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The aim of this entry was to investigate whether oxygen is a rate limiting factor for any of the main cognitive

domains in healthy young individuals. Subjects were randomly assigned to either increased oxygen supply using

hyperbaric oxygen (two atmospheres of 100% oxygen) or to a “sham” treatment (simulation of increased pressure

in the chamber breathing normal air). While in the chamber, participants went through a battery of tests evaluating

the major cognitive domains including information processing speed, episodic memory, working memory, cognitive

flexibility, and attention. The results demonstrated that from all evaluated cognitive domains, a statistically

significant improvement was found in the episodic memory of the hyper-oxygenized group. The hyper-oxygenized

group demonstrated a better learning curve and a higher resilience to interference. The results of this study

indicate that memory function is a continuum that does not reach its maximal ceiling effect at the normal sea level

environment even in healthy young individuals. Understanding the biological limitation of our cognitive functions is

important for future development of interventional tools that can be used in the daily clinical practice.
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1. Introduction

Cognition, “the mental action or process of acquiring knowledge and understanding through thought, experience,

and the senses,”  is crucial for human functionality. Cognition is the sum of different aspects of intellectual

domains such as attention, memory and working memory, processing speed, cognitive flexibility, and executive

functions. Similar to any other physical capability, cognition is both enabled and limited by tissue biology, in this

case, brain biology. Most research on the biology of cognition relates to pathophysiological conditions and how

they cause cognitive decline, and less is known about the biological rate-limiting factors that prevent us from

enhancing cognitive functions. In this study, we challenged the different cognitive domains to evaluate whether, in

normal healthy brains, oxygen delivery is a rate-limiting factor preventing enhanced cognitive performance.

The brain has unique thermodynamic characteristics. It comprises about 2% of the body’s total weight, yet it utilizes

about 20% of the total oxygen supply and consumes about 30% of the body’s total energy. At normal oxygen

(normoxic) conditions, oxygen is continuously consumed by the brain tissue, and brain tissue oxygenation (PbTO2)

values range from a maximal intra-capillary 90 mmHg to less than 30 mmHg . At any given moment, the brain

utilizes all oxygen delivered, and the perfusion differentially changes based on neuronal activity, as demonstrated

and utilized by functional MRI. When neurons become active, local blood flow to those brain regions increases at

the expense of other less active brain regions . Apparently, since oxygen is a limited resource, many neurological
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functions are regularly activated at suboptimal levels. Therefore, it is safe to assume that cognition is another such

affected function.

Data relating to the dependency of different cognitive functions on brain oxygenation have been mostly gathered

from pathologic conditions . Previous research on hypoxia has demonstrated a decline in cognitive function

when oxygen’s partial pressure goes below 50 mmHg . In such cases, there is a decline in memory performance

, attention skills , working memory , and executive functions .

Very few studies have investigated data on the immediate effects of increasing oxygen delivery to the brain

(hyperoxia) on cognitive function. Scholey et al. demonstrated that a short period of hyperoxia, induced up to five

minutes prior to learning a set of words, can enhance later word recall . Chung et al. have demonstrated that

doubling the breathing oxygen concentration to 40% oxygen administration leads to increases in the N-back task

performance . In addition, in a previous study, we demonstrated that oxygen is indeed a rate-limiting factor for

performing a multitask paradigm (motor + cognitive tasks) .

2. Results

Sixty-two subjects signed the informed consent form and were randomized to either study group. Out of the 62, 5

did not perform an in-chamber test and were excluded: 1 had intercurrent disease that prevented him from going

into the chamber and 4 lost interest after the training session. Another subject did not complete the tests in the

chamber. Accordingly, 56 individuals were included in the final analyses, 27 subjects in the HBOT group and 29 in

the sham group (see Figure 1).
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Figure 1. Subject inclusion flow diagram.

The baseline characteristics are presented in Table 1.

Table 1. Baseline characteristics.

  HBOT (N = 27) SHAM (N = 29) p Value

Mean Age (Stdev) 27.92 ± 4.77 26.96 ± 3.95 0.41

Years of Education (Stdev) 15.36 ± 2.11 14.64 ± 1.7 0.178

Gender (% Females) 59% 45% 0.28

The mean age of the participants was 27.42 ± 4.35; 51.7% were female and the average number of years of

education among them was 14.98 ± 1.92. There was no significant difference in any of the participants’

characteristics between the two groups (see Table 1). The cognitive test results are summarized in Table 2. The

learning curve, as demonstrated by the total number of words recalled from a list of words read repetitively,

significantly improved while breathing hyperbaric oxygen in comparison to subjects from the sham group. Subjects

from the HBOT group recalled significantly more words in total compared to the sham group (t = 4.76, p < 0.03),

although this result did not withstand the FDR correction. The most notable difference between the groups was in
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memory decay. Participants in the HBOT group were less vulnerable to memory decay, as indicated by their

preferable retrieval rates after distraction (i.e., a trial in which they had to memorize and recall a new set of words)

(t = 15.1, p < 0.001). Cohen’s D revealed a strong effect size (0.85) indicating that the significant difference

between the experimental groups was also clinically valuable. There was no other significant difference in any of

the other evaluated cognitive parameters (see Table 2).

Table 2. Cognitive domains results.

Cognitive Domain HBOT (N =
27)

SHAM (N =
29)

t-Test
(p) FDR (p) Effect Size (Cohen’s

D)

Digit span (forward: highest
correct)

7.78 (1.5) 7.46 (0.85) 0.37 0.55 0.26

Digit span (forward: overall
correct)

41.3 (11.98) 38.27 (6.55) 0.25 0.75 0.31

Digit span (backward: highest
correct)

7.34 (1.52) 6.85 (1.81) 0.28 0.67 0.29

Digit span (backward: overall
correct)

40.85
(10.62)

42 (9.04) 0.66 0.79 0.12

Stroop (% correct)
59.03

(15.39)
62.96

(15.99)
0.35 0.6 0.25

Multi-tasking (% total accuracy) 66.6 (7.97) 64.24 (8.47) 0.29 0.58 0.29

Symbol search (no. correct) 31.66 (6.3) 33.03 (8.47) 0.49 0.65 0.18

N-back (% correct) 91.19 (9.57)
90.42

(10.05)
0.76 0.83 0.08

Series simple (no. correct) 15.3 (5.9) 15.27 (5.48) 0.98 0.98 0.00

Series complex (no. correct) 12 (4.51) 13.41 (4.35) 0.23 0.92 0.32

CVLT (total correct) 22.4 (2.96) 20.51 (3.75) 0.04 0.24 0.54

CVLT (no. of words—post
interference)

11.33 (2.3) 9.03 (2.93) 0.001 0.012
*

0.85
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