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The effectiveness of  caffeinated chewing gum in ameliorating 
cognitive functions affected by sleep deprivation
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ABSTRACT
Objectives: This investigation aimed to compare caffeinated gums with two different dosages 
of  caffeine (200mg vs. 300mg) by assessing their effectiveness on the improvement of  cognitive 
functions among Iranian individuals voluntarily suffering from 30 hours of  sleep deprivation. 
Material and Methods: Thirty-four healthy male volunteers with ages from 28 to 35 years old were 
randomly assigned to either 200 or 300mg caffeine intake. Each participant completed CANTAB 
subtests to assess their core cognitive functions including MOT, RTI, RVP, and SWM before and 
after sleep deprivation, as well as after being treated with caffeinated gum. Results: The 300mg 
caffeine intake group indicated higher levels of  enhancement of  core cognitive functions compared 
with those in the 200mg caffeine intake group. Conclusion: This study suggests that the dose of  
300mg of  caffeine could effectively enhance the cognitive functions of  Iranian individuals suffering 
from sleep deprivation.
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INTRODUCTION
Sleep is a biological requirement for energy conservation, 

recovery and maintenance of  physiological systems as well as the 
brain plasticity, which is considered as an important factor for 
health1,2. Sleep deprivation is defined in terms of  lack of  sleep to 
provide sufficient alertness during a day. It has been suggested 
that long-term sleep deprivation has a deleterious impact 
on working memory, learning, and cognitive performance3. 
Furthermore, inadequate sleep has been associated with 
maladaptive behavioural and physiological functions4,5.

It has been suggested that sleep deprivation is linked 
with memory impairments and poor attentional skills as well 
as decreased activation in the dorsolateral prefrontal cortex 
(DLPFC)6. Moreover, sleep deprivation impedes learning 
performance and functional connections between DLPFC 
and hippocampus7. Studies examining total sleep deprivation 
demonstrated significant impairments of  sustained attention, 
vigilance, cognitive processing speed as well as reaction times8. 
It is important to note that studies using more complex tasks 
showed that executive functions, such as working memory, risk 
assessment, divided attention and self- monitoring are more 
vulnerable. These findings proposed that prefrontal areas of  the 
brain are highly susceptible to sleep deprivation9.

Caffeine is a widely-used psychoactive and psychostimulant 
substance present in various herbal drinks, foods and over-the-
counter drugs such as coffee, tea, cocoa, caffeinated chewing 
gum, energy drinks, cola beverages and some dietary supplements, 
usually in low to moderate doses without major side effects10-12. 
While about 60 plant species were found to contain caffeine, the 
most important cultivated resources of  caffeine are Coffea arabica 
(Rubiaceae), Camellia sinensis (Theaceae), Theobroma cacao (Malvaceae), 
Cola nitida (Malvaceae) and Paulliania cupana (Sapindaceae)13,14.

Many individuals consume caffeine to enhance their 
impaired performance affected by sleep deprivation15,16. The 
structure of  caffeine is similar to that of  neuromodulator 
adenosine, which is formed by ATP synthesis/breakdown11,17. 
There are four G-protein-coupled adenosine receptors including 
A1, A2a, A2b and A318, each of  which has its own distinctive 
pharmacological and tissue distribution profile19. The density 
and sensitivity of  adenosine receptors might be different among 
individuals, however, as the caffeine intake of  an individual 
increases, the adenosine receptors are up-regulated15.

Average daily caffeine intake per capita show a 
considerable variation in different countries, the example of  
which are as follows (mean ± SD): 31.3mg in Greece20, 36.5mg 
in Romania20, 66.8mg in Spain20, 67.8mg in South Korea21, 
86±4.74mg in China22, 103mg in Hungary20, 130mg in Brazil23, 
138.2mg in the United Kingdom20, 139.3mg in Italy20, 154.5mg 
in France20, 164.9mg in Australia24, 191±129mg in Switzerland25, 
193mg in the United States26, 205.5mg in Sweden20, 236mg in 
Finland20, 238mg in Germany20, 258.5mg in Netherlands20, and 
319.4mg in Denmark20.

Consequently, caffeine is found to be effective to 
enhance impaired performance related to sleep deprivation16,27. 
The effectiveness of  caffeine depends on various factors, 

including the dosage, the nature of  the performing task and 
the degree of  sleep deprivation, as well as genetic factors and 
habituation15,28,29.

While caffeine could be effectively delivered to the 
consumers by various means, chewing gum showed to be a 
promising tool in various studies30-33. While the total caffeine 
absorption is more or less the same in various delivery methods, 
the caffeine content delivered by chewing gum via buccal 
mucosa was shown to be absorbed faster than that in methods 
such as capsule delivery and absorption in gut33.

Considering that sleep deprivation and sleep restriction 
have negative impacts on motor function, cognitive performance 
and mood34, in addition to the fact that caffeine has an effect 
on impaired performance27, the principal aim of  the present 
study was to examine the effectiveness of  200mg and 300mg 
doses of  caffeinated chewing gum in ameliorating cognitive 
performances, such as reaction time, vigilance, attention and 
working memory induced by sleep deprivation in the Iranian 
individuals by means of  Cambridge Neuropsychological Test 
Automated Battery (CANTAB), a simple and computerized test 
without linguistic or cultural bias35.

MATERIAL AND METHODS

Participants

Thirty-four male volunteers (Mage=34.7, SD=5.8) were 
randomly assigned in two groups (the 200mg caffeine intake 
and the 300mg caffeine intake). The two groups were matched 
in terms of  age and levels of  education. All participants had a 
bachelor’s and master’s degrees and were chosen from different 
communities who work full-time night shifts, evening shifts and 
rotational shifts. Moreover, all subjects were healthy considering 
physical and psychological aspects. Furthermore, participants 
were interviewed in order to find out if  they have previous 
cognitive difficulties. Participants were eligible if  they had no 
history of  psychotic and physical disorder, alcohol or other drug 
dependence, smoking habit and learning disabilities.

Materials

Caffeinated chewing gum: non-commercial caffeinated 
chewing gums containing 200mg and 300mg of  caffeine were 
ordered to be produced by the MasterFoodeh Company, 
Tehran, Iran, following the method standardized by Aslani and 
Jalilian (2013)36.

Cambridge Neuropsychological Test Automated 
Battery (CANTAB): is well-known for its high sensitiveness 
to positive and negative pharmacological, genetic and 
environmental effects in the individuals studied37. This test 
is used to evaluate particular cognitive features of  the brain, 
especially those connected with medial temporal and frontal 
areas; CANTAB Motor Screening Task (MOT), to measure 
reaction time and evaluate the psychomotor function to be 
intact to perform more advanced cognitive testing; CANTAB 
Reaction Time (RTI), to evaluate response speed and estimate 
vigilance; CANTAB Rapid Visual Information Processing 
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(RVP), to evaluate complex features of  attention; and CANTAB 
Spatial Working Memory (SWM), to provide information about 
working memory38.

Procedure

This research was carried out with the approval of  the 
review board and ethics committee of  the BLINDED. Ethical 
approval was obtained from Institutional Review Board of  
Kharazmi University, Tehran, Iran (IR.KHU.REC.1398.013). 
After obtaining informed consent, participants were assessed at 
three time points: baseline, after 30 hours of  sleep deprivation 
and 30 minutes after the consumption of  caffeine chewing gum. 
Following baseline assessments, participants were randomly 
allocated to either the 200mg caffeine intake (n=19) or 300mg 
caffeine intake (n=15). Each assessment included an interview 
and the completion of  four CANTAB subtests, core cognitive 
functions, such as motor screening task (MOT), reaction time 
(RTI), rapid visual information processing (RVP), and spatial 
working memory (SWM). All the assessments were administered 
by a trainer blind to hypotheses and group allocation. In order 
to carry out the study, first, the participants were in a controlled 
condition for twenty-four hours (from 6 a.m. on the first day to 
6 a.m. on the second day) in which they had enough sleep and 
normal servings of  food, and they were careful not to take any 
caffeine, tea or coffee for instance. Then they underwent sleep 
deprivation for thirty hours (from 6 a.m. on the second day to 
11:59 a.m. on the third day) while they had physical and mental 
activities. Moreover, they were careful not to take a nap or take 
any caffeine, such as tea or coffee. In addition, they had physical 
activity in their free time. Next, they took the first set of  the 
CANTAB tests, and after that, they received 200mg and 300mg 
caffeine chewing gum. Half  an hour later, they took the second 
set of  the CANTAB tests.

Data analysis plan

We conducted a series of  2 (the 200mg caffeine intake 
vs. the 300mg caffeine intake) x 3 (baseline, after 30 hours, after 
30 minutes) mixed analysis of  variance (ANOVAs) for each 
CANTAB subtests including MOT, RTI, RVP, and SWM. Eta 
squared effect size were evaluated and reported for ANOVA 
analyses, with 0.01 considered as small, 0.06 as medium, and 
0.14 considered as large. Post-hoc/-tests and Cohen d effect 
sizes were calculated for significant interactions.

RESULTS
Baseline means and standard deviation for four 

CANTAB subtests for the three time points are presented in 
Table 1. The two groups did not significantly differ in terms of  
age, marital status, education and the baseline of  four CANTAB 
subtests. All participants completed all three assessment points.

CANTAB motor screening task (MOT)

Group means for MOT for the three time points are 
presented in Figure 1. A 2 (the 200mg caffeine intake vs. the 
300mg caffeine intake) x 3 (baseline, after 30 hours, after 30 

minutes) mixed ANOVA was conducted. The time main 
effect, F(2,64)=5.88, p=0.00, n2=0.15, and group main 
effect, F(1,32)=4.20, p=0.049, n2=0.11, were significant while 
interaction, F(2,64)=0.29, p>0.05, n2=.009, was not significant. 
Further post-hoc t-test analyses showed that while the two 
groups did not differ at baseline, the 300mg caffeine intake 
group showed significantly improvement on MOT task after 30 
minutes, t(14)=3.21, p<0.001, than that in the 200mg caffeine 
intake group.

CANTAB reaction time (RTI)

Group means for RTI for the three time points are 
presented in Figure 2. A 2 (the 200mg caffeine intake vs. the 
300mg caffeine intake) x 3 (baseline, after 30 hours, after 30 
minutes) mixed ANOVA was conducted for simple choice 
reaction time. The time main effect, F(2,64)=5.38, p=0.02, 
n2=0.14, and the group main effect, F(1,32)=4.25, p=0.04, 
n2=0.11, were significant, while interaction, F(1,32)=0.34, 
p>0.05, n2=0.01, was not significant. Further post-hoc t-test 
analyses showed that the two groups did not significantly differ 
after 30 minutes.

CANTAB rapid visual information processing (RVP)

Group means for RVP for the three time points are 
presented in Figure 3. A 2 (the 200mg caffeine intake vs. the 
300mg caffeine intake) x 3 (baseline, after 30 hours, after 30 
minutes) mixed ANOVA was conducted for two core features: 
A-Prime and mean response latency. In the case of  A-Prime, 
the time main effect, F(2,64)=15.41, p=0.00, p2=0.32, was 
significant, while the group main effect, F(1,32)=1.58, p>0.05, 
n2=0.04, and the interaction, F(2,64)=0.36, p>0.05, n2=0.01, 
were not significant. In the case of  mean response latency, 
the time main effect, F(2,64)=2.30, p>0.05, n2=0.06, and the 
group main effect, F(1,32)=1.07, p>0.05, n2=0.03, were not 
significant, while the interaction, F(1,32)=0.83, p=0.00, n2=0.20, 
was significant. Further post-hoc t-test analysis indicated that 
the two groups did not significantly differ after 30 minutes 
on A-Prime and mean response latency. However, the 200mg 
caffeine intake showed significant difference on A-prime core 
outcome after 30 minutes, t(18)=-3.47, p=0.003.

CANTAB spatial working memory (SWM)

Group means for SWM for the three time points are 
presented in Figure 4. A 2 (the 200mg caffeine intake vs. the 
300mg caffeine intake) x 3 (baseline, after 30 hours, after 30 
minutes) mixed ANOVA was conducted for two core features: 
between errors and strategy. In the case of  between error feature, 
the time main effect, F(2,64)=1.34, p>0.05, n2=0.04, the group 
main effect, F(1,32)=0.04, p>0.05, n2=0.001, and the interaction, 
F(2,64)=2.61, p>0.05, n2=0.07, were not significant. Further 
post-hoc t-test analyses showed that the two groups did not 
significantly differ after 30 minutes. In the case of  strategy core 
feature, the time main effect, F(2,64)=0.73, p>0.05, n2=0.02, 
the group main effect, F(1,32)=0.04, p>0.05, n2=0.001, and the 
interaction, F(2,64)=0.75, p>0.05, n2=0.02, were not significant. 
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Table 1. Descriptive statistics for 200mg and 300mg caffeine intake groups.

200 mg 300 mg

Mean Std. Deviation Mean Std. Deviation

Age - Years 35.2 6.7 33.6 4.8

MOT - Baseline 846.05 199.76 769.57 158.12

MOT - Sleep deprivation 881.28 235.08 756.11 129.87

MOT - Caffeine intake 754.33 171.63 670.47 103.62

RTI - Baseline 370.83 146.97 307.84 45.28

RTI - Sleep deprivation 375.49 123.30 327.23 55.31

RTI - Caffeine intake 342.54 50.25 312.79 33.87

RVP (A-Prime) - Baseline 0.910 0.041 0.92 0.044

RVP (A-Prime) - Sleep deprivation 0.920 0.045 0.94 0.044

RVP (A-Prime) - Caffeine intake 0.950 0.036 0.96 0.037

RVP (Response latency) - Baseline 470.61 121.75 505.32 121.36

RVP (Response latency) - Sleep deprivation 470.88 97.86 487.98 88.51

RVP (Response latency) - Caffeine intake 434.68 80.07 465.72 68.44

SWM (Between errors) - Baseline 12.78 12.59 19.66 16.17

SWM (Between errors) - Sleep deprivation 19.36 20.49 20.46 20.52

SWM (Between errors) - Caffeine intake 18.84 17.58 14.00 15.34

SWM (Strategy) - Baseline 29.63 5.12 32.26 6.25

SWM (Strategy) - Sleep deprivation 29.36 6.39 32.46 6.12

SWM (Strategy) - Caffeine intake 30.52 5.82 29.80 6.75

Abbreviations: MOT = Motor screening task; RTI = Reaction time; RVP = Rapid visual information processing; SWM = Spatial working memory; the exact p-values were 
indicated in the manuscript.

Figure 1. Motor screening task for the 200mg caffeine intake and 300mg 
caffeine intake groups at baseline, after 30 hours sleep deprivation and 
30 minutes after caffeine consumption, values are mean ± SE.

Figure 2. Reaction time task for the 200mg caffeine intake and 300mg 
caffeine intake groups at baseline, after 30 hours sleep deprivation and 30 
minutes after caffeine consumption, values are mean ± SE.
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Further t-test analyses showed that the 300mg intake group 
showed significantly improvement on strategy feature of  SWM 
task after 30 minutes, t(14)=2.34, p=0.03, than that in the 200mg 
caffeine intake group.

It can be concluded that only in the 300mg caffeine 
intake group the MOT and SWM (the strategy aspect) were 
significantly differed after 30 minutes of  caffeine chewing gum 
consumption. However, in the 200mg caffeine intake group 
A-prime core outcome of  RVP subtest was significantly differed 
after 30 minutes of  caffeine chewing gum consumption.

DISCUSSION
Considering the fact that genetic factors and the degree 

of  habituation could considerably alter the effectiveness of  
caffeine, to the best of  our knowledge, this is the first study 
determining the effective dose of  caffeine for ameliorating 
cognitive functions affected by sleep deprivation among the 
Iranian population.

Tea, carbonated drinks and coffee are the most notable 
sources of  caffeine intake in Iran. Iranian people are generally 
preferring to drink black tea rather than coffee, therefore, 
consuming smaller amounts of  caffeine per serving/portion39. 
The average daily intake of  caffeine in the Iranian population is yet 
to be systematically determined in a nation-wide study; however, 
combining various sources would help to get a fairly accurate 
estimation. The average daily consumption of  tea was estimated 
to be around 1,243ml per capita40, and the caffeine content of  
various brands of  tea in Iran were estimated to range from 12.35-
18.75mg/l41. However, Balentine et al. (2019)42, had estimated the 
average consumption of  tea in the Iranian population to be around 
1.65 cup per day, each cup containing 30mg of  caffeine. Therefore, 
daily caffeine intake from tea would be ranged from 15.35-49.5mg 
per capita. In addition, the average daily intake of  caffeine from 
carbonated drinks and coffee in the Iranian population were 
estimated to be 1,253mg per capita (0,0179mg/kg body weight) and 
0,00084mg per capita (0,000012mg/kg body weight), respectively43. 

Figure 3. Rapid visual information processing task, A-Prime (A) and mean response latency aspects (B), for the 200mg caffeine intake and 300mg caffeine 
intake groups at Baseline, after 30 hours sleep deprivation and 30 minutes after caffeine consumption, values are mean ± SE.

Figure 4. Spatial Working Memory task, strategy aspects (A) and between errors (B), for the 200 mg caffeine intake and 300 mg caffeine intake groups at Baseline, 
after 30 hours sleep deprivation and 30 minutes after caffeine consumption, values are mean ± SE.
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In conclusion, the average daily intake of  caffeine in the Iranian 
population could be estimated to range from 16,60384 to 
50,7538mg per capita, well below than that in many European 
and North American Countries and within a similar range 
of  that in East Asian Countries with a prevalent tea drinking 
culture.

The aim of  this study was to examine the effectiveness 
of  200mg and 300mg doses of  caffeine on enhancing cognitive 
performance of  Iranian individuals suffering from sleep 
deprivation. The findings of  the study indicated that after thirty 
hours of  sleep deprivation, participants’ functions in subtests 
of  CANTAB including MOT, RTI, RVP and SWM decreased 
significantly. According to studies, sleep deprivation decreases 
the levels of  memory, attention and executive functions44,45. Our 
findings were in line with those of  another research indicating 
that sleeplessness has an impact on executive functions46. Our 
findings were also consistent with other studies regarding the 
effects of  sleep deprivation on reaction time47-49.

The findings of  the present study indicate the efficacy 
of  300mg caffeine intake in the enhancement of  the MOT 
and SWM (the strategy aspect) subtests of  CANTAB after 
30 minutes of  caffeine chewing gum consumption, while 
the 200mg caffeine intake was not confirmed to be effective. 
Based on studies, the consumption of  200mg of  caffeine 
restore performance to near baseline levels after 24 hours 
of  sleep deprivation50. However, after a 24-hour period of  
sleeplessness, a higher dosage of  caffeine is needed51. It can be 
assumed that, based on the caffeine mechanism of  action, the 
300mg caffeine chewing gum improved cognitive performance. 
Similarly, other studies showed that the administration of  
300mg caffeine decreased simple reaction time in addition to 
increasing alertness52. Furthermore, caffeine intake is effective 
in improving mental functions and enhancing cognitive 
functions after sleep deprivation53.

It is noteworthy that the ability to process and respond 
to information received from the environment plays a key 
role in effective functioning, especially in situations where 
rapid decision-making and fast reaction time are needed. 
Sleep deprivation has a significant impact on psychomotor 
speed, which includes both mental processing and physical 
movement. The slower the psychomotor speed, the more 
decrease in cognitive functioning might be observed. As a 
result, the findings of  the present study could be beneficial for 
jobs, which require being awake, such as night shift drivers and 
nurses, and they could suggest an effective dosage of  caffeine to 
enhance cognitive functions and restore alertness after a period 
of  sleeplessness.

As for the limitations of  this study, it could be pointed 
out that the sample size was rather small and consisted of  only 
male participants, who were at a certain age range. In addition, 
other doses of  caffeine could have been tested. Moreover, the 
participants could have been recruited from other parts of  the 
country as well. Finally, this study provides a basis for future 
research using substances other than caffeine.
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