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Abstract
Introduction: Hypertension is a major contributor to cerebrovascular pathology causing dementia. Visual reaction time gives a
better index of the cortical processing of Visual Stimulus. Trail Making Test provides information on visual search, scanning, speed
of processing, mental flexibility, and executive functions. Our objective was to compare simple and choice reaction time (SRT &
CRT) and trail making scores between hypertensives and normotensives geriatric male subjects.
Materials and Methods: The present cross-sectional study was conducted on 60 Male hypertensives and normotensives aged >60
years, with BP <140/90 mm Hg were taken as controls & BP >140/90 mm Hg were considered as hypertensive’s. Computer
programme recorded both SRT & CRT using Deary- Liewald Reation Time Tester version 3.10. Trail making test was used as
executive function test.
Results: Data were analysed using SPSS version- 20, Unpaired t-test showed significant difference in the reaction time scores of
normotensives (SRT: M: 366.4 SD: 16.41; CRT: M: 737.6 SD:59.82 ) and hypertensives (SRT: M: 471.4 SD: 21.52 ; CRT: M:
902.4 SD: 55.57). In addition, the executive function showed significant difference between the executive ability of normotensives
(TMT-B: M: 97.6, SD: 18.24) and hypertensives (TMT-B: M: 112.24 SD: 20.12).
Interpretation and Conclusion: The results showed that the hypertensive elderly males have a lower cognitive performance in
comparison to age matched normotensives. Hypertension delays the speed of processing of information in elderly hence they are
at higher risk for injuries and its consequences.
Keywords: Aged, Executive functions, Hypertension, Reaction Time, Trail making test.

Introduction
According to population census 2011 in India there
are 104 million elderly persons. There is a rapid rise in
the number of elderly in India and population aging is
coupled with an increase in the incidence of cognitive
impairment.1 It is a well known fact that cognitive
impairment in older adults determines the quality of life
of aged population. Research now targets to identify the
probable causes and measures to prevent or delay
cognitive decline as a more beneficial approach.2
Hypertension causes over 7.6 million premature deaths
annually.3 Notably, older adults account for the bulk of
hypertension-related morbidity and mortality – due to
greater prevalence among the elderly.4 Hypertension is a
major contributor to cerebrovascular pathology causing
dementia.5 Changes in central nervous system due to
hypertension are progressive and irreversible. The
hypertension associated decline in cognitive
performance will act together with age related decline in
cognition. Cognitive aspect, Executive function measure
was associated with differential decline older adults with
high BP.6 A 6 year follow up study found that elders with
high uncontrolled BP exhibited a greater degree of
decline on a test of perceptual speed than
normotensives.7

In a Canadian Study of Health and Aging, a
nationwide, population-based study in adults aged > 65
they found no relationship of hypertension to cognitive
function in non-demented persons.8 Speed of processing
capability of central nervous system is indirectly
assessed by Reaction time with well established
diagnostic validity.9 Trail making test (TMT) measures
sequencing and planning. The TMT-A score reflects
visual search ability and motor skills, whereas TMT- B
score additionally reflects the ability for cognitive
alteration, thus, the time for completion of TMT-B is
usually used as an index of executive function.10
Hence, the present study was planned to know the
impact of hypertension on speed of processing and
executive measure of cognition in older adults in Indian
set-up. Therefore, the main objective of our study was to
assess the cognitive function in hypertensive and
normotensive older adult population.
Materials and Methods
A cross sectional study was carried out among 60
elderly males aged >60years from April 2016 to July
2017 in Sri Venkateshwaraa Medical College Hospital
& Research Centre after obtaining Institutional Ethics
Committee clearance before the commencement of the
study. The subjects were explained the testing
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procedure and protocol. Informed consent was taken
from study participants. Medical history was taken and
general examination of all the participants was done.
Eligibility criteria for study participants was age
equal to or more than 60 years, & 6/18 minimum far
visual acuity (with use of corrective lenses if needed),
and a tenth grade education level. 30 Males aged
>60years, who are known case of hypertension or if
their blood pressure was more than 140/90 on the day
of measurement were included as cases and 30 subjects
with BP < 140/90 were included as controls.11
Anthropometric measurements: A digital weighing
scale was used to record weight, and height was
measured using a stadiometer, in the Frankfurt plane
position.
Assessment of Body Mass Index (BMI): BMI was
calculated by dividing the weight in Kg by the square of
the height in meters.12
Recording of Blood pressure: Following the AHA
guidelines.13 blood pressure was measured in all the
individuals in sitting posture using a manual
sphygmomanometer.
Two readings were taken at an interval of five
minute and the average of the two readings was taken
as the blood pressure of the subject.
Recording of Visual Reaction Time (VRT) SRT &
CRT: The Visual Reaction Time (VRT) test was done
using a computer programme Deary-Liewald reaction
time tester (DLRT) version 3.10 released in 2010 by
Department of Psychology, University of Edinburgh,
UK.14
In the Simple Reaction Time (SRT), participants
had to press a button in response to a single stimulus.
To record SRT, 8 practice trials and 20 test trials were
given. For the SRT, in the centre of a computer screen,
single white square with blue background was shown.
Every time a cross appeared in the white square, subject
had to press a key as quickly as possible. Each cross
remained on the screen till the key was pressed, after
pressing key it disappeared and another cross appeared
shortly later. The inter-stimulus interval (the time
interval between each response and when the next cross
appeared) ranged between 1 and 3 s and was
randomised within these boundaries. The interstimulus
interval for each trial was recorded by computer
programme.
In the Choice Reaction Time (CRT), four stimuli
were shown randomly and subjects was asked to press
the button that corresponded to the accurate response.
The CRT tasks included 8 practice trials and 40 test
trials. For the CRT, on the computer screen 4 white
squares with blue background were placed in a
horizontal line. Four keys on a standard computer
keyboard corresponded to the different squares. The
position of the keys corresponded in alignment to the
position of the squares on the screen: the ‘z’ key
correspond to the square on the far left, the ‘x’ key to
the square second from the left, the ‘comma’ key to the

square second from the left, the ‘comma’ key to the
square second from the right and the ‘full-stop’ key to
the square on the far right.
The subject had to respond when a diagonal cross
appeared in one of the squares. Participants were asked
to rest the index and middle fingers of their left hand on
the ‘z’ and the ‘x’ keys, and the index and middle
fingers of their right hand on the ‘comma’ and ‘full
stop’ keys. When a cross appeared randomly in any one
of the squares, subjects were asked to respond as
quickly as possible by pressing the corresponding key
on the keyboard. Each stimulus remained on the screen
until subject presses one of the four keys, after which it
disappeared and another cross appeared shortly after.
The interval between two stimuli ranged between 1 and
3 s and was randomised within these boundaries. The
inter stimulus interval for each trial was recorded by
computer programme. In CRT, whether the response
was correct or incorrect was also recorded by computer
software. Mean and standard deviation was measured
for each participant.

Fig. 1: Simple Reaction Time Task

Fig. 2: Choice Reaction Time task
Recording of Trail Making Test:
The TMT consists of two parts 15. In TMT-A subject
has to draw lines connecting 25 encircled numbers
sequentially which are randomly distributed on a sheet
of paper as fast as possible. Likewise in TMT-B, the
subject had to connect numbers and letters alternatively
(e.g., 1, A, 2, B, 3, C,) and it evaluates mental
flexibility. The score on each part represents the
amount of time required to complete the task. Time was
limited to 480 s in this study16. Trail making test B-A
score is considered as a better indicator of executive
functions.
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Variables studied:
1. Anthropometric variables-height, weight
2. BMI
3. Cardiovascular (CV) parameters – SBP, DBP
4. Visual Reaction Time- SRT, CRT
5. Trail making test – A score, B score, B minus A
score (B-A)
Statistical analysis
The data were expressed as mean ± SD. The
statistical analysis was done with Statistical Package for
Social Sciences version 20 manufactured by SPSS Inc.
(Chicago). Unpaired t- test was used to find the
difference between 2 groups. P < 0.05 was considered to
be statistically significant.

Results
The anthropometrics details of the participating
subjects are given in table 1. The mean age of the
healthy control (61±1.84) was slightly less than that of
the hypertension group (64.5±6.09).
Table 1: Anthropometric characteristics of the
subjects stratified by blood pressure
Parameters
Normal BP Hypertension
(mean ±SD) (mean ±SD)
Age (Years)
61±1.84
64.5±6.09
BMI(kg/m2)
26±4
27±4
SBP(mmHg)
126±14
158±12
DBP(mmHg)
72±6
96±12
Data is expressed as mean±SD. SBP (Systolic
Blood Pressure); DBP (Diastolic Blood
Pressure). Statistical analysis was done by
two tailed unpaired t - test. P-value <0.05 was
considered significant.

Table 2: visual reaction time in subjects stratified by blood pressure
Parameters
Normal BP
Hypertension
p(mean ±SD)
(mean ±SD)
value
n=24
n=28
SRT (ms)
366.4±16.41
471.4±21.52
0.006
CRT (ms)
737.6±59.82
902.4±55.57
0.053
Errors in SRT
4.14±0.50
5±0.48
0.2472
Errors in CRT
6±0.53
9.14±0.88
0.010
TMT- A
48.32 ±12.21
52.43±8.24
0.1319
TMT- B
97.6± 18.24
112.24 ± 20.12 0.0045
TMT B-A
49.28±6.03
56.81±11.88
0.0030
Data is expressed as mean±SD. SRT (Simple reaction time);
CRT (Choice reaction time). Statistical analysis was done by
two tailed unpaired t - test. P-value <0.05 was considered
significant.
Discussion
In this study we analysed the reaction time among a
sample of hypertensive and normotensive older adults
while taking into account about other factors that may
impact cognition. Our results showed a significant
difference in visual reaction time among subjects with
and without hypertension. SRT & CRT points out
general alertness and motor speed. In this study both
simple & choice reaction time was significantly slower
in hypertensives than normotensives.
Error in choice reaction time was more in hypertensives
compared to normotensives. When multiple choices
were given for the subjects the number of error were
more. In this study, 4 choices were given to subjects the
mean error by hypertensives is 9.14±0.88 compared to
normotensives 6±0.53 which is a significant difference.
This results support the hypothesis that High blood
pressure is associated with reduced cognitive
performance.17-19 Study done by Elizabeth M et al, 2013

on 770 subjects demonstrated slower processing speed,
reaction time, motor speed and IADL (Instrumental
activity of daily living) performance among
hypertensives with & without treatment.11 Our results are
in consistent with the above studies.
Recent evidence suggests that hypertension itself
has a direct negative effect on cerebral auto-regulatory
mechanism. Hypertension and aging leads to brain
atrophy especially in regions like prefrontal cortex and
hippocampus which are concerned with memory.20 One
of the manifestations of cerebral small vessel diseases is
white matter hyperintensities (WMH) on MRI scans.
Hypertension is associated with WMH progression21
especially in frontal lobe.22 WMH is linked to cognitive
decline, dementia, stroke & death. Hypertension reduces
cognitive ability which in turn leads to slower reaction
time.23
Among the mental abilities, processing speed and
central executive functions are especially critical in
everyday functioning. The prospect of examining the
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reaction time association with hypertension and normal
aging contributes to a better understanding of the
executive control process and of the aging process.
Executive function task helps in predicting functional
decline24 & detecting persons at risk for alzehiemers
disease.25 Even in educated older adults, executive
control functions are critical for successful &
independent functioning and in activities such as medical
compliance.26 Older adults are more prone for fall, in
such a incident avoiding a fall requires perception of
postural threat, selection of an appropriate corrective
measure & proper response execution.27 There is a age
related increase in movement time and decision making
time in case of fall.28,29 Increase in SRT is an independent
risk factor for fall in elderly.30-32 As shown in this study
in hypertensive patients since cognitive decline is more
they are at very high risk for fall in elderly.
Older drivers have more crash and fatality rates.
Individuals with cognitive impairment are more likely to
be involved in an at-fault crash33 Chronological age &
visual acuity alone is usually considered in individuals
for issuing driving license. Reaction time which
indicates how fast they can respond to any problems
needs to assess before issuing licence. The successful
utilization of technology is becoming increasingly
important for functional independence. Few studies have
shown that cognitive abilities like speed of processing
and memory are important to successfully perform
technology based tasks. Due to declining cognitive
ability older adults are at disadvantage in terms of their
ability to live & function independently & successfully
perform everyday tasks.34
Conclusion
Ours is a cross sectional study consisting of 60
geriatric male participants with and without
hypertension. 2 tasks VRT and TMT were performed by
the subjects which are a indirect indicator of executive
functions & speed of processing. The results show that
there was statistically significant difference between two
groups. Hypertensive elderly male subjects had slower
speed of processing and executive functions compared to
normotensive subjects.
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