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Abstract

Obijectives: Balance is an important factor for the success and health of mountaineers.
This study aimed to investigate the separate and combined effects of electrical brain
stimulation and acetazolamide on the balance of male mountaineers.

Methods & Materials: 12 male mountaineers (meanzstandard deviasion of age, height,
and weight, respectively: 39.8+4.6 years, 177.4+7.8 cm, and 79.1+1.9 kg) participated in
this double-blind study. Participants were exposed to six conditions: 1) Acetazolamide-
M1 stimulation 2) Acetazolamide-DLPFC stimulation 3) Acetazolamide-sham 4)
Placebo-M1 5)Placebo-DLPFC 6) Placebo-sham. In each session, subjects received 20
minutes of brain stimulation, after being exposed to 30 minutes of hypoxia (02=13%) in
a sitting position. Then, participants performed an endurance-exhausting task at 60% of
maximal aerobic speed on the treadmill, considering their aerobic endurance. Immediately
after the task, the balances of the supporting and non-supporting legs were measured. The
two-way repeated measures ANOVA was used for statistical analysis.
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Results: In hypoxic conditions, stimulation of the M1 and DLPFC regions had a
significant positive effect on the balance of the supporting leg compared to the sham
stimulation conditions (p=0.02 and p=0.03, respectively). However, there was no
significant difference between these two types of stimulation. For the non-supporting leg,
no significant difference was observed between the stimulation conditions in different
areas. In addition, no significant difference was seen between the use of acetazolamide
and sham on the balance of the supporting and non-supporting legs.

Conclusions: Stimulation of the M1 and DLPFC areas can improve the balance of the
supporting leg of mountaineers during high-altitude climbing.

Keywords: Electrical stimulationt Hypoxia¢ Diamox¢ Balance test

Extended Abstract

Background and Purpose

Hypoxic exposure can lead to balance impairment (1). Altitude may also cause
acute mountain sickness (AMS) that negatively affects mountaineers'
performance. Acetazolamide is the most commonly used medication for
preventing AMS. Nevertheless, there is some evidence that Acetazolamide might
reduce balance, as well (2). Accordingly, establishing new strategies to cope with
hypoxia-induced reduction in balance and performance has attracted attention. It
has been shown that transcranial direct current stimulation (tDCS) has positive
effects on different aspects of exercise performance. According to their significant
role in regulating exercise, the primary motor cortex (M1) and dorsolateral
prefrontal cortex (DLPFC) have been the most investigated brain areas in this
context (3). Interestingly, it has been demonstrated that anodal stimulation of
these two areas had a positive effect on balance (4). Therefore, in the present
study, we explored the separate and combined effects of electrical brain
stimulation and acetazolamide on the balance of male mountaineers.

Materials and Methods

Twelve active male mountaineers voluntarily participated in this cross-sectional
and double-blind study. The participants visited the laboratory on seven different
occasions. On the first visit, the maximal aerobic speed (MAS) was calculated by
performing an incremental test on the treadmill. Then the participants were
randomly exposed to six different conditions including: 1) Acetazolamide + M1
stimulation; 2) Acetazolamide + DLPFC stimulation; 3) Acetazolamide + Sham
stimulation; 4) Placebo + M1 stimulation; 5) Placebo + DLPFC stimulation; 6)
Placebo + Sham stimulation. Three days before each experimental session,
participants started taking the Acetazolamide or placebo (2 doses of 125 mg over
three days before the test, and one dose of 125 mg in the morning of the test). The
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dosage of acetazolamide was selected according to the recommendations for the
prevention of AMS. Lactose powder was used as a placebo, while acetazolamide
and placebo were prepared in capsules of the same size, shape, and color. In each
experimental session, participants were first exposed to hypoxia (O, = 13% =
3800m altitude) for 30 minutes, and then received one of the tDCS montages for
20 minutes under hypoxia. The hypoxic condition was induced using a hypoxic
air generator equipped with a semipermeable filtration membrane (GO2 Altitude
ERA 11, Biomedtech, Melbourne, Australia). After receiving the brain stimulation
using a two-channel battery-driven stimulator (NeuroStim 2, Medina Tebgostar,
Tehran, Iran), the participants performed an exhausting task at 60% of their MAS
on the treadmill under hypoxic conditions. Immediately after reaching the point
of exhaustion, the Y balance test of the supporting and non-supporting legs was
performed. The normal distribution of data was evaluated by the Shapiro-Wilk
normality test. Values are presented as mean + standard deviation. Two-way
repeated measures ANOVA was used for statistical analysis.

Findings

The Shapiro—Wilk normality test revealed that the distribution of data was normal.
The mean + standard deviation values for age, height, weight, and body mass
index of the participants were 39.4+8.64 years, 177.4+7.8 cm, 79.13+1.9 kg, and
24.3+9.2 kg/m?, respectively. The results showed that there was no significant
interaction effect on the balance of the supporting leg (p = 0.092). There was also
no significant main effect of Acetazolamide (p = 0.324) while a significant main
effect of stimulation was observed on balance of the supporting leg (p = 0.005).
Pairwise comparisons using the Bonferroni test revealed that the balance scores
of the supporting leg in M1 and DLPFC conditions were significantly higher than
that of the sham condition (p = 0.02; p = 0.03, respectively), however, there was
no significant difference between the M1 and DLPFC conditions (p = 1.00). The
results demonstrated no significant interaction effect on the balance of the non-
supporting leg (p = 0.123). Our results also showed that neither the main effect of
Acetazolamide (p = 0.646) nor the main effect of stimulation (p = 0.110) was
significant on the balance of the non-supporting leg. The overall results of the
present study are presented in Table 1.
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Table 1- The average balance values of the supporting and non-supporting legs in
different conditions

Balance (cm)

Non-supporting leg Supporting leg Conditions
108.17+11.69 109.03+11.86 Acetazolamide and M1 stimulation
106.67+13.05 106.89+12.46 Acetazolamide and DLPFC

stimulation
109.52+15.54 108.72+13.91 Acetazolamide and Sham stimulation
109.40+12.73 108.38+13.67 Placebo and M1 stimulation
110.03+11.66 109.17+£12.04 Placebo and DLPFC stimulation
101.99+11.57 99.86+12.39 Placebo and Sham stimulation
Conclusion

It seems that the stimulation of the M1 and DLPFC regions could positively affect
the balance of the mountaineers' supporting leg after exhausting activity under
hypoxia. This could be due to the facilitation of the neural activity of these regions
leading to an increase in the speed and accuracy of the processing and integrating
sensory information, overcoming the negative effects of the exposure to hypoxia,
and maintaining posture and balance. In addition, no difference between the effect
of stimulating M1 and DLPFC on balance under hypoxia indicated the efficacy of
these two regions for coping with the detrimental effects of hypoxia on balance.
Finally, according to our results, taking a preventive dose of Acetazolamide did
not affect balance after performing exhausting activity under hypoxia. More
research is warranted to shed more light on the underlying mechanisms and help
us to have a better understanding of this field of study.

Keywords: Electrical stimulation, Hypoxia, Diamox, Balance test

Article Message

According to the results of the present study, it can be suggested that
mountaineers, who are susceptible to AMS by ascending to high altitudes, can use
Acetazolamide to prevent AMS without any concern about the deleterious effect
of this medicament on their balance. However, if the use of tDCS at altitude or
before ascending to higher altitude would be possible; it can be beneficial for them
by improving their balance after exhaustive mountaineering activities. For this
purpose, there is no difference between the effect of stimulating M1 or DLPFC
and both of them are helpful.
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