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Abstract

Objective: To examine the effects of transcranial and intranasal photobiomodulation (PBM) therapy, admin-
istered at home, in patients with dementia.
Background: This study sought to replicate and build upon a previously published case series report describing
improved cognitive function in five patients with mild-to-moderate dementia after 12 weeks of transcranial and
intranasal near-infrared (NIR) PBM therapy.
Materials and methods: Eight participants (mean age: 79.8 – 5.8 years old) diagnosed with dementia by their
physicians were randomized to 12 weeks of usual care (UC, n = 4) or home PBM treatments (n = 4). The NIR
PBM treatments were administered by a study partner at home three times per week with the Vielight Neuro
Gamma device. The participants were assessed with the Alzheimer’s Disease Assessment Scale-cognitive
(ADAS-cog) subscale and the Neuropsychiatric Inventory (NPI) at baseline and 6 and 12 weeks, and with
arterial spin-labeled perfusion magnetic resonance imaging (MRI) and resting-state functional MRI at baseline
and 12 weeks.
Results: At baseline, the UC and PBM groups did not differ demographically or clinically. However, after 12
weeks, there were improvements in ADAS-cog (group · time interaction: F1,6 = 16.35, p = 0.007) and NPI (group ·
time interaction: F1,6 = 7.52, p = 0.03), increased cerebral perfusion (group · time interaction: F1,6 = 8.46, p < 0.03), and
increased connectivity between the posterior cingulate cortex and lateral parietal nodes within the default-mode
network in the PBM group.
Conclusions: Because PBM was well tolerated and associated with no adverse side effects, these results support
the potential of PBM therapy as a viable home treatment for individuals with dementia.
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Introduction

Alzheimer’s dementia (AD) is a global health problem
with no cure.1 Current AD medications have considerable

side effects and only offer limited symptomatic relief.2 Be-
cause AD is characterized by neurofibrillary tangles of hy-
perphosphorylated tau and Ab plaques,3 recent AD trials have
focused on anti-Ab42 and anti-tau disease-modifying strategies
in the earliest stages of the disease. Consequently, limited at-
tention has been devoted to treatments that manage cognitive
impairment and behavioral symptoms in a growing population
of patients affected by more advanced stages of the disease.

Photobiomodulation (PBM) uses radiant light energy to
modify biological functions and/or induce a therapeutic ef-
fect.4,5 PBM can be delivered transcranially to target the
brain parenchyma in humans because research with cadav-
ers suggests that near-infrared (NIR) light can penetrate the
scalp, skull, and meninges6 to a depth of *40 mm.7 The first
aim of this study is to replicate and extend the behavioral
findings of previous study that reported improved cognitive
function in five dementia patients after 12 weeks of tran-
scranial and intranasal NIR PBM treatments.8

Many researchers believe that the beneficial effects of
PBM may be explained by increases in cerebral blood flow
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(CBF) and oxygen consumption.9–12 Therefore, the second
aim of this study is to investigate the impact of transcranial
and intranasal NIR PBM on CBF in participants with
dementia.

The default-mode network (DMN) is one of the best-
studied resting-state networks thought to represent the
maintenance of baseline human cognition and metabolic
equilibrium.13 The DMN consists of a group of strongly in-
terconnected14 brain regions [i.e., posterior cingulate cortex
(PCC), precuneus, inferior parietal, medial prefrontal cortex,
and medial temporal cortex15] that show increased activity in
task-free state compared to cognitively demanding task and
synchronized activity at rest.16 Because functional con-
nectivity in the DMN is sensitive to AD pathology across
the clinical spectrum, from mild cognitive impairment
(MCI), considered a prodromal stage of AD,17–19 to the later
stages of AD,20–23 the light-emitting diodes (LEDs) of the
PBM device utilized in this and Saltmarche et al.’s8 study
were specifically engineered to target nodes of the DMN.
Therefore, the final aim of this study was to examine the
effect of transcranial and intranasal PBM on DMN con-
nectivity in participants with dementia.

Materials and Methods

Participants

Individuals diagnosed with dementia or AD by their
physicians and their study partners (i.e., spouses or children)
were enrolled as dyads for the study. The research was ap-
proved by the Institutional Review Board at the University of
California, San Francisco, and at the San Francisco Veterans
Affairs Medical center. Written informed consent was
obtained from all participants (or their legally authorized
representatives) and study partners in accordance with the
Declaration of Helsinki. Participants were compensated
$50 for undergoing the neuroimaging procedures. Study
partners were not paid for participation in the study.

Participants were either randomized to a Usual Care (UC)
group, which engaged in their usual activities for 12 weeks,
or a PBM group, which received PBM treatments at home
for 3 days a week for 12 weeks. PBM study partners were
trained how to position the PBM device, administer PBM
treatments, and control, clean and maintain PBM device in a
single session. One week after the training, the study part-
ners were asked to demonstrate their ability to correctly
position the device and administer PBM treatments to the
participants. Mistakes were corrected and study partners
were retrained when necessary. The study partners logged
the PBM treatments throughout the 12 weeks in a home
treatment diary and were contacted by the study staff twice a
month to assess for adverse events.

UC participants had the option of receiving 12 weeks of
PBM treatments at home upon completion of the initial
study procedures. The UC study partners were trained how
to use and maintain the PBM device following an identical
protocol as that used with the PBM study partners.

Study participants could continue their dementia medi-
cations during the trial. However, they were asked not to
change or start new medication. Table 1 summarizes the
demographic and clinical characteristics of the two groups at
baseline.

PBM device and treatment protocol

Table 2 summarizes the light parameters of the PBM
device (Fig. 1) used in the study.

Cognitive and behavioral outcome measures

Cognitive and behavioral assessments were performed at
baseline and 6 and 12 weeks. UC participants who chose to
undergo 12 weeks of PBM treatments were also assessed at
18 and 24 weeks. The Mini-Mental State Examination
(MMSE)24 was administered at baseline to obtain a brief
measure of global cognitive status.

The Alzheimer’s Disease Assessment Scale-cognitive
(ADAS-cog) subscale25 was used to assess cognitive func-
tion. The ADAS-cog, one of the most common primary
outcome measures in dementia drug treatment trials, is an
80-point test that includes direct assessment of learning
(word list), naming (objects), following commands, con-
structional praxis (figure copying), ideational praxis (mailing
a letter), orientation (person, time, place), recognition mem-
ory, and remembering test instructions. The ADAS-cog has
good test-retest reliability (above 0.9)26 and internal con-
sistency (Cronbach’s alpha >0.8).26

Dementia-related behaviors were assessed with the
Neuropsychiatric Inventory27 (NPI), a 144-point informant-
based questionnaire that asks about 12 behavioral domains
common in dementia, including frequency, severity, and
impact on caregiver distress. The NPI frequency · severity
total score (NPI-FS) was used as a summary measure. The
NPI has good test-retest reliability (0.79–0.86) and internal
consistency (Cronbach’s alpha, 0.87–0.88).27

Neuroimaging measures

Neuroimaging assessments were performed at baseline and
week 12 on a Siemens 3 Tesla Trio Scanner equipped with a 32-
channel receiver head coil. The imaging protocol included a
structural T1-weighted 3D Magnetization Prepared Rapid
Gradient Echo image [repetition time (TR)/echo time (TE)/
inversion time (TI) = 2500/2.98/1100 msec, 1.0 · 1.0 · 1.0 mm3

Table 1. Baseline Characteristics

of Study Sample

Characteristica PBM group UC group

N 4 4
Age, years 80.5 – 6.5 79.0 – 5.9
Education, years 18.5 – 1.9 18.0 – 1.6
Gender, female 3 (75%) 2 (50%)
Race, white 4 (100%) 4 (100%)
Baseline MMSE 19.5 – 7.0 22.3 – 1.3
Prescribed dementia

medication (number
of patients)

Memantine (1) Memantine (3)
Donepezil (1) Donepezil (3)

Other prescribed
medication (number
of patients)

Tradazone (1) Quetiapine (1)
Citalopram (1) Lorazepam (1)
Losartan (2)
Statins (2)

aMean – SD for continuous variables and N (%) for categorical
variables.

MMSE, Mini-Mental State Examination; PBM, photobiomodula-
tion; SD, standard deviation; UC, usual care.
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resolution] and arterial spin-labeled (ASL) magnetic resonance
imaging (MRI), a noninvasive technique where arterial water
is magnetically labeled and used as an endogenous tracer to
measure CBF.28 The ASL MRI data were acquired with the
following echo-planar imaging (EPI) sequence: inversion time
of arterial spins: 700 msec, total transit time of the spins:
1900 msec, tag thickness: 100 mm, tag to proximal slice gap:
25.4 mm, repetition time: 3400 msec, echo time: 13 msec, field
of view: 256 mm, 64 · 64 matrix, and 24 four-mm thick axial
slices (52 tag + control image pairs, time lag between slices:
22.5 msec). Finally, we acquired resting-state functional con-
nectivity data with an 8-min 12-sec EPI sequence (140 time
points, TR = 3000 msec, TE = 30 msec, and flip angle = 80�;
number of slices = 48; slice thickness = 3.3 mm and spatial
resolution = 3.3 · 3.3 · 3.3 mm3; and matrix = 64 · 64).

Image analysis

ASL MRI data processing included the following: motion
correction, aligning each ASL frame to the first frame using
a rigid body transformation, and least-squares fitting using

SPM8. Perfusion weighted images were computed as the
difference between the mean of tagged and untagged ASL
data sets. To account for signal decay during acquisition
and allow for intensities in meaningful physiological units,
the perfusion weighted images were intensity scaled.
After geometric distortion correction, the ASL images were
aligned to structural T1-weighted images. To estimate CBF
from gray matter (GM) and minimize the effects of the
lower perfusion in white matter (WM) on the CBF estima-
tes, a partial volume correction was performed, which as-
sumed GM CBF is 2.5 times greater than in WM.

FreeSurfer (version 5.1.0) generated anatomical regions
of interest (ROIs) were used to analyze the CBF data. Mean
GM CBF from the right and left superior frontal, superior
parietal, and supramarginal cortex, which correspond to
brain regions targeted by the transcranial LEDs of the PBM
device (Fig. 2), were extracted for all subjects. Mean GM
CBF values from the precentral gyrus parcel (i.e., primary
motor cortex) were used as a control for the meta-ROI be-
cause this brain region is least likely to be affected by
dementia-related neuropathology.

Table 2. Parameters of the Vielight Neuro Gamma Device

Source Light-emitting diode (LED)

Wavelength, nm 810, Non-laser
Power output, mW 100 (posterior transcranial LEDs);

75 (anterior transcranial LED);
25 (intranasal LED)

Power density per LED, mW/cm2 100 (posterior transcranial LEDs);
75 (anterior transcranial LED);
25 (intranasal LED)

Pulse frequency, Hz 40
Pulse duty cycle, percentage 50
Duration of each treatment session, min 20
Frequency of treatment 3 times per week
Beam spot size, cm2 &1
Energy delivered, J 60 (posterior transcranial headband);

45 (anterior transcranial headband);
15 (intranasal LED)

Energy density per LED, J/cm2 60 (posterior transcranial headband);
45 (anterior transcranial headband);
15 (intranasal LED)

Dose of each treatment session, J 240
Cumulative energy density per LED, per week 540 (transcranial headset);

135 (transcranial headset);
45 (intranasal LED)

Cumulative dose per week, J 720

FIG. 1. Vielight Neuro
Gamma device (left) and
photograph illustrating po-
sitions of the device LEDs
during treatment (right). Fig-
ure courtesy of Vielight, Inc.
LED, light-emitting diode.

HOME PBM TREATMENTS FOR DEMENTIA 135

D
ow

nl
oa

de
d 

by
 U

cs
f 

L
ib

ra
ry

 U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

n 
Fr

an
ci

sc
o 

fr
om

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

1/
16

/2
0.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



The temporal and occipital lobes were not included in
analysis of the ASL perfusion data because of artifacts in
EPI data from the temporal regions29,30 and because the
LEDs on the PBM device did not target these brain regions.

The functional connectivity data were pre-processed and
analyzed using SPM12 software.31 All functional images
were slice-timing corrected and realigned to the first volume
using a six-parameter rigid body transformation. The mean
image generated was spatially normalized into standard
stereotactic space using the Montreal Neurological Institute
(MNI) EPI template. Computed transformation parameters
were applied to all functional images, interpolated to iso-
tropic voxels of 2 mm3, and the resulting images were
smoothed using an 8-mm full-width half-maximum isotro-
pic Gaussian Kernel.

Statistical analysis

Statistical Analysis was carried out using SPSS version
25 (IBM Corp., Armonk, NY). Demographic and clinical
characteristics of the PBM and UC groups were compared
using t-tests for continuous variables and Fisher’s exact test
for categorical variables. A repeated-measures analysis of
variance was used to analyze the between-group differences
in the ADAS-cog and NPI-FS, with time (baseline and 6 and
12 weeks) as the within-subject factor. A repeated-measures
multi-variate analysis of variance was used to analyze the
between-group differences in ASL MRI perfusion data, with
time and ROI (superior frontal, superior parietal, and su-
pramarginal) as the within-subject factors.

Analysis of the functional connectivity data was per-
formed with the CONN-functional MRI Functional Con-
nectivity toolbox v 17.32 Default pre-processing parameters
were used to address the possible confounding effect of head
motion artifacts and WM, and cerebral spinal fluid (CSF)
blood oxygen level-dependent (BOLD) signal.32 BOLD
signal noise from the WM and CSF was characterized with
the principal component-based noise-correction ‘‘Comp-
Cor’’ method utilized in the CONN toolbox.33 Band-pass

filtering was performed with a frequency window of 0.008–
0.09 Hz.

ROI-to-ROI functional connectivity maps were created
for each participant. The mean BOLD time series was
computed across all voxels within each ROI. Bivariate-
regression analyses were used to determine the linear as-
sociation of the BOLD time series between each pair of
sources. Each scan was Hanning weighted.32

A pre-defined spherical ROI (radius: 10 mm) was chosen
as the seed to create connectivity maps of the DMN in the
PCC region, MNI coordinates 1, -61, and 38, based on prior
studies. For ROI-to-ROI analyses, a peak voxel threshold of
p £ 0.001 and a cluster extent threshold of p £ 0.05 were set
for bidirectional explorations of connectivity.

Results

Baseline demographic and clinical characteristics

Table 1 summarizes the baseline demographic and clini-
cal characteristics of the PBM and UC groups. There were
no differences in age (t = 0.34, df = 6, p = 0.74), years of
education (t = 0.40, df = 6, p = 0.71), or MMSE (t = 0.77,
df = 6, p = 0.47) at baseline.

Behavioral outcomes: ADAS-Cog and NPI-FS

Table 3 and Fig. 3 summarize the changes in ADAS-cog
and NPI-FS scores from baseline to weeks 6 and 12. Higher
scores on both measures indicate poorer cognitive function
and more numerous/severe dementia-related behaviors.

FIG. 2. Approximate position of the Vielight Neuro
Gamma transcranial LEDs on the FreeSurfer ROIs. The
precentral ROI was used as a control region in analysis of the
perfusion data. ROI, regions of interest.

Table 3. Cognitive, Behavioral, and Perfusion

Outcome Measures by Group and Time

Baseline Week-6 Week-12

ADAS-coga

UC 32.1 (0.3) 34.8 (1.2) 39.2 (2.6)
PBM 37.5 (5.5) 35.7 (4.7) 32.3 (4.8)

NPI-FSa

UC 10.5 (1.8) 14.5 (3.1) 20.3 (3.5)
PBM 35.0 (11.6) 22.8 (4.0) 13.5 (2.0)

Total perfusionb,c

UC 1.20 (0.11) — 0.91 (0.16)
PBM 0.89 (0.11) — 1.22 (0.16)

Superior frontal perfusionc

UC 0.69 (0.22) — 0.61 (0.19)
PBM 0.75 (0.04) — 0.77 (0.10)

Superior parietal perfusionc

UC 1.04 (0.14) — 1.02 (0.10)
PBM 0.75 (0.14) — 1.41 (0.33)

Supramarginal perfusionc

UC 1.87 (0.20) — 1.09 (0.24)
PBM 1.16 (0.22) — 1.48 (0.21)

Values are mean (SEM).
aLower scores = better.
bValues are averaged across superior frontal, superior parietal,

and supramarginal regions of interest.
cValues are normalized to precentral motor perfusion values.
ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive; NPI-

FS, Neuropsychiatric Inventory frequency severity; PBM, photobio-
modulation; SEM, standard error of the mean; UC, usual care.
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There were no group differences in ADAS-cog (t = 0.98,
df = 6, p = 0.37) at baseline; however, there was a trend for
lower NPI-FS scores in the UC compared to the PBM group
(t = 2.08, df = 6, p = 0.08). After 12 weeks, the ADAS-cog
(group · time interaction: F1,6 = 16.35, p = 0.007) and NPI-
FS (group · time interaction: F1,6 = 7.52, p = 0.03) improved
in the PBM group, but declined in the UC group.

Imaging outcome: ASL perfusion

Table 3 summarizes the changes in ASL perfusion from
baseline to week 12. After 12 weeks, there was greater CBF
in the PBM group compared to the UC group (group · time
interaction: F1,6 = 8.46, p < 0.03), particularly in the parietal
ROIs (group · time · ROI interaction: F1,6 = 8.93, p = 0.02,
Fig. 4B, C).

Imaging outcome: DMN activity

Contrasts of DMN activity in the PBM versus UC at
baseline and week 12 did not reach significance. However,
there was increased connectivity between a seed in the PCC
(hub of DMN: 1, -61, 38) and the lateral parietal (LP) cortex
in the PBM group from baseline and week 12, and decreased
connectivity in the UC group (Table 4; Fig. 5). There were

no significant relationships between the changes in ASL
perfusion and functional connectivity.

Behavioral outcome in UC group after 12 weeks
of PBM

There was a trend of improvement on the ADAS-Cog
(F4,8 = 3.45, p = 0.06) after 12 weeks of PBM in the three UC
participants who chose to undergo 12 weeks of home PBM
treatments after completing the initial study (Fig. 6).

Discussion

The first finding of this study is that scores on the ADAS-
cog improved after 12 weeks in the PBM group, but declined
in the UC group. Scored according to the number of errors
committed, a higher ADAS-cog score reflects poorer cogni-
tive function. Saltmarche et al.8 reported a mean change from
baseline of -7.40 points (i.e., improvement) after 6 weeks and
-6.73 points after 12 weeks of PBM. In this study, the PBM
group improved an average of -1.83 points after 6 weeks and
-5.18 points after 12 weeks of treatments. Although the
sample sizes in this and Saltmarche et al.’s8 study were small,
it is noteworthy that these PBM-related ADAS-cog im-
provements are larger than what has been reported in
previous pharmacological trials of donepezil (10 mg/day)

FIG. 3. Mean (–SEM) ADAS-cog (A) and NPI-FS (B) scores in the PBM (blue line) and UC (red line) groups by time. Lower
scores on both measures indicate better function. ADAS-cog, Alzheimer’s Disease Assessment Scale-cognitive; NPI-FS,
Neuropsychiatric Inventory frequency severity; PBM, photobiomodulation; SEM, standard error of the mean; UC, usual care.

FIG. 4. Arterial spin-labeled perfusion values, normalized to the precentral ROI, from the superior frontal (A), superior
parietal (B), and supramarginal (C) ROIs at baseline (black bar) and week 12 (gray bar) by group. Error bars are SEM.
ROIs, regions of interest; SEM, standard error of the mean.
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in AD patients (mean difference: -2.67 improvement, 95%
confidence interval: -3.31 to -2.02).34

The second finding of this study is that scores on the NPI-
FS improved in the PBM group after 12 weeks, but declined
in the UC group. Saltmarche et al.8 did not formally quantify
behavioral symptoms; however, they documented qualitative
feedback from the patients and caregivers, noting improve-
ments in quality of life, functional abilities (i.e., decreased
incontinence and increased mobility), better sleep, fewer
angry outbursts, and less anxiety and wandering after the
PBM treatments. A summary measure of the individual do-
main scores: higher NPI-FS scores reflect more severe/more
frequent dementia-related behavior. In this study, the PBM
group improved an average of -12.3 points on the NPI-FS
after 6 weeks and -22.8 points after 12 weeks of treatments.
By comparison, previous pharmacological trials of donepezil
reported no difference from placebo on behavioral symptoms
measured by the NPI34 and no difference on quality of life.34

Importantly, there were no adverse effects associated with
the PBM treatments in this or Saltmarche et al.’s study.8 In
contrast, many of the Food and Drug Administration-
approved pharmacological treatments for dementia have
been associated with substantial side effect burden,35–38

such as diarrhea, vomiting, nausea, and fatigue.

AD is characterized by decreased regional cerebral blood
flow (rCBF)39 and reductions in regional cerebral metabolic
rate of glucose metabolism (rCMRglc),40 most notably in
the PCC, precuneus, and bilateral parietal lobe.41–46 Cho-
linesterase inhibitors, such as donepezil and rivastigmine,
have been reported to improve rCBF 47–49 and rCMRglc50

in patients with AD. The third finding of this study is that
cerebral perfusion increased after 12 weeks in the PBM
group compared to the UC group. This finding is consistent
with previous reports of PBM-related increases in local
CBF,51 oxygen consumption,52 total hemoglobin, a proxy
for increased rCBF,53 rCBF,54 and increased oxygenat-
ed/decreased deoxygenated hemoglobin concentrations.11

Interestingly, the PBM-related increases in perfusion were
most prominent in the parietal ROIs. This may relate to the fact
that the PBM device used in this study had three transcranial
LED clusters over the parietal lobe and only one transcranial
LED cluster over the frontal lobe. This finding may also be
explained by the report that NIR light penetrates more deeply
through the parietal lobe compared to the frontal lobe.7

Similar to decreases in rCBF, connectivity changes in the
DMN have been described in populations at risk for AD17–19

as well as in patients with AD.20–23 In fact, DMN activity
changes seen in AD are similar to those found in

Table 4. Strength of Connectivity Between the Posterior Cingulate Cortex (Seed)

and Lateral Parietal Cortex by Group and Time

PBM UC

Baseline Week 12 Baseline Week 12

T(3) = 4.25 T(3) = 14.15 T(3) = 6.88 T(3) = 3.86
PCC–left LP Punc = 0.02 Punc = 0.0008 Punc = 0.006 Punc = 0.03

PFDR = 0.07 PFDR = 0.004 PFDR = 0.02 PFDR = 0.08
T(3) = 3.98 T(3) = 11.17 T(3) = 8.34 T(3) = 5.04

PCC–right LP Punc = 0.03 Punc = 0.002 Punc = 0.004 Punc = 0.02
PFDR = 0.07 PFDR = 0.004 PFDR = 0.02 PFDR = 0.08

LP, lateral parietal; PBM, photobiomodulation; PCC, posterior cingulate cortex; UC, usual care.

FIG. 5. Default-mode network activity in
the PBM group—(A) baseline and (B) week
12 and in the usual care group—(C) base-
line and (D) week 12. The posterior cingu-
late cortex (1, -61, and 38) was used as
seed in the analysis; Height threshold: Punc

< 0.001; cluster threshold PFDR < 0.05.
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fluorodeoxyglucose positron emission tomography studies
of resting-state brain metabolism, highlighting the major
involvement of the PCC/precuneus region.55,56 Because
decreased DMN connectivity is a common finding in
resting-state connectivity studies of AD,23 it is significant
that there was increased functional connectivity between
the PCC and the LP nodes of the DMN in the PBM group
after 12 weeks compared to the UC group. There have
been reports of increased functional connectivity in the
DMN after pharmacological treatments in mild-to-moderate
AD patients.57–61 There have also been studies that reported
changes in functional connectivity after nonpharmacological
intervention in patients with MCI.62–64 To our knowledge,
this is the first report of functional connectivity changes in
dementia patients after a nonpharmacological intervention.

Because functional connectivity disturbances in the DMN
overlap with patterns of amyloid deposition in patients with
AD,58,59,65 it is noteworthy that in vitro PBM has been reported
to reduce Ab42 aggregates in cultured neuroblastoma cells
challenged with Ab42,

66 amyloid load in amyloid-b protein
precursor (AbPP) transgenic mice,67 and Ab plaque in an
AbPP/presenilin 1 double mutant mouse model of AD.68,69

Although the PBM devices used in this and Saltmarche
et al.’s8 study were both manufactured by Vielight, some
differences are worth noting: first, Saltmarche et al.8 used the
Neuro Alpha device, which pulsed 810 nm light at 10 Hz
based on research suggesting that this particular combination
of PBM produces the most robust neurobehavioral recovery
in a mouse model of traumatic brain injury.70,71 Based on a
report suggesting that gamma oscillations stimulate the
clearance of amyloid beta deposits,72 Vielight, Inc. developed
another device that pulsed 810 nm light at 40 Hz (i.e., Neuro
Gamma device). Although this study used the Vielight Neuro
Gamma device, because we did not quantify amyloid beta
levels in study participants, it is unclear if the beneficial ef-
fects of PBM observed in the treatment group were accom-
panied by or associated with decreases in amyloid burden.

Limitations

This study had several limitations, including the small
sample size, absence of a sham control group, the partici-
pants’ diagnoses were not independently confirmed using
the National Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer’s Disease and Re-
lated Disorders Association criterial,73 and adherence to

the home PBM treatment protocol was monitored solely
through the treatment diaries. Future studies may consider
remotely monitoring PBM device usage and tracking ad-
herence by a radio-telemetry system.

Conclusions and Summary

The results from this and Saltmarche et al.’s8 study sup-
port the potential of transcranial and intranasal PBM therapy
as a safe home treatment for patients with dementia. Although
there were no adverse events in this or Saltmarche et al.’s8

study, larger, better controlled studies with biomarker-
confirmed populations of AD patients will be necessary to
confirm these findings.

Author Disclosure Statement

No competing financial interests exist.

References

1. Mayeux R, Stern Y. Epidemiology of Alzheimer disease.
Cold Spring Harb Perspect Med 2012;2:a006239.

2. Mangialasche F, Solomon A, Winblad B, Mecocci P, Ki-
vipelto M. Alzheimer’s disease: clinical trials and drug
development. Lancet Neurol 2010;9:702–716.

3. Perl DP. Neuropathology of Alzheimer’s disease. Mt Sinai
J Med 2010;77:32–42.

4. Karu TI. Mitochondrial signaling in mammalian cells ac-
tivated by red and near-IR radiation. Photochem Photobiol
2008;84:1091–1099.

5. Rojas JC, Gonzalez-Lima F. Low-level light therapy of the
eye and brain. Eye Brain 2011;3:49–67.

6. Tedford CE, DeLapp S, Jacques S, Anders J. Quantitative
analysis of transcranial and intraparenchymal light pene-
tration in human cadaver brain tissue. Lasers Surg Med
2015;47:312–322.

7. Jagdeo JR, Adams LE, Brody NI, Siegel DM. Transcranial
red and near-infrared light transmission in a cadaveric
model. PLoS One 2012;7:e47460.

8. Saltmarche AE, Naeser MA, Ho KF, Hamblin MR, Lim L.
Significant improvement in cognition in mild to moderately
severe dementia cases treated with transcranial plus intra-
nasal photobiomodulation: case series report. Photomed
Laser Surg 2017;35:432–441.

9. Cassano P, Petrie SR, Hamblin MR, Henderson TA, Io-
sifescu DV. Review of transcranial photobiomodulation
for major depressive disorder: targeting brain metabolism,

FIG. 6. Mean (–SEM) ADAS-cog (A) and NPI-FS (B) scores in three Usual Care patients before and after (shaded blue)
using PBM device at home. Lower scores on both measures indicate better function. ADAS-cog, Alzheimer’s Disease
Assessment Scale-cognitive; NPI-FS, Neuropsychiatric Inventory frequency severity; PBM, photobiomodulation.

HOME PBM TREATMENTS FOR DEMENTIA 139

D
ow

nl
oa

de
d 

by
 U

cs
f 

L
ib

ra
ry

 U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

n 
Fr

an
ci

sc
o 

fr
om

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

1/
16

/2
0.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



inflammation, oxidative stress, and neurogenesis. Neuro-
photonics 2016;3:031404.

10. Morries LD, Cassano P, Henderson TA. Treatments for
traumatic brain injury with emphasis on transcranial near-
infrared laser phototherapy. Neuropsychiatr Dis Treat
2015;11:2159–2175.

11. Tian F, Hase SN, Gonzales-Lima F, Liu H. Transcranial
laser stimulation improves human cerebral oxygenation.
Lasers Surg Med 2016;48:343–349.

12. Hamblin MR. Shining light on the head: photobiomodula-
tion for brain disorders. BBA Clin 2016;6:113–124.

13. Gusnard DA, Raichle ME, Raichle ME. Searching for a
baseline: functional imaging and the resting human brain.
Nat Rev Neurosci 2001;2:685–694.

14. Greicius MD, Supekar K, Menon V, Dougherty RF.
Resting-state functional connectivity reflects structural
connectivity in the default mode network. Cereb Cortex
2009;19:72–78.

15. Raichle ME, Snyder AZ. A default mode of brain function:
a brief history of an evolving idea. Neuroimage 2007;37:
1083–1090; discussion 1097–1099.

16. Mevel K, Chételat G, Eustache F, Desgranges B. The de-
fault mode network in healthy aging and Alzheimer’s dis-
ease. Int J Alzheimers Dis 2011;2011:535816.
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