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Purpose: Few data are available on the positive impact of photo-biomodulation (PBM) 
using low-level laser therapy as a complementary treatment for improving the cognitive 
function and optimizing the hemoglobin (Hb) level and oxygen carrying capacity in anemic 
elderly patients and consequently improving the quality-of-life. The present study aimed to 
evaluate a new, safe, and easy therapeutic approach to improve Alzheimer’s disease-related 
symptoms that interfere with the whole life activities and social interaction of elderly 
patients.
Patients and Methods: In this placebo-controlled clinical trial, 60 elderly patients suffer-
ing from anemia and mild cognitive dysfunction were randomly assigned into two equal 
groups to receive active or placebo low-level laser in addition to a moderate-intensity aerobic 
exercise over a 12-week period. Hb level as well as cognitive and functional tests were 
reassessed for any change after 12 weeks of intervention.
Results: By the end of this study, both groups showed significant improvements in Hb level, 
Montreal Cognitive Assessment Scale (MoCa – B basic), Quality-of-Life for Alzheimer’s 
Disease scale, and Berg Balance scale scores along with significant reduction in body mass 
index (BMI) and waist–hip ratio (WHR) (P<0.0001). The experimental group which 
received active low-level laser in addition to moderate-intensity aerobic exercise showed 
more significant results compared to the control group which received placebo low-level 
laser in addition to moderate-intensity aerobic exercise in all the measured outcomes 
(P<0.001).
Conclusion: Combined low-level laser therapy and moderate-intensity aerobic exercises are 
more effective in improving the cognitive function and quality-of-life of Alzheimer’s disease 
patients.
Clinical Trial Registration: www.ClinicalTrials.gov, identifier NCT04496778.
Keywords: Alzheimer’s disease, cognition, laser, exercise, quality of life

Introduction
Aging is linked to structural and functional changes which appear over time. The 
elderly have normal age-related changes in multiple body systems; the brain is one 
of these systems where neurons are damaged and neurological functions deteriorate. 
Alzheimer’s disease with mild cognitive impairment is the border line between the 
normal decline of cognition by aging and serious condition of dementia1 which is 
characterized by a slowly decline in memory and thinking that accordingly 
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evolves into language, orientation, mood, and self-care 
problems.2 Over 25 million people are suffering from 
this disease worldwide.3

There is no clear single cause of Alzheimer’s disease. 
Anemia can be counted as an independent risk factor of 
poor cognitive function,4,5 with high incidence of 
Alzheimer’s disease (about two-fold among anemic 
patients).6,7

Low hemoglobin level in the elderly affects red blood 
cells (RBCs) oxygen carrying capacity, leading to the 
inability of this capacity to meet the physical needs and 
changes of different body parts which in turn compromises 
the cognitive function.8

The limited effectivness of pharmacological therapy to 
treat an Alzheimer-related cognitive impairment course9 is 
what prompted researchers to develop more effective alter-
natives that delay the deterioration of the disease and 
alleviate its symptoms.10 Physical exercise has proved its 
protective role as a non-pharmacological treatment for 
dementia and cognitive impairment. Also, it has been 
proved that aerobic exercises strengthen cognitive func-
tions by increasing brain vascularization, releasing neuro-
trophic substances,11,12 and improving hematologic indices 
reflected by the increase in RBCs mass and Hb.13,14

Photo-biomodulation (PBM) or low-level laser therapy 
(LLLT) is a spectacular safe technology which proved its 
beneficial effect in treating several conditions.15 It could 
play a critical role in treating neurodegenerative diseases 
such as Alzheimer's and psychiatric disorders16 with sig-
nificant improvement in cognition tests.17

PBM via laser watch governs combined ways of non- 
invasive blood irradiation, wrist laser acupuncture, and nasal 
laser irradiation, which has a clear imprint as a neuroprotective 
approach in mild cognitive impairment, Alzheimer’s disease, 
cerebrovascular diseases, and depression through enhancing 
the cerebral metabolic activity and blood flow via anti- 
inflammatory and antioxidant pathways.18–20

Therefore, this study aimed to determine the effectiveness 
of PBM therapy and moderate aerobic exercises on the 
cognitive function in mild Alzheimer's anemic elderly 
patients.

Methods and Materials
Study Design and Sampling Setting
In this parallel, a two-group, randomized controlled trial 
which was conducted and reported according to CONSORT 
guidelines, 60 Alzheimer's anemic elderly patients (30 men 

and 30 women) aged from 65–75 years old were recruited 
from the outpatient clinics of the internal medicine depart-
ment of Cairo University Hospital. The included patients 
wereanemic (with hemoglobin concentration <12 g/dL and 
13 g/dL in women and men, respectively),21 patients with 
mild cognitive dysfunction defined by Montreal Cognitive 
Assessment scores (MoCa- B basic) (with score ranging 
from 19–25),22 body mass index (BMI) ranging from 30–-
34.9 kg/m2, as well as patients with disease duration not less 
than 6 months and time between diagnosis and participation 
in the study ranging from 6–24 months. Also, patients with 
a low level of physical activity defined by the categorical 
scoring of International Physical Activity Questionnaire 
(IPAQ)23 and those who completed their elementary educa-
tion were included.

On the other hand, patients with moderate-to-severe cog-
nitive impairment, history of neurological or cardiovascular 
diseases, history of diabetes, history of nasal bleeding or 
fracture, known photo-sensitivity disorders, concurrent 
active cancer, or within 1 year of cancer treatment or remis-
sion, and those with serious mental health illness precluding 
them from participation were excluded from the study. 
Moreover, patients taking medications that affect the hemo-
globin level or psychological condition and those with active 
infection in addition to wound or other external trauma on the 
target area of laser therapy application were excluded. We 
also excluded current regular exercisers within the past 
month and participants in a clinical study or another type of 
research in the past 30 days.

A written informed consent was taken from each parti-
cipant. The trial protocol was treated according to the 
principles of the Declaration of Helsinki. It was pre- 
registered (NCT04496778) and approved by the Faculty 
of Physical Therapy Ethics Committee for Scientific 
Research (P.T.REC/012/0027772).

Randomization
For randomization of this controlled study, all participants 
were divided into two equal groups; a control group and 
experimental group (Figure 1). A random table was used 
for randomization. A series of random numbers was 
selected from this table (from the first line, left to right) 
to assign each subject based on an odd or even number. An 
odd number assigned a subject into the control group (15 
men), while an even number assigned a subject into the 
experimental group (15 men). The same procedure was 
applied for women participants, with a total number of 60 
patients.
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Methods in Details 
Before any intervention, the baseline data were collected 
for each participant eligible for this study; these data are 
(summarized in Table 1) including the general character-
istics of the 60 included anemic elderly patients with 
Alzheimer's disease.

Primary outcomes involved the cognitive 
function and quality-of-life, while secondary 
outcomes involved hemoglobin and anthropometric 
measures.

Cognitive testing, quality-of-life assessment, and 
blood sample collection took place at baseline and 
after completion of the study (3 months).

1. Cognitive function assessment (via Montreal 
Cognitive Assessment scale- Model B): It is 
a valid tool for screening different cognitive 
domains among low educated elderly patients ran-
ging from 0– 30. A score of 26 or above is 
normal.

Figure 1 Flow chart for the participants through the study showing out of 79, only 60 patients accomplished the procedures of the study.
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2. Quality of life assessment:
● Quality of Life for Alzheimer’s Disease scale: It 

comprises 13 items of a total score of 13–52, with 
higher scores indicating better quality-of-life.

● Berg Balance Assessment scale: It is used to 
determine the patient’s ability to maintain balance 
during a series of tasks suitable for elderly sub-
jects, including a 14-item list; each item consists 
of a 5-point ordinal scale ranging from 0– 4, with 
0 indicating the lowest level of function and 4 
indicating the highest level of function.

3. Hemoglobin level (Hb): A blood sample was drawn 
by venipuncture from the right arm of each partici-
pant in a test tube containing anticoagulant (EDTA) 
using Biochemistry analyzer (Robonik Prietest 
Touch Biochemistry, India).

4. Body mass index (BMI): Body mass index was 
calculated by this equation (weight by kilogram/ 

height per m2), . The results of BMI indicate: -less 
than 20=the patient is underweight; 20–25=the 
patient has desirable weight; 25–30=the patient is 
overweight; 30–35=the patient is obese; and more 
than 35=the patient is very obese.

5. Waist-to-hip ratio (WHR): WHR was measured 
through dividing the waist circumference by hip 
circumference. The patient is asked to stand up 
straight and breathe out. For measuring waist cir-
cumference, a tape was used to measure the distance 
around the smallest part of the waist, just above the 
belly button, while hip circumference, was mea-
sured at the widest parts of the buttocks.

Intervention Protocol
Patients in both groups carried out a moderate-intensity 
aerobic exercise using a treadmill 3 days/week for 45–60 
minutes per session for 3 months. The moderate aerobic 

Table 1 Basic Characteristics and Demographic Data of the Study Participants

Characteristics Control Group (N=30) Study Group (N=30) P-value*

Age (years) Median (IQR) 70.00 (67.00–72.00) 69.50 (72.00–68.00) 0.676
Range 65.00–73.00 65.00–73.00

BMI (kg/m2) Median (IQR) 32.04 (33.27–31.05) 32.40 (34.13–31.48) 0.115
Range 30.17–34.21 30.40–34.70

SBP (mmHg) Median (IQR) 148.00(153.00–141.00) 145.00(148.00–141.00) 0.241
Range 140.00–156.00 140.00–156.00

DBP (mmHg) Median (IQR) 94.00 (96.00–92.00) 93.50 (95.00–92.00) 0.686
Range 90.00–98.00 90.00–98.00

MoCA Median (IQR) 23.42 (23.93–22.78) 23.96 (24.12–22.09) 0.853
Range 22.01–24.53 22.01–24.70

Berg Balance Scale Median (IQR) 51.35 (52.07–50.62) 51.42 (51.84–51.04) 0.790
Range 50.01–52.50 50.23–52.90

Qol-AD Median (IQR) 37.30 (38.95–35.75) 38.11(39.75–36.55) 0.107
Range 34.40–40.40 35.20–41.10

Hb Male Median (IQR) 10.70 (11.30–10.40) 11.10 (11.70–10.70) 0.105
Range 10.00–12.60 10.50–12.00

Female Median (IQR) 9.80 (10.40–9.30) 10.10 (10.60–9.70) 0.085
Range 9.00–10.70 9.40–11.00

WHR Male Median (IQR) 0.89 (0.90–0.88) 0.90 (0.91–0.89) 0.072
Range 0.87–0.91 0.89–0.91

Female Median (IQR) 0.85 (0.90–0.81) 0.84 (0.88–0.80) 0.467
Range 0.78–0.93 0.78–0.91

Notes: Data represented as median (IQR). * Statistically significant at P≤0.05 according to Mann–Whitney U-test. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; MoCA–B 
basic, Montreal Cognitive Assessment test for dementia; QOL-AD, Quality-of-Life in Alzheimer’s Disease; Hb, hemoglobin; WHR, waist-to-hip ratio; IQR, interquartile range 
(the difference between 3rd quartile (Q3) and 1st quartile (Q1)..
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exercise intensity started by 40–50% HRR (determined by 
using a walking treadmill exercise test) during the first 6 
weeks, then was increased gradually up to 50–70% HRR24 

and maintained along the remaining duration of the study. 
The first 12 sessions were supervised closely, then a group 
supervision was carried out (one session per week). 
A simple warm-up and cooling down stretching of 
shoulders, arms, trunk, and hips was performed for 5–10 
minutes.

Regarding PBM, both groups received low level laser 
irradiation via a laser watch (650 nm)- LASPOT, Wuhan, 
China). The experimental group received active radiation, 
while the control group received placebo. A PBM device25 

radiates non-thermal infra-red laser therapy via nasal 
probe for simultaneous laser blood irradiation and wrist 
laser watch acupuncture which irradiates radial artery acu-
points (Lieque Lu 7, Jingqu Lu 8, Taiyuan Lu 9), unlar 
artery acupoints (Lingdao He 4, Tongli He 5, Yinxi He 6, 
Shenmen He 7), and middle wrist acupoints (Neiguan PC 
6, Daling PC 7) which were applied at maximal power for 
30 minutes per session, 2-times/day, 3 days/week for 3 
months (Figure 2).

Sample Size Calculation
The sample size was estimated prior to the study using 
G*POWER statistical software (version 3.1.9.2; Franz 
Faul, Universitat Kiel, Germany) [t tests]. The means 
(difference between two independent means (two groups) 
was based on the d (effect size) of 0.73, α error prob=0.05, 
and 1-β error prob=0.8. The test revealed that the appro-
priate required sample size for this study is 60.

Statistical Analysis
After collecting data and checking for completeness and 
logical consistency, all analyses were performed with 
SPSS statistical software, version 25. Normal distribu-
tion of the measured data was examined by the Shapiro– 
Wilk test. Continuous data were described as median 
(IQR) for non-normally distributed variables (P<0.05). 
Baseline characteristics were compared between the two 
groups using Mann–Whitney U-test. Both Wilcoxon 
Signed Ranks (WSR) and Mann–Whitney U-tests were 
used to investigate the changes in variables before and 
after intervention as well as the differences between 
control and experimental groups, respectively. P-values 
less than or equal to 0.05 were considered statistically 
significant.

Results
The present study included a total of 60 Alzheimer's ane-
mic elderly patients with mild cognitive impairment (50% 
males and 50% females); their median age was 70 (72–-
67.25) years and median BMI was 32.30 
(33.58–31.22) kg/m2. Thirty patients served as the control 
group and received placebo low-level laser in addition to 
moderate-intensity aerobic exercise, while the remaining 
30 patients were enrolled in the experimental group and 
received active low-level laser in addition to the same 
exercise regimen.

Baseline characteristics of both groups, including 
demographic data, anthropometric measurements, blood 
tests for Hb level, health-related quality-of-life, and cog-
nitive function components were not significantly different 
(all P>0.05; Table 1).

In this study, statistically significant differences were 
observed between the values of BMI, MoCA–B basic 
score, Berg Balance scale score, QOL-AD, WHR, and 
Hb blood levels in both groups post-intervention compared 
to pre-intervention according to Wilcoxon signed-ranks 
test (WSR) (P<0.000).

Figure 2 A study participant who received PBM via laser watch.
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Outcomes
Montreal Cognitive Assessment Scale (MoCA- 
B Basic) for Cognitive Function Assessment
The analysis showed a significant increase in the scale of 
median scores in both groups (P<0.000) with 95% CI 
(−2.27, −1.74) and (−0.88, −0.54) in experimental and 
control groups, respectively

However, comparing the results of both groups 
revealed a significant increase in the experimental group 
compared to the control group (P<0.001), with 95% CI 
(−1.73, −0.86) (Figure 3A).

Quality-of-Life Assessment
(a) Quality-of-Life for Alzheimer’s Disease scale 

(QoL-AD) The data showed a significant increase 
in scale scores in both groups (P<0.0001), with 
95% CI (−4.22, −4.20) and (−2.11, −2.08) in 
experimental and control groups respectively. 
Moreover, there was a statistically significant 
increase in the median scores of the experimental 
group compared to the control group (P<0.001), 
with 95% CI (−3.84, −1.97) (Figure 3B).

(b) Berg Balance scale The scores of two groups were 
significantly elevated after intervention (P<0.0001), 
with 95% CI (−3.99, −3.47) and (−1.96, −1.81) in 
the experimental and control groups, respectively. 
Yet, the experimental group showed a significantly 
higher score than the control group (P<0.001), with 
95% CI (−2.32- −1.55) (Figure 3C).

Blood Hb Level
There was a significant increase in blood Hb concentration 
in both elderly men and women patients after intervention 
in each group (P<0.0001), where significantly higher Hb 
levels were observed in all men (median=13.10 (13.70– 
12.30) (Figure 4A) and women (Figure 4B) (med-
ian=11.70 (12.00–11.30) within the experimental group 
compared to the men (median=11.90 (12.51–11.50)) and 
women (median=11.00 (11.30–10.50)) within the control 
group (P<0.001).

(0.88, 2.38)

Anthropometric Measures
According to Mann–Whitney U-test, both BMI (Figure 
5A) and WHR showed a significant reduction in both 
men (Median (IQR)=0.81 (0.82–0.80), Figure 5B) and 
women (median=0.77 (0.81–0.75), Figure 5C) after inter-
vention in the experimental and control groups 
(P<0.0001). When comparing the two groups, 

a significant decrease was observed in BMI and WHR in 
the experimental group (men: median=0.85 (0.85–0.84)) 
compared to the control group (P<0.001), with 95% CI 
(0.88–2.38) and (0.03–0.04), respectively.

Interpretation
The current study concluded that photo-biomodulation low 
laser therapy and physical exercise offer a safe alternative 
to improve cognition among anemic Alzheimer elderly 
patients compared to traditional approaches.

Egypt, as one of the developing countries, has 
a remarkable growth in the number of older adults, repre-
senting around 94.8 million people in the 2017 census.26 

As known, older adult subjects have high risk for mental 
and psychological disorders. Concerning the mental health 
professionals in Arab countries, Egypt only has approxi-
mately 70% of the total mentally ill Arab population.27

Searching for new non-pharmacological and safe treat-
ments for cognitive impairment in anemic Alzheimer's 
elderly patients was our target in this study to improve 
their quality-of-life, which in turn lowers healthcare costs 
and delays the deterioration of disease symptoms. It is well 
established that pharmacological treatment outcomes for 
treating Alzheimer’s disease are still limited. Yet, aerobic 
exercise and PBM stand as a savior for better life and 
cognitive function among those patients. This is an initial 
study that examined the effect of combined PBM applica-
tion in the form of acupuncture and nasal radiation on the 
cognitive function.

By the end of this study, we found marked improve-
ments in the cognitive function (reflected by MoCA–B 
basic scores) and overall quality-of-life in the studied 
subjects after combined PBM application and moderate- 
intensity aerobic exercise. Similarly, other studies reported 
better cognition using different types of interventions. 
Christina et al28 employed a 12-week aerobic exercise 
program combined with music therapy and memory exer-
cises, while Venturelli et al29 evaluated the effect of 
a walking program in a retirement home. On the other 
hand, multiple studies utilized different exercise modes for 
improving cognitive impairment30,31 in which improve-
ments are observed in the cognitive and functional abilities 
of the included patients.

Also, Yu et al,32 Requena et al,33 and Yang et al34 

noticed marked improvements in the cognitive function 
and AD symptoms after an aerobic exercise program. 
Aerobic exercises are also considered as a potent non- 
pharmacological intervention that delays the cognitive 
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Figure 3 (A) Boxplot chartshowing the post-Intervention change (improvement) in the median of Montreal Cognitive Assessment test score (MoCA) compared to the pre- 
intervention score within both,study and control groups Significant change occurred in study group more than the control group (P<0.001). (B) Boxplot chart showing the 
post-Intervention change (improvement) in the median of quality-of- life Qol-AD scores compared to the preintervention score within both study and control groups. 
Significant change occurred in study group more than the control group (P<0.001). (C) Boxplot chart showing the post-Intervention change (improvement) in the median of 
Berg balance scale scores compared to the pre-intervention score within both, study and control groups. The study group showed a significantly higher score than the 
control group (P<0.001).
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Figure 4 (A) Boxplot chart showing the post-Intervention change (improvement) in the median of Hemoglobin (Hb) concentration compared to the pre-intervention 
concentration in males within both, studyand control groups. Significant change occurred in study group more than the control group (P<0.001). (B) Boxplot chart showing 
the post-Intervention change (improvement) in the median of Hemoglobin (Hb) concentration compared to the pre-intervention concentration in females within both study 
and control groups with a significant increase in HB concentration occurring in the study group compared to the control group (P<0.001).
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Figure 5 (A) Boxplot chart showing the post-Intervention change (reduction) in the median of Body mass index (BMI) compared to the pre-intervention BMI level within 
both study and control groups. The study group showed a significantly lower BMI than the control group (P<0.001). (B) Boxplot chart showing the post-intervention change 
(reduction) in the median of waist-to-hip ratio (WHR) compared to the pre-intervention WHR in males level within both study and control groups, the study group exhibits 
a significant decrease compared to the control group (P<0.001). (C) Boxplot chart showing the post-intervention change (reduction) in the median of waist-to-hip ratio 
(WHR) compared to the pre-intervention WHR in females level within both study and control groups (P<0.001).
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decline in high-risk subjects through increased total Hb 
and RBCs oxygen-carrying capacity. The results of this 
study are supported by many studies in literature which 
confirm the positive impact of exercise in enhancing cog-
nitive and psychological functions.35,36

PBM, as a source of non-harmful methods for treating 
and preventing uncountable conditions, has become an 
acceptable approach, either for healthcare providers or 
patients themselves, to improve Alzheimer’s disease- 
related symptoms.

In addition to Javad et al,37 who concluded that PBM 
application had a significant role in neurorehabilitation, 
Gregory Hipskind 38 commented that pulsed transcranial 
photo-biomodulation therapy showed promise in enhan-
cing both the cognitive function and cerebral blood flow 
several years after traumatic brain injury.

Considerable studies demonstrated the effectiveness of 
PBM therapy by different ways of application and wave-
lengths, either in human or animal models, on several 
conditions; however, the studies related to how laser ther-
apy can improve the cognitive function and prevent 
depression and anxiety are still limited.39

PBM therapeutic effects are not fully covered, several 
data supported the idea of its effect on the mitochondrial 
function; either the direct or indirect effect. The direct 
effect is represented in increasing the activity of mitochon-
drial electron transport chain, leading to the increase of 
adenosine triphosphate (ATP)40 production which may 
enhance gene transcription and protein synthesis, while 
the indirect effect is represented in oxidating and activat-
ing the mitochondrial permeability transition pore which 
contributes to the displacement of nitric oxide (NO) from 
the cytochrome c oxidase (COX) molecule which in turn 
increases local blood flow.41

Our results revealed remarkable improvements in the 
cognitive function and health-related quality-of- life in 
anemic elderly patients suffering from Alzheimer’s disease 
after PBM application which is consistent with previous 
reports. This possible improvement may relay on the pre-
viously mentioned mechanism of PBM on cellular and 
molecular levels. Marvin et al42 revealed that PBM with 
near infrared light improves neuroplasticity; this was 
proved by EEG amplitude and improvement of connectiv-
ity measures.

Agnes et al's43 findings were in the line of our out-
comes, showing that PBM may be considered as 
a supplementary intervention for improving or maintaining 
the cognitive function in older adults compared to the 

behavioral training that requires multiple sessions to 
show a significant effect and it may not be suitable for 
illiterate elderly subjects.44

Our results are consistent with the previous studies of 
Karger et al45 and Qiu et al,46 who demonstrated that low- 
level laser altered RBCs membrane permeability, enhancing 
ATP production, playing a critical role in RBCs deform-
ability, and increased the viability of anemic RBCs.

LLLT has been proved to decrease the body fat and 
body mass index through various mechanisms by lysing of 
fat cells and lipid peroxidation.47 This has also been 
proved by many studies which were conducted to deter-
mine the potential improvements in body anthropometric 
measurements by low laser therapy.48,49 In the current 
study, BMI and WHR were noticed to be significantly 
decreased in both men and women after intervention.

This study is focusing on low-educated Alzheimer's 
elderly patients with low Hb level who exhibit cognitive 
impairment-related symptoms influencing their quality-of- 
life. Previous studies evaluated the effect of physical exer-
cises or only one approach of PBM on cognitive 
impairment. Moreover, we examined the effect of combined 
approaches of low-level laser applied at the same time 
(nasal laser irradiation and wrist acupuncture) via laser 
watch in addition to a moderate-intensity aerobic exercise 
on these patients. This kind of intervention is the first one to 
be applied for improving cognitive function impairment in 
Alzheimer's elderly anemic patients to achieve healthy 
aging with optimal psychological condition.

It is worthy to point to the shortcomings of the current 
study. The first shortcoming is the lack of screening the 
effect of our approach on different grades of cognitive 
affection or the influences of the outcomes on various 
age groups. The second shortcoming is that other cognitive 
domains were not examined. Nevertheless, our study 
explores an area of inquiry which has not been widely 
investigated in Alzheimer's patients, particularly those 
with anemia. We recommend further studies on larger 
scales and to use other exercise intensities and different 
types of laser wavelengths, energy intensities, as well as 
irradiation modes, and durations for more affirmative 
results. Moreover, the benefits of this treatment protocol 
suggest that much wider use could be made in cases of 
both brain diseases and injuries.

Conclusion
Combined nasal laser irradiation and wrist acupuncture in 
addition to moderate-intensity aerobic exercise may 
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exhibit an alternative, safe, and easy way to improve 
cognition among anemic mild Alzheimer's elderly patients 
compared with the control group using the same line of 
exercise only. More research should be conducted to deter-
mine the exact role of PBM in improving cognitive 
functions.
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