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Shisha smoking: impact on cognitive functions
impairments in healthy adults
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Abstract. - OBJECTIVE: Shisha smoking is
becoming highly prevalent and is a predominant
mode of tobacco use particularly amongst the
young generation around the globe. This study
aims to investigate whether or not shisha smoking
impairs the cognitive functioning in adolescents.

SUBJECTS AND METHODS: We recruited 65
(32 control subjects and 33 shisha smokers) ap-
parently healthy male volunteers. The first group
consisted of 33 volunteer male shisha smok-
er subjects with mean age 24.45+2.93 (mean =*
SD) years. The second group consists of 32 sub-
jects with mean age 23.31+2.68 (mean + SD) years
who did not smoke shisha. Age, gender, weight,
height, ethnicity, educational and socioeconomic
status of a matched design was used to appraise
the impact of shisha smoking on cognitive func-
tions. The cognitive function’s outcome variables
were the response time (Attention Switching
Task-AST), (Complex Reaction Time-CRT task)
and the percentage of correct answers (Pattern
Recognition Memory PRM-task). Cognitive func-
tions were assessed by using Cambridge Neuro-
psychological Automated Battery (CANTAB).

RESULTS: Shisha smokers showed significant
decline in cognitive performances AST-Laten-
cy (p=0.03); AST-Congruent (p=0.05); AST-In-
congruent (p=0.05); mean CRT (p=0.001); CRT
% (p=0.01); PRM (p=0.024) compared to their
matched control.

CONCLUSIONS: Cognitive functions includ-
ing attention, alertness, and memory were sig-
nificantly impaired in healthy adult shisha smok-
ers compared to non-shisha smokers.
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Introduction

Shisha smoking bars are rapidly opened in
various parts of the globe and commonly seen
around the residential, commercial and educa-
tional vicinities. Shisha smoking is a cultural

and customary behavior of the people in the
various regions of the word including Middle
East, North Africa and Southeast Asia. Shisha
smoking is well-known by its numerous names
in different countries such as “water pipe, hub-
ble bubble, hookah, narghile, ghoza smoking” .
Shisha smoking is a communal globally practi-
ce? especially in the urban population of the hi-
gh-income posh localities?, particularly among
the young generation of Arabic countries®. It
has been steadily spread among the adolescents
around the globe, gaining more popularity in
the Middle East. The prevalence of smoking
shisha is ranging from 5-17% in American ado-
lescents and 6-34% Middle Eastern youths*.
Some studies reported that the shisha smoker’s
prevalence reached up to 27% of school studen-
ts and 54% of university students>®.

Shisha smoke contains enormous amount of
fruit-flavored (apple, plum, mango, mint, coco-
nut, strawberry and cola) fine and ultrafine PM,
nicotine, carbon monoxide, polycyclic aroma-
tic hydrocarbons, volatile aldehydes, phenolic
compounds and carcinogenic PAH”'" and some
substantial metals including arsenic and lead.
The nicotine contents of shisha tobacco are
2-4% compare to 1-3% for cigarettes and car-
bon monoxide concentrations 0.34-1.40%'. In
addition, shisha smokers are wide-open to extra
smoke over a lengthier time period as compared
to cigarette smoking. A Cigarette smoker typi-
cally takes 45-75 puffs in 5-8 minutes and inha-
les 0.5 to 0.6 liters of smoke whereas a shisha
smoking session lasts for 25-80 minutes and
shisha smoker takes 45-200 puffs and inhales
0.15-1 liter of smoke in one session of shisha,
which is equivalent to smoking about hundred
cigarettes'>!3. Researchers have studied the
association between shisha smoking and lung
functions but no study has determined the
impact of shisha smoking on cognitive functio-
ning. Therefore, this study aimed to investigate
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the impact of shisha smoking on cognitive fun-
ctions.

Subjects and Methods
Subjects’ Selection

This study was conducted in the Department
of Physiology, College of Medicine, King Saud
University, Riyadh, Saudi Arabia between June
to November 2015. Age, gender, weight, height,
ethnicity, educational and socioeconomic status
matched design were used to investigate the asso-
ciation of shisha smoking on cognitive functions.
A detailed clinical history and examination of all
the subjects was conducted for the selection of
subjects to conclude whether a particular subject
was to be included in the study or not. All the
participants were inquired with regards to al-
cohol consumption, cigarette, shisha smoking
and other tobacco products. Detail history regar-
ding any drug intake, diseases like seizures, and
psychiatric problems, was obtained. The subjects
were asked to maintain 6-8 hours of sleep and
we excluded those subjects with sleep disturban-
ces history'’. After the interview, clinical history
and examination, the shisha smokers group con-
sisted of 33 volunteers, all male subjects with
a mean age of 24.45+2.93 (mean = SD) years
who smoked shisha regularly. These 33 shisha
smokers were harmonized with another group
called non-shisha smokers (control) group. The
control group was selected in a comparable way.
32 healthy male volunteers that matched age, eth-
nicity and socioeconomic status, with a mean age
23.31£2.68 (mean = SD) years, were recruited.
The control group mainly comprised of univer-
sity technicians, secretaries, research assistants
and receptionists. All subjects were exclusively
harmonized for age, ethnicity and socioecono-
mic and educational status. All subjects provided
their informed consent for inclusion before they
participated in the study. This study was appro-
ved by the Ethics Committee of the College of
Medicine (King Saud University, Riyadh, SA).

Exclusion Criteria

Subjects with identified cases of diabetes mel-
litus, marked obesity, anemia, chronic obstructi-
ve lung diseases, malignancy, chronic alcoholics,
drug addicts and cigarette smokers (other than shi-
sha) were excluded". Subjects with known cases of
anxiety, vision problems, attention deficit, psychia-
tric disorders, skeletal muscle disorders and those
on sedatives, hypnotics and who had disturbed sle-
ep history, were also excluded from the study'®!".
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Cognitive Function

We performed the neuropsychological testing
by using “Cambridge Neuropsychological Test
Automated Battery (CANTAB)” research suite
software, version 6.0.37, Cambridge cognition”.
CANTAB is a computerized based standard
software system to assess the cognitive functions
across the life age. It has the ability to detect the
declines in the performances of executive fun-
ctions among the healthy adults and subjects
with different disorders. The test process takes
25-30 min to complete the entire procedure. The
subjects were made to sit comfortably on a chair
and asked to keep pressing the response button
with the index finger of the dominant hand.

Attention Switching Task (AST)

AST measured the up-down cognitive control
processes involving the prefrontal cortex. The test
displayed an arrow cue at the top on the screen for
the right or left side of the computer and subject
could point on the bases of stimuli in either di-
rection to the right or the left. The direction in
which the arrow was pointing (same direction,
congruent stimuli) and to the side on which arrow
appeared or incongruent stimuli (e.g., the arrow
on the right side of the screen pointing to the left).

Choice Reaction Time (CRT)

CRT measured the motor speed and attentive-
ness. This 2-choice stimulus (left and right) has
two possible outcomes measurement of reaction
time. Reaction time was measured when the
subject pressed the left or right hand button on the
press pad on the basis of left and right stimuli on
the screen.

Pattern Recognition Memory (PRM)

Visual pattern recognition memory is para-
digm designed for visual patterns presented in the
center of the screen in a sequence for verbal la-
bels. In this task, subjects were required to select
a pattern they had already seen in the form of a
unique pattern.

Statistical Analysis

AST test outcome was determined including
response latencies and error scores that showed
the participant’s attention switching ability and
the prying of congruent and incongruent task-ir-
relevant information. CRT test outcome assess
the correct and incorrect responses and latency
(response speed). PRM task allows the measure-
ment of the number of correct patterns selected.
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Table I. Anthropometric data of shisha smokers and control group.

Control Group Shisha Group
Parameters (n=32) (n=33) p-value
Age 23.31+£2.68 24.45+2 .93 0.107
Height 169.9 +£8.16 172.274+5.82 0.187
Weight 81.21+£24.1 79.27£17.21 0.709
Values are presented in mean £SEM; NS= Non-Significant.
Table Il. Comparison of cognitive functions between shisha smokers compared to their control group.

Parameters Control Group (n=32) Shisha Group (n=33) p-value
AST-Switching 256.17 + 142.8 286.48+124.22 0.365
AST-Latency 544.8+ 116.1 604.7+105.8 0.033
AST-Congruent 518.3 +£108.3 577.8499.5 0.023
AST-Incongruent 574.8 £129.8 635.2£118 0.054
AST-Congruent-cost 62.79+ 44.7 63.5+39.2 0.023
AST % 94.7+54 93.24+4.8 0.242
CRT 321 £84.4 377.6+73.8 0.006
CRT % 97.6 +4.18 99.6+.84 0.011
PRM 91.8+79 86.74+9.4 0.024

Values are presented in mean £SEM.

Statistical analysis was executed using SPSS
software (version 22.0; SPSS Armonk, NY, USA).
Comparison of quantitative data between shisha
group and control group was performed using
paired t-test. Two-tailed statistics were used and
statistical significance was set at p<0.05.

Results

Table I demonstrates the anthropometric va-
riables including age, height and weight of shisha
smokers and control group. The control group
consisted of 32 subjects with mean age 23.31+2.68
years; height 169.9+£8.16 cm and weight 81.214+24.1
kg (mean + SD). The shisha smoker group con-
sisted of 33 volunteer, male subjects with mean
age 24.45+2.93 years; height 172.27+5.85 ¢cm and
weight 79.27+17.21 kg (mean + SD). Table II de-
monstrates the evaluation of the cognitive fun-
ction test parameters between the subjects who
smoke shisha and their matched control subjects.
There was a decline in the cognitive function pa-
rameters including AST-Switching task in con-
trol group at 256.17+142.8 vs. shisha smokers
286.48+124.22 (p=0.365); AST-Latency in con-
trol group was 544.8+116.1 vs. shisha smokers
604.7+105.8 (p=0.033); AST-Congruent in con-
trol group was 518.3+108.3 vs. shisha smokers
577.8£99.5 (p=0.023); AST-incongruent in con-

trol was 574.8+129 vs. shisha smokers 635.2+118
(p=0.054); AST-Congruent-cost in control group
was 62.79+44.7 vs. shisha smokers 63.5+39.2
(p=0.023); AST % in control group was 94.7+5.4
vs. shisha smokers 93.2+4.8 (p=0.242); CRT in
control group was 321+84.4 vs. shisha smokers
377.6+£73.8 (p=0.006); CRT % in control group
was 97.6+4.18 vs. shisha smokers 99.6+0.84
(p=0.011); PRM in control group was 91.8+7.9 vs.
shisha smokers 86.74+9.4 (p=0.024) (Table II; Fi-
gure 1).
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Figure 1. Cognitive functions of shisha smokers and con-
trol group.
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Discussion

This is the first study added in the existing lite-
rature on the effect of shisha smoking on cogniti-
ve functions in young adults. We found that shi-
sha smoking impaired the cognitive performance
compared to their matched control subjects. The
impairment achieved the significant levels for
attention, reacting time and memory tasks. Con-
founders such as sleep, vision, neuro-psychiatric
problems, were carefully considered. The shisha
and control group did not differ in demographic
or clinical characteristics; thus, it is unlikely that
these variables influenced the results.

Smoking is allied with neurocognitive functio-
ning impairment, smoking cessation interferen-
ces'® have potential important target for impro-
ving functional outcomes. Zhang et al" observed
the potential effect of smoking and drinking on
cognition. They reported that smoking is allied
with cognitive deterioration, but not with BDNF
(brain-derived neurotrophic factor) levels in a he-
althy population. However, smoking magnitude
was positively allied with BDNF levels.

Doiron et al?® showed that smoking was more
likely to cause cognitive impairment. Their fin-
dings are in line with results in healthy adults that
have linked smoking to cognitive impairment,
brain atrophy and functional changes. Hotta et al?!
determined the relationship between smoking sta-
tus and numerous domains of cognitive function
among middle-aged subjects. Smoking status was
linked with a decline in processing speed and the
deterioration varies by gender. In some neuro-
cognitive tests, females who had no smoking hi-
story showed better performance than past and/
or current smokers. Among males, non-smokers
had significantly higher marks in the symbol digit
substitution test.

Chamberlain et al*? conducted a study in jud-
gement to non-smokers and nicotine users. They
reported significant cognitive impairments on
attention sustained, spatial working memory and
executive planning functions. Similarly, Sabia et
al* determined the relationship between smoking
and cognitive deterioration in midlife old age
subjects. They observed that the middle aged male
smokers experienced faster cognitive decline in
overall cognition and executive function compa-
red to non-smokers. More recently, Bashir et al**
found that smokers had significant cognitive im-
pairments in AST-Latency, AST-Congruent, and
AST-Incongruent condition. Their findings indi-
cate that attention and alertness were significantly
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impaired in smokers compared to non-smokers.

Timothy et al'® summarized the highly ack-
nowledged literature on the mneuro-cognitive
and neuro-biological implications of cigarette
smoking and cognitive disorders. They found that
cigarette smoking was associated with impaired
learning and memory processing speed, working
memory, general intellectual abilities, cognitive
flexibility and executive functions. Congruently,
in the present study we found that shisha smoking
significantly impaired the cognitive performance
compared to their control subjects.

Mechanism Contributing Shisha Smoking
Induced Cognitive Dysfunctions

Literature revealed that smoking altered the
brain structures such as thinner frontal cortical
areas, frontal gray matter aberrations® decrea-
se insula-based functional connectivity between
orbitofrontal cortex, superior frontal gyrus, tem-
poral lobe and insula?®. Smoking also results in
changes in blood counts?’ and decreases the ce-
rebral flow rate in the anterior, middle and poste-
rior cerebral arteries®. The most probable mecha-
nism in line with shisha smoking and cognitive
impairment is the presence of significant number
of possibly cytotoxic compounds in shisha smoke
including carbon monoxide, ketones, nitrosami-
nes, aldehydes, dihydroxy benzenes, etc. These
compounds may impair the neuronal and cellular
membrane function of the cerebral hemisphere®.
These compounds besides being cytotoxic, also
promote oxidative damage to neuronal or glial cell
organelles®. It has also been reported that, carbon
monoxide concentration is significantly higher
in smokers® and this raise is linked with redu-
ced hemoglobin (Hb) concentrations and oxygen
(O2) carrying capacity*?, ultimately reducing the
efficiency of the mitochondrial respiratory chain
mechanism*. Additionally, cigarette smoke con-
tains higher levels of free radical species, which
promote oxidative damage to neuronal cellular
anatomy and physiology**. In vivo animal model
experimental studies reported that brain tissue
exposure to cigarette smoke significantly declines
the membrane-bound ATPases, which changes
ion homeostasis and enhances Na+ and Ca2+ con-
centration in the numerous neuronal cells®, which
is allied with neuronal injury or death’. Nicotine
administration in juvenile rats evokes cell injury
and brain function loss with significant effects in
the hippocampus®’. In the present study, we be-
lieve that shisha smoking impairs the cognitive
functions in a similar fashion.
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This is the first study to explore the impact of
shisha smoking on cognitive functions. Subjects
who were exposed to shisha smoking had signi-
ficantly impaired cognitive functions. This novel
research provides awareness to the public and
health administrators about the effects of shisha
smoking on cognitive functions.

Study Strengths and Limitation

This study has some strength and certain limi-
tations. To our knowledge this is the first study
added in the global literature on shisha smoking
and cognitive functions. In this study the subject
selection criteria, inclusion and exclusion strate-
gies were highly standardized. We considered the
age, height, weight, race, ethnicity, and educatio-
nal level while using the CANTAB protocol to
determine the cognitive functions. The limitation
of the present study is the involvement of limited
number of shisha smokers because most of the pe-
ople use both shisha and cigarette and we selected
only male shisha smokers. Therefore, this study
has a relatively small sample size and because of
the cross-sectional design of the study, we could
not establish the exact causation.

Conclusions

The young adult shisha smokers show signifi-
cant impairment in their cognitive functions com-
pared to the matched control group. The results
are convincing that young adult smokers should
quit shisha smoking. Shisha smoking is allied
with demonstrable abnormalities in the brain neu-
ro-cognition. For a better understanding the fac-
tors linked with the neurocognitive abnormalities,
longitudinal studies with comprehensive neuro-
cognitive assessment combining neuroimaging
of brain metabolites, brain function, morphology
and genetic vulnerabilities are essential to under-
stand. Electronic and print media should also play
a role that shisha smoking should not be a part
of cultural identity and societal acceptability and
perception that it is less damaging or less addicti-
ve than cigarettes. Moreover, the educational and
health officials must establish and implement the
effective policies and visible health warnings on
control shisha smoking.
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