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Summary

This is a prospective study done on Bangladeshi people during the period
from January 1999 to December 2002. Cases were collected from the

department of Medicine in Sir Salimullah Medical College, Dhaka; Sher-e-

Bangia Medical College, Barisal and Bangabandhu Sheikh Mujib Medical

University, Dhaka. We examined the chronic effect of smoking on brain atrophy

quantitatively with Computed Tomography (CT). Study was performed on

219 smokers and same numbers of non-smokers from 40 to 70 years old with

neither neurological nor focal abnormality in brain CT. Brain atrophy index

(BAI) which was a quantitative marker of brain atrophy reported previously,
was calculated from each brain CT. Smokers showed a significant increase in
BAI compared to non-smokers in groups 50-54 years (p<0.01), 55-59 years

(p <0.01),60-64 years (p <0.05) and 65-70 years (p <0.05). It was suggested

that age-related brain atrophy was increased by chronic smoking through
advanced atherosclerosis.

Introduction

Central nervous system is nourished by the
carotid and vertibral artery systems. If these
feeding systems are jeopardized by
atherosclertic process, the brain tissue will
suffer from chronic under nutrition.

Ultimately there will be brain atrophy. There
are many factors causing gradual reduction
of brain supply. Of them atherosclerosis is
the commonest. Again the atherosclerotic
process is enhanced by hypertension,
smoking, hyperlipidaemia, diabetes etc.

Aging change in the central nervous system
constitutes a major public health problem in

every part of the world. Forthis reason WHO
declared in 1981 that there is an urgent need

to study the risk factors in brain ~ging for
the prevention of mental deterioration I. It
has been proved by many pathological
studies that the weight of brain and the
number of neurons decrease during normal
aging. By the turn of the last century i.e. after
the invention of computed tomography (CT)
makes it possible to observe a living human
brain noninvasively. Huclman in 1975
defined non-specific brain volume reduction
observed in normal aged people by CT as
brain atrophy2. Brain atrophy has been

affected by various factors e.g..
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hypertension", steroid treatment4.5,chronic

a1coholism6.? and smoking. Till now, the
effects of chronic smoking are still under
study. But most researchers agreed that
chronic smoking is a good factor for brain
atrophy. In Bangladesh till now there is no
study on this topic which has inspired me to
conduct this study on Bangladeshi people.

An American researcher showed that chronic

smoking reduces cerebral blood flow (CBF)

in neurologically normal subjectsx. They also
suggested that enhanced atherosclerosis in
the chronic smoker was responsible for the
decrease in CBF.

In this study, we examined the effect of
smoking on brain atrophy quantitatively in
the course of aging. We used the brain
atrophy index (BAI), a quantitative marker
of brain atrophy9.1Ofor the evaluationof brain
CT and various clinical parameters in order
to assess the risk factors for brain atrophy.

Materials and methods

A total of 10 brain <;'T of each 10 mm
thickness was taken from each subject at
20 mm above the orbit-meatal line for men

and I 8 mm for women by use of a CT
scanner. Images were processed on a 256 x
256 matrix with a pixel size of I .0 x 1.0 x I0
mmJ and filtered with Gaussian Smoothing.
Brain atrophy was measured by following the
methods of Ito et allOand Yamaura et alii.

The mean CT number of each tissue (bone,

cerebrospinal fluid and brain) was measured
at about 1000, 4 and 32 Hounsfield units

(HU) respectively. According to the basic
experiments, the border between any two
materials is expressed by the average CT of
the two. Then, the bordering CT number of

December 2003

ventricles and brain should be [18=(32+4)/

2]. The Pixels within the region of interest
set along the skull for each CT image were
divided into three groups according to their
CT number: bone, over 500 HU; brain, 18 to

499 HU; cerebrospinal fluid (CSF), under 18
HU. The total number of each pixel was
summed up for every section excluding the

lowest figure ::vhich was blurred by artifacts
from the skull-base.

BAI, which was the percentage of the CSF
volume to the cranial cavity volume, was
calculated in order to standardize the different

size of craniums among the subjects as
follows:

CSF space volume
BAI(%)= C

.
1

.
I

X 100.
rama cavity vo ume

We calculated Smoking Index =(Number of
cigarettes/day) x Years of smoking history.
Many researchers show that there is no
significant difference in cerebral blood flow
(CBF) between the groups with smoking
index 0 and that with I to 199x and also no

significant difference in BAI between these
groups.

A total of 438 subjects aged from 40 -70
years were studied by brain CT scan. The
subjects consisted of 219 non-smokers and
219 smokers according to the smoking
index12. Inthis studywedividedall subjects
into smokers whose smoking indices were
200 or more and non-smokers whose indices

were 0 or less than 200. All subjects had
attended the medicine department
complaining of various symptoms such as
headache, vertigo or fainting but there were
no neurological or focal abnormalities in
CT scan.
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Clinical evaluation of each subject including

a detailed past history, alcohol consumption,
detailed smoking history and physical
examination were performed.

Electrocardiograph, chest X-ray, blood and
urine sugar, serum total cholesterol,

triglyceride, HDL and LDL cholesterol were
also estimated.

Patients with any previous history of
cerebrovascular disease, head trauma, brain
tumouror mental impairmentwereexcluded.

Results were appropriately analyzed using
computer based software (SPSS for
Windows). Student's t-test were done.
Minimum levelof significance was assumed
at p < 0.05.

Results

The subjects were divided into each age
group with class interval of five or ten from
40 to 70 years and were dichotomized into
smokers and non-smokers. The mean

smoking index for 219 smokers varied from
470 to 870. Our non-smoking group

Table-I: Distribution of subjects and smoking index
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consisted of 183 subjects who had never
smoked and 36 light smokers whose smoking
indices were less than 200 (mean smoking
index 71). The mean smoking index for total
219 non-smokers was, therefore, 11.67. The

age distribution of smokers and non-smokers
was identical (Table-I).

Table-II shows a significant differel1ce in
brain atrophy between non-smokers and
smokers in the following age groups, 50-54
(p<O.OI), 55-59 (p<O.OI),60-64 (p<0.05) and
65-70 (p<0.05). The smokers showed

significantly higher BAI than the age-
matched non-smokers. In other words, the

brain was more atrophic in smokers than that
in non-smokers.

Figure I shows the increase in BAI with age.
There was a significant age dependant
increase in BAI in both non-smokers and
smokers. It means that brain becomes

atrophic with age. It also shows that there
was a significant difference in brain atrophy
between non-smokers and smokers in the age
group 50-54, 55-59, 60-64 and 65-70
(p<0.0 1,0.0 I ,0.05,0.05 respectively).

S I =Smoking Index, M =Male, F =Female
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Age (Years)
40-44 45 - 49 50 - 54 55 - 59 60 - 64 65 - 70 Total

Non-smokers
Number 20 31 49 46 37 36 219
Sex M5FI3 M5 F26 M14F35 M7 F39 M8 F29 M 12F24 M51 F IoX
Age 42.l:!:1.7 47.3l:!:IA 52.9 :t1.6 57.9 :t1.3 62.2 :t1.4 67.2:t1.2
SI 6 :t 26 5 :t14 14:t31 4 :t20 6 :t21 2 :t2

Smokers
Number 18 28 51 47 38 37 219
Sex MI7FOI M28 FO M51 FO M46 FOI M37 FOI M36 FOI M215 F4
Age 41.9:t 1.5 46.9:t1.4 54.1:t1.6 57.6:t1.3 62A:tIA 67A:t 1.2
SI 47O:t190 565:t190 672:t225 59O:t210 850:t270 87O:t330
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Table-II: Brain atrophy index (BAI) (~ls/1/okers and non-s/1/okers in age group.

40 - 44
Age (Years)

45 - 49 50 - 54 65 - 7055 - 59 60 - 64

Non-smokers
Number
BAI

20
2.1:!:.55

31

2.15:!:.90

Smokers

Number

BAI

18

2.13:!:.90

p=NS

28

2.56:!:1.15

p=NSSignificance

'p' are determined by the values of smokers against non-smokers by Students t tesl. NS means No'1

Significanl.

The Table shows that there was significant ditTerence of brain atrophy between non-smokers' and

smokers. This difference was highest in age groups 50-54 & 55-59 years.

_Non-Smoker BAI

Age Range

Fig.l: Brain atrophy index (BAI) ill each group.

Discussion

Various studies on brain atrophy using brain
CT have been reported. Because CT image
is composed of a set of pixels with each CT
number. counting the number of pixels with
appropriate CT numbers in a region of
interest is the most exact morphometry of CT

images. This principle of CT morphometry
was adopted not only to brain atrophy study

by Kubotal3 and other groupsl4.1".but also to

the studies of other organs such as skuIIJ',
musclel? and fat mass IX.

In the present study we demonstrated that the
braiD become atrophic with advancing age
and brain atrophy of smokers was more

advanced than the non-smokers. clearly
among subjects of age between 50 to 59

years. We suggested that age related brain
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atrophy was enhanced by chronic smoking.
Everyone has one's own normal size of brain

in proportion to one's skull size. Even of the
volume of an atrophic brain in a large skull
is equal to the volume of a normal brain in a
small skull, the pathological condition of both
brains are not equal. Then we took the
percentage of CSF space volume to the

cranial cavity volume for an indicator of brain
atrophy as BAI.

In our study the quantitative measurements

of brain atrophy demonstrated that brain
atrophy began around the 5th decade of life
and advances with age. Our finding is simi lar
to the findings of Yamaura et alii. There was
also linear relationship between severity of
brain atrophy and mental deterioration 10.

These results were compatible with previous
pathological studies. Brain atrophy is
suggested to represent the non-specific brain
weight reduction which involved the loss of
neurons in the course of aging.

In order to reveal the mechanism of brain

aging, non-invasive brain CT studies ofliving
human brain gave important information.
Brain atrophy was enhanced in hypertensive
patient~ 19and in patients with reduced
cerebral blood flow20and in a1coholism6.7.In

the present study we observed enhanced brain
atrophy in chronic smoking subjects. This is
the first time study of such case in
Bangladesh.

In this study we found that chronic smoking
increases brain atrophy more among the
subjects of 50 to 59 years and less among
the subjects of 60 to 70 years. Some authors
failed to find significant difference of brain
atrophy between smokers and non-smokers
in older age groups from 60 to 64 yearsl4. In

Smoking and Brain Atrophy A Hayee et al.

a large scale epidemiological study, death
rates from cerebrovascular disease were

significantly higher in smokers than in non-
smokers from 55 to 64 years old in both
sexes21. But the difference becomes

minimum in older age group. So, chronic
smoking seems to affect brain atrophy and
cerebro vascular disease in the early stage
senescence. And in the late stage, effects of
some other factors seem to be stronger than
that of smoking21.

Early studies of the effects of smoking on
the CBF only described the acute effect
which raises CBp2. But this effect seems to
be different from the chronic effects which
enhance atherosclerosis23.24.Kubota showed
that the CBF of chronic smokers was

significantly lower than the non-smokersx
and there was a significant correlation
between CBF and brain atrophy in elderly
subjects2o.

As smoking is a definite factor for brain
atrophy, it shouldbe preventedby developing
social awareness and also by making law
against smoking. For this purpose, different

foru!TIsof doctorsshould takepart indifferent
ways.
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