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Hyperbaric oxygen therapy (HBOT) is a treatment in which oxygen-enriched air (up to
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Methods: We present the design of the first double-blind, placebo-controlled, clinical
trial on brain and cognitive outcomes in elderly (n = 154) with T2D and mild cognitive
impairment to compare the effects of HBOT versus sham (normal air with 1.1 ATA pres-
sure in the first and last 5 minutes of the session). Eligible candidates are randomized
with equal probability to HBOT and sham. Outcomes are assessed before and after

treatment, and at 6- and 12-month follow-up. The primary cognitive outcome is global
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cognitive change, indexed by a composite sum of z-scores of four executive functions
and four episodic memory tests. The primary neurobiological outcome is cerebral
blood flow (CBF; via arterial spin labeling magnetic resonance imaging [ASL-MRI])
and cerebral glucose utilization via fluorodeoxyglucose positron emission tomography
(FDG-PET). Secondary outcome measures are specific cognitive domains (executive
function and episodic memory) and functional measures (Clinical Dementia Rating
sum of boxes, activities of daily living). Efficacy analyses will be performed for the
intent-to-treat sample.

Discussion: Recent studies suggest that HBOT induces neuroplasticity and improves
cognition in post-stroke and traumatic brain injury patients. However, its effect on cog-
nition, cerebral blood flow, and brain glucose utilization in T2D patients at high demen-

tia risk is yet to be determined. If effective, this study may provide strong evidence for

KEYWORDS

1 | BACKGROUND

The estimated worldwide number of people with dementia is
50 million,! projected to triple by 2050.2 Cumulative evidence shows
that about 30% of late life dementia cases may be attributable to mod-
ifiable risk factors, among which type 2 diabetes (T2D) contributes 6%
to 8%.3 T2D and pre-diabetic states (impaired fasting glucose, obesity,
metabolic syndrome) are associated with increased risk for dementia®
and mild cognitive impairment (MCI), worse cognitive functioning,
and brain hypometabolism.> People with T2D (vs without) have 1.5
to 2.8 increased risk for dementia.®® The contribution of diabetes to
dementia is expected to grow with the accelerating T2D prevalence,?
because there is no known treatment to halt T2D-related cognitive
decline.

Several mechanisms have been proposed to underlie the detrimen-
tal effects of T2D on the brain.® Cerebrovascular pathology and related
ischemia constitutes a major factor,'? demonstrated by the high preva-
lence of stroke,!! lacunar infarcts,12 microbleeds,3 and white matter
hyperintensities (WMH)14 observed in T2D. Likewise, reduced cere-
bral blood flow (CBF)!4 and impaired cerebrovascular reactivityl®
have also been observed in T2D. Cerebrovascular diseasel® and lower
CBF,>17 mediate the adverse effects of T2D and metabolic syn-
drome on cognition, further supporting these pathological processes
as underlying mechanisms. Reduced CBF in the absence of brain atro-
phy has been shown in older adults with T2D,!8 suggesting that CBF
alterations occur early before cerebral atrophy and structural changes
occur. Lower CBF is found in individuals with metabolic syndrome, a
state preceding T2D,1? and mediates the relationship of metabolic syn-
drome with poorer memory function further supporting the notion that
reduced CBF may be an early, important marker of risk for cognitive
decline and dementia in T2D.?

the brain and cognitive benefits of HBOT in this population.

dementia, hyperbaric oxygen therapy, mild cognitive impairment, type 2 diabetes

In addition to cerebrovascular disease, there is evidence for neu-
rodegeneration in T2D. Brain volume loss in the form of smaller total
brain?° and gray matter,2! and larger cerebrospinal fluid (CSF)*> vol-
umes have been demonstrated in elderly patients with T2D. Smaller
hippocampi were found in both middle-aged?224 and older T2D
patients.2526 Even pre-diabetic states such as impaired glucose tol-
erance, insulin resistance,?’” and higher fasting glucose levels?8 have
been associated with lower hippocampal volume, and medial tempo-
ral lobe volumes.2? The heterogeneous mechanisms underlying brain
atrophy are not necessarily associated with neuronal loss or AD-
related mechanisms.®> Accordingly, people with T2D (vs without) show
hypometabolism of glucose in AD-signature brain regions but do not
have greater amyloid load as demonstrated by amyloid PETY” and in
postmortem studies.3%31 Cerebrovascular pathology has been demon-
strated by some,3233 but not other,3* previous studies to underlie brain
atrophy in T2D. Moreover, cerebrovascular pathology in the form of
WMH, rather than brain atrophy, was associated with cognitive out-
comes in patients with T2D.3> Overall, the evidence points toward a
major role of cerebrovascular disease (either directly or indirectly) in
T2D-related cognitive compromise.

Hyperbaric oxygen therapy (HBOT) is a treatment in which
oxygen-enriched air (up to 100%) is administered to patients in a
chamber at a pressure above one atmosphere absolute (1 ATA),
which is the ambient sea level atmospheric pressure. For peripheral
vasculature related disease, a well-accepted clinical indication for
HBOT is non-healing ischemic foot ulcers, for which there is broad
evidence for significant improvements with HBOT through stim-
ulation of regenerative processes and angiogenesis.3¢ Similarly, in
the brain, based on previous evidence in animals and relatively new
human clinical trials, it was demonstrated that HBOT can induce
neuroplasticity and improve CBF in ischemic non-recoverable brain
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regions, leading to cognitive improvements even years after the acute
insult.37-3? Angiogenesis is induced by HBOT through upregulation of
hypoxia-inducible factor-1a and vascular endothelial growth factor,
including in the hippocampus.*® HBOT also increased vascular density
in the hippocampus, improved spatial learning in rodents, reduced
cortical infarct area, and improved CBF in adult rats with vascular
dementia. 41

It is well established that glucose utilization is impaired in cortical
regions with ischemia.#243 Conversely, in animal models, neuronal

hypometabolism is improved with HBOT*4

suggesting that intracel-
lular bioavailability of oxygen attenuates the deleterious effects of
ischemia on neuronal glucose utilization. In humans, HBOT has been
associated with improvement in neurological and functional outcomes

in post-stroke patients,*> and with cognitive performance3®

even
years after the acute stroke. These improvements correlated with
brain activity as demonstrated by single-photon emission computed
tomography.3846 Similarly, HBOT had positive effects compared to
hyperbaric air on neurological and cognitive outcomes in a small
(n = 26) randomized controlled trial of patients with cerebrovascular
disease.*” HBOT—compared with normobaric oxygen—was associated
with increased CBF in frontal and temporal regions in healthy young
adults.*8

Numerous therapies previously developed for the treatment of
dementia have failed. Late introduction of treatment, at a phase in
which the brain is overwhelmed by pathology, has been proposed as a
leading explanation for the failure of clinical trials.*? The neuropatho-
logical process of dementia starts 15 to 35 years before clinically overt
symptoms, providing a window of opportunity for prevention. MCI39 is
considered to be a prodromal state preceding dementia and the stage
at which interventions aimed at dementia prevention may be effective.
People with MCl have 10% to 15% risk for conversion to dementia, ~10
times the risk for those without MCI.°1 With regard to T2D, individu-
als with T2D and pre-T2D52 compared to those without T2D¢53 previ-
ous studies demonstrated up to 1.6 increased risk for MCl, and higher
risk of conversion from MCI to dementia. Moreover, WMH, indicative
of cerebrovascular pathology, are associated with worse cognitive and
brain volume outcomes in people with MCI (comparing to AD and com-
paring to healthy controls).5* Altogether, these findings suggest that
addressing vascular pathology may have a beneficial impact on cogni-
tion among individuals with T2D, and particularly among individuals
who are both T2D and MCI.

Given the biological plausibility of HBOT for T2D-related cognitive
compromise, our research group is testing the extent to which the cog-
nitive compromise in T2D may be addressed by the improvement in
vascular function by HBOT therapy on the brain. This report describes
the design of our pilot double-blind, placebo-controlled clinical trial
examining the short- and long-term effects of HBOT on cognition, CBF,
and cerebral glucose utilization, in T2D patients with MCI.

The specific aims of the trial are to:

Aim 1. Determine the impact of HBOT on cognitive function: The pri-
mary outcome is a composite measure of cognitive function balancing
tests of both executive and memory function. Domain-specific mea-

Clinical Interventions

RESEARCH IN CONTEXT

1. Systematic review: This trial examines the efficacy of
hyperbaric oxygen therapy (HBOT) in improving cogni-
tion in mildly cognitively impaired elderly with type 2
diabetes (T2D), who have high dementia risk. T2D is a
vascular disease culminating in a deficiency of oxygen
in the tissues, and which affects the blood vessels in
the brain (increasing risk for cerebrovascular disease,
which is an important factor in the risk of developing
Alzheimer’s disease).

2. Interpretation: The trial will be a randomized controlled
trial, in which one group will experience conditions in the
hyperbaric chamber where the rate of oxygen is higher
than in the normal environment, and the second group
will serve as a control, in which the conditions in the
hyperbaric chamber will be the condition found in the
normal environment.

3. Future directions: If effective, this study may provide
strong evidence for the brain and cognitive benefits of
HBOT in this population.

sures of cognition (executive function and episodic memory) are sec-
ondary outcomes.

Aim 2. Determine the impact of HBOT on neuronal function: Flu-
orodeoxyglucose positron emission tomography ([F18]FDG-PET)
measuring cerebral glucose utilization is the outcome.

Aim 3. Determine the mediation effects of CBF and glucose utiliza-
tion: To examine whether CBF and glucose utilization mediate HBOT

effects on cognitive function.

2 | METHODS
2.1 | Participants

This study is a collaboration among the Icahn School of Medicine,
New York; the Sheba Medical Center, Israel; and the Shamir (Assaf
Harofeh) Medical Center, Israel. Participants are recruited in Israel,
primarily from the center of Israel area (see Figure 1). Recruitment,
eligibility criteria, and brain and cognitive outcomes are assessed at
Sheba. HBOT and sham therapy are performed at the Sagol Center
for Hyperbaric Medicine & Research, Shamir (Assaf Harofeh) Medical
Center, Israel. Elderly patients (n = 154) with T2D and MCI (amnestic
or non-amnestic) will be enrolled; Mini Mental State Examination
(MMSE) score > 24 and Clinical Dementia Rating (CDR) = 0.5 are
required. An informant must be available to provide supplemental
information throughout the trial. Participants are recruited through
advertisements, mailing lists of elderly interested in receiving health-

related updates, word-of-mouth, and talks in the community. Table 1
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Sheba Medical Center

|Asaf Harofe Medical Center

FIGURE 1 Central Israel, where most participants live. Arrows
mark the approximate location of the Sheba Medical Center and Asaf
Harofeh Medical Center

summarizes eligibility criteria. Participants are preferably from central
Israel, relatively close to Asaf Harofeh, where HBOT treatment is
performed (Figure 1).

2.2 | Randomization and blinding of intervention

Using the SAS PROC Plan v9.4,5% eligible participants are randomized
with equal probability to the HBOT and sham interventions, with a total
of 77 for each. When a cluster of three to six participants is filled, with
a maximum wait of 3 weeks, the intervention for that cluster will begin.
Therefore, the number of clusters may vary. Three study technicians
who activate HBOT or sham protocol sessions are the only unblinded
staff who have the key for the participants’ group assignments. All par-

ticipants and other clinic staff remain blinded to group assignment.

TABLE 1 Eligibility criteria

Inclusion criteria Exclusion criteria

1. T2D diagnosis 1. Braindisease that affects

2. MCldiagnosis cognition (eg, Parkinson’s
3. Age > 65years disease, schizophrenia)
4. Hebrew fluency 2. Stroke
5. Aninformant 3. Epilepsy
4. Chest pathology incompatible
with HBOT

5. Inner ear disease
6. Claustrophobia
7. Treatment with cholinesterase
inhibitors
8. Anindication for HBOT
9. Previous HBOT treatment
10. Cancer or other medical
illnesses requiring intensive
therapy
11. Proliferative retinopathy

Abbreviations: HBOT, hyperbaric oxygen chamber; MCI, mild cognitive
impairment; T2D, type 2 diabetes.

Staff from Sheba, who assesses outcomes, remain blinded and do not

meet participants during their intervention.

2.3 | Procedures

Table 2 presents study procedures for each participant. After undergo-
ing an informed consenting process, the eligibility screening includes
a medical and neurological clinical evaluation to confirm T2D and
MCI diagnoses. Each assessment incudes medication review that may
indicate an exclusion (intake of cholinesterase inhibitors). At baseline,
eligible patients are tested on outcome measures. Cognitive, affective
(by the Beck Depression Inventory; see the supporting information),
and functional assessments are repeated after the intervention to
test short-term effects, and after 6 and 12 months to test longer-term
effects. CBF and cerebral glucose utilization (FDG-PET) are repeated
after the intervention and at 12 months to evaluate neuropatho-
logical processes relevant to T2D. Physical exams and blood sugar
tests for safety monitoring occur before randomization and after the
intervention, when a questionnaire examines whether blindness was

maintained.

2.4 | HBOT intervention

HBQOT is administrated in a multiplace chamber (HAUX 2700). The unit
comprises a seating area with comfortable chairs for 12 participants,
resembling an airplane (Figure 2), and is staffed by a nurse who stays
throughout the session. The HBOT protocol includes 60 daily sessions
of 90 minutes of 100% oxygen at 2 ATA with 5-minute air breaks every
20 minutes, 5 days/week. This hyperbaric oxygen treatment protocol is
used clinically for treatment of ischemic non-healing wounds (diabetic

foot or post radiation injury), and was used in a previous clinical trial
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TABLE 2 Summary of study procedures

Screening
Informed consent X
Medication review X X
Eligibility assessment X
Cognitive testing X
Functional assessment (CDR) X
ADL and IADL X
Beck depression inventory X
CBF X
Cerebral glucose utilization X
Randomization X
Physical exam X

Adverse event monitoring?

Blindness testing

Baseline

Clinical Interventions

After intervention

End of

intervention? 6 months 12 months
X X X

X X X

X X X

X X X

X X X

X X

X X

X

aThe intervention protocol begins within 3 weeks after baseline assessment and ends after 60 HBOT/sham treatments. A physician is always present during
the HBOT/sham sessions, and a nurse is in the chamber throughout the whole treatment, so adverse events are closely monitored at each session of the

intervention.

Abbreviations: ADL, Activities of Daily Living; CBF, cerebral blood flow; HBOT, hyperbaric oxygen chamber; IADL, Instrumental Activities of Daily Living.

FIGURE 2 Hyperbaric oxygen chamber

in post-stroke patients.*¢ Study nurses monitor adverse events (AEs)
during all sessions and a physician is present in the hyperbaric cen-
ter during each session. While in the chamber, participants may drink,
read, write, sleep, hear music with headphones, or watch TV. Video
games, laptops, phones, or other electronic devices are not allowed in
the chamber. Each participant has his/her own mask. The atmospheric
pressure increases to 2 ATA during the first 5 minutes of the ses-
sion, which is accompanied by the sound of circulating air. Participants
feel ear pressure; the nurse advises releasing it by pumping the ears—
closing the nose with fingers and pushing air. In the last 5 minutes of
the session, the pressure is slowly decreased to 1 ATA. Additional pro-
cedures performed before entrance to the chamber are described in
the supporting information.

2.5 | Sham intervention

The sham control condition replicates all experiential aspects of the
HBOT therapy except for the degree of pressure and oxygen levels.
The sham condition exposes subjects to 1.1 ATA, which provides a pres-
sure sensation in addition to the noise of air circulation. Pressure then
decreases very slowly during the next half hour; in the last 5 minutes
of the session, air is circulated again with its related noise. Sham and
HBQOT sessions are never adjacent, so participants from the two groups
cannot meet and compare sessions. This sham model makes the two

conditions very comparable.

2.6 | Outcome measures

Primary cognitive outcome: The primary outcome was a composite

sum of z-scores of four executive function tests (Trails B, Mazes,
Digit-Symbol, and Category Fluency), and four episodic memory
tests (immediate and delayed recall of the word list from the
Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-
Cog), and immediate and delayed recall of Logical Memory Story |
from the Wechsler Memory Scale-11l). These functions are affected
by T2D>¢ and commonly evaluated in other MCI trials.57>8 Z-scores
are reversed if necessary so that a positive value reflects better
performance.

Secondary cognitive outcomes: These are domain-specific

composites—four tests each for executive function and episodic
memory, both affected by T2D,>6>? and benefitted by HBOT.38
Secondary outcomes: The four measures are the CDR scale and

an alternative scoring (sum of boxes, described in the supporting
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TABLE 3 Two group ttest of equal means, equal n’s?

Outcome
Overall
cognition
z-score CBF® CGU
Sham mean change, -0.020 -0.450 -0.08
D,
HBOT mean 0.224 2.28 2.065
change, D,
Differencein -0.244 -2.73 -2.145
means,D,-D,
SD (both groups) 0.50 5.60 4.40
Minimum N per 67 67 67
group
Enrollment N per 77 77 77
groupP

Abbreviations: CBF, cerebral blood flow; CGU, cerebral glucose utilization.
aTest of significance level = 0.05.

bAssuming a 13% drop-out rate; two-sided test; power = 80%; effect
size =0.49.

information) based on participant and informant interviews, and the

activities of daily living (ADL) and IADL questionnaires.

2.6.1 | Neuroimaging

CBEF: Participants undergo a full magnetic resonance imaging (MRI)
protocol to acquire CBF and ancillary scans on a 3 Tesla (3T) Philips
Ingenia scanner using a 32-channel radio frequency coil. The MRI
protocol includes: arterial spin labeling (ASL), T2-weighted fluid-
attenuated inversion recovery (T2 FLAIR), resting-state functional MRI
(fMRI), and T1-weighted imaging (additional information on proce-
dures and image processing is provided in the supporting information).

Cerebral glucose utilization: Participants undergo an [F18]FDG-

PET scan to examine cerebral glucose metabolism on a Philips Vereos
scanner using digital photon counting. Procedures are detailed in the
supporting information.

2.7 | Statistical analysis plan

Efficacy analyses will be performed for the intent-to-treat (ITT)
sample, our primary analysis, and for fully and partially compliant
per-protocol (PP) samples. The ITT sample will include all participants
in the group to which they were randomized, regardless of any pro-
tocol deviation including non-compliance, AEs, or loss of follow-up.
The PP samples will include participants in the group according to
the intervention actually received, with separate analyses for those
who were fully compliant (at least 80% of sessions completed) and for
those who were partially compliant (at least one session completed). A
complier-average causal effect analysis© using a latent class modeling
approach will also be performed on both fully and partially compliant

samples. Participants missing a baseline value of a continuous efficacy

outcome measure will be excluded from all its analyses; maximum
likelihood estimation methods will be used on missing data from an
unobserved outcome follow-up visit.

For all outcome measures, baseline will be compared to outcomes
at each time after intervention by mixed model analysis of covari-
ance (ANCOVA) with time of assessment (baseline or outcome) as
the within-subjects factor, treatment group (HBOT vs sham) as the
between-subjects factor, and baseline value of the outcome mea-
sure as the covariate. For CBF and cerebral glucose utilization, as
exploratory analyses, linear mixed effects models will be used to assess
relationships between treatment group (fixed effect) and the longi-
tudinal trend (random intercept and slope for each subject), assessed
post-intervention and after 12 months. Because CBF derived from ASL
perfusion may represent combined effects of neural metabolism and
vascular effects, a secondary ANCOVA of CBF changes from baseline
to 12 weeks will adjust for cerebral glucose metabolism. Changes in
CBF and cerebral glucose utilization will be further explored as medi-
ators of the relationship between treatment group and the change in

cognition.

2.8 | Power analysis and sample size justification

Cognitive outcomes: Power is presented for detecting the difference in
mean change (from baseline to 12 weeks) in overall cognition z-scores
between the sham and HBOT treatment groups. Power calculations
are based on two-sample t tests and are conducted with a two-sided
5% significance level (Table 3). The predicted mean change in the sham
group from baseline to 12 weeks is —0.02 (based on the Israel Dia-
betes and Cognitive Decline [IDCD] study). Assuming a standard devi-
ation (SD) of 0.50 in both the sham and HBOT groups, with a minimum
sample size of 67 patients per arm, we have 80% power to detect an
improvement in the HBOT group of 0.224, a “medium” effect size of
0.49. To account for an anticipated dropout rate of 13%—conservative
compared to 5% in our previous stroke study*®—we plan to enroll
77 patients per group for a total of 154 patients. In a previous
trial assessing the efficacy of HBOT years after mild traumatic brain
injury,®! an effect size of 0.47 was detected for information speed pro-
cessing, which is clinically comparable to our primary outcome mea-
sure of overall cognition. An HBOT trial for stroke patients*¢ showed
an effect size of 0.49 for the National Institutes of Health stroke scale,
suggesting our detectable effect size of 0.49 is plausible.

CBF outcomes: Power is presented for detecting the difference in
the mean changes in CBF and cerebral glucose utilization between the
sham and HBOT groups. Assuming a mean change in CBF of —0.45 in
the sham group and an SD of 5.6 in both groups, with a minimum sample
size of 67 patients per arm we have 80% power to detect an improve-
ment in the HBOT group of 2.28, an effect size of 0.49. To account for
an anticipated dropout rate of 13%, we plan to enroll 77 patients per
group for a total of 154 patients.

Cerebral glucose utilization outcomes: Assuming a mean change in
the sham group of —0.08 and an SD of 4.40 in both groups, with 67
patients per group we are powered to detect an improvement in the
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HBOT group of 2.065, an effect size of 0.49. According to literature
sources,>%2 these are observable effect sizes.

3 | DISCUSSION

This study aims to examine the effect of HBOT versus sham on cogni-
tion, CBF, and brain glucose utilization in elderly patients with T2D who
are at high dementia risk due to MCI.

Our design has few limitations. Assessment of outcomes and HBOT
therapy are performed in two different hospitals imposing some bur-
den on participants but ensuring blindness of the team to the group
assignment. Several patient groups who may benefit from the treat-
ment are not included, such as pre-T2D conditions, which already show
brain alterations associated with cognitive impairment.

The prevalence of T2D is increasing worldwide and its deleterious
role on cognition and dementia is increasingly recognized.”> Cere-
brovascular pathology is hypothesized to be a significant contributor
to T2D-related poor cognitive outcomes as demonstrated by the
association of brain hypoperfusion, independent of brain atrophy,
with worse cognitive performance in patients with T2D.14 Currently,
HBOT's approved U.S. Food and Drug Administration (FDA) indication
in the context of T2D includes the treatment of diabetes-related
ischemic foot ulcers®3; preliminary results also point to its efficacy in
improving neurological and brain activity outcomes in post stroke,*®
and vascular dementia.®* While the biological plausibility of HBOT in
T2D-related cognitive outcomes is supported, ours is the first study to
date to test the impact of HBOT on cognitive function in T2D.

Two 1970s studies evaluated efficacy of HBOT at 2.5 ATA (two daily
90-minute sessions for 15 days) in dementia. No beneficial effects were
found for 13 patients with cortical atrophy and eight with evidence of
cerebrovascular disease.®> For 40 older adult participants with cog-
nitive impairment, hyperbaric or normobaric oxygen therapy did not
show significant improvement.®® These studies had a short interven-
tion period, which might have been too short to determine an effect.
Moreover, the small sample size in both studies limited the power to
detect an effect. More recently, in 64 patients with vascular dementia,
randomization to HBOT as an adjuvant to donepezil improved cogni-
tion versus donepezil alone. This study had some methodological limi-
tations, including no sham group and no blinding. In addition, the study
protocol was not fully revealed,®” suggesting more work is necessary.

QOur protocol design is based on regenerative medicine paradigms,
which postulate that changes in oxygen availability, rather than steady
state hypoxic or hyperoxic conditions, are required to induce pro-
cesses required for angiogenesis and neurogenesis.®® The present
study addresses several limitations of previous studies: (1) patients
with T2D have compromised cerebral vasculature, leading to chronic
mild hypoxia and poorer CBF that HBOT may remedy; (2) patients have
MCI, rather than frank dementia, so some brain vasculature changes
may be reversible, preventing or delaying dementia; (3) sham therapy is
preferable to a crossover control condition; (4) we assess longer-term
HBOT effects (12 months); (5) our sample size is larger, and thus, more
sufficiently powered to predict HBOT effects; and (6) sham at 1.1 ATA

Clinical Interventions

may be preferable to 1.3 ATA, given that the latter has been shown to
increase tissue oxygenation by >50% in a mouse model.6?

Our study focuses on cerebrovascular disease and cerebral glu-
cose uptake as the primary underlying mechanisms; however, HBOT
has also been suggested to affect other mechanisms relevant to
diabetes-related brain insult, including: improved blood-brain-barrier
features,*> mitochondrial function,”’® cellular metabolism, inflamma-
tion, and oxidative stress.3?

If our results support the hypothesis of beneficial effects of HBOT
for individuals with both T2D and MCI, a future randomized controlled
trial will have a strong rationale to broaden the eligibility criteria to
include cognitively normal pre-T2D older adults. It will also provide
crucial information for optimizing design for planning a multi-center
large-scale clinical trial to provide definitive evidence for the benefits
of HBOT for the brain and cognition in T2D patients at high risk for
dementia: effect sizes, subgroups benefitting most, design, biomark-
ers, cognitive outcomes, recruitment strategies, and attrition. Because
HBQOT is widely available and well tolerated, the success may suggest
testing HBOT efficacy in non-T2D elderly with MCl as well.
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