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ABSTRACT

BACKGROUND

Reaction time (RT) is a simple, non-invasive means of estimating sensorimotor co-
ordination and monitoring performance of an individual. The effect of body mass
index (BMI) on RT, suggests that underweight, overweight and obese have
increased RT as compared to normal BMI individuals. We wanted to compare the
effects of supine, sitting and standing postures on RT and determine the influence
of BMI on the same.

METHODS

An observational cross-sectional study was carried out over 2 months in the
Department of Physiology on 60 medical students (30 males and 30 females).
Visual and auditory choice reaction times of subjects were measured in supine,
sitting and standing postures for green, red and yellow colours and high, medium
and low frequency sounds.

RESULTS

In sitting posture, significant and moderate negative correlation was observed
between BMI and visual reaction time (VRT) while the correlation between
auditory reaction time (ART) and BMI was weak negative but non-significant. In
standing posture, non-significant and weak negative correlation was observed
between BMI and VRT, also the correlation between ART and BMI was weak
negative but not significant. In supine posture, significant and moderate negative
correlation was observed between BMI and ART while the correlation between
VRT and BMI was weak negative but not significant.

CONCLUSIONS

When compared with normal BMI group, higher BMI subjects had longer visual as
well as auditory reaction times. The difference was not found to be statistically
significant though. A weak or moderate negative correlation between BMI and
reaction time (r value < 0.4 in magnitude) was observed in three different
postures.
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BACKGROUND

Reaction time provides an estimate of integrity and
processing ability of the central nervous system, providing
an indirect index of the same.! It is a non-invasive and basic
means of determining sensorimotor co-ordination and
estimating performance of an individual.? The reaction time
is the process by which visual or auditory information is
processed and analysed followed by generation of the
response in the form of execution of the motor act.3->

The relation of the effect of BMI on RT, suggests that
underweight, overweight and obese have increased RT as
compared to normal weight population.®” But, does similar
influence of BMI on RT continues to be seen with change in
posture, needs to be evaluated. There is paucity of literature
on the effect of BMI on cognition, measured in terms of RT,
in different postures.

Considering RT, primarily as an index of sensorimotor co-
ordination, integrity of central nervous system (CNS) and
estimating the performance of an individual and its relation
to changes in cognitive performance associated with various
postural changes in literature, this study was designed to re-
investigate the inconsistent findings and compare the effects
of supine, sitting and standing on choice reaction time and
to investigate the upshot on body mass index of the same.

METHODS

This observational cross-sectional study was carried out in
the Department of Physiology at a medical college of a
tertiary care hospital. This study was carried out over a
period of two months from August 2018 to September 2018
as part of research project that was submitted to and
accepted by Indian Council of Medical Research (ICMR).
Ethical clearance was duly obtained from the institutional
ethics committee on 19 / 04 / 2018.

Inclusion Criteria

e Apparently healthy medical students of age between 18
- 24 years.

e BMI of all ranges.

e Females in the follicular phase of their menstrual cycle.

Exclusion Criteria

e Students with hearing defects, high refractory errors,
colour blindness and hypothyroidism.

e Any diseases related to CNS, peripheral nervous system
(PNS), muscles, joints, and bones.

¢ Any addiction to substances like, alcohol, tobacco.

e Any medications that may have adverse effect on CNS
etc.

e Subjects having any skeletal deformity.

Sample Size
Of all the medical students who volunteered and met the
inclusion criteria, during the defined study period, a total of
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60 students (30 males and 30 females) were enrolled by
complete enumeration technique.

Data Collection and Data Analysis

Subjects were explained in detail about the purpose of the
study and the procedure to be performed to their
satisfaction. Written informed consent was obtained from
each subject. Complete history was obtained, and clinical
examination was done. The tests were carried out in an
soundproof room covered with blind curtains in the
Department of Physiology so as to avoid any effect of
external stimuli. Subjects were asked to avoid consumption
of tea or coffee prior, for at least three hours.

The subjects were called for testing at the same time
daily in the morning, to avoid effect of any bias.

Rinne’s test and Weber test screening was done for all
subjects. For visual screening Snellen’s chart and Jaeger’s
chart was also used. The height was measured by a
measuring tape making them stand erect with their heels,
buttocks, back & occiput touching the wall. The subjects
were made to stand on a digital weighing scale and their
weight was measured. Height was calibrated up to 0.1 cm &
weight up to 0.01 kg. BMI was finally calculated using the
formula: BMI = weight in kg / (height in meter).2 Before the
readings were taken, every subject was made to rest for 5
mins, lying down. Basal heart rate and blood pressure were
than taken. Blood pressure was recorded using a mercury
sphygmomanometer by auscultatory method in supine
position and basal pulse rate by three finger method.

Choice reaction time (CRT) assesses psychomotor
abilities, processing speed, attention, response inhibition
and stimulus categorisation. The reaction time apparatus
RTM-608 manufactured by Biotech, India was used in this
study.

Examiner sat on side of primary control while participant
sat on opposite side with secondary control. To prevent the
view of the examiner by the subject a white board was
placed in the slot provided on the apparatus. The examiners
side was provided with timer. Below the timer, there was a
key provided for resetting the machine to zero timing to
make start again with a new reading. Each subject was made
to use headphones for auditory choice reaction time

At the start of test student was asked to click the
appropriate corresponding key as quickly as possible.
Subject used his index finger of the dominant hand to press
appropriate key. The CRT was recorded in supine, sitting and
standing postures. For each posture three readings were
taken and the mean of the three was considered. All the 3
positions of the subject was studied in same single sitting,
at the same time of the day in all the subjects (between 9
am to 10 am) to overcome the effect of diurnal variation and
fatigue.

The choice reaction time in supine position was carried
out on a head tilt table. The table was tilted to 30 degree for
convenient view of the subject.

For the VRT, any of the three red, green or yellow lights
were shown at random to the subject. The timer was
switched on immediately and the same colour light got
switched on both sides. As the subject viewed any of the
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colour light on his side and he / she was to switch the
corresponding key as soon as possible. As soon as the key
was clicked the timer stopped displaying the reaction time
for the subject in seconds. Maximum resolution of time was
0.0001 seconds (milliseconds). If the key pressed was not
correct, the timer continued to run, till the correct key was
attempted again.

For recording ART, same process was carried out. High,
medium, low frequency sounds were used for the test with
headphone.

At the commencement, six to seven practice sessions
were presented to subjects. A verbal cue “ready” was told to
subjects as a beginning signal. Fore period was fixed at 2
seconds. Fore period is time interval between the warning
signal and the actual presentation of the stimulus. Average
of the three readings recorded for both VRT and ART, was
taken as the final reading.

Statistical Analysis

The data was uploaded on Microsoft Excel program and
analysis was done using SPSS version 25.0 software.
Quantitative data was presented with the help of mean and
standard deviation (SD). Pearson’s coefficient of correlation
(r) was used to correlate between posture and BMI. P-value
less than 0.05 was taken as significant level. One-way
analysis of variance (ANOVA) was used to describe the
difference in mean CRT across various categories of BMI.

RESULTS
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Table 1. Difference in CRT across Categories of BMI
(N = 60) Post-hoc (Bonferroni)

Table 1 shows the mean choice reaction time across
different categories of BMI. It can be observed that,
significant difference was seen in different groups of BMI
with respect to certain CRT namely VRT yellow and ART high
in sitting position and ART low in supine position. The
students in underweight category have significantly
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prolonged VRT yellow and ART high in sitting position as
compared to normal and obese students (P = 0.04 and P =
0.002 respectively). They also have shorter ART low in
supine position than normal and obese students. (P = 0.006)

Post-hoc (Bonferroni) was applied to see if significant
changes occur between two groups. We found that, there
was significant difference between ART high in underweight
v / s normal BMI category (P = 0.008) and underweight v /
s obese category (P = 0.006). Significant difference was also
seen between ART supine in underweight v / s obese
category (P = 0.01) and normal v / s obese category (P =
0.009).

In sitting posture, significant and moderate negative
correlation was observed between BMI and VRT while the
correlation between ART and BMI was weak negative but
non-significant (Table 2). In standing posture, non-
significant and weak negative correlation was observed
between BMI and VRT also the correlation between ART and
BMI was weak negative but non-significant (Table 2).

In supine posture, significant and moderate negative
correlation was observed between BMI and ART while the
correlation between VRT and BMI was weak negative but
non-significant (Table 2). Irrespective of posture, significant
and weak negative correlation was observed between BMI
and VRT also the correlation between ART and BMI was
weak negative and significant.

Correlation VRT ART
Pearson correlation -.304* -.246
Sitting Sig. (2-tailed) .023 .068
N 56 56
Pearson correlation -.233 -.136
Standing Sig. (2-tailed) .083 317
N 56 56
Pearson correlation -.174 -.363%*
Supine Sig. (2-tailed) .200 .006
N 56 56
Pearson correlation -.191* - .228**
Overall Sig. (2-tailed) .013 .003
N 168 168
Table 2. Correlation Coefficient between BMI vs. Reaction
Time, and BMI vs. VRT and ART
*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

There was negative significant correlation between BMI
vs. reaction time for yellow in sitting position. In sitting
posture, significant and moderate negative correlation was
observed between BMI and VRT while the correlation
between ART and BMI was weak negative but non-
significant. In standing posture, non-significant and weak
negative correlation was observed between BMI and VRT
also the correlation between ART and BMI was weak
negative but not significant. In supine posture, significant
and moderate negative correlation was observed between
BMI and ART while the correlation between VRT and BMI
was weak negative but not significant.

Correlation Value P-Value Interpretation
VRT BMI
Green -.270" 0.037 Negative and S
Red -.278" 0.031 Negative and S
Yellow -.295 0.022 Negative and S
ART BMI
High -.310° 0.016 Negative and S
Medium -0.117 0.375 Negative and NS
Low -0.178 0.174 Negative and NS
Table 3. Sitting
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Correlation Value P-Value Interpretation
VRT BMI
Green -0.229 0.079 Negative and NS
Red -0.214 0.1 Negative and NS
Yellow -0.186 0.155 Negative and NS
ART BMI
High - 0.084 0.521 Negative and NS
Medium -0.14 0.286 Negative and NS
Low -0.17 0.195 Negative and NS

Table 4. Standing

Correlation Value P-Value Interpretation

VRT BMI
Green -0.108 0.412 Negative and NS
Red -0.229 0.079 Negative and NS
Yellow -0.19%6 0.134 Negative and NS
ART BMI
High -.290" 0.025 Negative and S
Medium -.296" 0.022 Negative and S
Low -.295 0.022 Negative and S
Table 5. Supine
DISCUSSION

In terms of global burden of obesity as a disease, more than
one third of all adults are currently overweight or obese and
the population of individuals with excessive body weight is
rapidly increasing in many countries and we are counting. A
study by Skurvydas et al. showed prolonged RT in obese
subjects, where there subjects for RT were young males.®
Numerous neurophysiological studies have shown that
overweight and increased body mass index may adversely
affect intellectual pursuits, memory and cognition in young
and middle age people.®810 The mechanisms that may be
involved are, secretions of hormones, cytokines, growth
factors by the adipose tissue, that may affect brain health.!!

Mignardot et al.'? hypothesised that in obese individuals
the distance between the Ilocation of cutaneous
mechanoreceptors may be more (because of stretching of
skin) and probably may be the reason for altered or
decreased discrimination threshold of somato-sensory
perception. Whole body representation (homunculus) is
identified as per the inputs received by the various sensory
receptors. These receptors may provide dysfunctional
information to the somato-sensory cortical area in the brain
in overweigh individuals.

In addition, it has been observed in obese patients that
the lifestyle is usually sedentary, and this may also
contribute to the dysfunctional body representation. In
addition, if one needs to develop suitable muscular
responses, appropriate to the postural challenges, the
internal systems must be based on an accurate body
representation. Therefore, it was assumed that obesity
altered the subjects’ body representation and internal
commands necessary for postural control, especially in
complex postural tasks.!?

Similarly, it was found that cognition was affected in
underweight subjects. Previous studies have attributed
preclinical dementia for the decreased cognitive mechanisms
in overweight individuals. Another hypothesis used to
explain this is based on hormonal imbalance resulting due to
anorexia.l!

Studying the mechanisms underlying the cumulative
effects of underweight on cognition and processing abilities
of CNS would be an important topic for future research. The
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present study explores the effects on various groups of
BMIs, in different postures that has not been examined
previously. In present study, both the VRT and ART in
overweight subjects were found to be longer when
compared with normal weight individuals. The difference
was not found to be statistically significant.

Future studies are required to further investigate the
association of gender and cognition with respect to changing
posture. Bigger sample size, specifying different ranges of
BMI will have to be studied to establish the association with
reaction time in different postures.

CONCLUSIONS

Significant difference was seen in different groups of BMI
with respect to certain CRT namely VRT yellow and ART high
in sitting position and ART low in supine position. The
students in underweight category have significantly
prolonged VRT yellow and ART high in sitting position as
compared to normal and obese students (P = 0.04 and P =
0.002 respectively). They also have shorter ART low in
supine position than normal and obese students. (P =
0.006).

In sitting posture, significant and moderate negative
correlation was observed between BMI and VRT while the
correlation between ART and BMI was weak negative but
non-significant. In standing posture, non-significant and
weak negative correlation was observed between BMI and
VRT; also the correlation between ART and BMI was weak
negative but not significant.

In supine posture, significant and moderate negative
correlation was observed between BMI and ART while the
correlation between VRT and BMI was weak negative but
not significant. The VRT and ART in overweight subjects
were found to be longer when compared with normal weight
individuals. The difference was not found to be statistically
significant. In standing, sitting and supine, there was weak
or moderate negative correlation between BMI and reaction
time (r value < 0.4 in magnitude).

Data sharing statement provided by the authors is available with the
full text of this article at jebmh.com.

Financial or other competing interests: None.

Disclosure forms provided by the authors are available with the full
text of this article at jebmh.com.
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