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Reaction time (RT) and Visual attention (VAT) are slowed and associated with problems of
mobility in elderly. Fear of falling is also an intrinsic aspect that influences balance. The
relationship of Fear of Falls (FOF) with reaction time and visual attention needs to be studied in
order to understand the mechanism of falls and activity restriction. This knowledge would enable
development of more focused assessment and intervention for balance rehabilitation amongst
community dwelling elderly. In the present study, 232 subjects aged 60 years and above were
assessed for FOF, reaction time and attention by using Activities-specific Balance Confidence scale
(ABC), Visual Reaction Time(VRT) and Trail Making Test- Part A (TMT-A) respectively. Balance
tests namely, Timed Up and Go (TUG), Functional Reach Test (FRT) and Berg Balance Scale
(BBS) were also assessed secondarily. Data was analysed using Pearson’s Correlation test. Fear of
fall was found to be higher in subjects having poorer visual reaction time and attention. In addition,
people with more reduction in functional balance ability tend to have higher level of fear of fall.
Also, as a lot of elderly (15.52%) had a level of fear of fall corresponding to a high risk of fall, it is
suggested that fear of fall is an important factor that influences function and fall behaviour of
elderly and must be routinely evaluated and treated during balance rehabilitation.

Copyright © Thaiba Reinai and Sampada S Jahagirdar, 2018, this is an open-access article distributed under the terms of
the Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium,

provided the original work is properly cited.

INTRODUCTION

The process of aging is characterized by generalized
progressive slow-down in the ability to respond to external or
internal stresses, decline in physical activity'”, decrease in
muscle strength, endurance'”, increased postural sway®®, and
decreased balance function”. In addition, elderly have a
limited capacity for balance reactions such as stepping or
reaching movements because of delayed onset latencies of
postural muscles®®, reduction in conduction rate of nervous
system™® and deterioration in compensation strategies .
Reduced flexibility with ageing, also decreases the ability to
recover quickly from a perturbation ' ', These factors put
together increase risk of falls and impair the ability to perform
activities of daily living independently'?.

Older individuals display increased sway patterns and usually
require stepping reactions as a protective mechanism. When
this is coupled with decreased reaction time with age, the
elderly individual does not have enough time to react to prevent
the fall’”. Reaction time, i.c., the interval time between the
presentation of a stimulus and the initiation of the muscular
response to that stimulus and It is a physiological entity that
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has been linked to the incidence of falls in the elderly
population'”. As age increases, there is an increase in
movement time and decision time Y. This is largely attributed
to reduction in motor nerve conduction velocity'”'and increase
in both initiation and response times. In various researches, it
has been noted that older people who have a tendency to fall
are significantly slower in simple as well as choice reaction
time tests that involve complicated motor responses than non-
fallers'?. Slower reaction time has especially been seen during
various attention demanding tasks. In addition to slowed
reaction time with aging, the visual attention time (VAT) or
visual processing speed is also slowed. This is associated
with problems of mobility in elderly"®. VAT is defined as,
“a process that enables stimuli falling within a limited area
to be detected more rapidly and more accurately””.
Visually guided obstacle avoidance declines with ageing. It
is proposed to affect stepping over obstacles leading to
falls"®.

Another important intrinsic aspect that influences balance is
anxiety or fear of falling. It is defined as low perceived self-
efficacy at avoiding falls during essential, non-hazardous
activities of daily living. Though it is a protective response
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which alerts the individuals against a fall'”), it is also related to
activity restrictions followed by a decrease in physical capacity
and an increase in the risk for future falls “”. 30% to 50% of
elderly people have compromised mobility due to FOF®V. It is
observed in older individuals irrespective of previous history of
falls''> >,

Reaction Time (RT) seems to be a very important factor for the
study of falls as it is one of the sensitive markers of aging
central nervous system and is adversely affected when task
becomes more attention demanding”. Thus, it seems
important to study relationship of physical factors like RT and
VAT with psychological factor like fear of falls (FOF) in order
to understand the mechanism of falls and activity restriction.
Balance is an important component of most activities of daily
and living-balance impairment is considered a major risk factor
for developing falls and also FOF, it seemed interesting to
study them along with VAT, VRT and FOF. This knowledge
would enable development of more focused assessment and
intervention for balance rehabilitation amongst community
dwelling elderly.

MATERIALS AND METHOD
Methodolgy

The study was a correlational study. Approval was taken from
Amar Jyoti Institutional Review Board- Ethical Committee.
232 community-dwelling elderly aged 60 years and above were
recruited through convenience sampling method from Amar
Jyoti Rehabilitation and Research Centre and different urban
residential areas in Delhi.

Inclusion criteria

e Males and females aged 60 and above.

e Having capability to walk with or without any support
device such as a cane or walker.

e Ability to understand spoken instruction

e With normal or corrected-to-normal vision®.

Exclusion criteria

e  Subjects with known neurological disorders.
e  Chronic alcoholism.

Equipment

e Audio-visual reaction timer code
Medisystems Haryana.

e Two standard chairs (one with and one without arm
rests)

e Footstool

e  Other materials: measuring tape, cone and stopwatch

e Pen and pencil

no.09 by

Study Procedure

An informed consent was obtained from the participants after
informing them about the objectives and data collection process
of the study. They were then included in the study based on the
inclusion and exclusion criteria. Once included, their balance
confidence, visual reaction time and visual attention were
evaluated by using Activities-specific Balance Confidence
scale (ABC), Visual Reaction Time (VRT) and Trail Making
Test-Part A (TMT-A) respectively. In addition, static, dynamic

and functional balance were assessed using Functional Reach
Test (FRT), Time Up and Go Test (TUG) and Berg Balance
Scale (BBS). Total time spent in giving instruction,
interviewing, and examination was about 40 min per
participant.

ABC Scale was used in English as well as Hindi version for
evaluating FOF and percentage of elderly at high risk of fall.
The ABC consisted 16-subscale and ratings consist of whole
numbers (0-100) for each item. The ratings are added (possible
range = 0 -1600) and divided by 16 to get each subject’s final
ABC score'””. The participants were asked to rate his/her
confidence in relation to performing 16 different activities on a
scale from 0% (no confidence) to 100% (complete confidence),
where higher score indicate stronger confidence** ).

VRT was assessed by using the audio-visual reaction timer
apparatus in sitting position. It was recorded for the light which
served as stimulus. As soon as the stimulus was perceived by
the subject, he responded by pressing the lower limb foot
paddle. The time taken by the subject is measured in liquid
crystal display meter i.e., known as his reaction time. The
display indicated the response time in millisecond. After the
trial was done, the subject was tested. The interval between the
stimuli was randomly varied from 2-5 seconds. The least
reading of three was taken as the value for VRT and was noted.
The minimum time indicates good reaction time''**%.

TMT Part-A was evaluated by drawing lines quickly
connecting consecutive numbered circles from 1 to 25 printed
on a paper sheet in a standardized random layout"* ?” ?® The
number had to be connected in the sequence correctly using
pen or pencil. A trial run (from number 1 to 8) was first
conducted to make sure that the subject understood the
procedure. Only after the trial was done, the subject was asked
to do the test. The score was measured in seconds. Higher
scores reflected a longer time to complete this task (worse
performance), and thus indicated poor VAT®®,

FRT was tested by placing a measuring tape on the wall,
parallel to the floor, at the height of the acromion of the
subject's dominant arm. The subject was asked to stand with
the feet comfortable distance apart, make a fist, and forward
flex the dominant arm to approximately 90 degrees. The
subject was asked to reach forward as far as possible without
taking a step or touching the wall. The distance between the
start and end point was then measured using the head of the
metacarpal of the third finger as the reference point™.

TUG Test: The study subjects were instructed to sit on a chair
(46cm height) without arm rest®**?. They were instructed to
get up from chair on command, walk at a comfortable pace,
walk around the cone which was marked 3m ahead and return
to a seated position on the original chair. The stop watch was
started as soon as the subject lifted buttocks off the chair and it
was stopped at the point where the subject sat back in the chair
after completing walking. The total time taken by each subject
to complete the task was noted as the final score .

At the end, BBS was assessed. The scale consist 14 balance
specific activities. Participants were scored on a scale of 0—4
and were ranked depending on their ability to successfully
complete the tasks. Total score was then calculated by adding
up of individual item scores ranging from 0 to 56 points.
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Statistical Analysis

The data was analysed using SPSS Windows version 16.0.
Descriptive statistics was performed to describe the baseline
demographic data. Statistical value of outcome measures was
expressed as Mean +SD. Pearson correlation test was then used
to study the association between Visual Reaction Time and
Visual Attention Time with Fear of Falls. Secondary measures
of balance were also statistically correlated with FOF using
Pearson correlation test. The independent t-test was used to
compare the fear of falls between the two genders. Statistical
significance was considered at p value 0f<0.05.

RESULTS

The sample consisted of 232 community-dwelling older adults
with mean age of 67.34+6.97 years. Out of the total subjects,
there were total 154 subjects aged between 60-69 years, 60
subjects aged between 70-79 years old, 18 subjects aged
between 80-89 years old.

Percentage of elderly at high risk of fall (ABC score <67%
predictive of future fall)

15.52% of the total 232 subjects studied, were found to be
having a high risk of falls. Between the ages of 60-69 years,
12.33% of subjects had high risk of fall. This percentage
increased to 20.00% and 27.78% for 70-79 and 80-89 year age
groups respectively (Table 1).

Table 1 Percentage of elderly at high risk of fall (ABC score
<67% predictive of future fall)"?.

Age N Males Females Total No. Percentage
(year)

All subjects 232 13 23 36 15.52
60-69 154 6 13 19 12.33
70-79 60 3 9 12 20.0
80-89 18 4 1 5 27.78

Level of physical functioning of elderly as indicated by ABC
scores (Table 2)

As indicated by the ABC scores, 67.24% of total elderly
population aged 60 years and above, have high level of
physical function while 26.3% have moderate and 6.46% have
low level of physical functioning. In the age group of 60-69
years, 75.32% have high, 20.13% have moderate and 4.54%
have low levels of physical functioning. In the age group of 70-
79 years,56.67%have high, 35.00% have moderate and 8.33%
have low levels of physical functioning. In the age group of 80-
89 years,33.33% have high, 50.00% have moderate and
16.67%have low levels of physical functioning.

Table 2 Level of physical functioning of elderly as indicated
by ABC scores.

Total

ABC Score Males Females Percentage
number
All Subjects (N=232)
80 & above (high) 84 72 156 67.24
50 — 79 (moderate) 22 39 61 26.3
49 & below (low) 4 11 15 6.46
60-69(N=154)
80 & above (high) 58 58 116 75.32
50 — 79 (moderate) 9 22 31 20.13
49 & below (low) 1 6 7 4.54
70-79(N=60)
80 & above (high) 20 14 34 56.67
50 — 79(moderate) 7 14 21 35.00

49 & below (low) 1 4 5 8.33
80-89(N=18)

80 & above (high) 6 - 6 33.33

50 — 79(moderate) 6 3 9 50.00

49 & below(low) 2 1 3 16.67

Comparison between males and females for FOF (Table 3)

There is no significant difference between FOF reported by
both the genders.

Table 3 Comparision between males and females for FOF

Outcome Males
Measures Mean+SD
FOF 87.86£15.56

Females T
Mean+SD p
80.02+18.79 3.44 3.44™

ns Not significant at p >0.05
Correlation of FOF with VRT (Table 4)

FOF is negatively correlated with VRT. The correlation for all
the subjects together is weak but significant (r=-0.24, p<0.05).
For age groups 60-69 years and is weak but significant (r=-
0.33, p<0.05). The correlation is weak and insignificant for age
groups 70-79years(r=-0.17, p>0.05). Correlation is moderate
and insignificant for 80-90 years group (r=0.35, p>0.05).

Table 4 Correlation of FOF with VRT.

Age Total FOF VRT.

(Years) No(N) (MeansSD)  (Mean<SD) r p
All 232 83.74+1773  4240£12.00  -24  .00%
subjects
60-69 154 86.13£17.09  41.40411.95  -33  .00%
70-79 60  80.45£17.94  43.50£12.00  -17 20"
80-89 18 74261852  40.00£12.71 35 5™

* Correlation is significant at p < 0.05 level (2-tailed)
" Not significant at p >0.05

Correlation of FOF with VAT (Table 5)

FOF is negatively correlated with VAT. The correlation for all
the subjects together is weak but significant (r=-0.15, p<0.05).
For age groups 60-69 years and is weak but significant (r=-
0.16, p<0.05). The correlation is weak and insignificant for age
groups 70-79years(r=-0.15, p>0.05). Correlation is moderate
and insignificant for 80-90 years group (r=0.04, p>0.05).

Table 5 Correlation of FOF with VAT

Age Total No FOF VAT
(Years) N) (Mean=SD) (MeanzSD)
All subjects 232 83.74+17.73 61.00+30.56 -.15 .03*

60-69 154 86.13+17.09 55.00+17.55 -16 .05%
70-79 60 80.45+17.94 68.90+24.95 - 15 .26™
80-89 18 74.26+18.52 85.10+80.94 .04 89"

* Correlation is significant at p < 0.05 level (2-tailed)

" Not significant at p >0.05

Correlation of FOF with Secondary outcome measures
(Functional Reach Test, Time Up& Go, Berg Balance Scale)
(Table 6)

FOF is positively correlated with FRT. The correlation of all
the subjects is mild but significant(r=0.31, p < 0.05).FOF is
negatively correlated with TUG test. The correlation of all the
subjects is moderate but significant (r=-0.49, p < 0.05).FOF is
positively correlated with BBS. The correlation of all the
subjects is moderate and significant (r=0.60, p < 0.05).
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Table 6 Correlation of FOF with Secondary outcome
measures (Functional Reach Test, Time Up and Go, Berg
Balance Scale).

Outcome Measures FRT TUG BBS

(Mean+SD)
FOF
(83.74+17.73)

* Correlation is significant at p < 0.05 level (2-tailed)
DISCUSSION AND CONCLUSION

Out of 232 subjects studied, majority of the subjects belonged
to the age group of 60-69 year with mean age of 67.34. The
ratio of male subjects to female subjects is 0.98:1 suggesting
almost equal participation of both the genders, females being
slightly more in number than males. This was unlike the other
studies done in past which show feminization of elderly
population.

(11.29£2.79) (11.6743.64) (52.16+4.93)
31% -49% 60*

In this study, ABC scale was used as a measure for FOF. Low
scores on ABC indicate low level of balance confidence in
doing daily activities owing to high fear of fall. As FOF and
risk of falls are closely related, researches done in past have
suggested cut-off value of 67% as an indicator for high risk of
fall. Based on this, 15.52% of the total subjects had score
below 67%. In the ages of 60-69 years, 70-79 years and 80-89
years this percentage was 12.33%, 20.00% and 27.78%
respectively. This shows the magnitude of problem in the
existing population as a large percentage of peoples are
adversely affected due to fear of fall. It was found that the risk
of fall steadily increases as the age increases. Fear of fall is
directly related to the amount of physical function done by a
person on daily basis. This adversely affects the independence
and thus, quality of life. 67.24% of total elderly population
aged 60 years and above have high level of physical function
while 26.3% have moderate and 6.46% have low level of
physical functioning. Higher level of physical functioning
indicates high balance confidence and low fear of falls. In the
age group of 60-69 years, 75.32% have high level of physical
functioning. This number goes down among the older age
groups, i.e., 70-79 years and years 80-89, being 56.67% and
33.33% respectively. Against to this, the percentage of people
involved in low levels of physical functioning steadily
increases from 4.54%, 8.33%and 16.67% across the three age
groups.

FOF is found to be negatively correlated with VRT. This
means that longer reaction time is related to increased fear of
falls and that their balance confidence is low. This correlation,
though weak was significant for all the subjects together and
age group 60-69 years. This similarity is because most of the
people in the sample belong to the age group of 60-69 years.
Correlation is mild as well as insignificant for age groups 70-79
years and moderate and insignificant for 80-89 years group.
This insignificance is probably because of small size of these
age groups.

A study done by Wang et al, had suggested that increased
reaction time (as choice stepping reaction time) was
significantly associated with increased risk of falls. They
proposed that prevention of falls depended upon the timely
initiation of appropriate postural responses, which in older
adults were characterized by the absence of speed and dexterity

that was necessary to ensure the recovery of stability in
challenging situations that are seen in daily activities. Subjects
with a history of falls had significantly increased reaction times
compared with non-fallers®?.

FOF is negatively correlated with VAT. This suggests that
people with poor attention are more fearful of falls. The
correlation of all the subjects together and age groups 60-69
years and was weak but significant. The correlation was
insignificant for age groups 70-79 years while it was moderate
but insignificant for 80-89 years. Attention helps in selecting a
particular stimulus for an action while ignoring irrelevant
stimuli. Reduced attention elevates the risk of falls. Numerous
studies have shown that dual task effects are larger among
elderly fallers and patients with neurological disease, such as
stroke compared with healthy older adults®”. Another study
done on feedback delays has shown that older. adults prioritize
vision to control posture®®. This information along with the
findings of the present study supports that poorer visual
attention is correlated with fear of fall, which in itself is also a
factor for future falls. In addition to this, it is also noted in the
present study that visual attention of males is significantly
better than females, while there is no significant difference
between visual reaction time and fear of fall experienced by
both the genders.

The significant correlation of FOF with balance measures,
FRT, TUG and BBS has shown that poor balance status relates
to increased FOF. Fear of fall is positively correlated with
Functional reach test and Berg Balance Scale and negatively
correlated with Time Up and Go test. The correlation is found
to be mild for FRT while it is strong for BBS and TUG. This
indicates that balance during mobility may be more adversely
affected by FOF than balance that is compromised during a
reaching activity that is performed while maintaining a
particular Base of support. Balancing reactions such as rapid
stepping or reaching movements are relatively more impaired
in healthy older adults, thus, compensatory postural
adjustments which are crucial to balance recovery are
significantly affected by the ageing process.®

It can be said that FOF in most cases is a credible measure of
one’s balance ability. It is also proposed to be a more pervasive
and serious problem than falls in older adults®”. This fear can
trigger reduction in Quality of life of the older adult due to
restrictions of basic and instrumental activities of daily living,
reduction of physical fitness and an increased risk of falls.

These findings have important implications to FOF and suggest
that interventions that enhance RT and/or VAT may reduce
FOF. But as correlation alone does not talk about cause and
effect of variables that are studied, it may also indicate that
reduction in FOF by psychological counselling or balance
training exercises may improve RT and/or VAT. Studies done
in the past have also indicated reactive and volitional stepping
as an intervention to reduce falls among older adults by almost
50%. Improvements in reaction time have been proposed as
reason for clinically significant reduction of falls ©*.

Limitation

The study population was conveniently selected from the
general population of community-living older, mostly from
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East Delhi. Also, this study design limits interpretation of the
results with regard to causality.
Future Research

Further steps in this area would be to find if the use of training
for VRT and VAT as a part of balance training for elderly is
beneficial for reducing fear of fall and falls in elderly. Another
research area may be the studying of development of fear of
falling in various age groups using a longitudinal design and
focussing on how early and what interventions can effectively
prevent falls and improve outcomes.

CONCLUSION

FOF is seen to be higher when VRT and VAT are poor. In
addition, people who have more reduction in functional balance
tend to have higher level of FOF. As, a lot of elderly (15.52%)
had a level of FOF which puts them at high risk of fall, it can
be said that FOF is an important factor that influences function
and fall behaviour of elderly and must be routinely evaluated
and treated during balance rehabilitation.
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