. His scores in the CDR and FAQ were 0.5/3 and 1/30, respectively, suggesting that his global cognitive functions and functional abilities were generally intact (Table 1). In addition, he had intact memory function at baseline. His visual memory was at the 35th percentile level (−0.38 SD; average range) and his verbal memory was at the 90th percentile level (+1.26 SD; high average range) (Table 1). His depressive symptoms as reported in the CGDS-SF were at a mild level (5/15) and his anxiety symptoms in the GAS-10 were also at a minimal level (3/30) (Table 1).

At baseline, S3’s intrusion errors in the CFT were at the 5th percentile level (−1.6 SD; mildly impaired range). After the intervention, his intrusion errors improved by 1.87 SD from the 5th percentile to the 56th percentile (from the mildly impaired range to the average range) (Figure 1). This indicates that his inhibitory control had largely improved. His intrusion errors in the HKLLT remained within normal limits after the intervention, with the percentile rank slightly decreasing from the 83rd percentile (high average range) to the 54th percentile (average range). However, he made more perseveration errors in the CFT after the intervention. His percentile rank dropped from the 21st percentile (low average range) at baseline to the 1st percentile (moderately impaired range) after the intervention.

S3’s reported depressive symptoms, as measured using the CGDS-SF, were slightly reduced from mild level (total score = 5) to normal level (total score = 3), suggesting some improvement in his depressive symptoms (Figure 2A). However, his anxiety symptoms increased from a minimal level (total score = 3) to a mild level (total score = 7), according to his GAS-10 score (Figure 2B).

S3’s CDR global score remained at 0.5 (Table 2), and his CDR-Memory score dropped from moderate impairment (score = 2) to mild impairment (score = 1). Similar to S2, he also showed some improvement in his memory as measured by the HKLLT and the Rey-O (Figure 3). His verbal memory improved by 0.98 SD from the 90th percentile (high average range) to the 99th percentile (superior range), and his visual memory improved by 0.8 SD from the 35th percentile (average range) to the 95th percentile (superior range). In the FAQ, his total score improved from 1 to 0 (Table 2). He had difficulty remembering appointments, family occasions, holidays, and medications at baseline; however, he was able to remember these events independently after tPBM.




4. Discussion

This study showed that three older adults with non-amnestic MCI, who received tPBM stimulation over 9 weeks, showed different levels of reduction in intrusion and perseveration errors (indices of inhibitory control and mental flexibility as mediated by the frontal lobe). Specifically, S1 showed improvements in all three outcome measures, S2 showed reduced intrusion errors in the HKLLT, and S3 showed reduced intrusion errors in the CFT. The stimulation was well-tolerated by all older adults, and no side effects or adverse events were reported. The extent of intrusion/perseveration improvement could be as large as an increase of 4.88 SD, with the mean change over three older adults being an increase of 2.55 SD. All three older adults demonstrated a reduction in depressive symptoms, and two older adults (S1 and S2) showed reduced anxiety symptoms after tPBM stimulation. Similar to our previous case reports on amnestic MCI (Chan et al., 2021b), two older adults (S2 and S3) with non-amnestic MCI in the present study also showed further enhancements in visual and verbal memory of between +0.8 SD and + 2.64 SD, despite their within-normal-range memory function at baseline. The other older adult (S1), who displayed the high average to superior range of memory performance at baseline, remained at this high level after the intervention. Given the lack of a control group, one may argue whether the improvements were due to the intervention, or other factors, such as repeated testing or the passing of time. As reported in our previous case reports (Chan et al., 2021b), three amnestic MCI older adults who did not receive tPBM failed to show a positive change in their re-assessment after 9 weeks. Their mean change in memory measures was −0.23 SD, thus indicating a deterioration in performance. Therefore, practice effects are likely not the reason for the three older adults with non-amnestic MCI who showed various degrees of cognitive improvement in the present study despite a mixed pattern of changes. In addition, since three older adults had received a diagnosis of MCI before tPBM stimulation, any natural spontaneous recovery of impairment in cognitive function within 3 months is also quite unlikely. Still, given the small sample size of only three older adults and the absence of a placebo control group, these findings can only suggest the potential of tPBM to improve non-amnestic MCI conditions. Larger randomized placebo-controlled studies are needed to confirm its potential.

The improved frontal lobe cognitive functions reported after tPBM stimulation in these case reports are consistent with the findings of some previous studies on MCI (Salehpour et al., 2019), TBI (Naeser et al., 2011, 2014, 2016), older adults with subjective memory complaints (Vargas et al., 2017), and normal individuals (Blanco et al., 2017a; Chan et al., 2019a). In particular, Salehpour et al. (2019) reported significantly improved test performance in the executive functions and working memory of an individual with MCI after twice-daily transcranial and intranasal PBM therapy for 4 weeks. Two studies conducted by Naeser et al. (2011, 2014) also demonstrated improved inhibitory control in the Stroop test after tPBM in patients with chronic TBI. Our previous study (Chan et al., 2019a) on normal older adults showed similar improvements in inhibitory control and mental flexibility after a single tPBM stimulation. Nevertheless, empirical studies on the effects of tPBM on the frontal lobe cognitive functions and its underlying neural mechanism are relatively limited due to a small sample size. Therefore, it is worthwhile to recruit more older adults with non-amnestic MCI or cognitive dysfunction associated with the frontal lobe to investigate this issue in future studies.

Similar to our previous study on older adults with amnestic MCI (Chan et al., 2021b), improved depressive and anxiety symptoms were reported in three older adults with non-amnestic MCI after the intervention. Particularly, in the case of the older adult S1, her reported depressive symptoms improved from the moderate-to-severe level (total score = 11) to the mild level (total score = 6) as measured by the CGDS-SF. Such a reduction in this score signifies an improvement from a clinically significant level (i.e., above the clinical cutoff) to a non-significant level (i.e., below the clinical cutoff). Her anxiety symptoms also improved from a severe level (total score = 15) to a mild level (total score = 8) in the GAS-10. Furthermore, she felt less nervous and compulsive in daily life. Older adult S2 also showed an improvement in depressive and anxiety symptoms after tPBM. Her mild level of depressive symptoms (total score = 5) in the CGDS-SF at baseline returned to a normal level (total score = 0) after tPBM. In addition, her initial minimal level of anxiety symptoms was further reduced, and her GAS-10 total score decreased from 4 to 1. Older adult S3 also showed a slight improvement in his depressive symptoms from the mildly depressed level (total score = 5) to the normal level (total score = 3). However, he demonstrated a mild increase in his anxiety symptoms after the intervention for an unknown reason. Recent systematic reviews (Caldieraro and Cassano, 2019; Gutiérrez-Menéndez et al., 2020) suggested that tPBM may be a possible effective treatment for psychological disorders. Caldieraro and Cassano (2019) indicated that tPBM induced significant antidepressant and anxiolytic effects and showed good tolerability among patients with major depressive disorder and anxiety disorders in the clinical studies. Nevertheless, given the heterogeneity of the population and treatment parameters, and the lack of appropriate control in previous studies, the actual effect of tPBM on depressive and anxiety symptoms remains uncertain and further investigation is needed.

A recent study recruited 32 male and 24 female patients with dementia to investigate the gender differences for the improvement after tPBM stimulation (Qi et al., 2021). They did not find statistically significant gender-based differences in terms of the changes in the neuropsychological test performance after tPBM. Although the present study has an insufficient sample size to conclude on the gender effects, our positive outcomes with two female and one male older adults with non-amnestic MCI generally suggest that tPBM can benefit both female and male older adults. To determine whether the effects of tPBM on older adults with non-amnestic MCI are gender-neutral, a power analysis is conducted to estimate the required sample size. Using the three primary outcome measures (i.e., intrusion errors in the HKLLT, and intrusion and perseveration errors in the CFT, expressed by z-scores), the average effect size of the change is 0.62 (range = 0.28–0.94). As this study yields an average statistical power of 0.11 (range = 0.06–0.16), it is estimated that around 22 non-amnestic MCI older adults will be required to achieve a power of 0.8 at the 0.05 alpha level. Therefore, future studies are needed to recruit more older adults to substantiate the effects of gender in response to tPBM. Finally, there is still no consensus on the optimal treatment protocols for the clinical application of tPBM in different clinical populations, and the dosages and exposure times vary across studies (Lee et al., 2022). For instance, improvements in cognitive functions, improved sleep and mood, reduction in anxiety, and positive changes in daily routine were demonstrated after two 6-min sessions daily with a power density of 23.1 mW/cm2 for 8 weeks (Nizamutdinov et al., 2021). Therefore, it is likely that the improvement in older adults with non-amnestic MCI might be even higher if they receive more exposure to tPBM stimulation at a higher dosage. Further research may consider evaluating the treatment effects in response to different dosages and exposure times.



5. Conclusion

The current study has provided preliminary empirical evidence for the positive effects of an 18-session tPBM stimulation in improving the frontal lobe cognitive functions and depressive and anxiety symptoms of three older adults with non-amnestic MCI. At baseline, their intrusion and/or perseveration errors in a verbal memory test and a fluency test, as measures of the frontal lobe cognitive functions, were in the borderline to severely impaired range. After tPBM, they demonstrated various levels of improvement in their frontal lobe cognitive functions, and some functions even fell into the average range. Improvements in depressive/anxiety symptoms were also observed after the intervention. These findings provide preliminary support for tPBM as a non-invasive intervention to improve the frontal lobe cognitive functions and mental health of older adults with MCI. Further investigation through larger randomized placebo-controlled studies is needed to confirm its potential.
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