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Assessment of Brain Deep White Matter
Hyperintensities in Smokers in Azerbaijan

ach year, more than six million of people worldwide

die from smoking related diseases. The World Health
Organization has also included nicotine dependence in its
list of diseases [1,2]. Brain white matter hyperintensities
(WMHs) increase therisk of stroke, causes geriatric(aging)
syndrome such as depression, cognitive decline, urinary
incontinence, functional disorders [3].

Every year, 15 million people worldwide suffer from
stroke, from which 6 million die and 5 million sustain
a permanent disability. It is estimated that 35.6 million
people live with dementia, which is expected to triple by
2050. Stroke and dementia are among the primary health
related problems of many governments, because the cause
of the 20% of strokes and 40% of dementias secondary
to small vessel diseases remains unclear [4,5]. When
the cause is not clear, the results cannot be eliminated.
White matter hyperintensities (WMHs) are among
these causes. Therefore, it is important to investigate
why WMH occurs, what is the pathophysiology behind
it to eliminate the causes. It is known that there are no

anastomoses or collaterals of terminal long penetrating
arterioles in the brain. Hypoxia occurs when there is a
decrease in blood flow. These changes cause neuronal
atrophy and loss of myelin. However, hypoxia is not deep
enough to damage the gray matter, only the white matter
is damaged and white matter hyperintensities are formed
[6]. Enlarged perivascular areas (which occur due to
reduced interstitial fluid drainage), in more severe cases
myelin and axonal tissue loss are the causes of formation
white matter hyperintensities (WMH) [7].

Because research on the pathophysiology of white
matter hyperintensities (WMH) is only possible
postmortem, researchers face many challenges to study it.
Histopathological analysis is performed only on certain
small tissue samples. Changes may occur during sampling
or sample fixation. It is easier for histopathologists to
detect demyelination and axonal degeneration than to
study changes in the extracellular fluid [4]. Magnetic
resonance imaging (MRI) can detect white matter
hyperintensity (WMH) at early stage. Before the use of
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CT and MRI scans these T2 hyperintense foci (white
matter hyperintensity) were missed on pathohistological
examinations. Some studies suggest that the degree of
damage in T2 hyperintense foci affects the «brightness»
of foci in FLAIR sequence and understanding the term
«dirty-appearing white matter»[4].

Wardlaw et al created a table to distinguish white
matter hyperintensities (WMH) from other artifacts in
FLAIR sequence during MRI. According to them, these
artifacts may occur secondary to cerebrospinal fluid
(CSF) and blood flow, magnetic field sensitivity, eye and
head movement, the corticospinal tract, and combination
of several of these factors [4,8]. Based on these artifacts,
radiologist can identify hyperintense-appearing areas
that do not really WMH.

Smoking also plays a role in the development of white
matter hyperintensity. Smoking causes diseases of all
organs of the human body. Actually, all smokers usually
start smoking before the age of 18. More than 20 million
deaths due to the preterm birth have been reported in
the United States during a period, according to the report
«The Health Consequences of Smoking — 50 Years of
Progress». The main biomarker in smoking is the effect
of nicotine and its metabolites on the body [9,10,11].

The primary purpose of this study is to examine the
WMH in smokers in Azerbaijan using MRI and to
identify differences in the number and size of WMH
compared with healthy individuals.

Materials and methods

Total of 120 patients between 37 and 70 years were
included in this study. The mean age was 50,2+0,8. People
over the age of 70 were not included in the study because
they had age-related WMH in their brains. Eighty (80)
of the patients were smokers. All these patients have
been smokers for at least 15 years-maximum 50 years.
The average year of the smoking was 23,1£1. In addition,
40 healthy individuals were included in the study as a
control group. All patients (100%) were men. Patients with
oncological diseases, trauma, history of brain surgery,
demyelinating disease, migraine were not included in
the study, as the white matter hyperintensities developed
secondary to these reasons can lead to false results in the
study. Ethics committee approval was received for this
study from the Azerbaijan Medical University Ethics
Committee (protocol number 22). Informed consent
form was received from all participants after a detailed
explanation of the examination. We used 1.5-Tesla
Magnetom Aera MRI equipment and images obtained
with T2 turbo inversion recovery magnitude (TIRM)
sequences. MRI images were obtained using TR-9200,
TI-2450, TE-84 and 3.5 mm slice thickness, and 10%
interslice gap. The number, size, location (according
to the brain lobes) of the white matter hyperintensities
were detected on brain MRI of the examined patients
and average measurements were obtained. The results
were compared with those in healthy individuals. Due to
the thinness of slices, small gap between slices and high
image quality, it was easier to differentiate white matter

hyperintensities from small vessels, dilated perivascular
spaces, and lacunes.

Statistical analysis was performed using SPSS-26
package program. Descriptive data were expressed
as mean *+ Standard Error of Mean, minimum and
maximum. The distribution of variables was checked
with the t-Student Bonferroni and U Mann-Whitney
test. Frequencies between the groups of patients were
compared on the basis of the Pearson chi-square test. The
relationship between the indicators was studied by Rho-
Spearman correlation analysis. For all statistical analysis,
P < 0.05 was considered statistically significant.

Results

The mean age of the smokers was 50,7+1,0 (37-70)
years. In addition, the mean age of the healthy individuals
was 49+1,1(39-62) (Pu=0,556). Our study indicated that,
the number of WMH increases with age, regardless of
whether the patient smokes or not (p=0,271; P=0,003)
(Figurel).
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Figure 1. The number of white matter hyperintensities (WMH)
increases with age

We found that, there was no significant difference in
the statistically correct correlation (in the number and
size of the WMH) between those who had smoked for
longer years-50 years and those who had smoked the
least-15 years (p=0,050; P=0,659).

In this study WMH was not found in 21(52,5%) patient
from 40 healthy individuals (Figure 2). The average
number of WMH detected in 47.5% (19) of patients was
3.240,8 (min0-max20) and the average size was 1.9%0,1
mm (minl.5-max 2.5).

According to the measurements and numbers
performed on 80 smokers included in the study, the
average number of WMHs was 8.8+1,5(min0-max70)
and the average size was 2.3+1,0 mm(minl.5-max6)
(Figure 3).

At the same time, WMHs were not observed in 28
(35,0%) smokers. The parameters about the number and
average size of WMHs are shown in Table 1.
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Figure 2. Axial T2 TIRM image in a healthy man demonstrates
absence of white matter hyperintensity

Figure 3. Axial T2 TIRM image in smoker demonstrates several
white matter hyperintensities in both frontal lobes

Table 1. Parameters about the number and the size of WMH in healthy individuals and smokers

Healthy
WMH parameters individuals Smokers Pt-value Pu-value
(n=40) (n=80)
M+m 3,2+0,8 8,8+1,5
Number Minimum 0,0 0,0 0,016 0,025
Maximum 20,0 70,0
M+m 1,9+0,1 2,3+0,1
Size Minimum 1,5 1,5 >0,05 0,459
Maximum 2,5 6,0
WDMH-white matter hyperintensity. M-mean, m-Standard Error of Mean.
Statistical correctness of the difference between the indicators of the groups: Pt — by the criterion Student-
Bonferroni, Pu - by the criterion Mann-Whitney

It was found that the number of WMH in smokers 70
was higher than in control group-healthy individuals
(Pu=0,025) (Figure 4). But the size of WMH in smokers 60
was not differ so much than in healthy individuals §
(Pu=0,459). $ > *
We found WMHs mainly in the frontal lobe in smokers ‘g i
51(63,7%) (Pu=0.051). Secondly WMHs were in the by i .
parietal lobe 23(28,7 %) (Pu=0.182) and the least number 'g 30- 5
of the WMHs was in temporal lobe 2(2.5%) (Pu=0.315) B 8
in smokers. Besides, WMHs in control group was mostly 2 o0 °
in frontal lobe 18(45,0%), secondly in parietal lobe = o T
7(17,5%) too. WMHs was not found in the temporal lobe 104
in the control group (Table 2). ,——r—|
0 T T
Control Main
Group

Figure 4. The number of white matter hyperintensities (WMH)
was higher in smokers than in control(healthy) group
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Table 2. Distribution of the WMH in brain lobes in smokers and control (healthy) group

Lobes WMH Control (n=40) Smokers (n=80) Py2-value Py-value
22 29 (36,3%)
no >
(55,0%) ’
Frontal 18 0,050 0,051
51 (63,7%
N (45,0%) (63:7%)
3 57 (71,3%)
no ,
. (82,5%) ’
Parietal = 0,180 0,182
23 (28,7%
N (17,5%) (28,7%)
40
no 78 (97,5%)
(100,0%)
Temporal g 5 0,313 0,315
e (0,0%) (2,5%)
WMH-white matter hyperintensity.
Statistical correctness of the difference between the indicators of the groups: px2 - by the
criterion Pearson, P, - by the criterion Mann-Whitney

Discussion

Tissue level changes were studied due to the expanded
capabilities of magnetic resonance imaging (MRI)
[12,13]. Regardless of the form in which nicotine is taken
(including even chewing), it is rapidly absorbed into the
bloodstream and reaches its plasma peak level within
minutes. The lipophilic structure of nicotine allows it to
quickly cross the blood-brain barrier. Further elimination
of nicotine from the brain and body depends on changes
in the blood [12,14].

The white matter hyperintensity is the main
manifestation of small vessel disease on brain MRI.
Increased incidence of white matter hyperintensities
(WMH) on MRI was observed in smokers without other
known risk factors [12]. In our study, 89% of patients had
no co-morbidities (11% had mild arterial hypertension).
And there was an increase in the number and size of
foci in these patients too, when compared to healthy
individuals.

Some studies show there is a parallel correlation
between the increase in the dose of nicotine and the
increase in the number of WMH [12]. However, we did
not find such a correlation in our study. They say not all
smokers had white matter changes. In this study we did
not evaluate WMH in all smokers as well.

Smoking or intravenous administration of nicotine
increases cerebral blood flow. Although cerebral blood
flow increases during smoking, it decreases at the same
rate when you stop smoking. This increase occurs in the
frontal lobes and cerebellum [12,15]. In our study WMH
was mostly found in frontal lobes, maybe it's associated
with changing (increasing and decreasing) of blood flow
in these areas.

Researchers performed baseline brain magnetic
resonance imaging (MRI) on a group of patients. They
did second MRI scan of the brain in these patients after
6 years to examine the changes in the brain caused by
smoking. Smoking has been reported to be associated

with white matter hyperintensities which reflect
subclinical small vessel disease [16,17]. Researchers
reveal that white matter hyperintensity is higher in those
who smokes 50 packs/year. And increase in the amount
of the packs correlates with the increase in linear white
matter hyperintensities. Researchers did not find a link
between the age of onset of smoking and the increase in
white matter hyperintensities [16,18]. In this study we
also didn't find such a correlation.

Smoking is associated with some psychiatric conditions,
such as major depression and alcohol use. Smoking is
also associated with conditions such as decreased overall
cognition, impaired decision-making, and decreased
speed of cognitive processing. A meta-analysis of 761
individuals found that smoking reduced volume in the
left insula, right cerebellum, left parahippocampal gyrus,
mediodorsal thalamus, and numerous prefrontal cortical
areas. The relationship between smoking and white and
gray matter volume was investigated [19,20].

Studies show that exposure to tobacco smoke
increases the risk of attention deficit and development of
hyperactivity disorders. Nicotine dependence at younger
age develops faster compared to older age. Intrauterine
tobacco exposure increases the body’s ability to store fat
and reduces the size of the amygdala in the brain [9,21].
Therefore, number of actions is taken to limit smoking.
In Azerbaijan almost all women don't smoke, that's why
we could not do research on this.

Smoking weakens the structural integrity of the corpus
callosum, but it can be restored slowly, over the years after
smoking cessation [1,22]. However, we did not reveal any
macroscopic changes in the corpus callosum of patients
in our study.

We have some limitations, so that we could not obtain
the information about the number of packs of cigarette
smoked per year by patients, that's why we couldn’t
learn its effect on WMH. The lesion characterization
was difficult in elderly patient groups who had chronic
hypertensive vascular disease. And couldn’t analyze the
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relationship between smoking and brain volume in our
patients either.

Conclusion

Smoking is one of the most harmful habits in modern
life. Therefore, there is a growing interest to study the
damage to the body caused by smoking. The brain is
one of the main organs that control the body. One of
our missions is to try to protect our future by identifying
white matter hyperintensities, revealing their linkages to
smoking and informing young people about it.

Transparency of the study. The study was not funded
by sponsors. The authors are solely responsible for
submitting the final manuscript to print.
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AnoTtanis. OOrpyHTyBaHHS: rillepiHTeHCWBHI BorHmmia 12 (rimepiHTeHcwBHICTE Oisoi pedoBmHM)
CIOCTepirafoTbcs B OUIINT pedoBVMHI MO3KY Ha MarHiTHO-pe3oHaHCHi Tomorpadii (MPT) y xypuis. Mera
IOCIiXKeHHS [0JISITae B TOMY, 100 BVSIBUTY 3B 5I30K, KUIBKICTB i po3Mip rinepiHTeHCMBHOCTI 01101 pedoBmHM 3
KYpiHHAM y YOJIOBIKiB, III0 ITaJIATh B A3epOariKaHi, i MOPIiBHATH IX 3 KOHTPOJIBHOIO IPYTION0.

Marepias Ta Metoam. Y nociimkenHs Oysto Brmodero 120 martienTis Bikom Bift 37 no 70 pokis. CepenHirt Bik
cranosuB 50,2+0,8 pokis. Bicimmecsat (80) nmartienTis Oy Ky prisivm i 40 3 Hyix OyImm 3m0poBVIMyL TEOIIBMIAL. Y HaIIlo-
My JIOCITi[KEHH] MV BBYa€MO JIOKaJIi3allifo (BiIIIOBIIHO /10 4aCTOK MO3KY), po3Mip i 4acToTy rilepiHTeHCMBHMX
sorum T2 ga MPT. Mu BuxopucToByBam o0JaHaHHS )T MarHITHO-pe30HaHCHOI ToMorpadii Magnetom
Aera 1,5 Tecira Ta 300pakeHHs, OTpVMaHi 3a JJOIIOMOTOIO ITOCTioBHOCTelt T2 TypOoiHBepcil BifTHOBIIEHHS BeIi-
uyan (TIRM). 306paxennas MPT 6y orprmani 3 Buxopucrantsam TR-9200, TI 2450, TE 84 i TosmmmHoI0 3pisy
3,5 MM i Mix3pisoBuM rTpoMikkoMm 10%.

Pesynsratn. Cepensint Bik kypuis craHosus 50,7+1,0 (37-70) pokis. CepemHirt Bik 3M0poBmx 0cid cTaHOBUB
49+1,1(39-62) (Pu=0,556).

Y 21(52,5%) marierrTa 3 40 3moposux oci6 WMH se Bussieno. Cepenrs kipkicts WMH, ussnennx y 47,5%
(19) manienTi, craHoBwia 3,20,8 (min0-max20), a cepenHint posmip craHoBms 1,9£0,1 MM (minl,5-max 2,5).

3rigHo 3 BUMipIoBaHHSAMM Ta IMdpamu, poseteHVMYN Ha 80 KypLisix, BKIIOYEHNX V JOCIIDKeHHS, cepefi-
H4 kinekicte WMH cranoswota 8,841,5 (min0-max70), a ceperHin posmip crarosus 2,3+1,0 MM (minl,5-max6).
Bonrowac y 28 (35,0%) xypuis WMH se ciocrepiramics.

Bcranosieno, mo xinekictre WMH y kypmis Oyima Buimoro, HiX y 3H0pOBUX 0ci0 KOHTPOJIBHOI Ipymnm
(Pu=0,025). Aste posmip WMH y Kypuis Bigpi3HSABCS He Tak CMIIBHO, K y 300poBux ocid (Pu=0,459).

BucHoBoK: y uUO/IOBIKiB, IO NAIATH B AzepbarrxaHi, 6yn0 BUSBJICHO 30UIbIIEHHS KUIBKOCTI
rirepiHTeHCMBHOCTI OUTOI PeYOBMHM B MO3KY IOPIBHSHO 3i 3m0opoBvMM JofisMiL. He Oyito cyTreBoil pisHmmi
B CTaTUCTVYHO IIPaBIJIBHOMY CIIiBBiIHOIIEHH] (KibKocTi Ta posmipy WMH) Mix TiMu, XTO KypuB [10BIIIe
(50 poxis), i Tvmm, xTO Kypus Havmewrtre (15 pokis). Kimexicre WMH 30ibImyeTnes 3 BikoM, He3aieXXHoO Bif
TOro, KypUTh HALi€HT Yy Hi.

Knrouosi ciiosa: MPT, rinepinTeHcrBHiCTb 61101 pedoBIH, TTaIiHHS .
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Abstract. Bacground: T2 hyperintense foci (white matter hyperintensities) are seen in the white matter of
the brain on magnetic resonance imaging (MRI) in smokers. The aim of the study is to reveal the relationship,
number and size of these white matter hyperintensities with smoking in Azerbaijani smoking men and to
compare them with the control group.

Materials and Methods: Total of 120 patients between 37 and 70 years were included in this study. The mean
age was 50,2+0,8. Eighty(80) of the patients were smokers and 40 of them was healthy individuals. In our study
we exam the location(according to the brain lobes), size and frequency of T2 hyperintense foci on MRI. We used
1.5-Tesla Magnetom Aera MRI equipment and images obtained with T2 turbo inversion recovery magnitude
(TIRM) sequences. MRI images were obtained using TR-9200, TI 2450, TE 84 and 3.5 mm slice thickness, and
10% interslice gap.

Results: The mean age of the smokers was 50,7+1,0 (37-70) years. The mean age of the healthy individuals
was 49£1,1(39-62) (Pu=0,556).

WMH was not found in 21(52,5%) patient from 40 healthy individuals. The average number of WMH detected
in 47.5%(19) of patients was 3.2£0,8 (min0-max20) and the average size was 1.9+0,1 mm (min1.5-max 2.5).

According to the measurements and numbers performed on 80 smokers included in the study, the average
number of WMHs was 8.8+1,5(min0-max70) and the average size was 2.3£1,0 mm(min1.5-max6). At the same
time, WMHs were not observed in 28 (35,0%) smokers.

Itwasfoundthatthenumberof WMHinsmokerswashigherthanincontrolgroup-healthyindividuals(Pu=0,025).
But the size of WMH in smokers was not differ so much than in healthy individuals(Pu=0,459).

Conclusion: An increase in the number of white matter hyperintensities in the brain was found in smoking
men in Azerbaijan compared to the healthy individuals. There was no significant difference in the statistically
correct correlation (in the number and size of the WMH) between those who had smoked for longer years-50
years and those who had smoked the least-15 years. The number of WMH increases with age, regardless of
whether the patient smokes or not.
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