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Although cigarette smoking is a leading cause of preventable mortality, tobacco is consumed by approximately
22% of the adult population worldwide. Smoking is also a risk factor for cardiovascular disease, affects brain
processing, and is a recognized risk factor for Alzheimer disease (AD). Tobacco toxins (e.g., nicotine at high
levels) inhaled in smoke may cause disorders resulting in preclinical brain changes. Researchers suggest that
there are differences in brain volume between smokers and non-smokers. This review examines these differ-
ences in brain grey matter volume (GMV).

In March/April 2015, MedLine, Embase, and PsycINFO were searched using the terms: “grey matter” AND “vox-
el-based” AND “smoking” AND “cigarette”.

The 4 studies analyzed found brain GMV decreases in smokers compared to non-smokers. Furthermore, sex-
specific differences were found; while the thalamus and cerebellum were affected in both sexes, decreased
GMV in the olfactory gyrus was found only in male smokers. Age-group differences were also found, and these
may suggest pre-existing abnormalities that lead to nicotine dependence in younger individuals. Only 1 study
found a positive correlation between number of pack-years smoked and GMV.

Smoking decreases GMV in most brain areas. This decrease may be responsible for the cognitive impairment
and difficulties with emotional regulation found in smokers compared with non-smokers.
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Background

Cigarette smoking is a leading cause of preventable mortal-
ity. Each day, at least 3800 adolescents in the USA try their
first cigarette and 33% of teenagers that are daily smokers
will die of a smoking-related condition [1]. Tobacco depen-
dence is also the single most prevalent substance abuse dis-
order [2]. In 2000, 18.1% of total deaths in the USA were at-
tributed to tobacco use, making it one of the leading causes
of death, followed by poor diet and physical inactivity, which
together are responsible for 15.2% of totals deaths, and 3%
of total deaths were alcohol-related [3]. Worldwide, tobacco
is consumed by approximately 22% of the adult population.
Some countries, such as England, have a decreasing tobac-
co-use trend, but even there, 27% of males and 24% of fe-
males reported smoking more than 20 cigarettes (1 pack) a
day [4]. Approximately 90% of smokers start smoking before
the age of 18 [1].

Smoking is a risk factor for many health-related diseases, in-
cluding cardiovascular disease, and it also affects brain func-
tion [1,3]. It is a well-recognized risk factor for Alzheimer dis-
ease (AD); research found that smokers are twice as likely to
develop AD compared to those who never smoked [5]. Adverse
effects of smoking on cognition are also known [6], including a
decrease in visual search speed [7]. Smoking is related to pre-
clinical changes in the brain, higher risk of cognitive decline,
and increased risk of dementia [8-10]. Even after the cessa-
tion of smoking, certain problems remain, such as impaired
working memory [11].

These problems are probably caused by the toxins inhaled in
tobacco smoke, including vinyl chloride (a risk factor for brain
cancer), hydrogen cyanide, and arsenic [12]. Long-term, dai-
ly exposure to these toxins may result in altered vascular and
neural processes, which probably result from tissue accumu-
lation and/or assault. The toxicity of these smoke-related tox-
ins may cause preclinical brain changes [11,12]. Additionally,
these changes express themselves by changes in grey mat-
ter (GM) and white matter (WM) volume and brain density.

Table 1. Results generated by the database search.
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Although GMV decreases linearly with age, global white mat-
ter does not decline with age; however, local areas of relative-
ly accelerated loss and preservation occur [13]. As the world
population ages [14], it is important to determine which brain
changes are attributable to normal/healthy aging and which
are caused by preventable behaviors such as smoking.

A growing number of studies using the voxel-based morphome-
try technique have compared smokers to non-smokers in terms
of the volume of white and grey matter [15-19]. This technique
characterizes the tissue concentration differences in structur-
al magnetic resonance brain images. These studies have of-
ten produced mixed and inconsistent outcomes. Kiihn et al.
(2012) reported no differences in WM volume between smok-
ers and non-smokers, whereas Yu, Zhao, and Lu (2011) re-
ported a regional WM volume increase [20,21]. As with GMV,
some studies reported smokers have smaller GMV in the dor-
solateral prefrontal cortex (DLPFC) [22,23], while others found
a smaller volume in the anterior cingulated cortex (ACC) and
thalamus [15]. A recent meta-regression analysis showed that
a higher number of smoking years was correlated with more
GM atrophy in the right superior frontal gyrus, and more cig-
arettes smoked per day was correlated with more GM atro-
phy in the right superior frontal gyrus and ACC, extending to
the paracingulate gyrus [16]. These studies suggest that there
are differences in brain volume between the 2 groups. The
present review examines these differences, focusing on GMV.

Data Determination and Sources

The following databases were searched in March/April 2015:
MedLine, Embase, and PsycINFO. The following string search
was used: “grey matter” AND “voxel-based” AND “smoking”
AND “cigarette”. Records were obtained when “grey matter”
was found in the title of the article and the remaining terms
were found in the abstract or in the title.

Table 1 shows results generated through our initial data-
base search.

Search term Embasse Psycinfo Medline All
Grey matter 2348 942 1969 5259
””””” Voxelbased 7082 287 sos& 14983
””””” Smoking  18%o41 34245 145509 368815
””””” Cigarette 44399 9938 3831 o683
 iand2and3and4 s 3 s
© Removeduplicates s 3 s s
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Records identified through
Medline, Psycinfo, Embase
N=12

Records after duplicates
removed
N=7

Title and abstract screened Records exluded N=1
N=7 (not a full-text article)

Figure 1. Representation of the inclusion and
exclusion process.

Full-text articles assesed for
eligibility

study sample due to confounders)

Records ecluded N=2 (article where cannabis use as well as
smoking was examined was removed, as well as
N=7 article where metamphetamine users were included in

Records included in review
N=4

Records were screened using the exclusion and inclusion
criteria.

Inclusion criteria

¢ Male and female sample.

¢ Studies that measured differences in grey matter.
¢ Studies comparing smokers with non-smokers.
Studies that used voxel-based morphometry.

Exclusion Criteria

¢ Non-human studies.

e Studies not published in English language.

¢ Articles that did not have full text or that could not be re-
trieved through our university libraries.

e Studies not relevant to the review question.

e Studies that included marijuana smoking.

e Studies that included addictions other than nicotine addiction.

The remaining records were included in this review (Figure 1).

We evaluated the quality of included articles by use of a mod-
ified version of the Effective Public Health Practice Project
(EPHPP) quality assessment tool for quantitative studies.
Questions about criteria unrelated to this review were ex-
cluded. Detailed component ranking is shown in Appendix 1.

Results

Tables 2-4 summarize the studies included in this review.

It is important to note that only 1 study [17] was conducted
in Europe and the remaining ones [18,19,24] were in the USA.
All studies used cross-sectional design and only 1 study [19]
was not conducted in 2014. There were large differences in the
sample sizes: Brody (2004) only included 36 participants [19],
whereas Fritz (2014) had 974 [17]. None of the studies used
power calculation; therefore, the results need to be interpret-
ed with caution. Additionally, all of studies compared smok-
ers to non-smokers, with some [18,24] adding further groups
for comparison. For example, Franklin (2014) compared across
sexes and Hanlon (2014) compared the differences between
young and long-term smokers [18,24]. Three of the studies
[18,19,24] had approximately the same number of smokers
as non-smokers, but Fritz (2014) had significantly more non-
smokers and significant differences in demographics of the
studied population [17].

All 4 studies used voxel-based morphometry (VBM), which is
a neuro-imaging analysis technique that investigates focal dif-
ferences in brain anatomy [17-19,24]. Brody (2004) also in-
cluded hand-drawn regions of interest (ROI) [19], which allows
extraction of data for a specific structure. All images were pro-
duced by a Tesla Siemens scanner, and all studies used statis-
tical parametric mapping (SPM), which increases the validity
of conclusions because the same methodology is applied in
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Table 2. Summary of included studies.

Ref Author (date) Name Country Study design

[17] Fritz HC, Wittfeld K, Schmidt CO Current smoking and reduced gray matter German Cross-sectional
et al. (2014) volume-a voxel-based morphometry study y

[18] Franklin TR, Wetherill RR, Jagannathan  The effects of chronlgf cigarette smoking on USA Cross-sectional
K et al. (2014) gray matter volume: influence of sex

[19] Brody AL, Mandelkern MA, Jarvik ME Differences between smokers and nonsmokers USA Cross-sectional

et al. (2004) in regional gray matter volumes and densities

Lower subcortical gray matter volume in both
[24] Hanlon, Colleen A, Owens et al. (2014)  younger smokers and established smokers USA Cross-sectional
relative to non-smokers

Table 3. Summary of the demographics and characteristics of the study.

Smokers/
Stiidy Sample  Groups nons- Age Cigarette/  Pack/ ed . Imag.e DELE
number and N smokers/ smo- Technique acqui-
size  compared mokers day year ) e analyses
reference ) non-smokers king sition
[17] 974  Smokersvs. 315/ 391/ 44.1/ 13.17 17.81 17.3 Voxel-based 1.5 Tesla SPM8
Fritz et al. non smokers 659 583 51.49 morphometry Siemens
(2014) MRSI
scanner
[18] 160 Male 80/ 82/ (M-357/ (M-16.1) (M-13) 19.8 Voxel-based Siemens SPM8
Franklin smokers/ 80 78 F-31.9)/ (F-13.2) (F=7) morphometry 3
et al. (2014) male (M =33.2/ —tesla
nonsmokers/ F-30.9) trio
female whole
smokers/ body
female scanner
nonsmokers
[19] 36 Smokers/ 19/ 21/ 39.5/ 26.2 31 /  Voxel-based 1.5 Tesla SPM99
Brody et al. non smokers 17 15 37.9 morpho-  Siemens
(2004) metry, MRSI
hand drawn scanner
regions of
interest
[24] 118 Younger 58/ 71/ (**23,9/ **15.3/ **5.2/  16.2 Voxel-based Siemens SPM8
Hanlon smokers/ 60 52* 40,04)/ %17.2 ***19.8 morphometry 3 -
et al. (2014) younger (***23/36) tesla
nonsmokers/ trio MRI
estabilished scanner
(older)
smokers/
older
nonsmokers

* Mistake in reports; ** younger; ***estabilished.

each study and the results cannot be attributed to the tech- moderate quality in terms of representativeness of the sam-

nology or methodology used. ple [17,18,24]. Brody (2004) was graded as moderate quali-
ty after scoring weak quality in the population component of

Quality assessment of each study was carried out using the the questionnaire [19]. Table 5 shows component and global

EPHPP quality assessment tool. Studies by Fritz (2014), Franklin rating of quality of each study.

(2014), and Hanlon (2014) were scored as strong quality with

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Viiukova M. et al.:
Smoking and GMV
© Med Sci Monit, 2017; 23: 1907-1915

REVIEW ARTICLES

Table 4. Summary of the main results.

Sex
difference

Study number

Exclusion criteria Volume loss Volume increase Other correlations

and reference

[17] Fritz Stroke, multiple Right DLPFC,bilateral DMPFC,  / F — additional GMV corelated
et al. (2014) sclerosis, epilepsy, bilateral VLPFC,bilateral effect on VLPFC,  negatively with
Parkinson’s disease, = VMPFCright ACC, inferior M — effect on pack-year
dementia, celebral temporal gyrus, left insula, olfactory gyrus
tumor, intracranial right olfactory gyrus
cyst, hydrocephallus
[18] Franklin Current DSM IV Thalamus, mOFC, bilateral Bilateral F — lower M - GMV in
et al. (2014) — Axis | diagnosis cerebellum putamen, GMV in left left putamen
(other than ND), parahippo- cerebellum, was positively
history of head campus ventral medial correlated with
injury, loss of consc. cortex # of pack years
for longer than 3 M — lower GMV
min, alcohol & drug in bilateral
history cerebellum,
greater GMV
in bilateral
parahippo-
campus and left
putamen
[19] Brody History of epilepsy, DLPFC/VLPFC, / / Prefrontal
et al. (2004) seizure, stroke, cortical GMV
head trauma, loss negatively
of consc., history correlated wih
of DSM IV Aixs | pack-year
disorder other than
ND, substance abuse
[24] Hanlon No history of Younger — amygdala, left Older — left / Estabilished
et al. (2014) head trauma, thalamus/older — insula, occipital cortex smokers —
no neurologic or parahippocampal gyrus and negative
psychiatric diagnosis, pallidum correlation

no history of
migraine, no history

between pack-
year and MPFC

of sbstance abuse or
dependence (other
than ND)

ND — nicotine dependence.

Table 5. Quality assessment table.

Study design Strong Strong Strong Strong
""""""" Sample  Moderate  Moderate  Wesk  Moderate
""""""" Confounders ~ Stong  Swong  Swomg  Stong
""""""" Data collecton ~ Stong  Stong  Swong  Stong
""""""" Analyses  Stong  Swong  swong  Stong
""""""" Globalratng ~ Stong  Swong  Moderate  Stong
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Importantly, 3 studies [17,18,24] reported significant (p<0.001)
differences between smokers and non-smokers in GMV, and
Fritz (2014) also found a significance difference (p<0.05) [16].
All studies corrected for family-wise error [17-19,24]. Decreased
GMYV in smokers compared to non-smokers was reported, but
Franklin (2014) and Hanlon (2014) also noted increased GMV
in some brain areas (Table 4) [18,24]. These studies also found
further correlations between pack-years and GMV. Overall, it
is clear that smoking causes decreased GMV, but variations in
the specific region affected were found as well.

All 4 studies found decreased GMV in the ventrolateral pre-
frontal cortex of smokers [17-19,24], as well as loss of GMV in
the dorsal-lateral prefrontal cortex [17,19]. Two studies found
GM loss in the cerebellum of smokers [18,19]. The only study
to find differences in GMV in the olfactory gyrus was by Fritz
(2014) [17]. Hanlon (2014) found a decrease in GMV in the
amygdala region in smokers [24]. A decrease of thalamic GMV
in smokers was found by Franklin (2014) and Hanlon (2014),
who also reported differences in the parahippocampal gyrus
region. Interestingly, Hanlon (2014) also found decreased GMV
in smokers, whereas Franklin (2014) found greater GMV in the
parahippocampus in smokers [18,24]. Although contradictory
results in specific areas were found, these may be attributed
to the differences in samples studied. Future studies should
consider differences between sexes and age groups as well
as between smokers and non-smokers.

Two studies compared female and male smokers to non-smok-
ers and found certain sex-specific differences [17,18]. One found
a decrease in smokers in both sexes in the ventromedial pre-
frontal cortex [17], while the other found reduced GMV in the
thalamus and cerebellum in smokers of both sexes [18]. Both
found an additional GMV reduction in female smokers in the
ventrolateral prefrontal cortex. Fritz (2014) found GMV loss
in the olfactory gyrus in male smokers, and did not find any
area of increased GMV, which is a unique finding [17]. Franklin
(2014), on the other hand, found increased GMV in the bilat-
eral hippocampus and the left putamen in male smokers [18].
These structures, as Franklin noted, are associated with emo-
tional and drug memories.

Hanlon (2014) reported decreased GMV in younger smok-
ers compared with a matched control group of non-smok-
ers. Compared with a matched control group of non-smok-
ers, long-term smokers had changes in the amygdala (t=6.03,
cluster size=601, P=0.002) and left thalamus (t=5.75, cluster
size=234, P<0.000). Decreased GMV in the amygdala was not
reported by other investigators. Decreased GMV was found in
long-term smokers in the insula, parahippocampus, and thala-
mus. Interestingly, when they compared long-term smokers with
their non-smoking matched control group, they found decreased
GMV in the same areas: the insula and parahippocampus. In

Viiukova M. et al.:
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this group comparison, they also found that smokers had de-
creased GMV in the left occipital cortex [24]. These results sug-
gest either that nicotine rapidly affects brain regions or that
there may be pre-existing abnormalities that lead to nicotine
dependence in younger individuals.

Lastly, we explored a possible correlation between GMV and
age of onset of smoking, cigarettes per day, the length of time
smoking, and the pack-years smoked. All 4 studies reported
further correlations between GMV and pack-years. Hanlon
(2014) reported a negative correlation in long-term smokers
between number of pack-years and GMV in the medial prefron-
tal cortex [24]. Brody (2004) reported similar correlations be-
tween GMV in the prefrontal cortex and pack-years [19]. Fritz
(2014) found that small clusters of reduced GMV in the mid-
dle occipital gyrus and anterior and middle cingulate cortex
were correlated with number of pack-years (r=0.192, t=3, 45,
p<.001) [17]. Lastly, Franklin (2014) reported a positive corre-
lation between GMV in the left putamen and number of pack-
years in males (r=.38, p=.018) [18].

Overall, these studies reported similar results and all found
lower GMV in certain brain areas in smokers compared to
non-smokers. Some studies found sex differences [17,18] and
1 study found differences across age groups [24]. Two stud-
ies [18,24] also found brain areas where the GMV was actually
higher in smokers than in non-smokers. Lastly, 2 studies [17,24]
reported a negative correlation between pack-years and GMV.
Only 1 study [18] found a positive correlation between num-
ber of pack-years and GMV.

Discussion

These studies found that smokers have lower GMV in mul-
tiple cortical and sub-cortical regions compared with non-
smokers. Multiple atrophies in the prefrontal cortex region
were also found [18,19,24]. This shows a certain neuroana-
tomical pattern in smokers. In this regard, nicotine and cue-
induced prefrontal activation might partially explain the atro-
phies observed via repeated stimulation during smoking, and
this is thought to be associated with lower GMV [21]. A de-
crease in GMV in the DLPFC may be associated with cognitive
deficits in smokers [17,19]. In the abstinent state, smokers are
not able to compensate higher task loads [25]. The prefron-
tal cortex also has a role in emotional processing (e.g., regu-
lation) [26]. Personality-wise, smokers with lower GMV in the
PFC are more likely to be impulsive and neurotic than their
non-smoking counterparts [12]. The MPFC and VPFC are asso-
ciated with reward and development, as well as maintenance
of addiction [27]. The insula also plays a role in dysfunction
of emotional regulation, as well as a general role in nicotine
addiction and craving. mOFC is correlated with inhibition of
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behavior; this effect is enhanced in females, explaining why
they find it harder to stop smoking [18].

Importantly, 2 studies found lower GMV in the thalamus [18,24],
which has the highest density of nicotine receptors of any
brain region and is the prime target in long-term smoking [22].
Cigarette smoking also correlates with increased nicotine
binding in the thalamus. However, controversy exists in that
Fritz (2014) and Brody (2004) did not report any areas of de-
creased GMV in the thalamus, suggesting a role of function-
al abnormalities in signalling [17,19]. The thalamus is asso-
ciated with memory, attention, and planning, explaining why
smokers tend to have worse results on cognitive tasks, includ-
ing memory [17,19].

The putamen is implicated in smoking-associated anatomi-
cal changes [18,24]. This structure is associated with habit-
ual compulsive drug seeking and use. The severity of com-
pulsivity was also positively correlated with increased GMV
in the putamen. In 1 study, this increase was only found in
males [18]. There were also differences found in the hippocam-
pus and amygdala; these areas also are linked with emotional
and drug memories [23]. However, Hanlon (2014) found dif-
ferences in the amygdala only when comparing young smok-
ers with non-smokers. Interestingly, this difference was lost
in long-term smokers [24].

Despite these inconsistencies, it is clear that smoking often
causes problems with emotional regulation and cognitive
functions. Although all 4 studies used the same technique,
certain differences may have arisen because the technique
was not used at the same place and time. Also, all 4 studies
were cross-sectional, so we cannot know if there were any

Appendix

Appendix 1. Detailed component rankig.

[17] Fritz et al.

REVIEW ARTICLES

pre-existing structural differences in the brains of subjects.
In younger smokers, nicotine either affects neural tissue vol-
ume very quickly or there are pre-existing abnormalities that
predispose some individuals to smoking [24]. Further longi-
tudinal research is needed to answer this question. Lastly,
smoking is highly prevalent in people with psychiatric disor-
ders, and smoking can be a strong confounder in brain stud-
ies of these patients.

Conclusions

Overall, smoking causes differences in GMV in various brain
areas, and these differences help explain the cognitive im-
pairment and emotional dysregulation in smokers compared
with non-smokers. There are considerable differences, not only
between males and females, but also between younger and
older smokers, and any therapeutic treatment must take this
into account. To summarize, smoking decreases GMV in most
brain areas, and this decrease is believed to be responsible
for the cognitive impairment and difficulties with emotional
regulation in smokers. Future studies should separate physi-
cal changes of the brain from those associated with cognition,
which would be useful in determining a therapeutic strategy
for treating the associated pathologies of tobacco smoking.
Importantly, it cannot be ignored that tobacco smoking may
be a self-medicating phenomenon, which seeks to relieve a
pre-existing pathology; therefore, an individualized approach
to treatment is advised.
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[17] Fritz et al. [18] Franklin  [19] Brody et al. 24. Hanlon et al.
(2014) et al. (2014) (2004) (2014)
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Was the sample of participants
representative with regard to the population
to which the findings will be referred?
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Study number and reference

[17] Fritz et al. [18] Franklin  [19] Brody et al. 24. Hanlon et al.
(2014) et al. (2014) (2004) (2014)

E. Analyses

Are the statistical methods appropriate for
the study design?

a0
=
=
S
-
=
(]
<
1)
a
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O
Are confidence intervals given for the main
results?
Global rating for this paper Strong Strong Moderate Strong
References:

1. USDHHS: Preventing Tobacco Use Among Youth and Young Adults: A Report 14. Lautenschlager N, Almeida O, Flicker L: Preventing dementia: Why we should
of the Surgeon General. Rockville, MD: Department of Health and Human focus on health promotion now. Int Psychogeriatr, 2003; 15: 111-19
Services, 2012 15. Liao Y, TangJ, Liu T et al: Differences between smokers and non-smokers in re-

2. Schmidt CO, Watzke AB, Schulz A et al: [The lifetime prevalence of men- gional GMVs: A voxel-based morphometry study. Addict Biol, 2010; 17: 977-80
tal disorders in North-Eastern Germany.] Psychiatr Prax, 2013; 40, 192-99 16. Zhong), Shi H, Shen Y et al: Voxelwise meta-analysis of grey matter anomalies
[in German] in chronic cigarette smokers. Behavioural Brain Research, 2016; 311: 39-45

3. Mokdad A, Marks J, Stroup D, Gerberding J: Actual causes of death in the 17. Fritz H-C, Wittfeld K, Schmidt CO et al: Current smoking and reduced GMV-a vox-
United States, 2000. JAMA, 2004; 291: 1238-45 el-based morphometry study. Neuropsychopharmacology, 2014; 39: 2594-600

4. Ogden J: Addictive behaviours. In: Ogden J, Health Psychology. 5% ed. 18. Franklin TR, Wetherhill RR, Jagannathan K et al: The effects of chronic cig-
Berkshire, Open University Press, 2012; 66-100 arette smoking on GMV: Influence of sex. PLoS One, 2014; 9(8): 104102

5. Reitz C, den Heijer T, van Duijn C: Relation between smoking and risk of 19. Brody AL, Mandelkern MA, Jarvik ME et al: Differences between smokers and
g;mge;;'al ggg Alzheimer disease: The Rotterdam Study. Neurology, 2007; nonsmokers in regional GMVs and densities. Biol Psychiatry, 2004; 55(1): 77-84

' . " 20. Kiihn S, Romanowski A, Schilling C et al: Brain grey matter deficits in smok-

6. Starr J, Deary |, Fox H, Whalley L: Smoking and cognitive change from age ers: focus on the cerebellum. Brain Struct Funct, 2012; 217: 517-22
11 to 66 years: A confirmatory investigation. Addict Behav, 2007; 32: 63-68 . . .

k X i i 21. YuR, Zhao L, Lu L: Regional grey and white matter changes in heavy male

7. Cadar D, Pikhart H, Mishra G et al: The role of lifestyle behaviours on 20- smokers. PLoS One, 2011; 6(11): e27440

year cognitive decline. J Aging Res, 2012; 2012: 304014 K . X .
22. Galinat J, Meisenzahl E, Jacobsen L et al: Smoking and structural brain def-

8. Almeida OP, Hulse GK, Lawrence D, Flicker L: Smoking as a risk factor for icits: A volumetric MR investigation. Eur J Neurosci, 2006; 24: 1744-50
Alzheimer’s disease: Contrasting evidence from a systematic review of case- ) N _ -
control and cohort studies. Addiction, 2001; 97: 15-28 23. thatng )i Sallml‘teront'B' Ross T etkal: Fa[\itors ynderlyérg)glfrt;f‘:oztzalénd insu-

a structural alterations in smokers. Neuroimage, ; 54: 42—
9. Tyas S, White L, Petrovitch H et al: Mid-life smoking and late-life demen- 8 .
tia: The Honolulu-Asia Aging Study. Neurobiol Aging, 2003; 24: 589-96 24. Hanlqn CA, Owens MM, Joseph JE et al: Lovyer subcortical gray 'matter vol-
10. Anstey K, von Sanden C, Salim A, O’Kearney R: Smoking as a risk factor for umekm bot:dyoungfr smokers and established smokers relative to non-
. ’ 4 ¢ : smokers. Addict Biol, 2016; 21(1): 185-95
dementia and cognitive decilne: A meta-analysis of prospective studies. M . .
i i . 166: 367— . XuJ, Mendrek A, Cohen M et al: Brain activity in cigarette smokers perfrom-
Am J Epidemiol, 2007; 166: 367-78 25. XuJ, Mendrek A, Cohen M et al: B tivity rette smok fi
11. Mendrek A, Monterosso J, Simon S et al: Working memory in cigarette smok: ing a working memory task: Effect of smoking abstinence. ol Psychiatry,
. ) 4 . i 2005; 58: 143-50
ers: Comparison to non-smokers and effects of abstinence. Addict Behav, . . .
2008; 31: 83344 26. Wager T, Phan K, Taylor S, Liberzon I: Functional neuroanatomy of emotion:
o A meta-analysis of emotion activation studies in PET and fMRI. Neuroimage,
12. Swan G, Nessov-Schlaggar C: The effects of tobacco smoke and nicotine 2002; 16: 331-48

on cognition and the brain. Neuropsychol Rev, 2007; 17: 259-73 . . .

X 27. Parvaz M, Konova A, Tomasi D et al: Structural integrity of the prefron-

13. Good C, Johnsrude I, Ashburner J et al: A voxel-based morphometric study tal cortex modulates electrocortical sensitivity to reward. ) Cogn Neurosci,
of ageing in 465 normal adult human brains. Neurolmage, 2001; 14: 21-36 2012: 24: 1560-70

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




