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A Cross Sectional Study on the Relationship 
Between the Body Mass Index (BMI) and  
the Audiovisual Reaction Time (ART)
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ABSTRACT
Introduction: The reaction time is the time interval between 
the stimulus application and the proper response. The neuro-
physiological studies suggest a relationship of the BMI with the 
cognition, attention and the memory. 

Aim: To study the relationship between the Body Mass Index (BMI) 
and the audiovisual reaction time in young healthy females.

Materials and Methods: This study was carried out in the 
Department of Physiology on 90 young, healthy females who were 
in the Ist year MBBS and BDS at GMC and GDC Aurangabad. 

The height and weight were recorded and the BMI was calculated. 
The subjects were divided into 3 groups: those with normal weight, 
underweight and overweight according to the WHO criteria.

The simple reaction time was measured with the help of Audio 
Visual Reaction Time Apparatus in all the three groups.

The data was analyzed by the one way ANOVA test by using the 
Graphpad Prism Software.

Result: There was a prolongation of both ART and VRT in the 
underweight and the overweight individuals. When the VRT was 
compared, it was found to be statistically significant.

Conclusion: Our study showed that the BMI of an individual 
affected the audio visual reaction time, which was an indirect 
measure of the sensory motor association.

InTROduCTIOn 
An animal’s ability to cope with the environmental changes for 
the maintenance of homeostasis depends on the integrity of the 
cell communication and the responses which are given by the  
various systems in terms of the sensory perception and the motor 
response [1]. The time response is supposed to be the best factor 
for the management of the homeostasis, which we call as the 
reaction time [2].

The reaction time is the time interval between the onset of the 
stimulus and the initiation of the response, under the condition  
that the subject has been instructed to respond as rapidly as 
possible [3]. The reaction time provides an indirect index of the 
processing capability of the CNS and a simple means of deter-
mining the sensorimotor performance [4]. Studies have shown 
the association of overweight and obesity with cardiovascular, 
respiratory, neurophysiological and endocrine diseases [5]. 

The Body Mass Index (BMI) has been widely accepted as a simple 
marker of the adiposity in population-based studies, and it has been 
recognized as an instrument which can be used for diagnosing the 
obesity in all the age-groups [6].

The present study was an attempt to look for any association 
between the BMI and the audiovisual reaction time in young, 
healthy, female students.

MATeRIAlS And MeThOdS
This study was carried out in Department of Physiology, Govern-
ment Medical College, Aurangabad Maharashtra, India. It involved 90 
young healthy females who were in the first year MBBS and BDS 
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courses at GMC and GDC, Aurangabad, who were in the age group 
of 18-20 years and who belonged to similar socioeconomic statuses. 
The subjects who suffered from medical conditions which were known 
to impact the cognitive functioning, which included neurological 
disorders, head injuries, cardiovascular diseases, and Diabetes were 
excluded from the study. The subjects were briefed about the study 
protocol and an informed consent was taken from them.

The approval of the Institutional Ethics Committee, Govt. Medical 
College, Aurangabad, Maharashtra, India was taken.

The BMI CAlCulATIOn
For the calculation of the BMI or the Quetelet index, the height and 
weight were recorded at the clinical examination.

The weight was recorded with the subjects being without their 
shoes and with light clothes on a standard scale. It was recorded 
to the nearest 0.5 kg. 

The height was measured with a stadiometer while the subjects 
stood completely erect with their heads in the Frankfort plane. It 
was measured to the nearest 1cm. 

These data were used to calculate the BMI. The BMI of each 
subject was calculated by dividing her body weight in kilograms by 
the square of her height in metres. The categorization of the BMI 
was done according to the BMI criteria for the Indian population [7]. 
The subjects were divided into 3 groups:

BMI ≤18.49 kg/m2, underweight;
BMI 18.5–22.99 kg/m2, normal weight
BMI ≥23 kg/m2 overweight or obese
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The recording of the audiovisual reaction time:

Each subject was made familiar with the apparatus and the pro-
cedure, to alleviate any fear or apprehension. The Auditory Reaction 
Time (ART) and the Visual Reaction Time (VRT) were measured in a 
quiet room of the Department of Physiology at GMCH, Aurangabad. 
The ambient temperature which was maintained was 26±1°C. 

These tests were done with the subject sitting comfortably in a 
chair. The ART and VRT were measured by using a reaction time 
instrument which was supplied by Medicaid Systems RTM-604 
(Chandigarh, India). This instrument was equipped with a sensitive 
quartz clock which measured up to 1/10th of a msec. The accuracy 
of this instrument was ± one digit. 

All the subjects were right handers and they used their right hands 
to press the switch to stop the quartz clock of the apparatus. 
Before measuring the VRT, each subject was asked to identify the 
flashing of the yellow light. She was instructed to press the switch 
as soon as she saw the light.

For measuring the ART, she was asked to concentrate on the sound 
signal which was produced and to press the switch immediately. 
The sound signal was a continuous beep of 1 KHz on the speaker. 
The intensity of the stimulus was the same for all the groups. 

To avoid the effect of a lateralized stimulus, the visual and the 
auditory signals were given from the front of the subjects. From 
the auto-display, the reaction time was noted. Three readings of 
each stimulus were noted after giving three practical trials and their 
mean was taken as the reaction time [8].

Statistical Analysis
The results were expressed as mean ± S.D. The data was analyzed 
by the one way ANOVA test with the post-hoc Tukey’s test for the 
intercomparison between the groups by using the Graphpad Prism 
Software. A p value of < 0.05 was taken as the cut off for the 
measure of the significance.

ReSulT 
In the present study, the Body Mass Index was significantly different 
among the three study groups [Table/Fig-1].

Parameter Normal (n=32)
underweight 

(n=34)
overwt & obese 

(n=24) P-value

Height (m) 154.81 ± 6.21 156.65 ± 3.19 154.2 ± 5.11 0.2094

Weight (kg) 49.93 ± 5.26 41.46 ± 3.09*** 60.46 ± 5.64*** < 0.0001

BMI (kg/m2) 20.79 ± 1.37 16.90 ± 1.24*** 25.42 ± 1.95*** < 0.0001

ART (sec) 0.1695 ± 0.091 0.1816 ± 0.079 0.1727 ± 0.069 0.0731

VRT (sec) 0.2090 ± 0.0121 0.2254 ± 0.0129* 0.2324 ± 0.0120** 0.0039

[Table/Fig-1]: Body Mass Index

The VRT was more as compared to the ART in all the study groups. 
There was a prolongation of the ART in the underweight and the 
overweight or the obese girls as compared to that in the normal 
girls. When they were compared statistically, the difference was 
not significant.

The VRT was also prolonged in the underweight and the overweight 
or the obese individuals as compared to that in the normal girls. This 
result was statistically significant for both the groups as compared 
to that in the normal weight individuals.

dISCuSSIOn 
In our study, the reaction times were longer for the responses to 
the auditory stimuli than for the responses to the visual stimuli. The 

cause of the visual reaction time being greater than the auditory 
reaction time was not very clear, although almost all of the research 
which was done on the reaction time had reached the same 
conclusion [9, 10]. 

Most likely, it was due to the fact that the visual reaction time 
involved chemical changes in its occurrence. Also, the visual 
pathway involved many collateral pathways to various association 
areas and hence, a greater delay in the comprehension of the 
visual stimulus, as it was interpreted in a more complex and an 
elaborate fashion. There was some degree of difference in the type 
of receptor and the manner in which the receptor got stimulated 
i.e. the retina versus the organ of corti.

In contrast, Shenvi et al., found that the auditory reaction time was 
greater than the visual reaction time and they rationalized that the 
auditory pathway must be more polysynaptic as compared to the 
visual pathway [11].

The reaction time is an important component of the motor 
movements. The reaction time includes the latency in the sensory 
neural code which traverses the peripheral and the central path-
ways, the perceptive and the cognitive processing, a motor signal 
which traversed both the central and the peripheral neuronal 
structures and finally, the latency in the end effecter activation 
i.e. the muscle activation. It is one of the important methods to 
study a person’s central information processing speed and the fast 
coordinated peripheral movement response [12].

In the present study, both ART and VRT were increased in the 
overweight individuals when they were compared to the values 
in the normal weight girls and this was statistically significant for  
the VRT. 

Gunstad J et al., showed that the younger and the middle-aged 
adults (age 21-50 yrs) and the obese individuals had a poorer 
memory performance when they compared persons across the 
adult lifespan (age 21-82 yrs). They also showed the relationship 
between the elevated BMI values and the reduced cognitive 
performance and suggested that this relationship does not vary 
with age [13-14].

The vascular disease is likely to underlie the association between 
obesity and cognition, because obesity is a risk factor for the 
vascular disease, which, in turn, is related to a higher risk of the 
cognitive impairment. Other hypotheses which have been made on 
the underlying mechanisms concern the secretions of the adipose 
tissue such as hormones, cytokines, and growth factors, that can 
cross the blood-brain barrier and affect the brain health.

Our findings also showed the association between underweight 
and cognition in the early midlife. These findings showed significant 
differences in the VRT values. 

Gustafson D. observed that in the elderly, the association between 
underweight and the cognitive functions was likely to be the result 
of a preclinical dementia [15]. Our results on the cross-sectional 
associations between underweight and cognition in the early 
midlife were consistent with this hypothesis. Underweight could 
be a result of poor health [16]; a further possibility is that the 
underweight persons experience a dysregulation in the hormone 
secretion which corresponds to that in anorexia, which results in 
cognitive disorders [15].

Further investigations of the mechanisms which underlie the 
cumulative effects of underweight on the later cognition, would be 
an important topic for future research.
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COnCluSIOn 
This study suggested that both obesity and underweight were 
associated with a lower cognitive performance in the early midlife.

The VRT values showed significant differences in both overweight 
and underweight individuals, suggesting the use of the reaction 
time as a useful tool for neurological studies.

As the association of ART was not found to be statistically 
significant, further studies on a large population are invited to prove 
this association.
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