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	 Background:	 Brain training games (BTG) are believed to play a major role in improving cognitive functions. The current study 
evaluated if BTG showed positive impact on attention and memory functions compared with baseline visit in 
healthy subjects.

	 Material/Methods:	 The study was carried out from October 2015 until April 2016 in the Department of Physiology, College of 
Medicine, King Saud University and in King Khalid University Hospital (KKUH), Riyadh, Saudi Arabia.

		  We enrolled 51 normal healthy subjects to use a computerized cognitive training game (Lumosity) for exercis-
es that target a range of cognitive functions, including attention, processing speed, visual memory, and exec-
utive functions for about 15 min per day, at least 7 days per week, for 3 weeks. The control (n=21) group did 
not perform the training. Both groups took the CANTAB test before and 3 weeks after training for various cog-
nitive functions (flexibility, memory, attention, speed, and problem solving). Serum samples were used to study 
the brain-derived growth factor (BDNF) and apolipoprotein (Apo) E (APOE) levels.

	 Results:	 A significant improvement in Lumosity performance index was observed in the active group compared to the 
control group by the end of training (p-value 0.001). After the training, a statistically significant difference in 
most of the CANTAB measures, such as attention-switching task (AST), mean correct latency, AST switching 
cost, AST mean correct latency (congruent), AST mean correct latency (incongruent), AST mean correct latency 
(blocks 3 and 5) [non-switching blocks], AST mean correct latency (block 7) [switching block], and MOT mean 
correct latency (all P=0.000). However, in the control group, significant improvements were not observed. A pos-
itive correlation between pattern recognition memory (PRM) and APOE was found and people who had high-
er ApoE levels had faster response.

	 Conclusions:	 An improvement in different cognitive domains was noted, including attention and motor speed. However, this 
study warrants further research to determine the long-term effect on other cognitive functions and in differ-
ent groups (e.g., elderly vs. adults).
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Background

During the progress of normal aging, alterations occur in the 
prefrontal cortex and the medial temporal lobe system, includ-
ing the hippocampus and the cerebellum [1,2]. These changes 
are linked to Alzheimer’s disease (AD) and dementia and are 
linked with impairment in cognitive processes such as short- 
and long-term memory, speed, and executive functions. Thus, 
cognitive functions, including attention, memory, and analyti-
cal ability, show a functional decrease with age [3–5].

An effective cognitive aging intervention faces 2 challenges: 
(1) shifting training improvements to untrained tasks and (2) 
designing interventions that boost compliance. A major re-
search focus is to find new technology to understand aging 
and delay the process of cognitive decline [2]. Recent studies 
increasingly use brain training games (BTG) to investigate their 
impact on cognition and possibility of transfer to untrained 
tasks [6,7]. Indeed, the term “brain training” has become used 
to describe cognitively stimulating activities designed to im-
prove mental fitness [8].

Many BTG intervention studies have reported increased per-
formance in cognitive tasks such as speed and accuracy, vi-
suo-motor coordination, attention, memory, working memory, 
and global cognitive function [9–15]. However, other studies 
showed no positive effects of BTG on cognitive functions and 
question the application of such systems as cognitive inter-
vention strategies [16,17]. These findings, although not con-
sistent across all studies, suggest that BTG is an effective in-
tervention tool for cognitive improvement.

In addition to the above, some studies have reported that apoli-
poprotein E (APOE) and brain-derived neurotropic factor (BDNF) 
could be play a major role in the development of cognitive func-
tions. While APOE has been associated with risk for late-on-
set AD, its role the impairment of healthy cognitive function is 
still unclear [18,19]. The neurotrophin BDNF has the ability to 
develop and maintain neuronal function and is important for 
neuronal plasticity. BDNF has been reported to facilitate long-
term potentiation of the hippocampus and cortex, which are 
important processes for memory and learning [19,20].

In the present study, we assessed whether BTG could im-
prove the cognitive abilities (e.g., AST and MOT) compared 
to baseline in a group of healthy subjects using a broad bat-
tery of Cambridge Neuropsychological Test Automated Battery 
(CANTAB) assessments [21]. In addition, assessments of BDNF 
and ApoE levels and their correlation with cognitive functions 
were evaluated. To the best of our knowledge, this is the first 
study combining BTG and its correlation with APOE e4 and 
BDNF plasma levels, especially with reference to improvement 
of cognitive functions.

Material and Methods

Participants

This was a randomized, observational, non-blinded study. All 
participants were healthy volunteers. After the interview, clini-
cal history-taking and examination were performed. We divid-
ed the participants randomly to either the active group or the 
control group. We included all participants who were willing 
to complete the 3-week training period. We excluded any par-
ticipant who could not complete the training or who missed 
sessions using the BTG in between the training sessions. All 
subjects knew which group they were in (active vs. control). 
The study was carried out from October 2015 until April 2016 
in the Physiology Department, College of Medicine, King Saud 
University and in King Khalid University Hospital (KKUH), 
Riyadh, Saudi Arabia. The research protocol was approved by 
the Institutional Review Board, College of Medicine and KKUH. 
The Mini-Mental State Examination (MMSE; Folstein et al., 
1975) was used on all subjects [22]. Exclusion criteria were a 
cognitive impairment (score of <26 on the MMSE) diagnosis of 
dementia, depression, less than 20/60 vision with or without 
correction, or current plans to move to another city.

Brain training application (Lumosity)

Lumosity is a brain training application which is available in 
IOS and Google play. We used this app because it’s easy to 
access and use. All participants performed the training for a 
period of 21 days for 10–30 min per day. In each training ses-
sion, participants played the games Speed Match, Memory 
Matrix, Rotation Matrix, Face Memory, Money Comb, and Lost 
In Migration. The control group did not receive training.

Lumosity measured many aspects of cognitive function such as 
flexibility, memory, attention, speed, and problem solving. The 
average of these values is known as the Lumosity performance 
index (LPI). Baseline and follow-up neuropsychological testing 
were completed by a blinded psychometrician, and the study 
Principal Investigator was also blinded to group assignments.

A dedicated study technician (remote supervision) supported 
participants throughout the 3-week study following a proto-
col for routine weekly contact. Participants were provided with 
support through phone and email, with the goal of respond-
ing to all requests for support within 1 day.

Assessment tasks and procedures

Mini-mental state examination (MMSE)

The MMSE is one of the most widely used tools for quantita-
tive assessment of cognitive function. The test consists of 11 
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questions assessing various cognitive functions, including 2 
questions on orientation, 1 on registration, 1 on memory, 5 
on language, 1 on attention and calculation, and 1 on visual 
construction [23]. The MMSE takes only 5–10 min to admin-
ister, which makes it a practical tool for research purposes.

The test has a maximum score of 30, with scores below 23 be-
ing indicative of cognitive impairment [24]. The standard MMSE 
form is in English for English-speaking subjects [23]. For Arabic 
speakers, a translated version of the MMSE used; this version 
was introduced in 1999 by a group of Saudi researchers [25].

Blood assays

Venous blood samples were collected from all participants, plas-
ma was separated and stored at –70°C until assayed. Plasma 
levels of BDNF and APOE were measured by competitive enzyme 
immunoassay using Human BDNF and APOE ELISA kits follow-
ing manufacturer’s instructions (Elab Sciences Biotechnology 
Co., Ltd. China). The detailed description of the procedure is 
described earlier [26].

Assessment of cognitive functions

Cognitive functions were evaluated by CANTAB to assess ex-
ecutive functions and memory before the participants started 
using the BTG Lumosity application and after they used it for 
3 weeks for the active group. For the control group, evalua-
tions were conducted at baseline and a retest was performed 
again after 3 weeks. We chose 3 tests from CANTAB: Pattern 
Recognition Memory (PRM), Motor Screening Task (MOT), and 
Attention-Switching Task (AST). A detailed description of the 
CANTAB procedure followed in this study is described else-
where [27].

Statistical analysis

Data were analyzed using SPSS (IBM Corp. Released 2012. IBM 
SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM 
Corp.). We calculated errors, and numbers of trials and stag-
es completed for the PRM task. The AST measured covers di-
rection errors, proportion of successful stops, and MOT mea-
sured response time and the accuracy of pointing. Data was 
analyzed using the t test and c2 tests to determine wheth-
er cognitive test scores changed within intervention or con-
trol groups. Spearman’s rank order correlation test was used 
to test for any correlation between enhancement of cognitive 
function after using BTG with the levels of BDNF and APOE. 
P values less than 0.05 were considered statistically significant.

Results

A total of 72 subjects participated in this study. The active 
group had 37 (61.42%) male and 14 (23%) female participants, 
with a mean age of 24.6±7.8 years. The control group consist-
ed of 21 participants with a mean age of 25.4±8.3 years and 
had 6 females (24.9%). The demographic data of the subjects 
are summarized in Table 1. The difference in the numbers in 
the 2 groups at the end of the study was because of a com-
pliance issue with some participants. All subjects who did not 
complete the 3-week assessment period in the active and con-
trol groups and subjects who did not play the game during 
the study period were excluded from the final data analyses.

There was significant improvement in performance in Lumosity 
performance index (LPI) at the end of the training compared 
to the first day in the active group (p-value 0.001; Figure 1). 
In the active group, a statistically significant difference was 
found in the active group after the training in terms of AST 
mean correct latency (Pre=599.6±164.2, Post=512.2±156.7, 
P=0.000, Figure 2; Table 2), AST Switching cost (Mean, correct) 
(Pre=247.6±180.8, Post=173.8±133.4, P=0.000), AST mean cor-
rect latency (congruent) (Pre=572.6±158, Post=484.4±144.4, 
P=0.000, Figure 3; Table 2), AST mean correct latency (in-
congruent) (Pre=629.3±174.7, Post=541.8±173.2, P=0.000, 
Figure 4; Table 2), AST mean correct latency (blocks 3,5) 
[non-switching blocks] (Pre=479.1±116.9, Post=426.6±114.3, 
P=0.000), AST mean correct latency (block 7) [switching block], 
(Pre=726.7±244.3, Post=600.4±214.2, P=0.000), and MOT mean 
correct latency (Pre=933.4±271.3, Post=761.4±209.1, P=0.000, 
Figure 5; Table 2).There was no significant difference for any of 
the CANTAB assessments in the control group (Table 2). There 
was no significant difference in PRM percent correct response 
and MOT mean error in both groups (Table 2).

Active Control

Number of subject 51 21

Gender Male: 37, Female: 14 Male: 15, Female: 6

Age 	 24.6±7.8 	 25.4±8.3

BMI 	 25.1±5.27 	 27.4±4.94

BMR 	 6947.90±1606.92 	 7820.25±1282

FAT% 	 23±9.1 	 23.21±7.33

FAT mass 	 16.41±8.58 	 20.1±9.8

FFM 	 54.7±13.5 	 62±9.5

TBW 	 40.1±9.9 	 45.4±6.97

MMSE 	 29.4±0.66 	 29.2±0.63

Table 1. Demographic table for active and control group.
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There was a negative Spearman correlation between MOT and 
APOE (Figure 6). As the MOT decreased, APOE increased and 
vice versa. There was a positive Spearman correlation between 
PRM and APOE (Figure 7). There was no significant difference 
for BDNF and cognitive marker in both groups.

Discussion

This study was conducted to understand the role of the BTG 
application Lumosity in improving cognitive function in a ran-
domly selected m population from Saudi Arabia. In addition, 
assessments of a probable correlation between blood markers 
APOE and BDNF with cognitive function were performed. The 
study results showed positive effects of the BTG Lumosity on 
cognitive functions in young adults. These findings are large-
ly consistent with previous evidence showing improvement 
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Figure 1. �Change in Lumosity performance index (LPI) before 
and after the training.
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Figure 2. �Change in mean attention-switching task correct 
latency before and after the training between active 
and control groups.

CANTAB data

Control groupActive group

PostPrePostPre

581.3±147.1615.2±132.9512.2±156.7***599.6±164.2AST Mean correct latency

81.9±50.188.3±56.457.3±46.258.1±46.7
AST Congruency cost 
(Mean, correct)

188±133.6252.3±134.7173.8±133.4***247.6±180.8
AST Switching cost 
(Mean, correct)

548±130.3573.5±120.7484.4±144.4***572.6±158
AST Mean correct latency 
(congruent)

616.1±168.1661.8±151.8541.8±173.2***629.3±174.7
AST Mean correct latency 
(incongruent)

489.2±109.9487.1±80.3426.6±114.3***479.1±116.9
AST Mean correct latency 
(blocks 3,5) [non-switching 
blocks]

677.3±202.3739.3±191.6600.4±214.2***726.7±244.3
AST Mean correct latency 
(block 7) [switching block]

97.6±2.395.3±4.796.4±3.494.3±6.1AST Percent correct

782.1±135871.1±167.6761.4±209.1***933.4±271.3MOT Mean correct latency

11.3±3.411.3±3.511.6±2.9611.5±3.1MOT mean error

89.9±8.690.6±11.489.2±9.380.7±9.03PRM Percent correct

Table 2. Cambridge Neuropsychological Test Automated Battery (CANTAB) data for active and control group.
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in cognitive functions after BTG [12,13]. BTGs were shown to 
improve executive functions and processing speed in elderly 
subjects [6]. Moreover, studies showed that BTG can improve 
the performance of several cognitive functions in the trained 
group but not in the control group in terms of speed accura-
cy [3,9], visuo-motor coordination [14], attention [13,14], memo-
ry [21], working memory [11], and global cognitive function [12].

Our study produced 2 main findings. Firstly, the trainees im-
proved their game performance across sessions. The improve-
ments in cognitive processes in executive functions, working 
memory, processing speed, and attention through BTG were 
closely related to the trained cognitive domains (flexibility, at-
tention, speed). Secondly, the active group performed the AST 
tasks better than the control group. Our study found a negative 
correlation between MOT and APOE. As the MOT decreased, 
APOE increased and vice versa. Also, there was a positive corre-
lation between PRM and APOE. However, there was no signifi-
cant difference for BDNF and cognitive markers in both groups, 
although a few animal studies showed brain plasticity to be 
linked with BDNF [28–30]. Owing to the possible role of APOE 
and BDNF in modulating cognitive responses, further studies in 
larger populations may provide more clarity on the exact cor-
relation between cognitive markers and these blood markers.
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Figure 3. �Change in mean attention-switching task correct 
latency (congruent) before and after the training 
between active and control groups.
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Figure 6. Spearman correlation between MOT and APOE.
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Figure 7. �Spearman Correlation between PRM percent correct 
and APOE.
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Figure 4. �Change in mean attention-switching task correct 
latency (incongruent) before and after the training 
between active and control groups.

1200

1000

800

600

400

200

0

Re
sp

on
se

 ti
m

e (
m

s)

Mean motor response time

Active Control

Pre
Post

Figure 5. �Change in mean motor response time before and after 
the training between active and control groups.
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Although the present study provided interesting results with 
respect to cognitive improvement after implementation of BTG 
training, in addition to highlighting a possible association of 
BDNF and APOE with cognitive markers, it also has a few lim-
itations. Regardless of the nature of remote testing benefits 
of BTG, there is also uncertainty around consistent adminis-
tration. The training period of 3 weeks is not enough time to 
obtain the transfer effect, as BTGs do not change the difficulty 
of tasks depending on the participant’s performance. Secondly, 
an adaptive training method, which is more effective than a 
non-adaptive training for the enhancement of cognitive func-
tions [13,14], was not used for BTG. In addition, further research 
is needed to explore the use of the same cognitive measures 
for long-term use of BTG, especially since a few studies have 
indicated that cognitive training confers long-term benefit in 
cognitive functions [12,31]. The sample size of our study was 
small and longer follow-up would be more useful in terms of 
knowing the long-term effects of BTG.

To get a preliminary understanding of the effect of BTG on 
cognitive function, we initially performed the study in young 
populations (the average age of our population was 25 years) 
and not in older age groups (60 years and above) or diseased 
patients (Alzheimer and degenerative disorders patients). In 
addition, the current study analyzed results within the active 
and passive control group and not between the 2 groups. This 
study design helped us to identify specific cognitive improve-
ments after the training, whereas the control group showed 

no substantial improvements after the completion of 3-week 
training. While a few studies used both an active and a passive 
control group [12,13,32], some studies used a passive control 
group [12,31] to compare with the trained group.

Although the effectiveness of BTG will be more clinically rele-
vant in the elderly and diseased patient populations, the elder-
ly may not play the game every day due to aging and technol-
ogy adaptation, which may affect the study results. However, 
because the study indicated that BTG influenced cognitive out-
comes and longer follow-up, studies in the elderly population 
with data comparing between active and control groups are 
needed to confirm the association.

Conclusions

An improvement in various cognitive domains including atten-
tion and motor speed was observed after BTG in young adults. 
A correlation between blood markers such as APOE and BDNF 
with cognitive function was also established. The study results 
indicate that playing BTG may also improve cognitive functions 
and help reduce effects of aging in adults. However, further re-
search is warranted to determine the long-term beneficial effect 
of BTG on cognitive functions in elderly patient populations. 
In spite of the deficiencies outlined, this is the first study to 
evaluate BTG in subjects from Saudi Arabia and provides sig-
nificant results that pave the way for further clinical studies.
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