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Abstract.  The electronic cigarette, or “e-cigarette”, is a device with a 
cartridge containing liquid nicotine and other ingredients that creates 
inhalable smoke.  Malaysia is considered to be one of the world’s major 
markets for e-cigarettes since it has the greatest reported proportion 
of teenage consumers.  E-cigarettes can cause multiple pulmonary 
complications or direct injury as a result of the device explosion.  Little 
is known about its effects on cognitive performance and its potential 
hazard to the brain.  It is crucial to look at any potential impacts on 
cognitive function because Malaysia’s young population differs from those 
of other countries in terms of different sociodemographic background 
and e-cigarette use.  The cognitive performance of e-cigarette users and 
non-users among Malaysian university students are compared in this 
case-control study.  We recruited 70 non-e-cigarette users and an equal 
number of e-cigarette users among university students in Malaysia and 
performed a face-to-face cognitive evaluation using WHO Auditory Verbal 
Learning Test (WHO-AVLT), Trail Making Test (TMT) and Digit Span Test 
(DST) for both groups.  Using a self-reported questionnaire, we looked into 
the relationships between e-cigarette awareness, attitude and behavior.  
DST demonstrated a significant difference with a p-value of 0.05, with 
e-cigarette users outperforming non-users with 21.75 and 20.17 points 
respectively.  According to WHO-AVLT and TMT, there are no significant 
differences between e-cigarette users and non-users.  E-cigarette users’ 
attitude and lower level of awareness can help explain their behavior.  
This study provides preliminary evidence of a lack of e-cigarette effect 
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INTRODUCTION

Cigarette smoking is the single 
most important cause of avoidable 
premature mortality worldwide, and 
quitting is known to rapidly reduce 
the risk of serious diseases, such as 
lung cancer, cardiovascular disease, 
stroke, chronic lung disease, and 
other cancers ( Jha et al, 2020; WHO, 
2021) .   The  e lec t ronic  c igare t te 
(e-cigarette) is an electronic device, 
also known as a vape, containing a 
cartridge filled with liquid nicotine 
and/or other chemicals, producing 
inhalable smoke (Gravely et al, 2014).  
Since its introduction in the early 
2000s, e-cigarette use has quickly 
g a i n e d  p o p u l a r i t y  w o r l d w i d e 
(Gravely  e t  a l ,  2014) ,  especia l ly 
among current and former smokers 
(Gravely et al, 2014; Farsalinos et al, 
2015; Weaver et al, 2018).  E-cigarette 
manufacturers promote it as a safer, 
cheaper and alternative product for 
smoking cessation (Farsalinos et al, 

2015; Weaver et al, 2018).

It has become a public health 
concern as its usage has garnered 
popularity (WHO, 2009).  In 2009, 
Australia, Brazil, China, Uruguay, 
B r u n e i ,  C a m b o d i a ,  I n d o n e s i a , 
Singapore, Thailand and Vietnam 
banned the sale and marketing of 
e-cigarettes (WHO, 2009; Schimd, 
2 0 1 6 ) .   S o u t h e a s t  A s i a  h a s  t h e 
highest number of countries (6 of 11) 
that banned the use of e-cigarettes 
( S c h m i d ,  2 0 1 6 ) .   I n  c o u n t r i e s 
without strict regulations, such as 
Bangladesh,  China and Zambia, 
awareness and usage of e-cigarettes 
is not as high.  On the other hand, 
i n  c o u n t r i e s  w i t h  r e s t r i c t i v e 
policies, such as Australia, Brazil 
and Uruguay, where it is not legal 
to sell or market them, ever- and 
current -use  ra tes  are  re la t ive ly 
lower (ever-use = 7.1-48.9%; current 
use = 0.3-3.5%).   Countries with 
less  restr ict ive polic ies ,  such as 
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on cognitive function among the local university student population.   
The finding may serve as a baseline for a more robust study in the future.
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Netherlands,  Republic  of  Korea, 
United Kingdom and United States, 
where e-cigarettes can be sold and 
marketed under regulations, have 
higher ever- and current-use rates 
(ever-use = 38.9-66.6 ; current use = 
5.5-17.2%).  Meanwhile, in countries 
with restr ict ive pol ic ies  that  do 
not approve sale or marketing but 
with weak enforcement,  such as 
Canada, Malaysia, Mexico, and New 
Zealand, ever- and current-use rates 
are somewhere in between countries 
with and without strict regulations 
(ever-use = 10.0-62.4%; current use 
= 1.4-15.5%) (Gravely et al, 2019).

The prevalence of e-cigarette 
u s e r s  a m o n g  t h e  y o u n g  a g e 
population in Malaysia was recorded 
to  be  the  one  o f  the  h ighes t  in 
Southeast Asia, as reported by the 
2015 Global Adult Tobacco Survey: 
Indonesia at 0.3%, Malaysia at 0.8%, 
Philippines at 1.7%, and Vietnam 
at 0.2% (WHO, 2009).  About 39.9% 
of  young  s tudents  f rom h igher 
institutions,  followed by 36% of 
y o u n g  p r o f e s s i o n a l s  f r o m  t w o 
highly populated states in Malaysia 
(Kuala Lumpur and Selangor ) were 
reported to consume e-cigarettes 
(Wong et al, 2016).

I t  i s  w i d e l y  b e l i e v e d  t h a t 
e -c igaret tes  have  a  much lower 
health risks than tobacco smoking.  
Hence,  e-cigarettes have become 

a  popular  a l ternat ive  opt ion  to 
tobacco smoking or to wean off the 
withdrawal symptoms upon quitting 
t o b a c c o  s m o k i n g  ( B h a t n a g a r  e t 
al ,  2014).  There is an increasing 
trend of health hazards secondary 
t o  e - c i g a r e t t e s  t h a t  h a ve  b e e n 
frequently reported.  These health 
hazards are related to respiratory 
system complications, such as lipoid 
p n e u m o n i a ,  a c u t e  e o s i n o p h i l i c 
p n e u m o n i a ,  h y p e r s e n s i t i v i t y 
pneumonia, organizing pneumonia, 
d i f f u s e  a l v e o l a r  h e m o r r h a g e , 
m u l t i p l e  r e a c t i v e  p u l m o n a r y 
nodules, and subacute bronchiolitis 
(Gülşen and Uslu, 2020).  There are 
also direct injuries from e-cigarette 
explosions,  which cause mouth, 
tongue and dental injuries, complex 
facial fractures, thermal injuries, 
nickel contact allergy, C1 and C2 
fractures ,  and fatal  intoxicat ion 
from ingesting the liquid content 
(Gülşen and Uslu, 2020).

Young and middle-aged adults 
who  consume t ob acco  smok ing 
have long been shown to have a 
higher risk for cognitive decline 
upon neurocognitive assessment, 
i n c l u d i n g  m e m o r y ,  a t t e n t i o n 
and execut ive  funct ion  def i c i t s 
(Chamber la in  e t  a l ,  2012 ;  Sab ia 
e t  a l ,  2 0 1 2 ) .   M o r p h o l o g i c a l l y , 
d e ve l o p m e n t  o f  t h e  p r e f r o n t a l 
cor tex  and i t s  ac t iv i t i es  can  be 
stunted by nicotine exposure during 
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adolescence and early adulthood, 
which lead to long-lasting cognitive 
impairment (Counotte et al, 2011).  
Recently, in addition to the respiratory 
c o m p l i c a t i o n s  t h a t  h a v e  b e e n 
frequently reported, e-cigarettes have 
also been reported to adversely impact 
cognitive performance (Dawkins et al, 
2012; Caponnetto et al, 2017; Xie et al, 
2020a).  Caponetto et al (2017) have 
utilized the Wisconsin card sorting 
t e s t  ( W C S T ) ,  W o r k i n g  m e m o r y 
tes t  (N-BACK)  and Cont inuous 
Performance Test - AX version (CPT-
AX) to objectively measure cognitive 
performance. 

To the best of our knowledge, 
there is limited study utilizing WHO 
Auditory  Verbal  Learning Tests 
(WHO-AVLT),  Trail  Making Test 
(TMT) and Digit Span Test (DST) 
in objective assessment of cognitive 
performance in e-cigarette users.  
WHO-AVLT[NBMH(1)], TMT and 
DST have proven to be valuable tools 
in assessing cognitive performance or 
dysfunction in several population-
based studies (Schaffner et al, 2018; 
Zaytseva et al, 2018, Jia et al, 2023).  
These tests  have also been used 
to identify cognitive impairment 
in individuals with schizophrenia 
(Zaytseva et al , 2018), explore the 
link between a healthy lifestyle and 
memory decline in older adults in 
China (Jia et al, 2023) and examine the 
effects of daylight saving on cognitive 

performance in residents of New 
South Wales (Schaffner et al, 2018).

Xie et al  (2020a) utilized  self-
reported questionnaire to survey the 
presence of any subjective cognitive 
complaints.  The questionnaire asked 
if the participants had significant 
difficulty concentrating, remembering 
or making decisions due to physical, 
mental  or  emotional  condit ions.  
These results  demonstrated that 
individuals who smoke cigarettes or 
use e-cigarette devices have a 2.07-
fold higher likelihood of experiencing 
subject ive cognit ive complaints .  
Similarly, people who are currently 
using e-cigarettes but used to smoke 
or have never smoked in the past 
have a 1.94- and 1.96-fold higher 
chance respectively of experiencing 
subject ive cognit ive complaints .  
These findings suggest that using both 
cigarettes and e-cigarette devices, as 
well as using e-cigarettes alone, may 
contribute to cognitive complaints 
(Xie et al, 2020a).  This phenomenon 
can be explained by the fact that 
the amount of nicotine delivered by 
e-cigarettes is comparable to that 
delivered by traditional cigarettes 
(Jackler and Ramamurthi, 2019).  This 
scenario also was supported by a 
recent animal laboratory study, which 
found that exposing male Wistar rats 
to e-cigarette aerosol for 4 and 12 
weeks resulted in impaired short- 
and long-term memory (Alzoubi 
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et al , 2021).  There is a reduction 
in the hippocampus brain-derived 
neurotrophic factor (BDNF) and 
oxidative stress biomarkers. These 
f indings  sugges t  that  exposure 
to  e-c igaret te  aerosol  may have 
detr imental  effects  on cognit ive 
function and overall brain activity 
(Alzoubi et al, 2021). 

Several aspects of e-cigarette use 
in Malaysia were reported in various 
studies, but there is a limited number 
of studies on cognitive performance 
among Malaysian university students 
(Wong et al, 2016; Goh et al, 2017; 
Robert Lourdes et al, 2019).  Cognitive 
deficits are described as impairments 
in information processing, which can 
lead to difficulty in paying attention, 
rapid processing and responding to 
information, recalling information, 
initiating speech, reasoning, and 
making judgments (Trivedi, 2006).  
This cognitive ability is crucial for 
university (and other ) students to 
excel in their education.  Thus, it is 
essential to conduct a study on the 
effect of e-cigarette smoking among 
young adults in Malaysia.  The study 
may give rise to different results 
compared to other published reports, 
considering the differences in the test 
populations, the types of e-cigarette 
consumed, which depend on their 
availability, and the consumption 
pattern.  The findings will provide 
an initial baseline evidence of the 

effects of e-cigarette consumption, 
particularly on cognitive performance, 
which is currently lacking in Malaysia.

MATERIALS AND METHODS

Study design and setting

A case-control  des ign s tudy 
was  conducted f rom September 
2021 to January 2022.  University 
students from higher institutions in 
Malaysia located in Klang Valley, 
state of Selangor, were recruited.  All 
students were studying in the same 
degree course but from different 
universities, greater than 18 years 
of age, actively using e-cigarettes 
and in good general health, with 
no history of hospitalization and 
outpatient follow-up for any chronic 
disease, disability or mental illness.  
The control group was composed of 
university students who were non-
smokers or non-users of e-cigarettes 
a n d  c o m p l i e d  w i t h  t h e  h e a l t h 
status required for the test group.  
Students who were either on regular 
psychotropic  medicat ion,  had a 
current or past history of alcohol or 
drug abuse, or used smokeless tobacco 
or nicotine replacement therapy were 
excluded from the study. 

The sample size was calculated 
using G Power software version 
3.1 (Kang et al , 2021).  We used a 
t-test design to evaluate the effect of 
e-cigarettes on cognitive performance.  
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We set the significance level (α) at 0.05, 
indicating a 5% chance of obtaining 
a significant result due to random 
chance alone with a medium effect 
size (Cohen’s d = 0.5).  For statistical 
NBMH(1) power (1-β), we selected a 
desired value of 0.80 (80%) to ensure 
an adequate likelihood of detecting 
difference in cognitive performance 
[scores from WHO Auditory Verbal 
Learning Tests (WHO-AVLT), Trail 
Making Test (TMT) and Digit Span 
Test  (DST)]  between e-c igaret te 
users and non-users.  A two-tailed 
test was employed to account for an 
effect in both directions.  Based on 
these inputs, a total sample size of 
102 participants with 51 participants 
in  each group were  determined 
to achieve the desired statistical 
power.  To address potential attrition 
or incomplete data, we aimed to 
recruit 140 participants recruited 
by a snowballing non-probability 
sampling via phone calls.  

Data collection procedure

D a t a  w e r e  c o l l e c t e d  u s i n g 
a  s t r u c t u r e d  q u e s t i o n n a i r e  o n 
sociodemographic characteristics (eg, 
age, gender and level of education) 
and e-cigarette consumption profile 
(duration of usage, type of e-cigarette 
used and frequency of usage).  For 
cognitive performance evaluation, 
three trained occupational therapists 
evaluated cognitive performance 

via face-to-face assessment with the 
participants using WHO-AVLT, TMT 
and DST.  The three occupational 
therapists were highly trained and 
held degrees in health science.  Each 
had over  three years  of  c l inical 
experience and were very familiar 
with the measures which were also 
used in their daily practice.  The time 
taken to perform the assessments 
was about 20-30 minutes.  Awareness 
and attitude on e-cigarette usage 
were obtained from the participants’ 
self-reported questionnaire.

Instruments

a)	 WHO-AVLT

WHO-AVLT is used to assess 
the memory performance of  the 
participants ≥16 years of age.  The 
tes t  evaluates  d i f ferent  aspects 
of  learning and memory,  and is 
sensi t ive  in  detect ing cogni t ive 
decline in the general population 
and individuals with neurological 
conditions (Creighton et al , 2011).  
The immediate recall trial provides 
informat ion  on acquis i t ion  and 
learning rate, and the delayed and 
recognition trial explores aspects of 
information retention.  The test is 
designed as a list-learning paradigm 
in which the individual hears a list 
of 15 nouns and is asked to recall as 
many words from the list as possible.  
The higher the score, the greater the 
memory function of the individual.  



231

COGNITIVE PERFORMANCE IN E-CIGARETTE USERS

Vol 54 No.5  September 2023

The val idated Malay vers ion of 
ALVT demonstrates good validity 
(factor analysis of 0.66-0.98) and test-
retest reliability (Pearson correlation 
range of 0.24-0.84) (Jamaluddin et al,  
2009). 

b)	 TMT

TMT is  used to  evaluate  the 
attention and executive function 
of the individual.  TMT is one of 
the most widely used instruments 
in neuropsychological assessment 
as  an  indicator  of  the  speed of 
cognitive processing and executive 
functioning (Salthouse, 2011).  Several 
other cognitive domains, such as 
visual  search,  perceptual /motor 
speed, speed of processing, working 
memory, and general intelligence, are 
among the most frequently described 
to contribute to TMT performance.  
The test consists of two parts (A and 
B).  Part A (TMT-A) involves the 
participant using a pencil to draw 
lines connecting numbered circles 
in sequence from 1 to 25; while Part 
B (TMT-B) requires the participant 
to connect numbered and lettered 
circles in alternating alphanumeric 
sequencing ( i e ,  1-A-2-B-3-C, and 
so-on through to L-13).  The direct 
score of each part is represented 
by the time of completion of the 
tasks.  The shorter the time taken to 
complete the task, the better is the 
attention and executive function of 

the individual.  This test is validated 
and reliable to be administered to the 
general population and individuals 
with cognitive deficits.

c) 	DST

DST is an instrument to measure 
an  individual ’ s  verbal  working 
m e m o r y ,  o v e r a l l  i n t e l l i g e n c e , 
attention, and cognitive functioning.  
I t  is  administered by asking the 
participants to count digits both in 
ascending order and descending 
order.  The higher the score, the 
better is the executive function and 
learning potential of the individual.  
The test is validated and reliable to 
be used with the general population 
and indiv iduals  wi th  cogni t ive  
deficits.

d) 	Awareness of e-cigarette users

T h i s  i s  a  s e l f - r e p o r t e d 
questionnaire that  measures the 
awareness of e-cigarette users.  These 
i tems are adopted from a cross-
sectional study measuring awareness 
and practice among adolescents on 
the usage of e-cigarettes (Gorukanti 
et al, 2016).  The items used in the 
questionnaire are derived from a 
qualitative interview that delves into 
the perceptions of teenagers regarding 
the benefits and risks of smoking 
conventional cigarettes, e-cigarettes 
and marijuana (Roditis et al, 2015).  It 
consists of 10 items that explore their 
perceptions of e-cigarette’s benefits, 
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safety and consumption risks.  It is 
scored using a 4-point Likert scale, 
with 1 for strongly disagree to 4 for 
strongly agree.  The higher the score, 
the poorer is  the awareness and 
attitude toward e-cigarettes.

Data analysis

Normality testing was conducted 
to determine the distr ibution of 
the data.  Descriptive analysis was 
conducted on the socio-demographic 
characterist ics .   To compare the 
level  of  cogni t ive  performance , 
awareness and att i tude between 
case and control, a t-test was used 
to determine whether the difference 
in data between the two groups is 
normally distributed, and if not, 
the Mann-Whitney U test was used.  
To identify the predictive ability of 
awareness and attitude towards the 
use of the e-cigarette, a binary logistic 
regression analysis was employed.  
Statistical analyses were calculated 
using Statistical Package for Social 
Sciences (SPSS) software version 22 
(IBM, Armonk, NY). 

Ethical consideration

The study was approved by the 
Medical Research Ethics Committee 
o f  U n i ve r s i t i  Te k n o l o g i  M A R A 
(Approval no. IREC 2021-213).  Each 
participant read the study information 
sheet and prior written consent was 
obtained from each participant.

RESULTS

A total  140 part ic ipants  was 
successfully recruited in the study.  
The participants consisted of 70 non-
e-cigarette users and 70 e-cigarette 
users, with 70% of the e-cigarette users 
having a mean duration of e-cigarette 
consumption of 29.7 months and 52% 
consuming e-cigarettes more than 
once daily (Table 1).

D S T  s c o r e  ( m e a n  ±  S D )  o f 
e-cigarette  users was 21.7 ±  4 .6 , 
significantly higher than that of non-
e-cigarette users (20.0 ± 4.83) (p-value 
= 0.048; 95% confidence interval (CI): 
0.01-3.16, using a t-test) (Table 2).  
The higher the mean score, the higher 
level of cognitive performance is. 

WHOAVLT score was the same for 
e-cigarette and non-e-cigarette users 
(median = 29.00, U = 2317, z = -0.57, 
p-value = 0.57; using Mann-Whitney 
U test) (Table 3).

TMT-A revealed that the time 
taken to complete the test was higher 
but not significantly different for 
the e-cigarette users’ group (median 
score = 36.05) than the non-e-cigarette 
users’ group (median score = 34.50) 
(Table 4).  Similarly, the TMT-B score 
is not significantly different between 
the two groups (median score of 59.50 
and 57.30 for e-cigarette and non-e-
cigarette users’ group respectively) 
(Table 4).
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Table 1

Demographic characteristics of e-cigarette users and properties of e-cigarettes (N = 140)

Demographic characteristics Frequency 
n (%)

Age

18-25 years 135 (96)

26-35 years 5 (4)

Gender

Male 105 (75)

Female 35 (25)

Level of education

Diploma 21 (15)

Bachelor of Engineering 118 (84)

Master 1 (1)

E-cigarette users 70 (50)

Non-e-cigarette users 70 (50)

Duration of e-cigarettes usage (months), mean ± SD 29.7 ± 24.0

Type of e-cigarette juice

Without nicotine (with flavors) 11 (8)

≤6 mg nicotine to ≤9 mg nicotine 14 (10)

≤12 mg nicotine 10 (7)

≥16 mg nicotine 27 (19)

Unsure 8 (6)

None 70 (50)

Frequency of usage

More than once daily 52 (38)

Once daily 7 (5)

More than once weekly 2 (1)

Once weekly 3 (2)

More than once monthly 6 (4)

Non-user 70 (50)

e-cigarette: electronic cigarette; mg: milligram; SD: standard deviation
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Only 101 of  140 part ic ipants 
c o m p l e t e d  t h e  s e l f - r e p o r t e d 
questionnaire, 58 and 43 from the 
e-c igaret te  and non-  e-c igaret te 
users’ group respectively.  We used 
a Mann-Whitney U Test for data that 
are not normal distributed and an 
independent t-test for data that are 
normal distributed in determining 
the difference in awareness and 
attitude between e-cigarette and 
non-e-cigarette users.  There is a 
significant difference with p-value of 

0.001) in awareness and attitude level 
related to e-cigarette usage between 
the users and non-users, with a total 
score of 27.60 and 21.42 respectively 
(Table 5).  A higher score indicates a 
lower level of awareness and attitude. 

B i n a r y  l o g i s t i c  r e g r e s s i o n 
analysis was performed to identify 
the predictive ability of awareness 
and attitude towards e-cigarettes on 
the use of e-cigarettes. Based on the 
model analysis, 45% of e-cigarette 
use among university students can 

Table 2

Comparing Digit Span score between e-cigarette and non-e-cigarette users

Variable E-cigarette user
(n = 70)

Mean ± SD

Non-e-cigarette user
(n = 70)

Mean ± SD

95% CI t (df) p-value

Digit Span score 21.7 ± 4.6 20.2 ± 4.8 0.01-3.16 1.99 (138) 0.048

CI: confidence interval; df: degrees of freedom; e-cigarette: electronic cigarette; 
t: t-test value

Table 3

WHOAVLT score between e-cigarette and non-e-cigarette users

WHOAVLT score Mean rank Sum rank Median Z-score p-value

E-cigarette users
(n = 70)

68.60 4802 29.00 0.57 0.571

Non-e-cigarette users
(n = 70)

72.40 5068 29.00

e-cigarette: electronic cigarette; WHOAVLT: World Health Organization 
Auditory Verbal Learning Tests
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be explained by their awareness and 
attitude toward e-cigarettes (Table 
6).  This model showed a good fit 
with a significance value of 0.747 
using the Hosmer-Lemeshow Test.  
Furthermore, the analysis revealed 
that the higher the score of awareness 
and attitude towards e-cigarettes, 
the more likely (1.423 folds) is a 
university student to use e-cigarette.  
There is  a  s ignif icant  difference 
in awareness and attitude levels 
between e-cigarette users and non-
users, with the latter demonstrating 
a  lower  level  of  awareness  and 
attitude.  This lack of awareness and 
attitude increases the likelihood of 

the students’ consuming e-cigarettes 
as they believe e-cigarettes serve as a 
safer alternative to tobacco smoking.

DISCUSSION

The study explored the effect of 
e-cigarettes on cognitive performance 
a m o n g  u n i v e r s i t y  s t u d e n t s  i n 
Malaysia.  Compared to other similar 
studies (Dawkins et al, 2012; Xie et 
al, 2020a), our study eliminated the 
bias of pre-existing differences in 
education and intellectual level that 
may influence the results.  These 
factors can be controlled by ensuring 
the test populations have the same 

Table 4

Trail Making Test A and B scores between e-cigarette and non-e-cigarette users

Trail Making Test Mean rank Sum rank Median Z-score p-value

Trail Making Test, Part A

E-cigarette users (n = 70) 73.67 5157 36.05 0.93 0.362

Non-e-cigarette users (n = 70) 67.33 4713 34.50

Trail Making Test, Part B

E-cigarette users (n = 70) 71.86 5030 59.50 0.39 0.690

Non-e-cigarette users (n = 70) 69.14 4839 57.30

Part A: Time taken for the participant to draw lines connecting numbered circles 
in sequence from 1 to 25

Part B: Time taken for the participant to connect numbered and lettered circles in 
alternating alphanumeric sequence (ie, 1-A-2-B-3-C, and so-on through to L-13)

e-cigarette: electronic cigarette
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educational background and are 
studying a similar course, which 
in this case is the Bachelor Degree 
of Engineering.  The results of our 
study demonstrated that consuming 
e-cigarettes has no significant effect 
in reducing cognitive performance of 
the participating students. 

Several factors might contribute 
to this finding.  Firstly, the duration 
of e-cigarette consumption may need 
to be longer to produce an adverse 
effect on cognitive functions; the 
mean duration of e-cigarette exposure 
in our study was only 29 months.  
It is unclear how long it takes for 
e-cigarette consumption to produce 
cognitive decline.  An observational 
study demonstrated a high incidence 
o f  cogni t ive  compla in ts  among 
middle and high school  youths, 
consisting of students in 6 th to 12th 
grade (Xie  et  a l ,  2020b) .   In  the 
aforementioned study, consumption 
of e-cigarettes beginning in middle 

school or earlier has a significant 1.7-
fold higher likelihood of experiencing 
severe cognitive complaints compared 
to starting the use of e-cigarettes in 
high school.  Tobacco users of more 
than ten years do not  show any 
difference in cognitive performance 
(Xie et al, 2020b).

In addition, the population of 
our study consists of young, healthy 
individuals with no comorbidities 
t h a t  m a y  e n h a n c e  t h e  r i s k  o f 
having potent ia l  complicat ions .  
This is supported by a study which 
demonstrated that individuals aged 
35 to 49 show a stronger association 
with subjective cognitive complaints 
among e-cigarette users. (Xie et al, 
2020b). 

A n o t h e r  f a c t o r  t h a t  m i g h t 
contr ibute  to  di f ferences  in  the 
findings is the type of e-cigarette 
consumed, which might be different 
among countries in terms of the 

Table 6

Predicting use of e-cigarette based on awareness and attitude towards e-cigarette using 
a binary logistic regression analysis

Predictor B SE Wald df p-value Exp (B) 95% CI

Awareness and attitude 0.353 0.075 21.955 1 0.001 1.423 1.228-1.649

B: β; CI: confidence interval; df: degree of freedom; e-cigarette: electronic 
cigarette; Exp (B): exponentiated coefficient (β); SE: standard error; Wald: Wald 
Chi-Square
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type of liquid chemical contents or 
the amount of nicotine, due to the 
different production processes or 
compliance to regulatory policies 
(WHO, 2009).  There is difficulty 
in quantifying the level of nicotine 
concentration in the e-liquid sold 
in Malaysia due to discrepancies in 
labelling, which can be 23-73% of 
the actual concentration (Zulkifli et 
al, 2018).  A laboratory study that 
examined the nicotine concentrations 
in e-liquid sold in Malaysia reported 
a n  a ve r a g e  o f  2 . 0 7 - 5 . 1 5  m g / m l 
nicotine, with a mean value of 3.38 
± 1.24 mg/ml.  However, this study 
only randomly tested 17 types of 
e-liquids among various brands and 
flavors sold in retailers around Klang 
Valley, state of Selangor (Zulkifli et 
al, 2018).

Interestingly, contrary to what 
was hypothesized, we found that 
e-cigarette users have a higher WHO 
AVLT score.  This finding is similar 
to a randomized cross-over control 
trial, in which the researchers studied 
the effect of different e-cigarettes 
containing 0 and 24 mg of nicotine 
and found that there is no significant 
difference in cognitive performance 
between the two groups (Caponnetto 
et al, 2017).  It has also been shown 
that while low doses of nicotine 
exposure might improve cognitive 
functions, higher doses could impair 
cognitive functions; this might be 

due the  interact ion of  n icot inic 
receptor systems with neural systems 
underlying cognitive functions that 
are dependent on the concentration 
of nicotine, which acts as a stimulant 
at a lower dose (Kwan et al, 2020).  In 
addition, a randomized controlled 
tr ial  has  shown that  a  group of 
users of e-cigarettes containing 18 
mg of nicotine has an improvement 
in working memory performance 
c o m p a r e d  t o  a  p l a c e b o  g r o u p 
(Dawkins et al, 2012). 

N o n e t h e l e s s ,  s m o k i n g 
e -c igare t tes  has  been  shown to 
be a significant risk of declining 
cognitive performance.  A recent 
study investigating the prevalence 
of subjective cognitive complaints, 
such as difficulty concentrating, 
remembering or making decisions 
among smokers,  ex-smokers and 
active e-cigarette users reported that 
individuals who smoke cigarettes 
and also use e-cigarette  devices 
have a 2.07-fold higher likelihood 
of experiencing subjective cognitive 
complaints (Xie et al, 2020a).  The 
same study described that people 
who currently consume e-cigarettes 
but used to smoke or have never 
smoked in the past have a 1.94- and 
1.96-fold higher chance respectively 
of  cogni t ive  complaints .   These 
findings suggest that using both 
cigarettes and e-cigarette devices, as 
well as using e-cigarettes alone, may 
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contribute to cognitive complaints.  
Additionally, the study noted that 
current cigarette smokers have a 1.49-
fold higher chance of experiencing 
sub ject ive  cogni t ive  complaints 
compared to those who have never 
smoked, and individuals who used 
to smoke also have a 1.25-fold higher 
likelihood.  These findings indicate 
that  c igarette  smoking,  whether 
currently or in the past, is associated 
with an increased risk of cognitive 
complaints.

Our  s tudy  noted  that  a  low 
level  of  awareness  and at t i tude 
towards e-cigarettes  was one of 
the influencing factors for students 
to become involved in e-cigarette 
smoking.  The students perceived that 
e-cigarette provides an alternative 
option to conventional  cigarette 
smoking that is believed to be more 
toxic.  Interestingly, even individuals 
with a tertiary level of education 
still have a misperception of the risk 
associated with using e-cigarettes.  
Our study is similar to a survey 
revealing that  the most  popular 
reason for e-cigarette consumption is 
the belief in the lower toxicity effect 
of e-cigarettes and this conviction 
leads to the quitting of conventional 
smoking for e-cigarette (Puteh et al, 
2018). 

Despite  a  lack of  s ignif icant 
demonstrable reduction of cognitive 

performance level associated with 
e - c i g a r e t t e  c o n s u m p t i o n ,  o u r 
study, nevertheless, has provided 
population-based evidence in the 
young age group of the effect of 
c o g n i t i v e  p e r f o r m a n c e  a m o n g 
e-cigarette users.  The data provide 
a  b a s e l i n e  f o r  f u t u r e  r e s e a r c h 
conducted in other age groups.  In 
addition, the findings can counter 
the claims that e-cigarettes enhance 
or  cause  a  dec l ine  in  cogni t ive 
performance during consumption 
or upon cessation (Grana et al, 2014). 

However, prolonged exposure 
to  e-c igarettes  could result  in  a 
higher risk of affecting cognitive 
performance.  A similar study should 
be  carr ied  out  on  di f ferent  age 
groups, with focus on prolonged 
usage.  The young adolescent age 
group with developing pre-frontal 
cortex and the older age group with 
long-standing exposure and multiple 
comorbidities might give rise to 
different results.  A more challenging 
cognitive assessment should also 
be performed to give more robust 
results, such as the Wechsler Adult 
Intelligence Scale (WAIS-IV), which 
matches the population accordingly.  
A limitation of our study is the small 
sample size, which do not allow sub-
analysis to provide more meaningful 
results and the inability to generalize 
the results to a whole Malaysian 
youth population.
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In conclusion, our study provides 
an  in i t i a l  negat ive  ev idence  o f 
e-cigarette consumption on impairing 
cognitive function among college 
students in the country, with the 
c a ve a t  o f  t h e  s m a l l  n u m b e r  o f 
participants and the limited region 
of the survey.  The findings may 
serve as a baseline reference for 
more robust future studies, which 
should include the aforementioned 
recommendations, with focus on the 
impact of e-cigarettes on the cognitive 
abilities of young adults. 
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