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Abstract:

 

The purpose of this study was to investigate the effects of a caffeine-containing
“energy drink” on postural stability. Twenty-three young adult participants stood on a balance-
measuring platform for two intervals of 30 seconds each, once with eyes open and once with
eyes closed. Subjects performed the tasks before and 1 hour after consumption. Results
showed no significant effect, either with eyes open or eyes closed, on movement of the body’s
center of pressure.
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alance is a neurological function that depends on
many sensorimotor systems. A key sensory sys-
tem for balance is the vestibular apparatus. Fur-

ther, the central nervous system, particularly the brain-
stem and cerebellum, are necessary for balance. Head
injury can disrupt balance through injury to the balance
sensors or through damage to the central circuitry used
to maintain it.

Assessment of fitness after head injury has been a dif-
ficult problem. Fitness evaluation is important in such cir-
cumstances as football or soccer, in which mild head in-
jury is common, or in hazardous occupations, including
military duty. Monitoring the brain is a potential solu-
tion but is difficult technologically. Proxy tests of intact
neurological status that can be readily implemented would
be highly desirable. Assessing balance function through
postural stability is such a potential proxy test [1–3].

Normative data on balance are established by testing
populations with no known history of head injury. Then
population norms can be compared to subjects after
head injury. An important factor for assessment of neu-
rological function of balance after head injury will be to
detect confounding factors, such as the ingestion of
stimulants. The most common stimulant in the young
adult population is “energy drinks” or caffeinated car-
bonated beverages. These drinks have moderate levels
of caffeine and glucose.
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This study looked at performance on a stable balance-
measuring platform before and after stimulant ingestion.
It was a within-subjects study comparison with and
without stimulant. We wanted to determine whether a
signature of balance performance with stimulant could
be found in this test population. In the absence of signif-
icant difference, any confounding effect of stimulants
on postural stability would be unlikely. Previous studies
showed no effect of caffeine on the caloric tests of ves-
tibular function [4] or on dynamic posturography as re-
ported by Liguori and Robinson [5]. These authors used
200 and 400 mg of caffeine and also examined the ef-
fects of alcohol. Alcohol significantly decreased pos-
tural stability, and this decrease was not corrected by
caffeine. The effects of caffeine were analyzed via a
counterbalanced within-subjects design.

 

METHOD

Subjects

 

Thirteen male and ten female volunteers 18–32 years
old participated in the study (mean age, 21 

 

�

 

 2.9 years).
Red Bull (Red Bull USA, Santa Monica, California), a
common energy drink, was used as the source of caffeine.
Exclusion criteria for subjects included the use of sedat-
ing medications, concomitant neurological or other ves-
tibular disorders, and sensitivity to caffeine, the energy
drink Red Bull, or any of the ingredients of Red Bull.
Subjects were not allowed to have any caffeine 12 hours
prior to participating in the study. Subjects were volun-
teers recruited through posted advertisements in the En-
gineering Department at the University of San Diego.
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The study protocol was approved in advance by the
institutional review board at the University of San Diego.
Each subject was given a full explanation of the experi-
mental procedures, and they submitted a written in-
formed consent before participating, with the option to
withdraw from the study at any time.

 

Procedure

 

We first briefed the subjects on the experiment and on
each task they would perform. They were instructed to
stand on the balance platform, as still as possible, with
their feet just outside the designated lines and their hands
at their sides. Subjects stood on the balance platform for
30 seconds with their eyes open, staring at a dot on the
wall approximately at eye level. They then continued to
stand on the balance platform for another 30 seconds
with their eyes closed. Subjects then ingested two
cans of Red Bull and repeated the experimental proce-
dure 1 hour later. Caffeine is readily absorbed orally and
reaches peak plasma levels 1 hour after ingestion [6].

Red Bull has 80 mg of caffeine per can, so the sub-
jects were given 160 mg of caffeine, equivalent to one
cup of coffee. Red Bull also contains glucose, taurine,
and incidental levels of vitamins.

 

Instruments

 

Balance Platform

 

The main piece of equipment for the study was a balance-
measuring platform provided by Neuro-Muscular Engi-

neering and Technology, Inc. of Tweed Heads, New South
Wales, Australia

 

. 

 

By using pressure sensors under the
platform, the machine measures the amplitude and tim-
ing of the subjects’ swaying as they stand. It is a version
of the clinical instrument known as 

 

computerized dy-
namic posturography

 

 that is intended to be deployed in
non-hospital or non-laboratory conditions. The test in-
strument for this protocol was simply a metal plate (ap-
proximately 30 inches wide by 20 inches long by 1 inch
high) that remained stationary while resting on pres-
sure sensors.

 

Data Analysis

 

The relationship of postural stability and caffeinated
beverage intake was assessed through means and two-
way paired 

 

t

 

 tests, and the Pearson correlation coeffi-
cient was calculated using Minitab software (Minitab
Inc., State College, PA).

 

RESULTS

 

Three metrics were used for the study: total travel, total
travel in 

 

X

 

, and total travel in 

 

Y

 

. Travel was calculated on
the basis of movement of the body’s center of pressure
on the posture platform. Total travel is the aggregated
sum of the vector movement of the center of pressure.

Travel in 

 

X

 

 is the movement in the medial-lateral di-
mension only, whereas travel in 

 

Y

 

 is movement in the
anterior-posterior direction. With eyes open before caf-
feine, total travel was 5.10 inches 

 

�

 

 2.63 and, 1 hour
after caffeine ingestion, it was 5.40 inches 

 

�

 

 1.71
(paired 

 

t

 

-test; 

 

p

 

 

 

�

 

 .75). With eyes closed before caf-

 

 
Table 1.

 

Stability Measures with Eyes Open and Eyes Closed

 

Total Travel Travel in 

 

X

 

Travel in 

 

Y

 

Mean SD SEM Mean SD SEM Mean SD SEM

 

Men eyes open
Before caffeine 5.131 1.993 0.553 1.608 1.004 0.278 3.523 1.303 0.361
After caffeine 5.185 1.429 0.396 1.377 0.796 0.221 3.808 1.04 0.289

 

p

 

 Value .949 .605 .569

Women eyes open
Before caffeine 5.05 3.46 1.09 1.39 1.835 0.58 3.66 1.769 0.559
After caffeine 5.68 2.07 0.66 1.77 1.187 0.375 3.91 1.253 0.396

 

p

 

 Value .557 .543 .653

Men eyes closed
Before caffeine 9 3.66 1.01 2.554 1.543 0.428 6.446 2.502 0.694
After caffeine 9.75 3.1 0.86 2.523 1.344 0.373 7.223 2.008 0.557

 

p

 

 Value .468 .953 .216

Women eyes closed
Before caffeine 7.38 2.87 0.91 1.7 1.344 0.425 5.68 1.935 0.612
After caffeine 9.02 3.3 1.04 2.12 1.321 0.418 6.9 2.269 0.718

 

p

 

 Value .201 .429 .164

 

SD 

 

�

 

 standard deviation; SEM 

 

�

 

 standard error of the mean.
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feine, the total travel increased to 8.30 inches 

 

�

 

 3.32;
after caffeine, it was 9.43 

 

�

 

 3.19 (paired 

 

t

 

-test; 

 

p

 

 

 

�

 

 .34).
Thus, there was no significant effect of caffeine on total
travel.

Ekdahl et al. [7] showed that women may have a
higher level of postural stability than men. Table 1 shows
the mean, standard deviation, and standard error of the
mean of total travel, travel in 

 

X

 

, and travel in 

 

Y

 

 for men
and women individually for the pre- and post-caffeine
ingestion. As can be seen, no value approached signifi-
cance in these disaggregated values. Further, in these
statistics there is no trend for men or women to be more
stable overall.

 

DISCUSSION AND CONCLUSION

 

As described previously in the literature, we found no
evidence that caffeine ingestion influences postural sta-
bility. It is interesting to speculate on how a stimulant
could have an effect. If the stimulant were to have a
heightening effect on attention, a reduction in motion
while standing might be expected, as fatigue tends to in-
crease postural instability [8]. However, if resting pos-
ture is stable with an energetic low, a stimulant that in-
creases such muscle activity as involuntary twitching or
an increase in the threshold of motion detection by the
vestibular apparatus could

 

 

 

result in increased postural
instability.

The influence of attention on postural stability is an
important possibility. As described earlier, alcohol can
decrease postural stability [5]. Alcohol’s reduction of
stability may be the result of a reduction of attention.
Further investigation of the role of attention on stability
is required. In head injury conditions, attentional resources
may be at a premium, and thus the effects of stimulants,

depressants, or other items affecting attention may alter
postural stability.
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