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ORIGINAL ARTICLE

Is motor slowing a universal phenomenon of Aging?
Study correlates the effect of aging on psychomotor speed
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Abstract: Objectives: The purpose of study was to determine the direct effects of aging on dopamine receptor
& prefrontal cortex & their indirect effect on psychomotor speed. Background: Reaction time is mainly a
centrally determined function. Its slowing with advancing age is based on various age- induced changes that
occur in central nervous system. Damage or dysfunction of basal ganglia may be the basis for psychomotor
slowness of speed and reduced D, dopamine receptor density, a potential biomarkers of aging. After age 20
years, D receptors disappear at 3.2% per decade while D, receptors disappear at about 2.2% per decade.
Overall, therefore, the D,/D, ratio falls with age. Methods: Reaction time is measured by using a response
analyzer in healthy controls with age ranging from 20-82 years. Result: It was observed that there is slowness
of psychomotor speed with increasing age. Conclusion: Speed of perception, speed of initiating the response
and speed of movement are all involved in psychomotor performance. Neural system related to all these
functions would be most importantly implicated in the slowing seen as a consequence of aging. It might lead to
the delayed or slower reaction time to auditory and visual stimuli in elderly subjects. Damage or dysfunction of
basal ganglia may be the basis for psychomotor slowness of speed and reduced D, dopamine receptor density, a
potential biomarkers of aging. Thus motor slowing is a universal feature of human aging commonly expressing
human senescence.
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Introduction More recently, converging evidence from
patient studies, animal research, pharmaco-
logical intervention and molecular genetics
indicates that dopamine is critically implicated
in higher-order cognitive functioning which
decline across adulthood and aging [4].
Interdependencies exist between fronto-
striatal functional connectivity, dopamine and

Most significant intellectual developments of the
twentieth century are the increasing recognition
that all aspects of human behaviour and
experience are actually functions of a material
structure, the Nervous system. Ageing in humans
refers to a multidimensional process of physical,
psychological and social change. Steady decline . .
. . : working memory performance and that this
in many cognitive processes is seen across the

lifespan, accelerating from the twenties or thirties system is functioning sub-optimally in normal
[, aging [5].

Aims: The study was designed to evaluate the
effect of normal aging on the psychomotor
speed with in healthy controls by focusing on
tasks related to prefrontal cortex functioning
and was compared within groups to reach any
statistical difference.

There are changes in the brain: though neuron
loss is minor, after 20 years of age there is a 10%
reduction, each decade in the total length of the
brain's myelinated axons [2]. Few cells in motor
cortex changed their firing rate before the
response. Stimulus and response time interval
comprises of sense organ time, brain time, nerve
time and muscle time is the reaction time which
included speed of perception, speed of initiating
the response and speed of movement, are all
involved in psychomotor performance [3].

Objectives: The purpose of study was to
determine the direct effects of aging on
dopamine receptor & prefrontal cortex & their
indirect effect on psychomotor speed.
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Material and Methods

The study was conducted in the Department of
Physiology, in association with the Medicine and
Psychiatry Department of Government Medical
College and Hospital Nagpur, with due
permission of the ethical committee. Reaction
time was measured in healthy controls after
taking the informed consents from the random
population in the age group 20-82 years. Study
population consisted of 141 healthy volunteers
were 46, 52 and 43 participants in early adulthood
20 to 39 years, middle adulthood 40 to 59 years
and late adulthood 61 to 82 years group
respectively.

Order of the procedure included: (A)
Measurement of simple reaction time by an
instrument: response analyzer, subjects included
in the study were right handed and they
responded with their right hands with normal
hearing and vision. (B) Folstein Mini Mental
State Examination (MMSE) for cognitive
disability and Hamilton Rating Scale for
Depression (Ham-D) [6-7] were used to exclude
the significant cognitive impairment diseases
such as Alzheimer's disease, Parkinson's disease,
Dementia and Clinical depression as a cause of
psychomotor slowing. (C) A survey questionnaire
(questions including health, demographics and
dominance) [8].

Minimum educational qualification as higher
secondary school passed was included in this
study. Subjects underwent a clinical examination
by a physician, psychiatrist, and neurologist to
evaluate any neurological or psychiatric disease,
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alcohol or substance abuse and visual or
auditory impairment sufficient to compromise
in evaluation and testing. Psychotropic
medications or drugs known to affect the brain
dopamine system were excluded from study.
Screening procedures such as ECG, thyroid
function studies, were also done to exclude
cardiovascular diseases, hyperthyroidism and
hypothyroidism disorder.

Statistical Analysis: The performances were
expressed in mean =+ standard deviation of the
reaction time by using the Student’s unpaired
‘t’ test.

Results

The reaction time was measured by using the
following parameters: For the auditory
reaction time [ART], a low frequency sound
[LF] and a high frequency sound [HF] were
included and for the visual reaction time, a red
colour light [RL] and a green colour light
[GL] were included [Table-1 & 2, Fig-1].

Table-1: Showing neuropsychological data

Neuropsychological data Mean + SD
MMSE scores 28.0+1.2
Hamilton Depression Scale 4.1+2.2

MMSE scores for these subjects ranged from
26 to 30 (28.0+1.2) indicating no significant
cognitive impairment. Ham-D scores ranged
from O to 8 (4.1£2.2), indicating no significant
depressive symptoms.

Table-2: Showing mean with standard deviation of ART and VRT of healthy controls
in various age groups

Early adulthood Middle adulthood Late adulthood
Parameter (20 to 39 yrs) group (40 to 59 yrs) Group (60 to 82 yrs)
[Mean + SD] [Mean + SD] Group [Mean + SD]
ART | low frequency sound 0.168%+0.009 0.175£0.007 0.207£0.009
High frequency sound 0.165%£0.010 0.17210.007 0.203+0.011
VRT | Red colour light 0.192+0.010 0.207£0.009 0.222+0.007
Green colour light 0.196x0.010 0.212+0.012 0.230£0.009

© 2014. Al Ameen Charitable Fund Trust, Bangalore 100




Al Ameen J Med Sci; Volume 7, No.2, 2014

There is increase in both [Mean = SD] of ART
and VRT with increasing age and it is statistically
significant in the late adulthood [60 to 82 yrs]

group.

Fig-1: Showing comparison and analysis between
healthy controls in various age groups for reaction
time.
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Discussion

In the present study it was observed that reaction
time increases as the age advances resulting
slowness of psychomotor speed might be due
spinal synaptic delay increases with age
suggesting that decrease in ventral root
conduction velocity and 10% decrease in ventral
root fibers [9]. Older were slower in reaction time
than younger. The variation in reaction time,
suggesting that major changes in reaction time
occurs in central nervous system rather than in
the periphery [10]. With advancing age, various
changes occur in nerves e.g. increased fibrosis,
segmental demyelination and degeneration. These
changes might lead to decrease in motor nerve
conduction velocity mainly beyond 50 years of
age which is more apparent in upper than lower
extremities [11].

Older individuals might be much more sensitive
to small changes in movement complexity than
younger and suggested that this sensitivity is
movement complexity to progressive over the
adult life span and this increases reaction time
with advance age [12]. As the age advances, there
is age-related decline in psychomotor speed
leading to delayed response by elderly individuals
[13]. This may be due to direct effect of age on
perceptual speed in addition to the indirect effect
through sensory motor speed [14]. Slowing in
reaction time with age suggested that there is
decline in speed of information processing as the
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person ages [15] and progressively from 20 s
up to the age of 60 years and above, might be
due to age related decline in frontal cortex
function which is involved in attentional task
[16-17]. The elderly subjects tend to be more
cautions and their speed of reaction is slower
as well, hence they take longer time to
respond. Reaction time is mainly a centrally
determined function and its slowing with
advancing age is based on various age-
induced changes that occur in central nervous
system. Speed of perception, speed of
initiating the response and speed of movement
are all involved in psychomotor performance.
Neural system related to all these functions
would be most importantly implicated in the
slowing seen as a consequence of aging. It
might lead to the delayed or slower reaction
time to auditory and visual stimuli in elderly
subjects. They also suggested that damage or
dysfunction of basal ganglia may be the basis
for psychomotor slowness of speed and
reduced D, dopamine receptor density, a
potential biomarkers of aging [18].

Decreased in catecholamines turnover in CNS
(Central nervous system) of senescent rats and
metabolism of nor-epinephrine and dopamine
in some brain region with increased age and
potential markers of aging included slower
reaction times, reduced D, dopamine receptor
density suggesting that reaction time is related
to multiple aspects of Nigrostriatal dopamine
function [19-20]. In childhood, the densities
of D, and D, dopamine receptors in the brain
striatum rise and fall together. After age 20
years, D, receptors disappear at 3.2% per
decade while D, receptors disappear at about
2.2% per decade. Overall, therefore, the
D,/D, ratio falls with age [21].

Dopamine exerts different modulatory effects
on medial PFC activity during tasks requiring
sustained attention that are dependent upon
the type of D2-like receptor that is activated.
The PFC has the ability to actively maintain
patterns of activity, and thus it can function
not only as an attentional template, but also
represent rules and goals that guide behaviour.
The activity of the PFC is influenced by
neuromodulatory systems that originate in the
midbrain and hindbrain. Among them,
midbrain dopaminergic (DA) input into the
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PFC plays an important role in maintaining and
updating PFC representations [22]. Meredith N
Braskie (2008) further supports a relationship
between striatal dopamine processing and frontal
lobe cognitive function [23]. The molecular-
imaging studies indicated that individual
differences in DA functions are linked to
cognitive performance irrespective of age, and
serve as powerful mediators of age-related
decline in executive functioning, episodic
memory, and perceptual speed [24].

Age-related deficits have been demonstrated in
working memory performance and in the
dopamine systems suggesting that dopamine
synthesis helps modulate default network activity
in younger adults and those alterations to the
dopamine system may contribute to age-related
changes in working memory function [25]. Van
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Dyck C.H. et al (2007) also found diminished
nigrostriatal dopaminergic  function was
associated with slowing of reaction speed
[26]. Dopamine signalling may be particularly
important under high executive demands; the
dopaminergic system playing a key role in
coordinating activity patterns in distinct
regions of the neocortex [27]. Thus Dopamine
may play an important role in attentional and
executive processes, as it modulates cortico-
limbic inputs, including afferents from the
prefrontal cortex.
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