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Reaction Time and Aerobics: a Review

Hem Lata, Garg Monika

April 2011, Volume 3; Number 1
Review article

Department of Physiology, Dayanand Medical College and Hospital, Ludhiana-141008, India

Abstract

Reaction time studies are an important method used for central information processing speed and fast
coordinated peripheral movement response. It is an external indicator of the ability of the nervous
system to receive process and initiate a response to incoming stimuli. Its measurement is a common
method to evaluate psychomotor fitness. The faster reaction time in aerobic exercisers improves
concentration, alertness, better muscular co-ordination and performance in the speed and accuracy.
Aerobic activity leads to enhanced cognitive performance, in particular cognitive flexibility, a measure
of executive function. Aerobic exercise also affect cognition and psychomotor function. These exercises
refer to exercise that is of moderate intensity and are undertaken for a long duration. Aerobic means

“with oxygen”, and refers to the use of oxygen in a muscle’s energy-generating process.

Received: Dec 14, 2010

Key words: Reaction time, aerobics

Reaction time and aerobics

Reaction time (RT) is the interval between application
of a stimulus and appearance of appropriate voluntary
response by a subject. It acts as a reliable indicator of
processing of sensory stimulus by central nervous
system (CNS) and its execution in form of motor
response.' Studies on reaction time are an important
method used for central information processing speed
and fast coordinated peripheral movement response.’
It is an external indicator of the ability of nervous
system to receive, process and initiate a response to
incoming stimuli. Responses that take more time to
initiate are assumed to require long information
processing time.”

RT is fastest when there is only one possible response
(simple RT) and becomes slower as additional
response options are added (choice RT). RT has its
practical implications which are of great consequence
e.g. a slower than normal RT while driving can have
grave results.’

The model of information flow with in an
organism can be represented in this way:

Stimulus _, Receptor, Integrator
Effector response
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Since RT is a velocity data processing indicator, it
represents level of neuromuscular coordination in
which the body through different physical, chemical
and mechanical processes decodes visual, auditory or
tactile stimuli. Sensory neurons convert a stimulus
into electro-chemical signal which flows to CNS and
then through efferent neurons the information reaches
desired motor units.’ Generally motor neurons will
cause a muscle to contract or a gland to secrete a
substance. Reactions that involve only the receptor,
spinal cord and the effectors are faster than those
which involve processing in brain. Total RT can be
decomposed into different components viz.

Mental processing time having further substages as
sensation, perception/recognition, response selection
and programming and device response timeMovement
time

Factors affecting RT

Different factors and diseases increase the time to
react to a number of external stimuli of different
modalities. In today’s world of industrial revolution
and technological development there is high stress,
anxiety and sedentary life style that compromise the
health of a majority of population around the world
both in developed and developing countries. In
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addition risk factors like age, gender, family history,
brain trauma, education level, smoking, drinking
habits, mental stress, nutritional aspects and
socialization increase the predisposition to a cognitive
damage which can lead to increase in the response
time. Increase in RT is due to reduction in information
processing velocity, decrease in information
processing velocity, decrease in attention, reduction of
work memory capability, damage in the functioning of
frontal lobe and decrease in neurotransmitter function
besides the decreased central blood circulation.®

RT is influenced by various factors related to physical
fitness, genetic, psychological factors and type of
stimulus. Mean RT is approximately 180-200
milliseconds (msec) to detect visual stimulus and 140-
160 msec to detect an auditory stimulus. This is due to
the reason an auditory stimulus takes 8-10 msec
whereas visual stimulus takes 20-40 msec to reach the
brain. Processing of light follows longer path than that
of auditory stimulus. Arousal or state of tension
including muscular tension affects RT. RT is fastest
with an intermediate level of arousal and deteriorates
when subject is either too relaxed or too tense.’
Exercise improves RT by increasing arousal. By
contracting arm and hand muscles for a few seconds
and then relaxing them a no. of times allows brain to
work faster.

Age and RT

RT changes with progressing age. It shortens from late
infancy into 20s, then increases slowly until 50s and
60s and then lengthens faster as age progresses. There
is general decline in sensorimotor function with
growing age which may impair ability to perform
daily activities of daily living safely and
independently. Older subjects go through the same
CNS processing as younger adults but at a slower pace
and hence takes longer to react. The slowing of RT
with age is attributed to speed of nerve conduction as
well as their tendency to be more careful and monitor
their responses more thoroughly. Older people pay
attention exclusively to one stimulus and ignore
another stimulus more completely than younger
people.®® Aging is associated with decline in
multitude of cognitive processes and brain functions
like perception, attention, learning, memory, thought,
concept formation, reading and problem solving.
There is strong interaction between task complexity
and aging. Older people still can maintain their
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reflexes more and thus improve RT if they stay alert
and exercise regularly. Aerobic fitness significantly
reduces age related tissue loss which can be
appreciated in functional magnetic resonance imaging
(fMRI) of fit older individuals having less grey matter
loss and less loss of white matter tracts than their less
fit counterparts. Hence fitness training has a great
impact on executive control functioning in older
populations. Also staying fit earlier in life may
increase an individual’s ability to avoid potential
decline associated with inactivity in the later years.'
Diabetes and RT

The diabetic population is constantly on the rise. High
blood glucose associated with diabetes causes
chemical changes in the nerves and damages blood
vessels that carry oxygen and nutrition to the nerves.
Excessive glucose metabolism causes decrease in
nitric oxide in nerves leading to constriction of blood
vessels supplying the nerves in diabetic patients.
Raised blood glucose affects many metabolic
pathways in the nerves leading to accumulation of
sorbitol and depletion of myoinositol. These changes
impair the nerves ability to transmit signals. The
axonal degeneration of both myelinated and
unmyelinated fibres, axon shrinkage, axonal
fragmentation, thickening of basement membrane and
micro thrombi are responsible for the delayed motor
nerve conduction velocity.*

Diabetics have been shown to have increased
incidence of postural instability and reduced
peripheral sensations. The instability may be due to
slower input of information to CNS which does not
allow the nervous system to react to stimuli quickly."’
The rapid motor response following a visual stimulus
being delayed in diabetics has been observed at
extreme of glucose levels compared to euglycemic
state. Besides the delayed visual motor coordination,
learning and visual memory were also found to be
impaired.'?

Other factors

Left handed people have an inherent reaction time
advantage as left hemisphere is regarded as verbal and
logical brain whereas the right one is thought to
govern creativity, emotions and spatial relations etc.'
Fatigue especially mental fatigue seen in sleepiness
affects our alertness and increase RT. Neurobehavioral
and cognitive functioning are strongly influenced by
circadian timing system and homeostatic sleep

Reaction time 2
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regulatory system. Alcohol slows RT. It is a CNS
depressant and slows muscle activation. It impairs the
speed of information processing, cognitive abilities
and degree of attentiveness.

Aerobics and RT

To maintain this reaction time, central nervous
processing has to be enhanced. Aerobic conditioning
is considered to be the foundation key to achieve long
term health benefits and enhance cognitive skills.
Aerobic fitness can greatly assist athletes in avoiding
injuries related to muscle fatigue which is notorious
for affecting muscle strength, RT and neuromuscular
coordination.' "2

Aerobic means ‘with air’ or ‘with oxygen’. Moderate
aerobic exercises improve visual and auditory RT.
Aerobic activity involves continuous activity or
exercise that is long in duration but moderate in
intensity, allowing the body to replenish needed
oxygen. Aerobic exercise activities are gentle
rhythmic exercises that involve moderate intensity
activity to improve oxygen consumption of the body.
An effective aerobic exercise should involve 5-10 min
of warming up at an intensity of 50-60% of maximum
heart rate followed by at least 20 min of exercise at an
intensity of 70-80% of maximum heart rate, ending
with 5-10 min of cooling down at an intensity of 50-
60% of maximum heart rate.

Psychological benefits of exercise is that it enhances
the levels of certain neurotransmitters such as
serotonin, norepinephrine and dopamine, which play a
key role in mood regulation. Alterations in the level of
these neurotransmitters may also play a key role in
various aspects of cognitive functioning such as
enhancement of both working and long term
memory.'*

The faster RT in aerobic exercisers is due to improved
concentration, alertness, better muscular coordination
and improved performance in speed and accuracy
task." This helps to release tension, develops alertness
and better contact of mind with body, which seems to
be responsible for better performance of individuals.'®
Exercise training leads to sparing of glycogen,
increased capacity to oxidize fatty acids thus
prolongation in work time, delay in fatigue, increase
in enzymatic activity, increasing oxidation of ketones
and increased removal.'” These beneficial effects in
aerobic exercises are responsible for their faster RT.
Visual and auditory RT decreases during moderate
aerobic exercise. This is due to exercise induced
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activation of cognitive information processing.'®
Speed of information processing is related to general
intelligence, brain volume and cognitive abilities.'” RT
is used to measure speed of information processing.
The cognitive facilitation by moderate exercise is
attributable to direct improvement in cerebral
circulation and alteration of the action of
neurotransmitters. Frequent aerobic exercise plays a
large role in the maintenance of cerebrovascular
activity and cardiorespiratory functioning which can
in turn help to sustain cognitive aptitude as humans
enters into old age.”’

Moderate physical training over a long term facilitates
recovery of cognitive functions even in elderly
people.”! Physiological mechanism in facilitating
cognitive function by physical exercise is now
applicable as a therapeutic method in the dysfunction
of cognitive performance and prevent aging. Moderate
exercise increases brain volume in areas implicated in
executive processing, improves cognition in children
with cerebral palsy and enhances phonemic skill in
school children with reading difficulty. Neurotrophins,
endogenous proteins that support brain plasticity
mediate the beneficial effects of exercise in brain.
Hence aerobic exercise provides cheap, non-
medication alternative method to improve RT in
various diseases, protect nervous system from
neurodegenerative conditions and prevent age related
cognitive decline. As the study on effect of exercise
on ART and VRT is relatively less explored and
existing data on effect of exercise on psychomotor
performance is controversial so more research is
needed to be done in this area.

References

1. Patel M, Singh SK. Effect of pregnancy on visual
reaction time. Obstet Gynecol India 2006; 56: 410-
12.

2. Kaue P, Paul M, Sandhu JS. Auditory and visual
reaction time in athletes, healthy controls and
patients of type 1 diabets mellitus: a comparative
study. Int J diabetes dev ctries 2006; 26: 112-15.

3. Samantha JR, Charles JR, Judy S. A comparative
study of reaction times between type 2 diabetes and
non diabetics. Biomed Eng online 2005; 4: 1-12.

4. Chodzko-Zajko WJ, Moore KA. Physical fitness
and cognitive functioning in aging. Exerc Sport Sci
Rev 1994; 22:195-220.

5. Kimura K, Imanaka K, Kita I. The effect of
different instructions for preparatory muscle
tension on simple reaction time. Hum Mov Sci

Reaction time 3



The Clinical Researcher

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

Hem Lata et al

2002; 21: 947-60.

Antunes HKM, Santos RF, Cassilhas R, Santos
VT, Bueno FA, Mello TD. Reviewing on physical
exercise and the cognitive function. Rev Bras Med
Esporte 2006;12:97-103.

Welford AT. Choice reaction time: Basic concepts.
In A. T. Welford (Ed.), Reaction Times. Academic
Press, New York, 1980, pp. 73-128.

Redfern MS, Muller M, Jennings JR, Furman JM.
Attentional dynamics in postural control during
pertubations in young and older adults. J Gerontol
A Biol Sci Med Sci 2002; 57: 298.

Myerson JS, Robertson M, Hale S. Aging and
intraindividual variability in performance: analysis
of response time distributions. J Exp Anal Behav
2007; 88: 319-37.

McAuley E, Kramer AF, Colcombe SJ.
Cardiovascular fitness and neurocognitive function
in older adults: A brief review. Brain Behav
Immun. 2004; 18: 214-20.

Aerobic  exercisable Available at http:/
en.wikipedia.org/wiki/Aerobic-exercise (Accessed
on December 12, 2010)

Joki E, Lexington KY, Anand RL. Advances in
exercise physiology. Record Physiology, S Karger
1974; 9: 18, 21, 22.

Boulinguez P, Barthelemy S. Infleunce of the
movement parameter to be controlled on manual
RT asymmetries in right-henders. Br J Clin
Psychol 2000; 44: 653-61.

Potter D, Keeling D. Effects of moderate exercise
and circadian rhythms on human memory. Journal
of Sport and Exercise Psychology 2005; 27: 117-
25.

Grim BY, Hannertz L. Recruitment order of motor
units on vouluntary contractions changes induced
by proprioceptive afferent activity. J Neurol
Neurosurg Psychiatry 1965; 32: 563-73.

Normad R, Kerr R, Metevier G. Exercise, aging
and fine motor performance. J Sports Med Phs Fit
1987; 27: 488-96.

Winder WW, Baldwin KM, Holloszy JO. Enzymes
involved in ketone utilization in different types of
muscle: adaptation to exercise. Eur J Biochem
1974; 47: 461-7.

Yagi Y,Coburn KL, Estes Km, Arruda JE. Effetcs
of aerobic exercise and gender on visual and
auditory P300, reaction time and accuracy. Eur J
appl Physiol 1999; 80: 402-8.

Walhovd KB, Fjell AM, Reinvang I, Lundervold
A, Dale AM. Neuroanatomical aging: universal but
not uniform. Neurobiol Aging 2005; 26: 1279-82.
Kramer AF, Hahn S, McAuley E, Cohen NJ,

Reaction time

21.

April 2011, Volume 3; Number 1

Banish MT, Harrison C. Exercise, aging and
cognition: healthy body, healthy mind. J Exp
Psychol Learn Mem Cogn 2002; 23: 941-55.
Kramer AF, Erickson KI, Colcombe SJ.Exercise,
cognition, and the aging brain. J Appl Physiol
2006; 101: 1237-42.


http://www.ncbi.nlm.nih.gov/pubmed?term=Cardiovascular%20fitness%20and%20neurocognitive%20function%20in%20older%20adults%3A%20A%20brief%20review.%20Brain%20Behavior%20and%20Immunity
http://www.ncbi.nlm.nih.gov/pubmed?term=Cardiovascular%20fitness%20and%20neurocognitive%20function%20in%20older%20adults%3A%20A%20brief%20review.%20Brain%20Behavior%20and%20Immunity
http://en.wikipedia.org/wiki/Aerobic-exercise
http://en.wikipedia.org/wiki/Aerobic-exercise
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Winder%20WW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baldwin%20KM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Holloszy%20JO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/16778001
http://www.ncbi.nlm.nih.gov/pubmed/16778001

The Clinical Researcher

April 2011, Volume 3; Number 1
Review article

Phosphate Binders in Chronic Kidney Disease

William Akanksha, Badyal Dinesh K, Narula Jasleen

Department of Pharmacology, Christian Medical College and Hospital, Ludhiana-141008, India

Abstract

Hyperphosphatemia is an important consequence of decreasing renal function in patients with end-stage
renal disease (ESRD). The inability to control serum phosphate level leads to serious complications,
including renal osteodystrophy, hyperparathyroidism and cardiovascular mortality and morbidity. The
current modes of treatment for hyperphosphatemia are reduced dietary intake, phosphate binders and
hemodialysis. Calcium-based binders contribute to an increased level of calcium phosphate product and
causes metastatic and cardiovascular calcification. Consequently, there has been research into the
development of alternative phosphate binding agents. Sevelamer carbonate is a useful new treatment
option for haemodialysis patients and is not associated with the adverse effects associated with other
phosphate binders. In this review we discuss these options.

Received: Sept 12, 2010

Key words: Phosphate binders, Chronic kidney disease

Chronic kidney disease (CKD) is a well established
major public health problem for both the developed
and the developing countries. These patients are at a
high risk of developing end stage renal disease
(ESRD). The treatment options of ESRD are limited
to renal replacement therapy i.e. renal transplant or
maintenance hemodialysis or peritoneal dialysis. In
USA alone, an estimated 30 million people were
diagnosed with CKD in 2010'. However, till date the
accurate data to estimate the prevalence and incidence
in India is not available. One study shows an
estimated incidence rate of 151 and age adjusted rate
of 229 per million population for a period of (2002-
2005). It could be gross understatement of the facts.
Firstly because the prolonged life expectance and
secondly because of unprecedented increase in the
incidence and prevalence of diabetes mellitus and
hypertension. Both of these are major contributors to
CKD’.

It is important to delay (if not prevent) the

development of end stage renal disease. The cost of

treatment of ESRD in US for the year 2001 was
between US § 70-75 billion. In India the cost varies
considerably between government hospitals and
private set up. It can vary from Rupees 150/- in
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government hospital to Rupees 12000/- in a corporate
hospital.’

Apart from offering the patient renal replacement
therapy it is important to minimize the complications
of end stage renal disease. Hyperphosphatemia occurs
in almost all patients of ESRD. Until 1998, it was
considered more of an annoyance rather than a
contributor to mortality. It causes renal
osteodystrophy, calcification of coronary plaques,
cardiac valves and myocardial tissue. There is
sufficient data available from various studies to link
hyperphosphatemia and increased mortality in end
stage renal patients.’

The various options for phosphate binders include
phosphate restricted diet (table 1), oral phosphate
binders and hemodialysis.’

Restricting phosphorus in the diet may not always be
therapeutically adequate. Oral phosphate binders are
a convenient and feasible option for such patients.

Various phosphate binders which can be used in CKD
are:

1. Aluminum based phosphate binders

The aluminum based phosphate binders were
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the first to be introduced. They successfully
reduced serum phosphate levels. The
aluminum combined with the phosphorus in
the food and formed aluminum phosphate
precipitates which are not absorbed. The
aluminum hydroxide forms coordination
compounds with the phosphate ions and thus
traps and mask phosphate ions in the blood.
These binders deposit in the brain and the
growing end of the bones and were associated
with cognitive disturbances, osteomalacia and
anemia. Currently its use is very limited
although some studies argue otherwise.’ If the
safely standards for routine water testing for
aluminum are met and periodic blood
aluminum levels for toxicity are done, the
aluminum toxicity can be curtailed to a large
extent. This will decrease the cost of treatment
substantially without compromising on the
health of the patient.

2. Magnesium based phosphate binders

Magnesium containing phosphate binders e.g.
magnesium carbonate are a cost effective
alternative to aluminum based binders. In vitro
studies have demonstrated that magnesium has
inhibitory role in vascular calcification. It
increases the expression of osteopontin and
transient receptor potential melastatin, bone
morphogenic protein 7 and matrix G,a protein.

3. Calcium based phosphate binders

Various calcium containing salts are available
e.g. calcium acetate, calcium carbonate,
calcium alginate, calcium lactate and calcium
ketoglutarate. Calcium acetate and carbonate
are most commonly used salts. Their use has
been implicated with an increase in calcium
phosphorus product. Although calcium based
drugs do not have toxicity profile of aluminum
based compounds, it is often necessary to use it
in high doses, as a result, large number of pills
are required which decreases their compliance.
Hence, these drugs contribute to an increased
level of calcium phosphate product (calcium x
phosphate) and have been implicated in the
development of metastatic calcification
essentially, cardiovascular in nature

Phosphate binders
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Disturbance in the calcium phosphorus product
leads to secondary hyperparathyroidism, renal
osteodystrophy and high cardio vascular
mortality.” If the level of either calcium or
phosphorus increases it leads to increased
binding to each other. They form an insoluble
complex that Ileads to exoskeleton
calcification. It may further decrease serum
calcium levels which lead to worsening of
hyperparathyroidism. Raised PTH will
mobilize more calcium from the bones and the
patient may develop Osteitis fibrosa cystica .

This paved the way for the development of non
calcium non aluminum based binders i.e.
sevelamer carbonate/calcium acetate and
lanthanum carbonate.

4. Non-calcium based phosphate binders

A. Lanthanum carbonate is a non calcium
based binder that binds to phosphorus
effectively across the pH range of 1-7. It does
not get absorbed form the gastro intestinal
tract. In contrast to aluminum, lanthanum does
not cross the blood brain barrier. It also has
shown to have no delirious effect on the fat
soluble vitamins®.

B. Sevelamer carbonate is a cation that binds
to negatively charged phosphorus ion
effectively. It is a non selective ion exchanger.
It however, may bind to fat soluble vitamins
and should be used with caution. It does not
affect the bioavailability of enalapril,
metoprolol, or digoxin but has shown to
decrease the bioavailability of ciprofloxacin.
Across various randomized controlled trials
these binders have repeatedly shown their
efficacy and safety. The major concern for the
developing countries is their cost that restricts
their use.’

It differs from other currently available
phosphate binders in that, it is not a metal salt
but a cross linked polymer containing multiple
amine groups. It reduces serum phosphate
concentration by binding to phosphate ions in
the gastrointestinal tract, thus preventing their
systemic absorption’.
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It also has additional beneficial effect on
dyslipidemia commonly seen in chronic kidney
disease. It helps in lowering lipid level
particularly low density lipoprotein. It binds to
bile acids, which results in improved fecal bile
acid excretion and lowers low density
lipoprotein serum levels®. It has been shown to
slower the rate of cardio vascular calcification
seen in chronic kidney disease. This property
is objectively measured by quantitative C-
reactive  protein  (CRP), marker for
atherosclerosis seen during calcification.'
There is limited data on the effect of this drug
in Indian population.

Summary

Since the commencement of their use, the importance
of phosphate binders has only been amplified and
reinforced repeatedly. With the development of non
calcium and non aluminum based phosphate binders
this task has been simplified although it has its own
limitations in the form of economic -constrains.
Nonetheless, the next milestone for controlling
phosphorus has nearly been realized.
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Abstract

Background: This study was aimed to compare the efficacy of olanzapine and risperidone and their
propensity to cause changes in blood pressure and anthropometric measurements of the patients.
Methods: A randomized, comparative, open clinical study was conducted on 60 schizophrenic patients
who were divided into two groups, one receiving olanzapine and other receiving risperidone. The
efficacy of the drugs was assessed by Brief Psychiatric Rating Scale. The patients were assessed for
changes in blood pressure and anthropometric measurements over 8 weeks. The number of patients
positive for central obesity and blood pressure criteria of metabolic syndrome was calculated and
compared between two groups at 8 weeks.

Results: Both drugs significantly decrease the severity of schizophrenia. A significant increase in all
the observed parameters was found in olanzapine treated patients except weight and blood pressure. In
risperidone treated patients, there was a significant increase in waist hip ratio only. Inter group
comparison showed no significant difference, except for waist hip ratio, which was higher in olanzapine
treated patients.

Conclusion: Both olanzapine and risperidone treatment can produce a change in anthropometric
measurements. Except for waist hip ratio, the difference in their propensity to cause these changes is not

significant
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Schizophrenia is the most frequent and debilitating of important role in the disorder.”
the psychotic disorders. It is characterized by a loss of Typical antipsychotics have been used since long for

contact with reality where patients have beliefs or
perceptual experiences (delusions and hallucinations,
respectively) which are not shared by other members
of their culture. These symptoms comprise the so-

the treatment of schizophrenia. Although this class of
drugs worked effectively for the treatment of positive
psychotic symptoms, they induced dose-limiting
extrapyramidal motor deficits as well as exacerbated

called positive symptoms or psychotic domain of negative symptoms and failed to affect cognitive

schizophrenia. Negative symptoms like blunted affect,
anhedonia, apathy, and a reduced quantity or content
of speech (alogia) comprise the second symptom
domain in schizophrenia.' Several lines
circumstantial evidence suggest that excessive
dopaminergic activity of mesolimbic system plays an

Corresponding author: Bhutani G, Pharmacology;

deficits. The newer drugs for treatment of
schizophrenia are atypical antipsychotic drugs like
clozapine, olanzapine, risperidone, ziprasidone,

of quetiapine etc. These drugs possess low risk of

extrapyramidal symptoms due to their greater affinity
for 5-HT,4 receptors over dopamine D, receptors™

email: garimaahuja2010@yahoo.com 8
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and also because of their selectivity for mesolimbic as
compared to nigrostriatal regions.’ Thus they have
largely replaced the typical anti psychotic drugs for
the treatment of schizophrenia.

But these drugs produce some metabolic changes like
insulin resistance, abdominal obesity, atherogenic
dyslipidemia, hypertension, glucose intolerance,
prothrombotic state and proinflammatory state.® This
collectively constitutes metabolic syndrome, which is
also known as “Syndrome X”,” “The deadly quartet”,®
“Visceral fat syndrome”,’ or “Insulin resistance
syndrome”.' Metabolic syndrome in patients with
mental illness clearly represents an enormous source

April 2011, Volume 3; Number 1

diabetes mellitus but waist circumference is a stronger
predictor of diabetes than BML.'*°

Hypertension is one of the major factors that can result
into stroke, transient ischemic attacks, nephropathy
and end organ damage. Hypertension in the presence
of dyslipidemia most likely leads to increased
filtration of small lipoproteins across the capillaries.
This results in an increased concentration of
atherogenic lipoproteins in the interstitial fluid. In
turn, this leads to an increased deposition of
cholesterol in the arteries and macrophages. Thisis a
risk factor for cardiovascular morbidity and
mortality."”

of cardiovascular risk."' The values of the criteria of Olanzapine and risperidone are among the most

metabolic syndrome for South Asians are defined by
the modified National Cholesterol Education
Programme Adult Treatment Panel III (NCEP ATP
IIT) guidelines and they include central obesity (waist
circumference > 90 cm in men or > 80cm in women),
hypertriglyceridemia (= 150 mg/dl), low HDL
cholesterol (<40 mg/dl in men or <50 mg/dl in
women), hypertension ( >130/85 mm Hg) and insulin
resistance (blood glucose > 110 mg/dl). Diagnosis of
metabolic syndrome claims for three or more of the
above key components.'

Adiposity is one of the important parameter of consent

commonly prescribed drugs. In this study we
compared the efficacy of olanzapine and risperidone
and their effects on anthropometric measurements and
blood pressure of the patients.

Materials and Methods

Study design

This was a prospective, randomized, comparative,
open clinical study which was approved by the
Institutional Review Board. The study was in
accordance with the principles of good clinical
practice and declaration of Helsinki. Written informed
was obtained after the experimental

metabolic syndrome. Weight gain at 3-6 weeks of procedures were fully explained to the humans

treatment with atypical antipsychotics is a good
clinical indicator for predicting total weight gain.'
Body fat distribution is also an important risk factor
for obesity related diseases. Excess abdominal fat
(known as central or upper body fat) is associated with
an increased risk of cardio metabolic disease. Waist
circumference is used as a surrogate marker of
abdominal fat mass (subcutaneous and intra
abdominal) and is associated with cardio metabolic
disease risk. BMI (Body Mass Index) provides a broad
and easily obtainable, though nonspecific estimate of
obesity. Nurse’s Health Study report demonstrates
significant association between the BMI and risk for
stroke. Waist-to hip ratio (WHR) is highly correlated
with BMI and better represents abdominal obesity.
Northern Manhattan Stroke Study reports a significant
relationship between WHR and risk of stroke. Thus
obesity—in particular, abdominal obesity—is a
significant risk factor for ischemic stroke.'* Waist
circumference and BMI both predict occurrence of

Bhutani G

participating in the study. The simple standard
technique for the random assignment using table of
random numbers was used to allocate the treatment
schedule. The patients in each group were found to be
comparable at the time of initial visit with regards to
demographic parameters like ethnicity, age, gender,
height and the observed parameters. Thus, at the time
of recruitment of the patients in the study, all of them
had similar parameters and the variation in baseline
readings did not have any bearing on the outcome of
the study.

Study participants

A total of 60 patients of either sex in age group of 16-
40 years, divided in two groups of 30 patients each
were randomly allocated to receive two different
treatments (Figure 1).

Eligibility Criteria

Inclusion criteria included current diagnosis of ICD-
10 (International Classification of Diseases)
schizophrenia. Exclusion Criteria included patients

Anthropometric, blood pressure changes in Schizophrenics 9
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Figure 1. Flow diagram showing study process

April 2011, Volume 3; Number 1

Total patients
screened (n=97)

Randomized for
the study (n=76)

Group |

(n=39)

Group II

(n=37)

v

9 patients lost to

7 patients lost to

follow up follow up
l v
Completed study Completed study
successfully
(n=30) successfully (n=30)
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v
Excluded* from

the study (n=21)

*History of earlier antipsychotic treatment(n=7)

* Deranged lipid profile (n=6)

*Elevated blood pressure (n=4)

*Elevated fasting blood sugar (n=2)

*More than 40 years of age (n=2)
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suffering from substance induced psychotic disorder,
psychotic disorder due to general condition or mental
retardation; medical conditions known to affect brain;
any medical condition requiring treatment with a
medication with psychotropic effects; medical contra-
indications to treatment with olanzapine or
risperidone; significant risk of suicidal or homicidal
behavior; pregnant or lactating females; patients
already suffering from hypertension, diabetes mellitus,
hyperlipidemia or obesity at the time of starting the
treatment with anti-psychotic drugs; history of allergy
to study medications.

Study treatment

One group of patients received treatment with oral
olanzapine (5mg) and second group received oral
risperidone (2mg). Available commercial preparations
were used. Compliance was checked by interviewing
the patient at every visit.

Study assessments

The patients were assessed for disease severity,
anthropometric measurements and blood pressure at
the beginning of the study before giving the drug and
then 4 weeks and 8 weeks after starting treatment.
Brief Psychiatric Rating Scale (BPRS) '* was applied
to assess the severity of the disease and the drug
response of the patient. BPRS score, systolic and
diastolic blood pressure, height, weight, waist
circumference, hip circumference, waist hip ratio and
body mass index (BMI) of the patients were recorded
in a standardized format. Waist circumference > 90
cm in men or > 80cm in women was considered as
central obesity cut off criteria of metabolic syndrome
as per the modified NCEP ATP III guidelines. The
blood pressure criterion of metabolic syndrome was
>130/85 mm Hg. The number of patients fulfilling
these criteria was assessed and compared between the
two groups at the end of the study.

Statistical analysis

At 0 week, homogeneity of treatment groups for age,
sex, height, weight, severity of the disease, waist
circumference, hip circumference, waist hip ratio
values, body mass index and blood pressure were
analyzed by unpaired t test. Mean and standard error
of mean (SEM) of the readings were calculated at O
week, 4 weeks and 8 weeks. One way analysis of
variance was applied for assessing the total change
seen in the observed parameters during the 8 weeks

Bhutani G
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study period. Post hoc analysis was also done using
Tukey’s test to assess the relative change produced at
different time periods of the study in the case when
anova showed a significant change in the observed
parameters. Independent ‘t’ test was applied for
intergroup analysis of various parameters at the end of
the study. The number of patients fulfilling the central
obesity and blood pressure criterion in two groups was
compared by applying chi square test. p values <0.05
and <0.001 were taken as significant and highly
significant respectively.

Results

Disease severity

Disease severity decreased significantly (P<0.001) in
both the groups over the 8 weeks treatment period
(Tablel and 2). Highly significant decrease (P<0.001)
was observed on intragroup comparison in both the
groups when their 0 week, 4 week and 8 week values
were compared with each other by post hoc analysis.
On intergroup comparison, no significant difference
was seen in the disease severity at any time period of
the study (P=0.190 at 4 weeks and P=0.087 at 8
weeks).

Body weight

An increase in body weight was noted in both the
groups in the treatment period of 8 weeks, but this
increase was not significant in any of the groups (P=
0.241 and P= 0.605 in olanzapine and risperidone
groups respectively). On intergroup comparison, no
significant difference was seen in the body weight of
the patients at any time period of the study (P=0.772
and 0.438 at 4 and 8 weeks respectively).

Body mass index (BMI)

There was a significant (P=0.001) increase in BMI in
the olanzapine treated group during the study period.
On post hoc analysis, comparison of 0 and 8 week
values only showed significant change (P=0.001).
Comparison of 0 and 4 week values (P=0.178) and 4
and 8 week values (P=0.129) did not show any
significant change. But risperidone treated group did
not show a significant increase (P=0.110) during the
study period. On intergroup comparison, no
significant difference was seen in the BMI of the two
groups at any time period of the study (P=0.526 and
0.093 at 4 and 8 weeks respectively).

Waist circumference

There was a highly significant (P<0.001) increase in

11
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Table 1. BPRS score, anthropometric and blood pressure changes in olanzapine treated patients

Total change after 8

Parameter 0 week 4 weeks 8 weeks weeks
BPRS score 4224097  32.76£0.81%%  2536+0.94%* -16.96+0.85
Weight (kg) 58.03+1.80  60.13+1.82%%  62.40+]1.82%*" 4.36+0.31
BMI (kg/m®) 21.3040.30  22.08+0.30%*  22.93+0.30**" 1.57+0.12

Waist circ (cms) 77.56+0.96  80.63+0.95%*  83.66+0.96%*" 6.10£0.54
Hip circ (cms) 89.46+1.10  91.56+0.92%*  93.20+0.89**" 3.66+0.65
Waist hip ratio 0.86:+0.04 0.87+0.04* 0.89:£0.05%*" 0.029+0.0074

Systolic BP (mm Hg) 119.4£0.248  120.4+1.02% 121.66+1.12%%" 2.26+0.46
Diastolic BP (mm Hg) 78.240.70 78.80:0.75 79.240.81%* 1.00+£0.45

Values expressed as Mean+SEM (Standard Error of Mean)
BPRS- Brief Psychiatric Rating scale
BMI- Body Mass Index
INTRAGROUP ANALYSIS:
* - comparison of baseline values with values at 4 weeks and at 8 weeks
# - comparison between values at 4 weeks and at 8 weeks
*/ # - Statistically significant (p<0.05)
**/ # - Statistically highly significant (p<0.001)

Bhutani G Anthropometric, blood pressure changes in Schizophrenics 12
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Table 2. BPRS score, anthropometric and blood pressure changes in risperidone treated patients

Total change

Parameter 0 week 4 weeks 8 weeks after 8 weeks
BPRS score 43.2+1.07 34.30+£0.83*%*%  27.86+0.96%* -15.00+0.73
Weight (kg) 58.33+1.53 59.43+1.56%*  60.53+1.54%*" 2.20+0.19
BMI (kg/m?®) 21.41£0.26 21.8240.27%% 22234027+ 0.81+7.56

Waist circ (cms) 78.76+1.00 80.30+1.01%*  81.46+1.00%*" 2.840.27
Hip circ (cms) 91.56+1.08 92.40+0.99* 92.86+1.01* 1.30+0.46
Waist hip ratio 0.85+0.04 0.86+0.04* 0.87-+0.04 %" 0.016+0.0041

Systolic BP (mm Hg) 117.93£0.87  118.60+0.87* 119.00+0.94* 1.060.48
Diastolic BP (mm Hg) 79.20+0.56 79.00+0.58 78.4+0.59" -0.8+0.51

Values expressed as Mean+SEM (Standard Error of Mean)
BPRS- Brief Psychiatric Rating scale
BMI- Body Mass Index
INTRAGROUP ANALYSIS:
* - comparison of baseline values with values at 4 weeks and at 8 weeks
# - comparison between values at 4 weeks and at 8 weeks
*/ # - Statistically significant (p<0.05)
3/ # - Statistically highly significant (p<0.001)

waist circumference in olanzapine treated patients females and 6/14 (42.85%) males fulfilled the central
during the study period. On post hoc analysis, obesity criteria of metabolic syndrome. Among
comparison of 0 and 8 week values only showed risperidone treated patients, 4/16 (25%) females and
significant change (P<0.001). Comparison of 0 and 4 2/14 (14.28%) males fulfilled this criterion at 8 weeks.
week values (P=0.073) and 4 and 8 week values Intergroup analysis of number of patients showing
(P=0.077) did not show any significant change. But positive criteria for metabolic syndrome at 8§ weeks in
risperidone treated patients did not show a significant terms of waist circumference showed statistically
increase in the waist circumference values (P=0.170). higher values in olanzapine treated patients (P=0.028).
Among olanzapine treated patients, 8/16 (50%) Mean waist circumference of the groups was not
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found to be significantly different at any point of the
study (P=0.811 at 4 weeks and P=0.127 at 8 weeks).
Hip circumference

A significant increase was seen in the hip
circumference of olanzapine treated patients only
(P=0.030 and 0.669 for olanzapine and risperidone
group respectively). Post hoc analysis of olanzapine
treated patients show that only 8 week values showed
significant change (P<0.001) with respect to the
baseline values at 0 week. Comparison of 0 and 4
week values (P=0.073) and 4 and 8 week values
(P=0.077) did not show any significant change. Mean
hip circumference of the groups was not found to be
significantly different at any point of the study
(P=0.543 and 0.807 at 4 and 8 weeks respectively).
Waist hip ratio

Significant increase was seen in the waist hip ratios of
both the groups during the treatment period of 8 weeks
(P<0.001 and P=0.023 in olanzapine and risperidone
treated group respectively). Post hoc analysis shows
that olanzapine treated patients show significant
change on comparison of 0 and 8 week values
(P<0.001) and 4 and 8 week values (P=0.042). 4 week
values did not show any significant change from the
baseline values (P=0.143). Risperidone treated
patients showed significant change only on comparing
8 week values with respect to the baseline (P=0.017).
4 week values did not show any significant change on
comparison with the baseline (P=0.404) or with 8
week values (P=0.289). Waist hip ratio was found to
be statistically higher in olanzapine treated patients as
compared to risperidone treated patients at 8 weeks
(P=0.006) but not at 4 weeks (P=10.051).

Blood pressure

Systolic blood pressure increased non significantly in
both the groups during the treatment period (P=0.294
and P=0.700 for olanzapine and risperidone group
respectively). Mean systolic blood pressure of the
groups was not found to be significantly different at
any point of the study (P=0.186 at 4 weeks and
P=0.075 at 8 weeks).

Diastolic blood pressure of olanzapine treated group
was also seen to be increased insignificantly
(P=0.647). On the contrary, risperidone treated
patients showed an insignificant (P=0.602) decrease of
diastolic blood pressure. On intergroup comparison,
no significant difference was found in diastolic blood
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pressure of the two groups at any time period of the
study (P=0.836 and 0.430 at 4 and 8 weeks
respectively).

Among olanzapine treated patients, 3/16 (18.75%)
females and 3/14 (21.42%) males fulfilled the criteria
of metabolic syndrome in terms of increased systolic
or diastolic BP. Among risperidone treated patients,
1/16 (6.25%) females and 2/14 (14.28%) males
fulfilled the criteria of metabolic syndrome in terms of
increased systolic or diastolic BP. Intergroup analysis
of number of patients showing positive blood pressure
criteria for metabolic syndrome at 8 weeks did not
show any statistical difference between the groups.
Discussion

Treatment efficacy of anti psychotics is assessed by
calculating the change in disease severity which in
turn is found by applying the Brief Psychiatric Rating
Scale (BPRS) score. It comprises of 18 symptoms,
each to be rated on a 7-point scale of severity, ranging
from “not present” to “extremely severe”. The
symptoms assessed are somatic concern, anxiety,
emotional withdrawal, guilt feelings, tension,
mannerisms and posturing, conceptual
disorganization, grandiosity, depressed mood,
hostility, suspiciousness, hallucinatory behavior,
motor retardation, uncooperativeness, unusual thought
concept, blunted effect, excitement and disorientation.
‘Mildly ill’ according to the CGI (Clinical Global
Impression) ratings approximately corresponds to a
BPRS total score of 31, ‘moderately ill’ to a BPRS
score of 41 and ‘markedly ill’ roughly corresponds to
a BPRS score of 53."°

Reductions of BPRS score was also shown in study
conducted by Sikich L et al after olanzapine and
risperidone treatment and reduction was greater in
olanzapine treated patients.” The second study
conducted by the same authors on a different
population group also revealed similar results in terms
of BPRS score reduction.?’ Thus our results are similar
to the above studies.

The mechanisms underlying weight gain are likely to
be multifactorial. Antagonism of the SHT,¢ serotonin
receptor by atypical antipsychotics is a very likely
cause as the receptor is known to influence appetite
and thereby weight gain. Antagonist effect at other
receptors, including dopamine D,, a-adrenoreceptor
and particularly the histamine H; receptor have also

14



The Clinical Researcher

been implicated in the pathogenesis of weight gain.”!
Abnormal regulation of the adipocyte derived
hormone leptin could play a role in body weight
induced by antipsychotics.”* Other factors underlying
weight gain caused by atypical antipsychotics are
sedation, lack of movements, reduced satiety and

many endocrinological changes like
hyperprolactinemia, decreased gonadal hormone
levels and hypercortisolism.***°  Atypical

antipsychotics can also cause increase in weight gain
by direct stimulation of appetite via feeding centres of
the brain.*®

There is a strong independent relationship between
visceral and subcutaneous adiposity and insulin
resistance which is an another important component of
metabolic  syndrome.”” This insulin resistance/
hyperinsulinemia plays a role in the pathogenesis of
essential hypertension.”® The mechanisms explaining
the association between hyperinsulinemia and
hypertension include renal Na retention, sympathetic
nervous system activation, stimulation of vascular
smooth muscle cell growth and altered cell electrolyte
composition. Increased Na'-K" pump may enhance the
sensitivity of vascular smooth muscle cells to the
pressor effects of norepinephrine, angiotensin and
NaCl loading.”” Hypertension and dyslipidemia are
associated with stroke or transient ischemic attacks
and hypertension in the presence of diabetes mellitus
leads to nephropathy. Elevated blood pressure may be
responsible for organ damage.'’

Our study shows non-significant increase in body
weight in both olanzapine and risperidone, more so
with olanzapine. The study conducted by Sikich L et
al showed a significant rise in body weight in
olanzapine and risperidone treated patients. The rise
was more in olanzapine treated patients.'” The other 8
week study conducted by Sikich et al in different
group of patients also revealed similar results.”” An 8
week study conducted by Conley & Mahmoud also
concluded that weight gain observed in olanzapine
treated patients was more than the weight gain in
risperidone treated group.’” In another study conducted
by McEvoy et al, similar results were reported after 12
weeks treatment with antipsychotic drugs.’' Robinson
et al also reported similar results in their 4 month
duration study.’” Some other long duration studies
have also reported more weight gain in olanzapine
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treated patients as compared to risperidone treated
patients.*>* Thus our study results are consistent with
the previous study results.

Not many studies could be found that assessed the
effect of olanzapine and risperidone treatment on
waist circumference values during the treatment
period of 8 weeks. A 12 week study conducted by
McEvoy et al stated that the more change in waist
circumference values occurred in olanzapine treated
patients than in risperidone treated patients. Gain in
waist circumference was more in females as compared
to males in both the groups.’ Thus our results were
similar to results of previous studies. A long duration
study also reported that more females as compared to
males fulfilled the waist circumference criteria of
metabolic syndrome in both olanzapine and
risperidone treated patient groups.**

No similar study could be found that assessed the
effect of olanzapine and risperidone treatment on hip
circumference and waist hip ratio values during the
treatment period of 8 weeks.

Sikich et al reported a highly significant increase in
their BMI values in both olanzapine and risperidone
treated patients in their 8§ week study. The BMI was
found to be numerically more in olanzapine treated
patients."” Another study conducted by Robinson et al
also reported elevation in BMI values in olanzapine
and risperidone treated patients after 4 months.** The
elevation was more in olanzapine treated patients. A 8
week study conducted by Conley et al also reported
increase in BMI values in olanzapine and risperidone
treated patients and here also increase in values in
olanzapine treated patients was more than the increase
in risperidone treated patients.’’ McEvoy et al also
reported a more increase in BMI values in olanzapine
treated patients as compared to risperidone treated
patients during their 12 week study period.”’ A long
duration study also reported similar results.** Thus our
results are in accordance to their results.

Not many studies could be found which assessed the
effect of olanzapine and risperidone treatment on
systolic and diastolic BP during a period of 8§ weeks.
The study by Mc Evoy JP et al showed a slight
increase of systolic BP in olanzapine treated patients
after 12 weeks. Risperidone treated patients reported a
rather slight decrease in systolic BP after treatment.
The diastolic BP was more or less similar after
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olanzapine treatment but risperidone treatment
resulted in slight decrease in values.’' Thus the results
of our study were not exactly in accordance with their
study.

Conclusions

Both olanzapine and risperidone are almost equi-
efficacious for the treatment of schizophrenia. Both
drugs cause a change in the anthropometric
measurements and blood pressure of the recipients
clinically. This change was statistically significant in
olanzapine group for all of the parameters except
weight and blood pressure. However significant
change was seen in risperidone group only for waist
hip ratio values. Olanzapine had more propensity to
cause such changes but significant difference was seen
only with waist hip ratio.
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Effects of Amitriptyline, Venlafaxine and Bupropion in Diabetic Neuropathic Pain
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Abstract

Background: Neuropathy is a common complication of diabetes and approximately 50% of patients
who have had diabetes for more than 25 years will develop neuropathy. The tricyclic antidepressants
being used have a number rod adverse effects. New therapies are being explored, hence we planned this
study to evaluate effect of newer antidepressants in neuropathic pain.

Methods: Study was prospective, randomized, single blind type, conducted on diabetic patients having
symptoms of neuropathic pain. Patients were randomized to amitriptyline, venlafaxine or bupropion
treatment groups for a total period of 60 days. Visual analogue scale (pain score), nerve conduction
velocity (NCV), and quality of life assessment (by BPI) were done at day 0, 30, and day 60.

Results: Amitriptyline produced maximum effect in reducing pain score as compared to other drugs. But
improvement in nerve conduction velocity and quality of life was maximum with venlafaxine.
Bupropion was least effective in reducing pain score, but more effective than amitriptyline in

improvement in nerve conduction velocity and quality of life.
Conclusion: Venlafaxine may be a good choice for the treatment of diabetic neuropathic pain.
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Neuropathic pain is a common type of chronic
nonmalignant pain that comes from nerve problems.
Neuropathic pain is defined by the IASP as pain
“Initiated or caused by a primary lesion or dysfunction
in the nervous system”." It can be caused by the lesion
of the peripheral or central nervous system or both?.
Various conditions can affect nerves and may cause
neuropathic pain. These include trigeminal neuralgia,
post herpetic neuralgia, diabetic neuropathy, phantom
limb pain following an amputation, multiple sclerosis,
pain following chemotherapy and pain due to
alcoholism and vitamin deficiencies.

Neuropathy is a common complication of diabetes and
approximately 50% of patients who have had diabetes
for more than 25 years will develop neuropathy’*.
Neuropathy is usually a late finding in type 1 diabetes;
however, it can be an early finding in type 2 diabetes
and may be found in newly diagnosed type 2
diabetes.’
Hyperglycemia correlated with the

is  highly
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development and progression of all neuropathies,

including PDN. The diabetes control and
complications trial (DCCT) showed that tight
glycemic control will reduce the incidence of

neuropathy by 60% (DCCT research group., 2002).
However, even in patients with long term excellent
glycemic control, the life time incidence of PDN
remains 20%.®

Diabetic peripheral neuropathy (DPN) can manifest in
a variety of ways, some diabetes patients experience
painful diabetic neuropathy (PDN) while others
experience an asymptomatic, progressive loss of
peripheral nerve function Diabetic peripheral
neuropathy can affect both the autonomic and the
somatic nervous systems. The sensorimotor system
commonly exhibits peripheral symptoms in a distal
symmetric pattern. These symptoms can be very
painful and even disabling. Diabetic peripheral
neuropathy can be diagnosed on the basis of the
history and results of a thorough physical examination
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and in most cases further neurological testing is
unnecessary’.

The tricyclic antidepressants (TCAs) are considered
first-line systemic therapy for many neuropathic pain
syndromes, including diabetic neuropathy. Their role
in pain modulation correlates with their ability to
increase the amount of circulating inhibitory pain
neurotransmitters, NE and 5-HT, through reuptake
inhibition'®. TCAs act centrally to reduce the
perception of pain.

Amitriptyline was the first tricyclic used to treat
neuropathy and it is still widely prescribed. It is a
balanced serotonin (5-HT) and nor adrenaline NE
inhibitor. It also blocks o adrenergic, histaminergic,
muscarinic, cholinergic and NMDA receptors'.
Higher doses of TCAs (e.g., as typically used for
depression) and several weeks of treatment may be
necessary for efficacy. However, starting TCAs at
inappropriately high dosages or titrating too rapidly
may produce unacceptable side effects, resulting in
treatment failure. When discontinuing TCAs, they
should be tapered over two to four weeks (depending
upon the dosage) to avoid a withdrawal syndrome.
Abrupt withdrawal may result in the side effects like
malaise, insomnia, drowsiness, anorexia, muscle
aches, apathy, headache, mania, profuse sweating,
irritability, abdominal pains, diarrhea, nausea, vivid
and terrifying dreams, and movement disorders'.

Due to these unfavorable side-effects and non-
tolerability, researchers have turned to newer classes
of antidepressants for the treatment of diabetic
neuropathic pain like venlafaxine & bupropion.
Though these are safe and effective as antidepressants
and widely prescribed for this purpose, limited studies
have shown their efficacy in treatment of diabetic
neuropathic pain but without any clear-cut conclusion.
Therefore, present study aimed at evaluating
antidepressant drugs with lesser toxicity, better

tolerability and more efficacy profile. The objective of e
this study was to assess and compare the effects of e

venlafaxine, bupropion and amitriptyline in patients
suffering from diabetic neuropathic pain.

Material & Methods

Study design

This was an open, parallel, prospective and
randomized type study conducted at the outpatient
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departments of medicine and neurology of FEra’s
Lucknow Medical College & Hospital, Lucknow and
Chhatrapati Shahuji Maharaj Medical University,
Lucknow, respectively, to compare the effects of
amitriptyline, venlafaxine and bupropion in patients
suffering from diabetic neuropathic pain. The total
duration of the study was 18 months. A total number
95 patients were enrolled for this study.
Patients with diabetes and complaints of neurological
symptoms were diagnosed clinically for the presence
of diabetic neuropathy. The clinical criteria for the
diagnosis of diabetic neuropathy was according to
recommended by Dyck and Pascuzz’'’. Possibility of
neuropathy due to other causes was excluded by
clinical history, clinical examination and
investigations of the patients.

Inclusion Criteria

o Patients aged 18 or more & residing in the local
areas near Lucknow city.

o Patients having no other significant neurological
and other disorders.

e Male or Female patients with diabetic neuropathic
pain having symptoms for at least 6 months or
more.

o Patients having pain scores either 4 or more than 4
by visual analog scale (VAS).

o Patients with diabetic neuropathic pain having no
or minimal response with NSAIDS or other
analgesics.

Exclusion Criteria

e Pregnant or breast feeding woman.

e Woman of childbearing age on
contraception.

o Patients with depression, psychosis or any other
psychiatric disorders.

o Patients with unstable personality disorders.

o Patients taking drugs belonging to antiepileptic

groups.

Patients with renal disease or cardiac disorders.

Patients with hepatic, pulmonary or coagulation

disorders.

o Patients having history of hypersensitivity to
venlafaxine, bupropion or amitriptyline.

o Patients unable to understand visual analog scale
(VAS).

o Patients unable to respond for brief pain inventory

inadequate
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velocity (NCV) study.
Parameters of study
1-Visual analog scale (VAS)

A visual analog scale is a pain assessment tool to
evaluate the patient’s pain experience. This pain scale
is commonly used to describe the intensity of pain or
how much pain the patient is feeling. It is a straight
line with left end of the line representing no pain (pain
score 0) and right end of the line representing the
worst possible pain (pain score 10). The patients are
asked to mark on the line where the pain is in relation
to the two extremes and in this way pain scores are
given to the patients'”,
2-Nerve conduction velocity (NCV) study

The nerve conduction studies have an important
role in the evaluation of peripheral neuropathies; by
confirming the clinical suspicion of neuropathy,
provide an objective and quantitative measure of nerve

April 2011, Volume 3; Number 1

examination, investigations & assessment of pain by
visual analog scale VAS) were done at the time of 1%
visit (day 0). Patients having pain score less than 4
were excluded from the study. At the same time nerve
conduction velocity (NCV) study of right common
peroneal nerve was done using machine Neuro Perfect
(Medic aid system).

Eligible patients fulfilling the mentioned criteria were
randomized by card method into 3 treatment groups
(Groups A, B and C) depending on the drugs
prescribed.

Group A-Eligible 34 patients (20 males and 14
females) were given tablet amitriptyline, 25 mg (Tab.
Tryptomer) once after meal at night for 2 months.
Group B- Eligible 31 patients (18 males and 13
females) were given capsule venlafaxine, 75 mg ( Cap
Venlor-XR) once after meal at night for 2 months.
Group C- Eligible 30 patients (22 males and 8

function and also help in predicting the prognosis of females) were given tablet bupropion, 150 mg ( Tab.

neuropathy. Nerve conduction velocity (NCV) is a test
of the speed of electrical signals through a nerve. The
test is performed by electrical stimulation of a
peripheral nerve and recording from a muscle supplied
by this nerve. The NCV is expressed as meter/seconds
(m/s).

3-Brief pain inventory (BPI)

The BPI includes questions which assess the
effect of pain on quality of life and interference with
daily activities. It uses 7 items to assess interference
with activities of daily life (general activity, mood,
walking ability, normal work, relations with others,
sleep, and enjoyment of life). Each question uses an
11 point interference scale (0 indicating no
interference and 10 indicating complete interference).
Patient is asked to encircle on each scale according to
their perception in past 24 hours. Item scores from 0 to
3 suggest mild interference, whereas scores from 4 to
6 suggest moderate interference and those 7 or higher
suggest severe interference. '’

The patients were included in the study after proper
diagnosis and fulfilling the inclusion/exclusion
criteria. Informed consent was obtained from all
patients after fully explaining the details of the study
procedures to them. A standardized initial evaluation,
which includes a complete clinical history, clinical

Khanna et al
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Bupron SR) once after meal at night for 2 months.
Tablet paracetamol 500 mg was allowed as rescue
therapy if patient felt severe pain. This therapy was
not permitted up to 48 hrs before assessment. No
other medication was permitted during the study
period of 2 months. Patients were requested to come
after an interval of 1 month for two more visits. Again
the same assessment of pain (by VAS), NCV study,
and BPI were done at the 2™ and 3" visits.

Statistical analysis

Data were summarized as Mean = SE. Groups were
compared by using repeated measures one way
analysis of variance (ANOVA) followed by Newman-
Keuls post hoc test. Homogeneity of variance was
tested by Hartley F-max, Cochran C and Bartlett chi-
square (%) tests. A two-tailed (0=2) probability
p<0.05 was considered to be statistically significant.
All analyses were performed on STATISTCA (version
6.0) while graphs were done on Graph Pad Prism
(version 3.0).

Results

Figure 1 shows the pain scores (by VAS) of three
groups. In all three groups the mean pain scores
decrease with time and was maximum with
amitriptyline  (49.4%) followed by venlafaxine
(36.7%) and least in bupropion (16.7%) .

The NCVs (m/s) of RCPNs of three treatment groups
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Figure 1. Nerve conduction velocity of (mean+SE) of RPCN of three groups
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Figure 2. Quality of life score by BPI of three groups (mean+SE)
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is shown in figure 2. In all three groups, the mean
NCVs (m/s) increase with the time (in months) and the
increase was evident highest in venlafaxine (14.4%)
followed by bupropion (13.1%) and least in
amitriptyline (12.7%) .

The quality of life (QOL) scores by BPI of treatment
groups are summarized in figure. 3. The mean QOL
scores decreased (improvement) with the time and the
decrease was maximum in venlafaxine than bupropion
and least with amitriptyline.

Discussion and Conclusions

TCAs are considered first-line systemic therapy for
many neuropathic pain syndromes, including diabetic
neuropathy. Their role in pain modulation correlates
with their ability to increase the amount of circulating
inhibitory pain neurotransmitters, nor adrenaline and
serotonin, through reuptake inhibition. They also
block o adrenergic, histaminergic, muscarinic
cholinergic, and NMDA receptors.

The adverse effects of TCAs are fairly predictable and
mostly anticholinergic in nature which includes dry
mouth, constipation, dizziness, blurred vision, cardiac
arrhythmias and wurinary retention, orthostatic
hypotension etc. These adverse effects limit their
usefulness in many patients. TCA use should be
avoided in patients with second-degree or third-degree
heart block, arrhythmias, prolonged QT interval on the
electrocardiogram, severe liver disease, and in patients
who have had a recent acute myocardial infarction.
Venlafaxine, a chemically novel antidepressant, has
demonstrated effectiveness in the treatment of pain
associated with diabetic peripheral neuropathy in
several case reports'®'’. It increases serotonin,
noradrenaline and to some extent dopamine levels in
synaptic cleft by blocking the reuptake of these
neurotransmitters. However, unlike other drugs which
also block the uptake of nor adrenaline and serotonin,
it does not interact with cholinergic, adrenergic or
histaminergic receptors and therefore, does not

April 2011, Volume 3; Number 1

inhibitor of dopamine reuptake than of norepinephrine
reuptake. As bupropion is rapidly converted in the
body into several metabolites with differing activity,
its action cannot be understood without reference to its
metabolism. It does not inhibit monoamine oxidase or
serotonin reuptake. However, it has been shown to
indirectly enhance the firing of serotonergic neurons,
via activation of downstream norepinephrine flow
Bupropion is an atypical antidepressant that acts as a
norepinephrine and dopamine reuptake inhibitor.
Randomized double-blind study with neuropathic pain
found that 150 mg of bupropion sustained release (SR)
was significantly better than placebo in reducing pain
intensity; three out of four patients experienced pain
relief while on active treatment.'® Side effects were
rated as mild and consisted primarily of insomnia,
tremor, gastrointestinal upset, headache, anxiety,
sweating, anorexia, rash and itching.

The fact that there are multiple generators of
neuropathic pain following nerve injury provides a
rationale for polypharmacy rather than monotherapy
in the management of neuropathic pain because it may
be necessary to target several pain mechanisms.

As suggested from results of the present study
amitriptyline is more efficacious than venlafaxine and
bupropion in reducing pain. However venlafaxine has
best results in increasing NCV and making quality of
life better. Pain reduction is one but not the only
criteria for treatment of neuropathic pain. Patients also
need reduction of pain along with better quality of life.
Amitriptyline though has maximum efficacy in
reducing pain but due to its side effect profile dose not
improve quality of life to a great extent. On the other
hand venlafaxine though reduces pain lesser than
amitriptyline has important role in improving quality
of life. Bupropion is less efficacious in all respects. On
the basis of present study venlafaxine may be a better
choice than amitriptyline and bupropion for the
treatment of diabetic neuropathic pain. However, more
studies are needed to get a clear treatment guideline.
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Roflumilast: a New Oral Drug for Chronic Obstructive Pulmonary Disease
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Abstract

Chronic obstructive pulmonary disease is one of the most common chronic inflammatory airway
diseases. According to WHO, it will become the third leading cause of death worldwide by 2030. Many
physicians think that oral therapy along with lesser side effects will be better for COPD patients. Oral
treatment may increases compliance of the patients. Phosphodiesterase (PDE) 4 is the predominant PDE
expressed in the inflammatory cells of lung. Roflumilast is a new oral highly selective PDE-4 inhibitor.
In February 2011, FDA approved roflumilast for COPD. It will be new additional option for the
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Chronic obstructive pulmonary disease (COPD) is one
of the most common airway diseases globally." COPD
has emerged as the major cause of morbidity and
mortality. WHO predicts that it will become the third
leading cause of death worldwide by 2030.2 COPD is
characterized by persistent airflow limitation that is
usually progressive and associated with an enhanced
chronic inflammatory response in the airways and the
lung to noxious particles or gases.'This inflammatory
response is characterized by increase in neutrophils,
macrophages and CD8+ T lymphocytes.'
Phosphodiesterase (PDE)-4 is the predominant PDE
expressed in these inflammatory cells.’ Long or short-
acting bronchodilators and inhaled corticosteroids are
the recommended treatment by the current guideline
for COPD patients.'Many physicians think that oral
therapy with lesser side effects will be better for
patients because it will also increase the adherence of
therapy in COPD patients.

Theophylline is an oral non-selective PDE inhibitor
used for the treatment of COPD. But its use has been
limited by various toxicities including development of
atrial and ventricular tachyarrhythmia and seizure
activity. These effects are due to its nonspecific PDE
inhibitory properties.* Cilomilast was another oral
specific PDE-4 inhibitor drug but in 2003 FDA did not
approved because of the lack of convincing data for its
efficacy and safety.’

Roflumilast is a specific PDE-4 inhibitor.
chemical name of roflumilast is

The
N-(3,5-
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dichloropyridin-4-yl)-3-cyclopropylmethoxy-4-
difluoromethoxy-benzamide. Its empirical formula is
C,7H14CLF;N,0; and the molecular weight is 403.22.

Mechanism of Action

Roflumilast is a highly selective PDE-4 inhibitor. PDE
-4 inhibition activity leads to accumulation of
intracellular cyclic adenosine monophosphate (AMP)
which showed anti-inflammatory activity. It reduces
the release of inflammatory mediators and can
counteract damage to tissue, allowing respiratory
muscles to relax and therefore potentially improving
lung function. Roflumilast has been shown to have the
ability to suppress the generation tumour necrosis
factor alpha (TNF-0), a key proinflammatory
cytokine. It suppresses a number of activities related
to neutrophils including oxygen radical production
and adhesion to endothelial cells.®” Roflumilast also
attenuates the proliferation and cytokine release from
CD4+ that may involve inhibition of intracellular
signaling pathways.”® These potentiate roflumilast
effects in inhibition of inflammatory responses in
COPD.

Pharmacokinetics

Approximately 79% oral bioavailability, with high
protein binding (>96%) and estimated volume of
distribution was 2.9 L/kg. Roflumilast is extensively
metabolized by CYP3A4 and CYP1A2 to its active
metabolite roflumilast N-oxide which has an in vivo
potency profile similar to roflumilast.” Roflumilast
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and roflumilast N-oxide have plasma half-life of 14 to
16 hours and 19 to 21 hours respectively which
supports the use of a once-daily dosing regimen.
Elimination occurs in urine."

Adverse Effects

The most commonly reported side effects were nausea
(3%-5%), diarrhoea (5%-9.3%), and weight loss (6%-
12%), some of which occurred at significantly higher
rates than with placebo.'"'? None of the clinical trials
reported clinically significant changes in vital signs,
electrocardiogram measurements or clinical laboratory
parameters. In a study, no significant increase in
cardiovascular events including atrial fibrillation (1%
vs <1%) and rhythm disturbances (2.1% vs 1.4%) was
reported with roflumilast vs placebo."” This is
noteworthy due to the reported incidence of atrial
tachyarrhythmia associated with theophylline use,
especially with higher serum concentrations."
Therapeutic use

In April 2010, the European Medicines Agency
Committee (EMAC) for Medicinal Products for
Human Use recommended approval of roflumilast for
the maintenance treatment of severe COPD (FEV,
post-bronchodilator less than 50%  predicted)
associated with chronic bronchitis in adult patients
with a history of frequent exacerbations as an add-on
to bronchodilator treatment. They had taken decision
based on several international, randomised, placebo
controlled trials which showed 500 mcg of roflumilast
reduces COPD exacerbations and improved lung
function.” In February 2011, Food and Drug
Administration (FDA) approved roflumilast for
COPD.'® 1t is specifically indicated as a treatment to
reduce the risk of COPD exacerbations in patients
with severe COPD associated with chronic bronchitis
and a history of exacerbations. The recommended
initial dose is one 500 microgram (mcg) tablet per
day, with or without food.

The FDA approval of roflumilast was based on eight
randomized double-blind, controlled, parallel group
clinical trials in adults. Of the eight trials, two were
placebo-controlled dose selection 1 and 2 trials of 6
months
roflumilast 250 mcg and 500 mcg once daily. In trials
3,4, 5, and 6, these four were placebo-controlled of 1-
year duration primarily designed to evaluate the
efficacy of roflumilast on COPD exacerbations. Trials
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7 and 8, 6-month duration evaluated efficacy which
assessed the effect of roflumilast as an add-on therapy
to a long-acting beta agonist or long-acting anti-
muscarinic. COPD exacerbations and lung function
were co-primary efficacy outcome measures in the
four 1-year trials. In the two 6-month supportive
efficacy trials, lung function (FEV,) alone was the
primary efficacy outcome measure. "’
Trials 3 and 4 failed to demonstrate a significant
reduction in the rate of COPD exacerbations, in
patients with severe COPD associated with chronic
bronchitis and COPD exacerbations within the
previous year. In subsequent trials 5 and 6 were
conducted that enrolled severe COPD patients but
associated with chronic bronchitis, at least one COPD
exacerbation in the previous year, and at least a 20
pack-year smoking history. In these trials, long-acting
beta agonists and short-acting anti-muscarinics were
allowed. In both trials, roflumilast 500 mcg once daily
demonstrated a significant reduction in the rate of
moderate or severe exacerbations compared to
placebo.

In above four trials 3, 4, 5 and 6 roflumilast 500 mcg
once daily demonstrated a statistically significant
improvement in FEV; which was primary outcome
measure.

Drug interactions

No clinically significant food-drug or drug—drug
interactions  occur.  Rifampicin, phenobarbital,
carbamazepine and phenytoin are enzymes inducers.

Therefore, the wuse of strong cytochrome P450
inducers not  recommended. Erythromycin,
ketoconazole, fluvoxamine, enoxacin, cimetidine,

gestodene and ethinyl estradiol may inhibit CYP3A4
and increase roflumilast systemic exposure and may
result in increased adverse reactions.

Precautions

Roflumilast is not a bronchodilator and should not be
used for the relief of acute bronchospasm. Treatment
with roflumilast is associated with an increase in
psychiatric adverse reactions. In eight randomised
clinical trials, 5.9% of patients treated with roflumilast

duration that evaluated the efficacy of 500 mcg daily reported psychiatric adverse reactions

compared to 3.3% treated with placebo. The most
commonly reported psychiatric adverse reactions were
insomnia, anxiety, and depression which were
reported at higher rates in those treated with
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roflumilast 500 mcg daily (2.4%, 1.4%, and 1.2% for as oral drug.
roflumilast versus 1.0%, 0.9%, and 0.9% for placebo, References

respectively). Prescribers should carefully weigh the
risks and benefits of treatment before prescribing
roflumilast.”” Weight loss was another common
adverse reaction with roflumilast and was reported in
7.5% of patients treated with roflumilast 500 mcg
once daily compared to 2.1% treated with placebo. In
one placebo controlled trial, 20% of patients receiving
roflumilast experienced moderate weight loss
compared to 7% with placebo. But after treatment
discontinuation, majority of patients regained some of
the weight. Patients treated with roflumilast should
have their weight monitored regularly."

Conclusion

COPD is a complex and chronic inflammatory
disease. Many inflammatory pathways potentiate this
disease process by decreasing cAMP level. Most
common is PDE-4 which is responsible for cAMP
degradation. Roflumilast is oral highly selective PDE-
4 inhibitor for the treatment of patients with severe
COPD. Orally administered treatment, which may
further enhances the compliance of many patients and
may show systemic effects on co-morbidities.
Roflumilast is highly selective PDE-4 inhibitor, so it
has limited toxicities. Roflumilast not only reduces
symptoms and exacerbations of COPD but it improves
pulmonary function also depicted by FEVI1
monitoring. These improvements also seen when
administered singly or with bronchodilators or inhaled
corticosteroid. Clinically no significant drug-drug
interactions identified. Physician should carefully
weigh the risks and benefits before prescribing this to
any psychiatric patients. Patients should monitor their
weight regularly. Roflumilast is a new oral anti-
inflammatory therapy but with different target of
action for COPD patients. Possible disadvantage about
roflumilast are that it doesn’t have immediate action
so not useful for acute bronchospasm. The cost of new
drugs is always an issue of concern. Studies
mentioned that it has no effects on systemic
inflammatory biomarkers such as C- reactive protein,
so more studies required to investigate its effects on
systemic inflammation and co-morbidities.
Roflumilast is another additional treatment option for
severe COPD patients. Roflumilast significance
further increases because of availability of treatment
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MCRB (Membership Clinical Research Board)

Benefits of membership Clinical Research Board:
1. Certificate of Membership of Clinical Research Board (sent by post) (Data base of MCRB is searchable & updated monthly)
2. Sponsor individuals for membership in Clinical Research Board

3. Membership of Clinical connects you to other members through participation in clinical research education & training
activities via various workshops, conferences, E-learning programs, seminars and symposia

4. Life time free online full-text access to “The Clinical Researcher’ the official journal of CRB
5. Free subscription to the print edition of The Clinical Researcher’ for 5 years
6. Reduced registration fees for CRB meetings, workshops, seminars and conferences

7. Clinical research resources : submit a wide variety of documents and resources useful for clinical research community e-
Forums: discuss topics of your interest with other members in shared interest areas of clinical research

Membership fee (life)

Category Fee
Indian Nationals US $ 25( 1200 INR)
Others UsS $ 100

1. How to apply for membership:
Fill the application form available online at http:/ /crboard.org

2. Fill the membership form and send it across along with updated CV & testimonials at membership@crbmail.org .
This e-mail address is being protected from spambots. You need JavaScript enabled to view it

1. CRB shall revert back to you once your claim for MCRB is approved by membership scrutiny council of CRB

Mode of payment

The cheques/demand drafts/money orders should be drawn in favour of Clinical Research Board,
payable at New Delhi.

The Demand draft/cheques along with completed membership forms, updated CV (curriculum vitae)
and testimonials/credentials can be sent via post to CRB head office New Delhi after the claim for
MCRB has been cleared by membership scrutiny council.

CRB address:

Head office

Clinical Research Board

B-104 First Floor Narayana Complex Opposite MTNL office
Sarita Vihar New Delhi 110076
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CMCL-FAIMER REGIONAL INSTITUTE,
CHRISTIAN MEDICAL COLLEGE, LUDHIANA

MEDICAL EDUCATION FELLOWSHIPS-2012

A joint venture of Christian Medical College, Ludhiana, India &
Foundation for Advancement of International Medical Education and Research, Philadelphia, USA

The CMCL-FAIMER regional Institute's Fellowship is a two-year fellowship
program designed for Indian medical school faculties who have the potential to
play a key role in improving medical education at their institutes. The program is
uniquely designed to teach education methods and leadership skills, as well as
to develop strong professional bonds with other medical educators. The
fellowship is now running in its sixth year. Sixteen fellowships are on offer for
the year 2012. Limited funding is available to support fellows’ travel, local
expenses and course fee.

The application process is online at https://faimeronline2.ecfmg.org/

For details, please visit our websites:

http://cmcl.faimerfri.org/

Important dates

Application open: June 1, 2011
Applications close: September 1, 2011
First session of 2012 fellowship: January31-February 6, 2012

Dr. Tejinder Singh Dr. Dinesh Badyal
Program Director Secretary
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