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Abstract

Recent studies have shown that hyperbaric oxygen (HBO) has a therapeutic effect on vascular dementia (VD); however, the
exact mechanism remains unclear. This article aims to reveal the protective effects and underlying mechanisms of HBO on VD.
A total of 158 patients with VD were prospectively included in the study and were randomly divided into control group and
HBO group. The control group was given conventional treatment and the HBO group was treated with HBO in addition to
conventional treatment. The following HBO protocol was practiced: 5 days per week, 60 min each, 100% oxygen at 2 standard
atmospheric pressures for |2 weeks. The Mini-Mental State Examination (MMSE) scores and serum Humanin levels were
detected before and after treatments in both groups. The baseline characteristics were not different dramatically between
groups (p > 0.05). There was no significant difference in MMSE scores and serum Humanin levels between the two groups
before treatment (p > 0.05). After treatment, compared with the control group, the MMSE scores and serum Humanin levels
in the HBO group were significantly increased (p < 0.05). Spearman correlation analysis showed that the serum Humanin levels
were positively correlated with MMSE scores (r = 0.409, p < 0.05) and this correlation was independent of baseline char-
acteristics (f = 0.312, p < 0.05). HBO therapy can improve cognitive function in patients with VD, and its mechanism may be
related to elevated serum Humanin levels.
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According to the World Health Organization, there are cur-
rently about 36 million dementia patients worldwide, and this
number will reach 66 million and 115 million by 2030 and
2050, respectively'?. Vascular dementia (VD) is the second
largest type of dementia in the world after Alzheimer’s dis-
ease (AD), accounting for about 20% of cases of dementia®.
Epidemiological studies have shown that the incidence of VD
in the elderly over 65 years old is 5-10%*°. The incidence of
VD increases exponentially with age, and it is estimated that
the incidence doubles every 5.3 years®. VD seriously affects
patients’ quality of life, and the cost of treatment for dementia
is enormous, which places a heavy burden on society and
families’. With the increase in human life expectancy, VD
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has gradually received attention as a public health problem.
Hyperbaric oxygen (HBO) therapy is the inhalation of
97-100% oxygen above a standard atmospheric pressure in
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a compression chamber, which is generally considered safe
and effective between 1.5 and 3.0 standard atmospheres®”.
HBO was first recommended as a treatment 40 years ago,
and now has been applied to treat a variety of diseases'’.
HBO has not been recommended as a treatment for VD in
the available guideline until now. Interestingly, a study from
China has shown that HBO is effective in treating VD''. A
recent meta-analysis also suggested that HBO therapy can be
recommended as an effective and safe complementary ther-
apy for the treatment of VD'%; however, the exact mechan-
ism is still unclear.

Humanin is a 24-amino acid secreted bioactive peptide,
which was first identified in the brains of patients diagnosed
with AD in 2001'*'. Humanin is widely distributed in
blood vessel walls, neurons, skeletal muscle, and peripheral
blood, and has anti-apoptotic, metabolic, and anti-
inflammatory effects'®. Multiple studies have shown that
Humanin is closely related to the pathogenesis of cognitive
impairment'®. Moreover, we found that Humanin played a
neuroprotective role in a rat model of VD previously'’.
However, the relation between Humanin and cognitive func-
tions in VD patients are still unclear. We predict that HBO
therapy may improve cognitive function in patients with VD,
and Humanin may play an important role in this. If this
assumption is confirmed, it will be of great significance.

Materials and Methods
Participants

A total of 158 patients with VD who were hospitalized in
Taian City Central Hospital, Taian, Shandong Province,
China, from April 2016 to April 2018 were prospectively
enrolled. All patients met the diagnostic criteria for VD
according to Diagnostic and Statistical Manual of Mental
Disorders (DSM-5)" and National Institute for Neurological
Disorders and Stroke (NINDS-AIREN)'®. Patients suffering
from other types of dementia, mental illness, brain trauma,
severe systemic diseases involving organs such as heart,
liver and kidney, and tumor diseases and taking drugs that
affect cognitive function were excluded. Patients with VD
were randomized into the control group and the HBO treat-
ment group by the random number table method. Patients’
clinical baseline data were collected including age, gender,
education, body mass index (BMI), hypertension, diabetes,
hyperlipidemia, drinking status, and smoking status. Both
groups of patients were informed and consented to undergo
relevant examinations. This study complies with the Hel-
sinki Declaration and is approved by the Ethics Committee
of Taian City Central Hospital, Shandong First Medical Uni-
versity & Shandong Academy of Medical Sciences.

Hyperbaric Oxygen Treatment

Patients in the control group were treated with donepezil
hydrochloride (Eisai Chemicals Co., Ltd., Ibaraki, Japan),
5 mg/d, orally before bedtime. HBO treatment group patients

were given HBO therapy in addition to donepezil hydro-
chloride. HBO treatment was carried out in a multiplane
hyperbaric chamber once a day, 5 days per week. The treat-
ment protocol consisted of 60 min periods of inhalation of
100% oxygen at a pressure of 2.0 standard atmospheric pres-
sures, interspersed with 2 “air breaks,” lasting 5 min, after
each 30 min of inhalation.

Cognitive Function Testing

Cognitive function was assessed by Mini-Mental State
Examination (MMSE) before the treatment and on the sec-
ond day after 12 weeks of treatment. The MMSE is one of
the most popular cognitive function screening tools. MMSE
scores were measured before and after treatment in both
groups. MMSE comprises seven sections including time
orientation, location orientation, immediate memory, atten-
tion and computational power, delayed memory, language,
and visual space. The MMSE scale has a total of 30 ques-
tions, with a total score of 30, and low MMSE scores indicate
poor cognitive function'®. The MMSE scale is tested under
standard conditions with an average of 15 min, and a score
less than 24 points is considered to reflect a decline in cog-
nitive function®®. Since 1988 a Chinese version of MMSE
has been widely used in China, and a cutoff of 24 provided
100% sensitivity and 71.4% specificity®'. The attending phy-
sicians were blinded to the baseline data of patients.

Testing of Serum Humanin Levels

All subjects were examined after overnight fasting for at
least 8 h before and after treatment in both groups. Serum
Humanin levels were detected before the treatment and on
the second day after 12 weeks of treatment. A total of 5 ml of
blood was drawn into an EDTA-containing tube and was
centrifuged for 15 min at 3000 g. The serum was obtained
and stored at —80°C for analysis. Humanin concentrations
were measured by a commercial ELISA reagent kit (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China) in strict
accordance with the instructions, and was completed by the
Central Laboratory of Taian City Central Hospital.

Statistical Analysis

Continuous variables were summarized as means + standard
deviation (SD) and categorical variables were summarized as
frequency and percentages. Differences between control
group and treatment group were examined using Student’s
t-test and ° test for continuous variables and categorical
variables, respectively. The correlation between MMSE
scores and different variables was examined using Spearman
correlation analysis. Logistic regression was applied to eval-
uate the contribution to the variables on MMSE scores.
The SPSS statistical package for Windows version 20.0
(SPSS Inc. Chicago, IL, USA) was used for data analysis, and
p <0.05 was considered statistically significant.
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Table I. Baseline Characteristics of VD Patients.

Treatment
Control group group

Characteristics (n=79) (n=79) p

Age, years 678 + 7.1 69.2 + 84 0.260
Sex, male/ female 42/37 44/35 0.873
Education, years 9.1 + 2.6 93 + 23 0.609
BMI, kg/m? 249 + 1.5 246 + 1.7 0.241
HP, n (%) 26 (32.9%) 20 (25.3%) 0.381
HL, n (%) 19 (24.1%) 28 (35.4%) 0.164
Diabetes, n (%) 20 (25.3%) 15 (19.0%) 0.443
Smokers, n (%) 8 (10.1%) 5 (6.3%) 0.563
Alcohol, n (%) 7 (8.9%) 9 (11.4%) 0.792

Table 3. Spearman Correlation Analysis between MMSE Scores
and Variables.

Variables r p-value
Age 0.132 0.116
Sex 0.157 0.208
Education 0.271 0.355
BMI 0.183 0.247
HP 0.235 0.398
HL 0.214 0.289
Diabetes 0.256 0.343
Smokers 0.281 0.336
Alcohol 0.242 0.179
Humanin 0.409 0.012

BMI: body mass index; HL: hyperlipidemia; HP: hypertension.

Table 2. Patient’s MMSE Scores and Serum Humanin Levels.

Control group  Treatment
Variables (n=79) group (n=79) p
MMSE  Before 1828 + 2.32 18.09 + 2.58 0.627
treatment
After 20.06 + 2.75 21.68 + 2.36 < 0.001
treatment
Humanin Before 1263 + 70 1248 + 6.2 0.156
(pg./ml) treatment
After 143.1 + 86 1465 + 94 0.019
treatment
Results

From April 2016 to April 2018, 158 VD patients were con-
secutively included in the study. VD patients were randomly
divided into the control group and HBO treatment group. At
baseline, the two groups were generally similar in age, sex,
education, BMI, hypertension, diabetes, hyperlipidemia, and
tobacco and alcohol intake. A comparison of baseline char-
acteristics is summarized in Table 1.

The MMSE scale was used to measure patients’ cognitive
function. There was no significant difference in the MMSE
scores between the two groups before treatment (p > 0.05).
However, compared with the control group, the MMSE
scores of the HBO treatment group were significantly higher
after treatment and the difference was statistically significant
(p < 0.05). Similarly, there was no significant difference in
serum Humanin levels between the two groups before treat-
ment (p > 0.05). Serum Humanin levels in the HBO treat-
ment group were significantly higher than in the control
group after treatment, and the difference was statistically
significant (p < 0.05). The comparisons of MMSE scores
and serum Humanin levels are summarized in Table 2.

The results of Spearman correlation analysis and logistic
regression analysis between MMSE scores and variables in
VD patients are presented in Table 3 and Table 4, respec-
tively. Spearman correlation analysis showed a positive
association between MMSE scores and serum Humanin

BMI: body mass index; HL: hyperlipidemia; HP: hypertension.

Table 4. Logistic Regression Between MMSE Scores and Variables.

Standardized

Coefficients 95% Cl for B
model Beta p Lower Bound  Upper Bound
Age -0.182 0307 0.136 0.397
Gender -0.147 0.111 0.062 0.091
Education 0.160  0.468 0.109 0.211
BMI -0.103  0.240 0.163 0.284
HP -0.125  0.237 0.227 0.356
HL 0.024  0.335 0.152 0.249
Diabetes 0.173  0.153 0.122 0.239
Smokers -0.120  0.183 0.231 0.397
Alcohol -0.135 0.126 0.184 0.408
Humanin 0312 0.002 0.036 0.259

BMI: body mass index; HL: hyperlipidemia; HP: hypertension.

levels in VD patients (» = 0.409, p = 0.012). The results
of logistic regression analysis indicated that there was also a
positive correlation between MMSE scores and serum
Humanin levels after adjusting for confounding factors in
VD patients (B = 0.312, p = 0.002). However, there was
no significant correlation between MMSE scores and base-
line variables including age, sex, education, BMI, hyperten-
sion, diabetes, hyperlipidemia, and tobacco and alcohol
intake (p > 0.05).

Discussion

In the current study, the differences of cognitive function and
serum Humanin levels in VD patients between control group
and HBO group were examined. Our results indicated that in
HBO therapy group VD patients have significantly higher
MMSE scores and serum Humanin levels. Our study indi-
cated that HBO therapy might contribute to the improvement
of cognitive function, and there existed a possible link
between serum Humanin levels and cognitive function in
VD. We further evaluated the correlation between MMSE
scores and serum Humanin levels. The results indicated that
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there was a positive correlation between MMSE scores and
serum Humanin levels in VD patients, and the association
was significant even after adjusting for baseline variables.
To the best of our knowledge, there have been few reports on
the correlation between serum Humanin levels and cognitive
function in patients with VD.

Numerous studies have shown that HBO has a therapeutic
effect on dementia®®. In a mouse model of AD, Shapira et al.
found that HBO therapy can improve cognitive function by
reducing neuroinflammation®>. In a rat model of AD, Zhao
et al. showed that HBO therapy can reduce hippocampal
neuronal apoptosis and thus improve cognitive function by
reducing phosphorylation of the P38 MAPK signaling path-
way>*. In addition to AD, HBO therapy can also improve
cognitive function in VD. One study revealed that HBO
therapy can improve the blood supply and promote neuro-
genesis in the piriform cortex of VD rats®>. The above stud-
ies show that HBO therapy can improve cognitive function,
consistent with the conclusions of our current study. How-
ever, previous research on HBO treatment for dementia
mainly focuses on animal experiments, and there are few
clinical reports.

HBO can improve the cognitive function of VD; never-
theless, its underlying mechanism remains unclear*®. Huma-
nin is a novel neuroprotective peptide discovered in recent
years, and has protective effects against various neurological
diseases'®. One study showed that Humanin can improve the
cognitive function of APP/PS1 double transgenic mice by
reducing insulin resistance and activating autophagy?’.
Another study reported that Humanin can attenuate the toxi-
city of NMDA to cortical neurons by improving mitochon-
drial function in vitro®®. In addition, studies have suggested a
neuroprotective role for Humanin against AP and some other
insults**~°. Previously we have found that Humanin plays a
neuroprotective role in a rat model of VD'”*!. Different
from previous studies, in the current study we found that
HBO treatment can increase serum Humanin levels in VD,
and the serum Humanin levels are positively correlated with
the MMSE scores, suggesting that HBO might exert neuro-
protective effects by elevating the serum Humanin levels. As
far as we know, no clinical studies have been published on
the correlation between Humanin and VD to date.

There are some limitations in our study. First, the number
of VD patients included in our study is relatively small.
Second, we did not correct the interference of recently taking
medicine on cognitive function and serum Humanin levels.
Third, dynamic changes in serum Humanin levels during
treatment were not detected. Fourth, the course of VD was
not available. Finally, we did not use a sham intervention in
our current study, which also lacked allocation concealment
and results over longer periods. However, our research still
has important implications for the treatment of VD. This
study suggests that the therapeutic effect of HBO on VD
may be related to elevated serum Humanin levels. If con-
firmed by future well-designed controlled trials with larger

sample sizes, it may present a novel therapeutic target for
disease modification during the progression of VD.
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