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Associations between obesity and cognitive function among

Kuwaiti female university students

Dr. Hanouf H. Al Hammadi ~ Mrs. Amal S. Humidat
School of Psychological Sciences and School of Education, Health, and Human
Health, University of Strathclyde, Sciences, University of Tennessee,
Glasgow G1 1X0, UK Knoxville, TN, USA
Dr. Allan Hewitt Dr. John J. Reilly
School of Psychological Sciences and School of Psychological Sciences and Health,
Health, University of Strathclyde, University of Strathclyde,
Glasgow G1 1XQ, UK Glasgow G1 1XQ, UK

" Corresponding author: ha.alhammad@paaet.edu.kw
This research paper is a part of the first author's doctoral dissertation.
Abstract: Obesity has adverse cognitive effects, but which specific cognitive
functions are impaired by obesity remains unclear. The present study aimed to
test for associations between obesity defined by BMI and high body fatness and
performance in the Stroop Colour Word Test (SCWT) in Kuwaiti adolescent and
young adult females. Data was collected from 400 female Kuwaiti students.
SCWT performance was significantly lower in the students with obesity vs those
without obesity as defined by BMI. SCWT performance was also significantly
lower in the students with high body fatness vs those with lower body fatness.
Those defined as having obesity by BMI were more likely to be in the lowest
quartile for SCWT performance. Students with higher fatness were also at
significantly higher risk of being in the lowest quartile for SCWT. SCWT
performance was not affected by confounding wvariables considered. In

conclusion, Obesity may impair SCWT performance in young females.

Keywords: Body composition; Body Mass Index; Cognition; Executive

function; Obesity
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Introduction:

Worldwide obesity has dramatically increased in the last few decades.
Obesity is a major concern for public health due to high prevalence combined

with increased risk of many medical problems.

In Kuwaiti children and adolescents, obesity rates are growing (Boodai &
Reilly, 2013; Elkum ef al., 2016) and a recent systematic review highlighted that
the prevalence of obesity in school-age children and adolescents has reached
alarming levels in Kuwait (Al Hammadi & Reilly, 2019). Systematic reviews
and other reports have also indicated that obesity may have a negative impact on
educational attainment (Santana et al., 2017; Martin et al., 2017) and on
cognitive processes relevant to educational attainment (Martin et al., 2016;
Okorodudu et al., 2010; Yang et al., 2018; Catoira et al., 2016; Reinert et al.,
2013).

Booth et al., (2014) tested the longitudinal association between obesity
and academic attainment in a large UK cohort of adolescents. They found that
girls with obesity at 11 years old had lower academic attainment compared with
peers without obesity. Importantly, this association was not detected in boys and
this may suggest gender differences or different mechanisms underlying the
relationship between adolescent obesity and academic attainment. In addition,
this association was found independent after controlling for some potential
mediators, which may suggest a causal relationship between obesity and low

academic attainment in female adolescents.

A systematic review of 34 studies between 1990 and 2016 reported a
negative association between obesity and academic performance in school

children and adolescents (Santana ef al., 2017). Another systematic review of 31

www.jser-kw.com @
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studies suggested that the association between childhood obesity and academic
performance may differ by age, sex, and school subject. They found a
significant negative association between obesity and mathematics attainment in
adolescent girls, but not in boys. However, there was no clear association
between obesity and reading or science achievement in boys and girls (Martin et

al., 2017).

With regards to the impact of obesity on college and university students
performance, a systematic review of 16 studies showed that students with
obesity had lower academic achievement compared to their normal weight
peers, and female students were more likely to be affected than males (Hill et

al., 2019).

The negative association between obesity and academic performance can
be partly explained by the neurocognitive effects of obesity. Several studies
have reported a correlation between cognitive function and educational
attainment (Spinath et al., 2006; Bathelt et al., 2019). In addition, other studies
have established an association between the comorbidities of obesity and lower
cognition and educational attainment in adolescents (Yau et al., 2012; Lande et

al., 2012).

Executive functions are more likely to be impaired by obesity than other
cognitive functions (Reinert et al., 2013; Anderson et al., 2019). Executive
functions have been defined as the “higher cognitive processes that allow
forethought and goal-directed action” (Reinert et al., 2013). There are other
definitions of executive function, for example, it has also been defined as “the
capacity to think before acting, retain and manipulate information, reflect on the
possible consequences of specific actions, and self-regulate behaviour” (Catoira

et al., 2016).

www.jser-kw.com @
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This set of mental skills includes cognitive inhibition, cognitive flexibility
and working memory (Okorodudu et al., 2010; Yang et al., 2018). A systematic
review reported that individuals with obesity may perform differently to healthy
controls in performance tasks, which measure inhibitory control (Kulendran et
al., 2017). Disinhibited eating in adolescents with obesity was associated with
orbitofrontal volume reductions and executive dysfunction (Maayan et al.,
2011). High BMI may have a significant effect on cognitive flexibility in young
adults, with associated frontal lobe dysfunction and deficits in cognitive control
(Steenbergen & Colzato, 2017). Additionally, the risk of lower cognitive
performance related to obesity may be gender related and females may be at
greater risk compared to males (Sabia et al., 2009). Understanding the specific
processes which might be impaired by obesity may help in providing more
information about the cognitive mechanisms of effect, and might also be useful

as a driver of future strategies aimed at obesity prevention.

Aspects of executive function have been measured by using many
different tools, but one common tool is the Stroop Test, which can be used to
measure selective attention, response inhibition, cognitive flexibility, and short-
term memory (Din et al., 2019; Wright, 2017). In this current study, we have
used the Stroop Colour Word Test (SCWT) to evaluate selective attention and
cognitive inhibition, as there was some previous evidence that obesity might
impair these processes (Booth et al.,, 2014). In addition, variables such as
inhibition might be important to the maintenance of obesity via disinhibited
eating (Preuss et al., 2019) and performance on the Stroop Test may be relevant
to academic attainment (Santana et al., 2017). In our previous study, we showed
that overall academic performance in female Kuwaiti students was lower in

those with obesity than those without obesity (Al Hammadi et al., 2020).
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There 1s some skepticism about the possible effects of obesity on
cognitive processes because most human studies have taken place in high-
income western countries (Santana et al., 2017; Martin et al., 2016). In such
countries relationships between obesity and cognitive outcomes may be
confounded by socioeconomic status (low socio-economic status associated with
both obesity and impaired cognition and educational attainment) (Santana et al.,
2017; Martin et al., 2016); and so there is a need to test for associations where
confounding of this kind is reduced, such as Kuwait (Al Hammadi & Reilly,
2019).

The study seeks to answer the following question:

Are there any associations between obesity defined by both BMI and high
body fatness and Stroop test performance in a sample of late adolescent and

young adult females in Kuwait?
Objective of the study:

Identifying the associations between obesity defined by both BMI and
high body fatness and Stroop test performance in a sample of late adolescent and

young adult females in Kuwait.
The importance of the study:

— Providing evidence on the association between obesity and cognitive
function from Kuwait would be especially important because the
population of Kuwait is relatively homogenous with less variation in
socioeconomic status than in Western countries, giving more reliable data
that is free of confounding.

- The findings of this study may contribute to developing policies addressing

the problem of obesity and its consequences in Kuwait and the Gulf region.
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The limits of the study:

- Objective Limitations: The study was limited to testing the association
between obesity and cognitive inhibition among female students of the
Social Science College in the State of Kuwait.

- Human Limits: It included a sample of female students in the first and
second year of university in the Social Science College at Kuwait
University.

- Spatial boundaries: it included the Social Science College at Kuwait
University.

- Time limits: The data was collected during the second semester of the

academic year 2018/2019 from February until the end of May.
Terminology of the study:

- Obesity: is a health condition with an excessive level of body fatness that

increases the risk of morbidity and/ or mortality (WHO, 2000).

Obesity is defined as “a chronic complex disease defined by excessive
adiposity that can impair health. It is in most cases a multifactorial disease due
to obesogenic environments, psychosocial factors and genetic variants” (WHO,

2020).
Methods:

- Sampling, recruitment, and ethics:

All participants gave informed written consent to participation and the
study was approved by the University of Strathclyde Psychological and Health
Sciences Ethics Committee. First and second-year Kuwait University, College

of Social Science students were recruited to take part in this research between

www.jser-kw.com @



[ ]
Journal of Studies and Educational Researches \—ivt-/ G i it Gl 1 ety iy

ISNN: 2709-5231 Susuidgayipcdutatatse #2023 yadaww(9) suall (3) At

February and May 2019. Sampling and recruitment have been described
previously (Al Hammadi & Reilly, 2020). Briefly, all 1% and 2™ year Social
Science undergraduates were requested to participate in this study. The inclusion
criteria were: students should be female, Kuwaiti nationals, under 20.0 years
old, and without any condition or illness which would have changed their weight
status (e.g. pregnancy, long-bone fracture). Students were therefore excluded
from participation if they were male, non-Kuwaiti nationals, aged 20 years old
or more, or affected by the conditions indicated. The research invitation was sent
by the College of Social Science to 2169 students, supplemented by brief
presentations on the research over a period of a week; to invite students to
participate in the research. In addition, posters were distributed in the faculty to
help with recruitment. As a result, 525 students responded, and 400 students met
the inclusion criteria as de-scribed previously (Al Hammadi & Reilly, 2020). All
collected data were saved under the ID code, only the re-searcher was able to

access that information (Al Hammadi & Reilly, 2020).

- Measures of exposure (BMI defined obesity and high body fatness

measured by bio-electrical impedance):

Anthropometric measurements and BMI calculations were carried out as
described by Al Hammadi and Reilly (2020). Briefly, Height to the nearest
0.1cm was measured by the Seca Stadiometer (Seca, London, England). Weight
was measured without shoes to nearest 0.1kg for participants in light indoor
clothing by the Tanita model TBF-310 (2625 South Clearbrook Drive Arlington
Heights, Illinois 60005, USA).
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BMI measurements and definitions of obesity:

Two BMI-based definitions of obesity were used in this study, to deal
with differences in participant age, following Al Hammadi and Reilly (2020)
and (WHO, 2019). A BMI z score of >2.0 relative to WHO 2007 (WHO, 2019)
reference data was used to define obesity in the adolescents (17.0 to 19.0) years
of age (n=275) and for those over 19.0 years old the adult cut off point of BMI
> 30kgm?2 was used to define obesity (n= 125) (Al Hammadi & Reilly, 2020). In
practice, the actual BMI values for the two definitions were similar: at age 18.5
years for example a BMI Z score of 2.0 is equivalent to a BMI of 29.6 kg/m2,
and at 19.5 years of age the BMI cut-off which defined obesity was 30.0.

Body fat measurements and definitions of obesity:

The method of measurement of body fatness and cut-offs for defining
high body fatness were as described in our previous publication (Al Hammadi &
Reilly, 2020): > 30% of body weight as body fat defined high body fatness
following previous studies which found substantially increased cardiovascular
risk factors above this threshold (Rey-Lopez et al., 2019; Reilly et al., 2010;
Chen et al., 2018). The estimation of body fatness for participants was carried
out by using the TANITA TBF-310 with the manufacturer’s equation used to
predict body fatness. The Tanita device was used as it is a practical option for
body composition measurement in field studies of this kind (Williams et al.,
1992; Peterson et al., 2016) e.g. is inexpensive and quick and painless. In
addition, it has been established that the Tanita device has reasonable accuracy
relative to reference methods in adolescents and young adults (Williams et al.,
1992; Peterson et al., 2016). In this study, duplicate measurement of

bioelectrical impedance was carried out for each participant and the mean of the
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duplicates was calculated and used. All relative information related to students’
age, height, clothes weight (standard weight of 1.0 kg) and sex were entered into
the TANITA TBF-310 to obtain the body fatness estimate. Students were
requested to fast at least 2 hours without food or drinks prior to the Tanita

measurements.
Potential confounding variables:

It seems unlikely that socio-economic status is a confounder of
associations between obesity and educational or cognitive outcomes in Kuwait
since obesity and socioeconomic status are not related in Kuwait or only related
very weakly (Rey-Lopez et al., 2019). In addition, our previous study in the
same sample also showed that relationships between obesity and overall
educational attainment were not confounded by socioeconomic status (Al
Hammadi & Reilly, 2020). However, we considered student age and socio-
economic status (paternal education) as potential confounders and so included

them in analyses.
Cognitive function measurement:

Al Ghatani ef al.(2010) indicated that there is a need for a computerised
Stroop Test in the Arabic language. Computerised tests of cognitive function are
preferable to alternatives such as traditional pencil and paper tests because they
are more practical, reliable and valid (Din et al., 2019; Eide et al., 2002; Van der
Elst et al., 2006). Therefore, we worked with the Brain Performance and
Nutrition Research Centre (BPNRC) at Northumbria University in the UK to
develop an Arabic Version of the SCWT, part of the Computerised Mental
Performance Assessment System (COMPASS) Version 5.0 (Dodd et al., 2015),
modified with the help of the thesis author, and an Arabic language set of

www.jser-kw.com @



[ ]
Journal of Studies and Educational Researches \—ivt-/ G i it Gl 1 ety iy

ISNN: 2709-5231 Susuidgayipcdutatatse #2023 yadaww(9) suall (3) At

instructions was added to make it easier for the participants to understand the
SCWT (Dodd et al., 2015). The present study is therefore the first research with
the computerised SCWT in the Arabic language.

In the present study, we focused on using the SCWT to measure selective
attention (the ability to suppress an automated/uninhibited response and focus
attention) and response inhibition. These were operationalised by using the % of
correct answers. Briefly, in our SCWT, words were presented on a laptop
screen which were either ‘congruent’ (name of colour and colour of word the
same) or ‘incongruent’ (name of colour and colour of word different). The
words appeared randomly on the screen. Participants were asked to respond as
quickly and as accurately as possible by using the trackpad on the laptop.
Twenty tasks made up the SCWT- a series of colour names in Arabic appearing
in different coloured fonts on the laptop screen, one by one. Participants were
requested to use the trackpad on the laptop to match the colour font to the name
of that colour. The words were presented in two different ways, with the colour
name and colour the same (congruent) or different (incongruent). All the tasks
were randomly presented. A pilot study was conducted on 19 participants to
evaluate the feasibility of this test as well as to measure the duration of the test

and also to refine the protocol.
Statistical analysis:

Duplicate measures of BMI and Fat percentage were taken and mean of
the data used in analysis. The data were analysed by using Medcalc and SPSS
version 26. All data were tested for normality using the Kolmogorov-Smirnov
(K-S) test in SPSS and the D’ Agostino Pearson test in Medcalc. Descriptive data
were provided as Mean (SD) or median (IQR) as appropriate; SCWT

performance was not normally distributed (D’Agostino-Pearson Test, the data
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were not normally distributed Skewness= -0.33 and Kurtosis = -0.46 P< 0.0001)
and so was summarised as median (IQR), and the Mann Whitney U test was
used to compare median performance on the SCWT between groups (the obese
versus non obese and the high fat vs non high-fat). Differences in the
distribution of Stroop test performance by obesity status and high body fatness
status were also tested for significance using Chi-squared tests, with SCWT
performance categorised by quartile (Q1-Q4 highest-lowest performance) as
described previously (Hammadi et al., 2020) and the odds of being in the lowest
quartile by obesity status (obese vs non-obese by BMI) and by fatness status
(high body fatness vs healthy body fatness) were calculated, along with 95% CI.
Reaction time data were normally distributed (D’ Agostino-Pearson Test p=0.14,
Skewness= 0.18 and Kurtosis = 0.34) and so have been summarised as mean
(SD) and between-group differences tested for significance using independent

sample t-tests.

The possibility that relationships between SCWT performance and both
obesity status and fatness status were confounded by participant age or by socio-
economic (parental education level) status was assessed using logistic regression

as described in our previous publication (Al Hammadi & Reilly, 2020).

The power of the present study was unknown, and this study was
considered exploratory research. The sample size of this study was larger than
that of many previous studies which tested for associations between obesity and
cognitive function though, for example the largest study included in a number of
systematic reviews was 299 (Xu et al., 2017; Reinert et al., 2013; Farooq et al.,
2018; Cook et al., 2017).
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Results:
- Characteristics of study participants:

The participant characteristics are shown in Table 1. Of 525 potentially eligible
participants, 400 fitted the inclusion criteria and completed the SCWT and also
had BMI measures and body fatness estimates. The average of the age of the
participants was 18.0 (SD 0.6) years, shown in Table 1.

Table (1)

Characteristics of participants in the study (n= 400, mean and SD except where noted)

Variables Mean SD

Age 180 0.6

BMI kg/m2 median and range 27.5 15.1t050.2

Fat (%) median and range 320  5.1to 54.0

Stroop Correct (%) answers, median and 70 25th IQR = Q1 85-

range 100
75th IQR = Q3 50-
70
100thIQR= Q4 10-
50

Response time (RT) milliseconds 2343 508

- Stroop Colour Word Test (SCWT) performance and BMI defined obesity:

Stroop Test performance is summarised in Table 2. Median % correct
answers in the sample with obesity defined by BMI (n= 163) was 60 (IQR 45-
75) and in participants defined as not having obesity according to their BMI
(n=237) median was 75 (IQR 55-90). The difference in median % correct
answers between the group with obesity and the non-obese groups was

significant (Mann Whitney U Test p<0.001, shown in Table 2).
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The odds ratio, unadjusted, for risk of being in the lowest quartile of
Stroop Test performance for individuals with obesity according to BMI, was
2.05 (95% CI 1.30 — 3.25, P <0.001). The chi squared test on the distribution of
SCWT by obesity status was also significant (P<0.001). Logistic regression
results indicated that student age and parental educational attainment were not
associated with obesity or with SCWT performance and did not confound the

relationship between BMI defined obesity and Stroop Test performance.
- Stroop Test performance and high body fatness:

Stroop Test performance (median % correct answers) among those
participants defined as having high body fatness (n= 247) was 60 (IQR 46-80)
and in the non-high fat (n=153) the median was 80 (IQR 60-90). The Mann-
Whitney U test on differences in median % correct answers by high fatness
versus non-high fatness was statistically significant (U= 14188, Z=4.2, P<0.001;
Table 2). The odds ratio, unadjusted, for risk of being in the lowest quartile of
SCWT performance in the individuals with high fatness was 1.95 95% CI 1.19-
3.22, P<0.001). The chi squared test on the differences in distribution of SCWT
performance by body fatness was significant (P<0.001). Student age and
parental educational attainment were not associated with fatness and with
SCWT performance and did not confound the relationship between body fatness

and SCWT performance, shown in Table 2.
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Table (2)

Stroop Test performance quartiles by weight status & body fatness categories ®

Exposure Number of Correct Answer (Stroop Test) Total
variables n= 400 (n)
Ql Q2 Q3 Q4
Non-Obese 74 70 47 46 237
With Obesity 26 30 53 54 163
Non-High Fat 52 47 27 27 153
With High Fat 48 53 73 73 247

®) Stroop correct answer range for each quartile as follows: Q1 85-100 (median 90); Q2 70-85
(median 80); Q3 50-70 (median 60); Q4 10-50 (median 35).

Discussion:

This study is one of the very few that addressed the issue of the potential
impact of obesity in the Gulf States beyond the usual impacts such as cardio-
metabolic co-morbidities of obesity. Possible cognitive impacts of obesity are
important because our previous systematic review showed that obesity in
adolescents in the Gulf States is very prevalent (Boodai & Reilly, 2013), and it
is well established that adult obesity is very prevalent in the Gulf States
(Musaiger et al., 2012; Elkum et al., 2016; Elkum et al., 2019; Rabeea et al.,
2019). However, some authors have argued that associations between obesity
and cognitive function are still not clear and studies in western countries may
have been confounded by socio-economic status (Santana et al., 2017; Hill et
al., 2018), so there 1s a need for studies in countries where confounding of this
kind is less of a problem. There is also a need for more studies which identify

the specific cognitive processes which might be affected by obesity- the present
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study aimed to expand our knowledge on specific cognitive impacts by
examining associations of obesity with Stroop Test performance, a specific
measure of selective attention and inhibition. Finally, the present study added to
the literature by going beyond using the BMI as the measure of obesity- by
adding a more direct and specific measure of body fatness as the exposure

variable.

The present study indicated that being having BMI-defined obesity and/or
having a high level of body fatness may impair performance on the Stroop
Colour Word Test. A previous systematic review provided evidence that obesity
is likely to impair some aspects of executive function in children and
adolescents (Demos ef al., 2019), and another systematic review (Martin et al.,
2017) suggested that cognitive impairments associated with obesity might be
more marked in females than in males. One study suggested that higher levels of
visceral fat are associated with lower executive functioning in adolescents
(Schwartz et al., 2013). Some other studies have suggested that reducing body
fatness might have cognitive benefits. For example, one study found that losing
weight improves aspects of cognitive function in children (Walk et al., 2020)
(attentional inhibition, assessed using a modified version of the Eriksen flanker

task) (Walk e al., 2020).

The finding of a negative association between having obesity and specific
measures of executive function supports our previous published results that
obesity may impair academic attainment in Kuwaiti female university students
(Al Hammadi et al., 2020). The present study results may also help explain the
findings of our previous study that educational attainment might be impaired by
obesity. Reduced selective attention or reduced inhibition (present study) may

contribute to reduced performance in educational assessments (Al Hammadi et
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al., 2020). However, further investigation is needed to have a clearer
understanding as to how impaired cognition or educational attainment might
arise from obesity-there are other potential mechanisms including increased
absenteeism, poorer mental health, biological mechanisms (such as cognitive
effects of inflammation) (Martin et al., 2017; Preuss et al, 2019); other
mechanisms have also been suggested including stigmatisation and weight bias
by teachers (Yokum et al., 2012). Although different mechanisms have been
investigated to understand the possible effect of obesity on cognition in human
studies, animal models have also been used to explore the possible mechanisms
further (Wan et al., 2007). Animal studies have generally been supportive of the
hypothesis that obesity impairs learning and cognitive processes related to
learning (Wan et al., 2007) which may be due to proinflammatory cytokine-
dependent activation of glial cells (Wan et al., 2007). The cardio-metabolic co-
morbidities of obesity can also impair cognitive processes. For example, Gluck
et al. (2013) and Catoira et al. (2016), reported that impaired glucose
metabolism may impair performance on the SCWT (Catoira ef al., 2016; Yokum
et al., 2012). Another study indicated an association between smaller brain
volumes and higher BMI and % fat in adolescents (Reinert ef al., 2013). High
body fatness may also affect brain blood flow which may impact cognitive

functioning (McMorri, 2009).

One strength of the present study was that the setting in Kuwait meant
that associations between obesity and cognitive processes could be tested
relatively free of the problems of confounding by socioeconomic status. Studies
in the western world which report poorer cognitive performance or poorer
educational attainment in obese individuals find it hard to exclude the possibility

that low socioeconomic status is re-sponsible, because low socio-economic
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status is associated strongly with both obesity and poorer educational attainment
in the western world. A second strength of the present study was that body
fatness was measured, not just BMI, though in practice the results were similar
whether obesity was defined as a high BMI or a high body fatness. The use of
the Stroop Colour Word Test as our measure of cognitive function was also a
strength- this is a reliable and valid measure of various cognitive processes
(Scarpina & Tagini, 2017). A further strength of the present study was novelty-
there are few such studies in adolescents or in young adults, and much of the
research effort on the impact of obesity on cognitive function has focused on the
elderly with an emphasis on cognitive ageing (Hou ef al., 2019). There are few
studies of this kind from Arab states in general and the Gulf States in particular,
and research of this kind may encourage greater effort at obesity prevention in
the Gulf States in future, i.e. if it becomes clearer that obesity has cognitive

effects in adolescence/early adulthood.

The present study also had a number of weaknesses. There was some
evidence that reaction time was faster in the group with obesity (defined by
BMI) but there was no evidence that reaction time was faster in the group with
high body fatness, so whether or not reaction time was affected in the present
study was unclear. Faster reaction time can reduce accuracy in test performance,
so might have been an explanation of the lower test accuracy in the individuals
with obesity in the present study. There is some previous evidence of faster
reaction time among individuals with obesity in the literature (Farooq et al.,
2018), and this could indicate either faster cognitive processing or more
impulsive responding (greater impulsiveness could be a cause or an effect of
obesity and which might reduce the percentage of correct answers in the

SCWT).
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The present study focused only on the overall correct answers and overall
reaction time, and not on the many other potential impacts of obesity on
different cognitive processes (Scarpina & Tagini, 2017; Van der Elst et al.,
2006; Afsaneh ef al., 2012). Executive function includes other processes such as
cognitive flexibility and memory performance; we were not able to measure
those in this study and this restriction was practical. While it is difficult to
compare Stroop Test results between different studies because of enormous
variation in how testing is performed and scored (Afsaneh et al., 2012), and
because there has been limited use of Stroop Testing (SCWT) in Arab
populations as noted above, the % correct answers in the present study may have
been somewhat lower than expected, and the reaction times may have been
somewhat slower than expected. Unpublished data from use of the COMPASS
software Stroop Colour Word Test using a laptop with a mouse (no data are
available with use of a trackpad as was used in the present study) in young
English adults suggests that an (Afsaneh et al., 2012) expected mean or median
% correct answer score should be at least 70%- the median for the entire sample
was 70% in the present study which would be considered a slightly low
performance compared to a group of students in the UK. Typical (mean or
median) reaction time from use of the COMPASS version of the Stroop Colour
Word test in young English adults is around 991ms (Northumbria University,
2020), faster than in the present study. The present study was the first to use an
Arabic version of the Stroop Colour Word Test and this particular version of the
test may need refinement in future. In addition, participants could have been
given more familiarization or practice with the tests before the data were
collected in the present study- greater familiarization might have -either

improved the % correct answers, or the reaction time, or both. Participants did
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not receive any practical training on how to use the laptop used to administer the
test, and it may have taken them longer than expected to navigate the keyboard
in order to click on the correct answer. This might have increased the reaction
time and possible also reduced the test performance. A previous study reported a
similar issue (Farooq ef al., 2018). It was the case that the reaction time in the
first task of SCWT was consistently slower than that in the subsequent 19 tasks,
and this might suggest that students needed to become more familiar with the
test. However, test conditions were the same for all study participants and this
should make a comparison between individuals with and without obesity

appropriate.
Conclusion:

This study suggests that having obesity, whether defined by BMI or high
body fatness, may impair some aspects of cognitive function in Kuwaiti female
students. Further research will be needed to examine the generalisability of these
findings and to identify the underlying mechanisms of any effect of obesity on

cognitive function.
Recommendations:

Based on the findings of the current study, the researchers recommend the

following:

- Increasing health awareness of the impact of obesity on educational
attainment and cognition among university students and leaders.

- Improving the environment of the university and encouraging the healthy
eating as well as the physical activity of students by providing separate

facilities for males and females.
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- It is necessary to collect more data on the association between obesity and
education/cognition outcomes from the population of Kuwait and the Gulf

using a larger sample size with a wider age range.
Suggested research:
The researchers suggest conducting the following studies:

- Better study designs, such as randomised designs, that can deal with
potential confounding are needed to study the effects of obesity on
cognition outcomes.

- Longitudinal or intervention studies are warranted to test the causality
between obesity and cognition and to investigate the mechanisms
underlying this association.

- Mechanistic studies in animals and humans to explore mechanisms of

obesity impact on brain function and structure.
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