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Abstract

Background: Obesity is a global problem that has become very prevalent in
children and adolescents in the six Gulf Cooperation Council countries (GCC), with
Kuwait being in the forefront. However, there is lack of evidence on the current im-
pact of obesity among school-age children adolescents in Kuwait and the other GCC
countries.

Aims and objectives: This thesis aimed to assess the impact of child and
adolescent obesity in Kuwait and the GCC countries through (a) testing how well
child and adolescent obesity is monitored in the GCC states, (b) assessing the extent
to which surveys and studies of obesity using the BMI might be underestimating the
prevalence of obesity, and finally (c) investigating associations between adolescent
obesity and educational attainment and cognitive inhibition.

Methods: This thesis presents four manuscripts (studies 1-4). The first is a
systematic review on the recent prevalence of obesity among school age children and
adolescents in the GCC countries. The second, third, and fourth studies were based
on a prospective study of 400 healthy Kuwaiti female adolescents. Study 2 examined
the ability of BMI-for-age to define high body fatness (defined by >30 %) by com-
paring BMI-for-age defined obesity against body fatness measures from bio-
electrical impedance (BIA). Study 3 examined cross-sectional associations between
obesity (defined by both BMI-for-age and high body fatness) and educational attain-
ment using Grade Point Average (GPA). Study 4 tested for an association between
obesity (defined as both BMI-for-age and high body fatness) and cognitive inhibi-
tion, measured by the Stroop Colour Word Test (SCWT), the first computerised

SCWT in the Arabic language.



Results: The systematic review (Study 1) included 11 eligible studies from
the six GCC countries that showed a high prevalence of obesity as defined by BMI-
for-age among school-age children and adolescents, and prevalence seemed to in-
crease consistently with age according to these 11 studies. Evidence on obesity prev-
alence in the GCC countries was quite limited e.g. Bahrain, Oman, and Qatar had no
recent data on prevalence, and nationally representative surveys of prevalence are
scarce. Kuwait was the only country from the GCC countries that had a national sur-
vey for obesity prevalence. The second thesis study found a higher prevalence of
obesity based on high body fatness (62% of the sample had body fat percentage
above >30) than the prevalence of obesity based on BMI-for age (42%). The sensi-
tivity of BMI-for-age was moderate (66%) but specificity was high (96%). In the
third study, obese students (defined by BMI and body fatness) had significantly low-
er academic attainment (measured by Grade Point Average) compared to their non-
obese individuals, and BMI-defined obese individuals were more likely to be in the
lowest quartile for the GPA than the non-obese individuals (OR 3.03, 95% CI 1.90-
4.85, P < 0-001). In the fourth study, the performance on the Stroop Colour Word
Test (SCWT) was significantly lower in obese (defined by BMI and body fatness)
than non-obese individuals. BMI-defined obese individuals were at significantly
higher risk of being in the lowest quartile of SCWT compared to non-obese individu-
als (OR 2.05, 95% CI 1.30 — 3.25, P <0.001). Both GPA and SCWT performance
were not affected by the confounding variables considered (student age and socio-
economic status as measured by parental educational level).

Conclusion: Based on the findings of this thesis, obesity is having a signifi-

cant impact on the six GCC countries; it is very prevalent using BMI-based defini-



tions, and even more prevalent than BMI-based definitions of obesity suggest. This
thesis also suggests that obesity may impair the academic attainment of adolescents
and may impair cognitive inhibition. This thesis adds to the evidence that obesity is

having a range of impacts in Kuwait and the GCC countries.
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Chapter 1: Introduction and literature review

1. Introduction

Obesity is a main public health concern in most parts of the globe and has substantial
impacts on both psychosocial and physical health (Summerbell et al., 2009; Rey-
Lopez et al., 2019; WHO, 2000). The prevalence of obesity has been on the rise
worldwide with some variation in the rates and trends across different countries. The
World Health Organization (WHO) described this as a “global pandemic” over 20
years ago (WHO, 1998).

Obesity is a condition where the adipose tissue begins to grow abnormally
due to the enlargement of fat cell size and the increase in fat cell number (Park,
1995). The excess of body fat in adults is a risk factor for many comorbidities (Hru-
by et al., 2016; WHO, 2000), including diabetes mellitus, hyperlipidaemia, hyperten-
sion, coronary heart disease and some cancer types, such as endometrial, oesophage-
al, colorectal, postmenopausal breast, prostate, and kidney cancer (Muller et al.,
2001; Bray, 2004; Colditz & Peterson, 2018; De Pergola & Silvestris, 2013). A mat-
ter of concern is that several studies have indicated that childhood obesity tends to
lead to adverse impacts on health during childhood and adolescence (Reilly et al.,
2003; Reilly, 2005; Han et al., 2010; Kelishadi et al., 2015) as well as adulthood
(Reilly, 2010; Reilly & Kelly, 2011; Kelsey et al., 2014), partly because obesity in
children tends to persist into adolescence and adulthood (Biro & Wien, 2010; Reilly,
2010; Reilly & Kelly, 2011; Kelsey et al., 2014). More details about the health con-

sequences of obesity are given in section 5 of this chapter.



As in many other nations, obesity is a real concern in Kuwait and in the other
five member states of the Gulf Cooperation Council (GCC), including the Kingdom
of Saudi Arabia (KSA), the United Arab Emirates (UAE), Qatar, Oman, and Bahrain.
The prevalence of obesity in the Gulf region seems to be very high among children,
adolescents, and adults (Musaiger & Gregory, 2000; Sorkhou et al., 2003; Naser Al-
Isa, 2000; Al Yazeedi & Berry, 2019; Nahhas et al., 2018; Alshaikh et al., 2017). In
Kuwait, for example, some older studies suggested that the prevalence of overweight
and obesity in children and adolescents ranged from 25% to 40% (EI-Bayoumy et al.,
2009; Musaiger, 2011; Ng et al., 2014; Zaghloul et al., 2013). In addition, the preva-
lence of obesity among Kuwaiti adults has been on the rise, and this rise might have
been more marked in women than men (Al-Awadhi et al., 2013; Weiderpass et al.,
2019).

Some research has highlighted the need for more studies of obesity preva-
lence within the GCC countries as the number of such studies is low compared to
western countries (AlMarri et al., 2017). The dramatic increase in the prevalence of
obesity in the GCC is associated with the rise in socio-economic status (SES)
(ALNohair, 2014; Elkum et al., 2016; Rey-Lopez et al., 2008; Rey-Lopez et al.,
2019; Musaiger et al., 2012; Rabeea et al., 2019). The Non-Communicable Disease
Risk Factor Collaboration (NCD-RisC) showed that obesity prevalence in the GCC
population is higher than many other Middle Eastern populations in all age groups
(NCD-RisC, 2017). More details about the international and national prevalence of
obesity are given in section 4 of this chapter.

This thesis has a focus on the potential of obesity to impair educational at-

tainment. Systematic reviews have pointed to the possibility of obesity having nega-



tive impacts on educational attainment (Martin et al., 2017; Booth et al., 2014;
Santana et al., 2017; Hill et al., 2018) as well as on the vital cognitive processes nec-
essary for educational attainment (Favieri et al., 2019; Yang et al., 2018; Reinert et
al., 2013; Liang et al., 2014; Martin et al., 2017; Booth et al., 2014). This thesis fo-
cuses on adolescent girls as a population potentially highly sensitive to such impacts
on education attainment, partly because educational attainment is important to ado-
lescents (e.g. in university education), and partly because there is some evidence that
adolescent females might be the group most sensitive to any effects of obesity on
educational attainment and/or cognitive function and quality of life (Martin et al.,
2017; Booth et al., 2014). More details about obesity and educational attainment are
given in section 6, and obesity and cognition in section 7 of this chapter.

The first thesis chapter provides an overview of obesity in children and ado-
lescents, its definition, a description of the international epidemiology and a brief
summary of obesity determinants. The problems under investigation in this thesis
include the prevalence of obesity, and how well this is measured by BMI and BMI-
for-age, and how well this is being monitored in the GCC states. The thesis then goes
on to examine associations between obesity and educational attainment, and some

aspects of cognitive function.
2. Definitions of obesity

Obesity is a condition where the level of body fatness is high enough to pose
increased risk of morbidity and/or premature mortality (WHO, 2000; Reilly et al.,
2003; Reilly & Kelly, 2012). The International Classification of Diseases, Eleventh
Revision (ICD-11) defines obesity as “a chronic complex disease defined by exces-

sive adiposity that can impair health. It is in most cases a multifactorial disease due



to obesogenic environments, psycho-social factors and genetic variants” (WHO,
2020).

Body fat content can be measured by direct methods including computer to-
mography (CT) scans, dual-energy X-ray absorptiometry (DEXA), underwater
weighing, magnetic resonance imaging (MRI), and air displacement plethysmogra-
phy (ADP), among others (Wells & Fewtrell, 2006; Marshall et al., 1991; Dietz &
Bellizzi, 1999; Butcher et al., 2019). Further information on these methods is found
in chapter 4.

The gold standard for measuring body composition is multicomponent mod-
els that include three or four models, which generate sufficiently accurate infor-
mation about the body fat mass, fat-free mass, and water (Wells & Fewtrell, 2006).
One of the low-cost methods that is frequently used in research is bioelectrical im-
pedance analysis (BIA). Systematic review evidence has reported that it is practical,
easy to use with children and adolescents, and has reasonably high reproducibility
making it a good option for measuring body composition changes over time (de Cas-
tro et al., 2018). However, there are conflicting results regarding its accuracy due to
the variety of BIA methods used in studies (Talma et al., 2013; de Castro et al.,
2018). Comparing different BIA models (tetrapolar BIA, finger-to-finger, hand-to-
hand, and leg-to-leg), the leg-to-leg model was found to be the most accurate among
these models (Peterson et al., 2011). In addition, the leg-to-leg model was shown
insensitive to drink and food consumption before measurement (Androutsos et al.,
2015). In a recent study that assessed body fat in adolescents using BIA, they found
that BIA was accurate, highly specific and sensitive in classifying participants based

on their body fat percentage (BF%) (Butcher et al., 2019).



With regards to the BF% measured by these methods, a variety of cut-off
values to identify high fatness have been used in studies due to the lack of reference
data on BF% cut-offs (Javed et al., 2015; Gallagher et al., 2000; Shah & Braverman,
2012). However, a cut-off of body fat >25% in males, and >30% in females are
commonly used (Neovius et al., 2004; Okorodudu et al., 2010; Shah & Braverman,
2012; Anzolin et al., 2017; Diouf et al., 2018) because these values were found to be
associated with increased cardiometabolic risk factors among children and adoles-
cents (Williams et al., 1992). In addition, the guidelines of the American Society of
Bariatric Physicians (ASBP) have used these cut-offs to identify individuals for the
treatment of obesity with anorectic agents (Shah & Braverman, 2012).

Overall, these methods for measuring body fat content are reasonably relia-
ble, informative, sensitive and specific in assessing body fat (Reilly et al., 2005;
Reilly et al., 2007). However, these methods are not commonly used because they
are expensive and not readily available for routine practice (Wells & Fewtrell, 2006).
In addition, they are technically complex and require trained individuals to use them
(Deurenberg & Yap, 1999). In large epidemiological studies and surveys and in low-
income countries, body composition is rarely measured and simpler measures are all
that is possible to define obesity (Deurenberg & Yap, 1999). Therefore, more practi-
cal proxy methods are widely used in both clinical and field studies (Dietz & Belliz-
zi, 1999; Deurenberg & Yap, 1999; McCarthy et al., 2003).

One of the most commonly used body fatness proxies is the body mass index
(BMI), calculated using the expression: weight kg/height m2 (WHO, 2000; WHO,
1995). It is internationally agreed that in adults (except Asian adults who have differ-

ent cut-offs as discussed later), having a BMI of <18.5 is considered underweight,



18.6-24.9 normal, 25-29.9 overweight, and >30 obese, and these ranges were deter-
mined based on their association with risks of mortality and morbidity in adults
(WHO, 2000; Cole et al., 2000; WHO, 2007). Waist circumference (WC) is another
proxy for body fatness in adults. According to the WHO, the risk of metabolic com-
plications increases with a WC>94 cm in men, and WC>80 cm in women. The risk is
substantially increased with WC>102 c¢cm in men and >88 cm in women (WHO,
2008).

The aforementioned cut-off points of BMI and WC in adults are not applica-
ble for children and adolescents because they are undergoing rapid growth, and both
BMI and WC vary substantially with age and differ between males and females dur-
ing the developmental stages (WHO, 2000; Cole et al., 2000; De Onis & Lobstein,
2010). Therefore, there was a need to develop age- and sex-specific cut-off points for
those under the age of 20 years old (WHO, 2000; Cole et al., 2000; De Onis & Lob-
stein, 2010). According to WHO, children are defined as individuals aged between
5.0-9.9 years old, whereas adolescents are those between 10.0-19.9 years old (WHO,

2013; WHO, 2016).

National and international BMI cut-off points were developed for children
and adolescents. Statistics were applied on reference data distribution of body weight
and height to represent the BMI data either in centiles or standard deviation scores
(SDS) (WHO, 2007; WHO, 1995). The centile charts divide the reference data into
100 equal parts to produce groups or curves (such as 5, 10, 25, 50, 85, 95) that indi-
cate normality and give an approximation of the normal weight per age and sex
(WHO, 2007; WHO, 1995). Alternatively, the measurements of reference data can be

presented using the SDS, known as z score, from the population mean. If the z score



IS positive, it is above the mean, and if it is negative, it is below the mean (De Onis et

al., 2007; WHO, 2007; WHO, 1995).

There are different reference data and different cut-off points in the reference
data distribution that are in use to determine obesity in children and adolescents (De
Onis & Lobstein; 2010). Three of the most used international references are de-
scribed in this section, and the BMI-based definitions of obesity in each reference are

summarised in Table 1.
World Health Organization child growth reference for children and adolescents

This reference was first developed using a Multicentre Growth Reference
Study (MGRS) that included 8,500 children from six countries (India, Oman, Ghana,
Brazil, Norway and the United States) through a longitudinal study of children aged
0 to 24 months as well as a cross-sectional study of children aged 18 to 71 months
(De Onis et al., 2004). As this reference included only preschool children, it was
necessary to develop a reference for school-aged children and adolescents. There-
fore, the data from the previous cross-sectional sample (18-71 months) were com-
bined with data from 1977 US National Centre for Health Statistics (NCHS) (1-24
years) to construct the currently used WHO child growth reference (De Onis et al.,
2007; WHO, 2007). This data reference was developed in 2007 in alignment with the
previous cut-points for age 5 years and the BMI cut-off points of adults at age 19
years. BMI-for-age z score > 1 is used to define overweight, and BMI-for-age z score
> 2.00 is used to define obesity in school-aged children and adolescents (aged 5-19
years) as this value correlates with the cut-off point of adult obesity BMI >30 kg/m?

(De Onis et al., 2007; WHO, 2007).



The International Obesity Task Force (IOTF) reference for children and adolescents

This reference was published in 2000 based on six representative cross sec-
tional studies that took place in Hong Kong, Singapore, the Netherlands, Brazil,
Great Britain, and the United States (Cole et al., 2000). This international survey
included 97,876 males and 94,851 females from birth to 25 years old. The centile
curves from each study were drawn to pass through the adult cut-off points of over-
weight and obesity at age 18 years. The IOTF reference provides age- and sex-

specific BMI cut-off points for ages 2 to 18 years (Cole et al., 2000).

The Centres for Disease Control and Prevention (CDC) reference for children and

adolescents

The CDC Growth Charts were developed in 2000 after revising the 1977
NCHS growth charts using five national surveys with the aim of a more representa-
tive US reference for children and adolescents. This reference consists of a set of
charts for infants (0-36 months) and a set of charts for the older ages (2 to 20 years)
(Kuczmarski et al., 2000). The BMI-for-age CDC charts are sex-specific and classify
BMI > 95" percentile as “obese” and BMI> 85™ percentile as “overweight” (Kucz-

marski et al., 2000).



Table 1. Summary of the definitions of obesity in children and adolescents

Organization Age range Growth reference Obesity
(years)

World Health 0-5 WHO child growth 3 SD above median
Organization Reference
(WHO, 2007)
World Health 6-19 National Center for 2 SD above median
Organization Health Statis-
(WHO, 2007) tics/'WHO growth

reference
U.S. Centers for 2-20 CDC growth > 95° percentile
Disease Control reference
and Prevention
(Kuczmarski et al.,
2000)
International Obe- | 2-18 IOTF international Correspond to adult
sity Task Force reference BMI of 30
(Cole et al., 2000)

Overall, age and gender-specific percentile charts based on international and
national representative data have been commonly applied in both the clinical and
epidemiological settings (Reilly, 2005; Reilly et al., 2010; De Onis & Lobstein,
2010). However, the question of the most appropriate definition and diagnosis for
childhood obesity remains. Cole et al. (2000) reported trends in childhood obesity
and acknowledged that trends may be difficult to quantify due to the many defini-
tions available on childhood obesity (Cole et al., 2000). In addition, the variety of
BMI national and international references and the different cut-off points that are in
use across all these references make it difficult to compare between studies, which
may result in over or underestimation of obesity prevalence (Must & Anderson,
2006; Javed et al., 2015; Deurenberg & Yap, 1999). Therefore, the accuracy of BMI
definition relative to specific reference data should be taken into account when used

for clinical and epidemiological purposes (Reilly et al., 2010).




3. Classification accuracy of BMI: sensitivity and specificity

This section will introduce the concept of classification accuracy and the def-
initions of its statistical measurement in general and then discuss in detail the classi-
fication accuracy of BMI for high body fatness.

The accuracy of a diagnostic test reflects its capacity to detect those who have
a disease/condition and those who do not have that disease/condition (Akobeng,
2006; WHO, 1995). This diagnostic accuracy is measured by sensitivity, specificity,
and positive and negative predictive values (Akobeng, 2006; WHO, 1995). The sen-
sitivity of a test determines only the proportion of individuals who have the disease
and have a positive result, while the specificity determines only the proportion of
individuals who do not have the disease and have a negative result (Akobeng, 2006;
WHO, 1995). Therefore, the test with a high sensitivity helps exclude the disease
when having a negative result, and that with a high specificity helps “rule in” the

disease when having a positive result (Akobeng, 2006; WHO, 1995). However, sen-

sitivity and specificity are not useful to determine the probability of a condition in an
individual patient (Akobeng, 2006). Instead, predictive values can be used for that
purpose. The positive predictive value is defined as “the proportion of people with a
positive test result who actually have the disease” (Akobeng, 2006), and the negative
predictive value is defined as “the proportion of people with a negative test result
who do not have the disease” (Akobeng, 2006). The predictive values are limited to a
specific population as they vary with disease prevalence (Akobeng, 2006; WHO,
1995).

Numerous systematic reviews dealing with classification accuracy of BMI for

high body fatness in children, adolescents, and adults have reported that BMI has
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high specificity and low to moderate sensitivity (Javed et al., 2015; Reilly et al.,
2010; Okorodudu et al., 2010). This can be explained by the fact that BMI is based
on body weight, rather than body composition. Thus, BMI does not distinguish be-
tween fat mass and lean mass (Trang et al., 2019; Wellens et al., 1996; Deurenberg
& Yap, 1999; Rothman, 2008), leading to inaccuracy in the classification of obesity
at the individual level (Rothman, 2008; Deurenberg & Yap, 1999). The implication is
that a considerable number of people apparently having healthy BMI-for-age or
BMI, in reality, have high body fatness. Such a low-moderate sensitivity problem
may be more serious in some populations than in others (Javed et al., 2015; Reilly et
al., 2010; Okorodudu et al., 2010; Rothman, 2008). For instance, in one of the recent
studies on African adolescents and children, obesity as defined by high body fatness
measured accurately using total body water was three times more prevalent than obe-
sity defined using the BMI for age (Diouf et al., 2018). In adults, the misclassifica-
tion of BMI is more frequently reported in women than in men and increases with the
advanced age of women (Rothman et al., 2008). A study on American adults found
that 48% of women had false-negative BMIs, while they were found to be obese
(high body fatness) using DEXA (Shah & Braverman, 2012). In contrast, 25% of
men had false positive BMIs while they were found to be non-obese by DEXA. This
misclassification results from the fact that BMI does not consider the muscular body
morphology and that men lose less muscle than women with ageing (Shah &
Braverman, 2012).

Moreover, research on non-European population has shown ethnic and racial
differences in body fat distribution that may affect the accuracy of proxy measures of

obesity (Chen & Wang, 2010; WHO, 2004; Deurenberg & Yap, 1999; Wang et al.,
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1994). There has been a considerable debate over the applicability of the internation-
al BMI cut-off points in some Asian populations that have shown higher fat percent-
age and thus higher health risk at a given BMI compared to western populations
(Chen & Wang, 2010; Lear et al., 2007; WHO, 2004). Comparing data for children
(aged 8-10 years) from China, Malaysia, The Philippines, Lebanon and Thailand,
ethnic differences in the relationship of BMI and BF% were reported among these
subgroups (Liu et al., 2011). Asian children were found to have 3-6 units lower BMI
values at a given BF% compared to Caucasian children. Therefore, both WHO and
IOTF references failed to identify obese children, while the use of Chinese classifica-
tion (cut-offs based on Chinese reference data) had a higher sensitivity (Liu et al.,
2011).

The WHO has endorsed lower BMI cut-off points for use with adults of
south-east Asian populations (WHO, 2004). Considering these adjusted cut-off val-
ues, a study done in south Asia (Pakistan) showed a high prevalence (total 50%) of
overweight (BMI 23.1-27.5 kg/m?) and obesity (BMI >27.5 kg/m?) among adult
participants, and the prevalence was even higher using the BF% (Amin et al., 2015).
Although lower cut-off points are in use, there is still much variation among Asian
ethnic groups in regards to the relationship of BMI, BF%, and health outcomes. A
recent study that included representative data from India, Nepal, and Bangladesh
reported that BMI-defined obesity using the lower cut-off values was associated with
high odds of hypertension (Hossain et al., 2019). While some other Asian studies
have not found any significant associations between higher BMI and mortality risk

(Sauvaget et al., 2008; Pierce et al., 2010).
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Nonetheless, the bias arising from the use of BMI is not widely referred to in
studies (Reilly et al., 2018; Reilly, 2017). The two recent global estimates of obesity
prevalence (NCD-RisC, 2017; GBD 2015 Obesity Collaborators, 2017) and some
others failed to refer to this source of bias that seems to vary substantially between
populations (Hruschka & Hadley, 2016). Regarding Arab countries in Asia, there is
lack of studies on the classification accuracy of BMI in children, adolescents, or
adults. Additionally, none of the studies on the prevalence of obesity in the GCC
region has reported BMI as a source of bias when estimating obesity prevalence
(AlMarri et al., 2017; Alsharif et al., 2018; Nahhas et al., 2018; Musaiger et al.
2016; Mirmiran et al., 2010; Musaiger and Gregory, 2000; Sorkhou et al., 2003;
Naser Al-lsa, 2000; Al Yazeedi & Berry, 2019; Alshaikh et al., 2017). Therefore,
there is a need for evidence regarding the BMI classification accuracy in the Arab
population in order to assess the extent of bias these surveys and studies would have
and so to avoid any delay in addressing this epidemic issue.

The misclassification of the obesity (high fatness) problem due to the applica-
tion of BMI extends beyond the potential bias in obesity prevalence estimation
(Rothman, 2008). In most studies, BMI has been applied as a proxy exposure varia-
ble for body fatness in testing for associations between obesity and educational at-
tainment, cognition, and health outcomes (Booth et al., 2014; Martin et al., 2018). In
other studies, BMI has been used to test links between obesity as an outcome and
some potential exposures such as sedentary behaviour and physical activity (Janssen
et al., 2019; Basterfield et al., 2012). In one study, they measured a 2-year change in
sedentary behaviour and physical activity in a UK representative sample of 403 chil-

dren aged 6 to 7 years and the concurrent change in adiposity measured by BIA as
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well as the BMI Z-score according to the UK 1990 population reference data (Baster-
field et al., 2012). They found that the decline in physical activity and the increase of
sedentary behaviour were significantly associated with an increase in body fatness,
but not in the BMI-Z score (Basterfield et al., 2012). These findings consistently
indicate that the measurement of body composition would provide more sensitivity
than proxy measures when assessing associations (Rothman, 2008; Jiménez-Pavon et
al., 2010). Therefore, the extent to which BMI misclassifies high fatness affects the
extent to which research can recognise obesity as a vital outcome or exposure in epi-
demiological studies (Rothman, 2008).

The low sensitivity of BMI should be considered where prevalence estimates
and comparisons are made to reduce bias (Reilly et al., 2010; Reilly et al., 2018;
Hruschka and Hadley, 2016). In addition, both specificity and sensitivity of BMI are
vital for identifying the fattest children and adolescents and those who are at greatest
risk of the comorbidities of obesity. (Reilly, 2005; Reilly, 2006; Reilly, 2010; Roth-
man, 2008; WHO, 1995). High specificity is preferable in the clinical setting to be
sure that anyone defined obese by BMI has high body fatness and to avoid the diag-
nosis of non-obese as obese and the unnecessary treatment (Reilly et al., 2002; Reil-
ly, 2005; Reilly et al., 2006; Reilly et al., 2010; WHO, 1995). However, high sensi-
tivity is important for public health monitoring and surveillance of obesity as low-
moderate sensitivity means that the prevalence of those with high fatness is underes-
timated (WHO, 1995; Reilly et al., 2002; Reilly, 2005). Improving sensitivity by
using a lower BMI cut-off might be a better option to avoid prevalence underestima-

tion, e.g. in national surveys, the overweight cut-off might be a better option than the
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obesity cut-off (Diouf et al., 2018; Javed et al., 2015; Reilly et al., 2010; Okorodudu
et al., 2010; Reilly et al., 2002).

Finally, the use of appropriate BMI cut-off points that provide a balance be-
tween specificity and sensitivity is essential for making reliable comparisons be-
tween studies and populations, measuring obesity trends, revealing the relationship
between adiposity and health outcomes, and evaluating public health intervention for

obesity surveillance, prevention, and treatment (Hruschka & Hadley, 2016).
4. Prevalence of obesity — worldwide

Child and adolescent obesity prevalence has been on a dramatic rise over the
last thirty years, with marked variations in the levels and trends across nations and
potential stabilisation in western high income countries in the last decade or so
(Hruby & Hu, 2015; Ng et al., 2014). According to the WHO, 38 million children
(<5 years) were overweight or obese in 2019, and over 340 million children and ado-
lescents (5.0-19.9 years) were overweight or obese in 2016 (WHO, 2020). Ng et al.,
(2014) reported the change in the prevalence of overweight and obesity between
1980 and 2013 in 188 countries by developmental status. In developed countries, the
prevalence of overweight and obesity in children and adolescents had increased from
around 17% in boys and 16% in girls to 24% in boys and 23% in girls (Ng et al.,
2014). While in the developing countries, the prevalence of overweight and obesity
in children and adolescents had increased from 8% to 13% in boys and from 8% to
13% in girls (Ng et al., 2014).

In the United States of America (USA), the prevalence of obesity in children
and adolescents aged 2-19 years using the CDC reference was 19% in 2016 and af-

fected about 14 million children and adolescents (Hales et al., 2017). Importantly,
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during a period of 10 years, there was no significant change in childhood obesity in
the USA (Hales et al., 2017). In Europe, the data on childhood obesity (6-9 years) are
reported by the WHO European Childhood Obesity Surveillance Initiative (COSI)
study. In the first round (2007-2008) of COSI study, the prevalence of obesity using
the WHO reference ranged from 6% to 27% among boys and from 5% to 17%
among girls (Wijnhoven et al., 2014). In the COSI round (2012-2013), the preva-
lence of obesity in 19 countries was 6%-28% among boys and 4%-20% among girls
(WHO Regional Office for Europe, 2018). Whereas in the 2015-2016 round, the
prevalence of obesity in 14 countries was 5-21% among boys and 5-15% among
girls, with the highest prevalence of childhood obesity in southern Europe (WHO
Regional Office for Europe, 2019).

In the past 15-20 years, stabilisation of childhood obesity has been shown in
some parts of the world as mentioned earlier (Rokholm et al., 2010; Wabitsch et al.,
2014). Olds et al., (2011) reported high quality evidence, including data for close to
half a million children and adolescents between the ages of 2-19 years old from the
USA, Switzerland, Sweden, New Zealand, the Netherlands, France, England, China,
and Australia indicating that the prevalence of overweight and obesity in children
and adolescents seems to be plateauing at different levels. However, the rate of
change in obesity prevalence across these nations is influenced by age, sex, ethnicity,
and socioeconomic status (Olds et al., 2011).

The prevalence patterns and trends of obesity in the developing countries
might be different from those shown in developed countries where the prevalence of
obesity is usually higher in groups with lower socioeconomic status and in rural areas

(Popkin et al., 2012; Wang & Lim, 2012; Popkin & Gordon-Larsen, 2004). The de-
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veloping nations that have been experiencing fast economic transformation show
rapidly increasing childhood obesity, especially among the urban populations in
higher socioeconomic groups (Wang & Lim, 2012). In addition, while many low-
and middle-income countries are still dealing with the burden of undernutrition and
infectious diseases, overnutrition and its associated nhoncommunicable diseases have
emerged causing a double burden of malnutrition, affecting population at the indi-
vidual, household, and country levels (Caballero, 2005; Popkin & Gordon-Larsen,
2004). This double burden is especially prevalent in countries with the lowest income
due to rapid increases in the prevalence of overweight and obesity along with a slow-
er drop in the prevalence of undernutrition in these countries, namely south and east
Asia, sub-Saharan Africa, and the Pacific (Popkin et al., 2020a). Although urbanisa-
tion has been associated with increased prevalence of obesity in low- and middle-
income countries, new evidence suggests that the burden of obesity seems to shift
from urban to rural areas (NCD-RisC, 2019; Popkin, 2019; Jaacks et al., 2015). The
NCD-RisC (2019) reported that more than 55% of the global rise in obesity from
1985 to 2017 was in rural areas, mainly among women in low- and middle-income
countries (NCD-RisC, 2019).

In summary, childhood and adolescent obesity prevalence has been on the
rise globally with a potential stabilisation in the western world recently. The rate of
change in obesity prevalence varies between countries and from one region to anoth-
er. While the rate of increase is rapidly rising in some countries, the rate is slowing

down or staying at a high level in other parts of the world.
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4.1 Prevalence of obesity in the GCC and some Middle East countries

High prevalence of obesity, compared to most of the world, seems to exist
among children, adolescents, and adults in the Gulf region (Musaiger & Gregory,
2000; Sorkhou et al., 2003; Naser Al-Isa et al., 2000; Al Yazeedi & Berry, 2019;
Nahhas et al., 2018; Alshaikh et al., 2017). It has been estimated that 25-40% of
children and adolescents and two-thirds to three-quarters of adults were overweight
or obese in the GCC countries in the late 2000’s (Ng et al., 2011). A systematic re-
view of the prevalence studies in the Gulf region between 1990 and 2009 found that
the prevalence of obesity among adolescents (10-18 years) in the Gulf region was
higher than that in their American counterparts, and Kuwait had the highest preva-
lence of adolescent obesity (40-46%) among the GCC countries (Ng et al., 2011).
The prevalence of obesity among female adolescents was especially pronounced in
Kuwait, Qatar, and UAE. In addition, Kuwait and Saudi Arabia showed a higher rate
of obesity increase in the Gulf region (Ng et al., 2011).

In the WHO Mediterranean region, the GBD 2015 Eastern Mediterranean
Region Obesity Collaborators reported that the prevalence of obesity increased from
15% to 21% among adults in the period 1980-2015. Besides, the burden of obesity
associated death and disability-adjusted life years (DALYS) for all age groups ac-
counted for 10% and 6% of total deaths and DALY, respectively (GBD 2015 East-
ern Mediterranean Region Obesity Collaborators, 2018). Musaiger et al., (2016)
compared the prevalence of overweight and obesity among adolescents (15-18 years)
in eight Arab countries (Palestine, Jordan, Irag, Kuwait, Saudi Arabia, Sudan, Libya
and Tunisia). The highest prevalence of overweight and obesity among these coun-

tries was reported in Kuwaiti adolescents, both males and females (Musaiger et al.,
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2016). In addition, Kuwait, Qatar, and Libya were among the world countries where
the prevalence of obesity in adult females exceeds 50% (Ng et al., 2014). Among the
GCC countries, Kuwait, Saudi Arabia and Qatar had the highest prevalence of over-
weight and obesity in adults (Ng et al., 2011) as well as the highest prevalence of
type 2 diabetes (Samara et al., 2019). The overall prevalence of obesity in adult
women in the GCC countries is very high as shown in Table 2. It has been consist-
ently higher in women than in men and it would be worse now if obesity prevalence

has continued to rise.

Table 2. Prevalence of obesity in adults in Gulf countries (WHO, 2010)

Country Gender
Male (%) Female (%)

Kuwait 36 48
Saudi Arabia 28 44
UAE 25 42
Bahrain 21 38
Qatar 19 32
Oman 8 17

Despite the evidence of the obesity epidemic above, there is still insufficient
data using the most recent definitions of obesity in most of the Middle East countries
(De Onis et al., 2012). In addition, the comparison between childrens’ data is very
difficult due to the different obesity definitions used in each study (Mirmiran et al.,
2010). On the other hand, there have been a limited number of studies and surveys
targeting obesity in Arab children and adolescents compared to other countries
(AlMarri et al., 2017; Alsharif et al., 2018; Nahhas et al., 2018; Rabeea et al., 2019).
Further, there is a lack of systematic reviews that summarise and synthesise conclu-
sions about the overall picture in the region so that more thoughtful steps can be tak-
en to improve both the physical and mental health of the targeted population (AlMar-

ri et al., 2017). More details about this issue are provided in chapters 2 and 3.
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4.2 Prevalence and trends of obesity in Kuwait

So far, this section has dealt with global obesity prevalence, then GCC preva-
lence, and now a closer look will be taken at the prevalence of obesity in Kuwait
since the present thesis focuses on Kuwait. As noted in section 4.1, the prevalence of
obesity is very high in the GCC countries and possibly the highest prevalence in the
GCC is in Kuwait (Musaiger & Gregory, 2000; Sorkhou et al., 2003; Naser Al-Isa,
2000; Ng et al., 2011; Al Yazeedi & Berry, 2019; Nahhas et al., 2018; Alshaikh et
al., 2017).

The Kuwait Nutrition Surveillance System (KNSS) is a national sentinel sur-
veillance system coordinated by the Kuwait Ministry of Health (KNSS, 2016). It was
developed in 1995 in collaboration with CDC and WHO (Global Health Data Ex-
change, 2020). Anthropometric data and key indicators of health and nutrition are
collected on a regular basis from various age groups and reports are sent annually to
WHO (KNSS, 2016). In 2007, KNSS started using the reformed WHO child growth
reference to define obesity (De Onis et al., 2012). According to the data provided by
the KNSS (2010) shown in Figure 1, the prevalence of obesity is higher among
adults and adolescents than in children, and the prevalence increases with increasing

age.
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Figure 1. Prevalence of WHO-defined obesity in Kuwait (Adapted from KNSS,
2010)

In 2013, the prevalence of obesity in a sample aged 6-18 years was reported
using the three different references: CDC = 34%, I0TF = 28%, WHO = 31% (Elkum
et al., 2016). Rey-L0pez et al., (2019) conducted a cross sectional study on data from
the Study of Health and Activity among Adolescents in Kuwait (2012-2013). They
reported that over half of the adolescents (N=591) were overweight or obese based
on IOTF BMI cut-offs. The prevalence of overweight was found to be higher in
boys, while the prevalence of obesity was higher among male adolescents (Rey-
Lopez et al.,, 2019). In 2015, the Global School-based Student Health Survey
(GSHS) based on WHO reference reported the overall prevalence of obesity in 3637
students (13-17 years) to be 23%, with 28% in males, and 18% in females (WHO,
2015). According to national reports of KNSS using WHO definitions, the preva-
lence of overweight and obesity in children and adolescents (5-19 years) in 2016 was
20% and 26%, respectively, given that the prevalence of obesity was higher in males

than females starting from age 9 to 17 years (KNSS, 2016). In 2018, the estimates of
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overweight and obesity in the same age group increased to 21% and 27%, respective-
ly (KNSS, 2018; World Obesity Federation, 2019) [unpublished KNSS data reported
in the World Obesity Federation/ Global Obesity Observatory].

In adults, a review article which included 18 studies with representative sam-
ples reported that the overall prevalence of obesity in Kuwaiti adults ranged from
24% to 48% with an increasing trend between 1980 and 2009 (Karageorgi et al.,
2013). Ahmed et al., (2012) analysed the data from the KNSS from 1998 and 2009
and reported that obesity prevalence in adult females exceeded that in males for all
years and age groups, and the prevalence had increased by 11% in males and 15% in
females over that time (Ahmed et al., 2012). In 2014, the prevalence of overweight
and obesity (defined by WHO BMI and WC cut-off points) in a sample of 3,915
Kuwaiti adults was 37% and 40%, in males and females respectively (Weiderpass et
al., 2019) — see more details in chapter 4 . According to the KNSS in 2016, the over-
all prevalence of overweight and obesity among Kuwaiti adults (N=1540, age >19
years old) was 78% and 44%, respectively, without specifying the estimates by gen-
der (KNSS, 2016). While in 2018, the annual report of KNSS showed that the preva-
lence of obesity in men was 36% and 49% in women (KNSS, 2018; World Obesity
Federation, 2019) [unpublished KNSS data reported in the World Obesity Federa-
tion/ Global Obesity Observatory].

Overall, the prevalence of obesity in children, adolescents, and adults has
reached alarming levels in Kuwait. The estimates provided by the national surveys as
well as the cross-sectional studies in such a small country with a homogenous popu-

lation exceed those reported in other big countries with a heterogeneous population,
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such as the USA. The effects of socioeconomic, cultural, and environmental factors

on the prevalence of obesity in Kuwait are given in section 8 of this chapter.
5. Health consequences of obesity

Most of the evidence on adverse effects of high BMI is based on obesity, but
not overweight, so obesity is the focus of this thesis.

Obesity is associated with multiple physical and psychological comorbidities
(Dietz, 1998; Reilly, 2005). Therefore, the definitions of obesity in children, adoles-
cents, and adults aim to identify those who are at the greatest risk of these comorbidi-
ties associated with obesity (Reilly, 2010). As noted briefly earlier, childhood obesity
has both short- and long-term health effects, which leads to serious complications
affecting different life stages; i.e. both the obese child and the adult who suffered
childhood obesity (Reilly, 2010; Reilly, 2005; Bridger, 2009). Systematic reviews
have shown that obesity in childhood and adolescence tends to persist into adulthood
(Parsons et al., 1999; Reilly et al., 2003; Reilly, 2005; Singh et al., 2008). If the child
by the time of adolescence is obese, there is usually a high probability to stay obese
as an adult (Reilly, 2010; Reilly, 2005; Bridger, 2009). In addition, the onset of obe-
sity-related disorders at an early age predicts worsening of health complications that
usually start later in life and that means earlier morbidity and mortality, which in turn
affects both life quality and life span (Dietz, 1998; Kelsey et al., 2014).

In this section, both the short- and long-term impacts of obesity are discussed

briefly.
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5.1 Health consequences of obesity in children and adolescents

There has been a vast body of evidence on the association of obesity with im-
paired indicators of cardiometabolic health in children and adolescents (Reilly, 2005;
Bridger, 2009; Cote et al., 2013). Several systematic reviews have reported that
obese children and adolescents had at least one of the following cardiovascular risk
factors - abnormal lipid profile, high blood pressure, abnormalities in left ventricular
and endothelial function, and chronic low-grade inflammation (Reilly et al., 2003;
Reilly, 2005; Kelishadi et al., 2015). In addition, obesity in childhood and adoles-
cence has a detrimental impact on glucose metabolism and insulin resistance (Bridger
et al., 2009; Weiss & Caprio, 2005; Hannon et al., 2005). Impaired glucose tolerance
has shown to progress gradually over time into insulin-dependent Type 2 diabetes,
and the rapid transition into diabetes was shown to be associated with significant
increases in weight in children and adolescents, while the transition from impaired to
normal glucose tolerance was associated with weight loss (Weiss et al., 2005; Wie-
gand et al., 2005). A study conducted in the US to determine the prevalence of over-
weight and obesity among children and adolescents between ages 3 and 19 years
reported that the prevalence of overweight and obesity among those diagnosed with
type 2 diabetes was 10% and 79%, respectively (Liu et al., 2010). In addition to dia-
betes, both non-alcoholic fatty liver disease and metabolic syndrome have been
shown to be prevalent in obese children (Gupta et al., 2012; Bridger, 2009; Weiss &
Caprio, 2005).

Childhood obesity may contribute to implications in the respiratory system.
Asthma has been noted to be prevalent among adolescents and children who are

overweight and obese (Reilly, 2005; Beuther et al., 2006; Boulet, 2013; Sansone et
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al., 2020). In one meta-analysis by Chen et al., (2013), rates of asthma among chil-
dren also increase as their weight becomes higher (Chen et al., 2013). In addition, the
association between the degree of obesity and asthma has been shown to substantial-
ly vary by race/ethnicity. A population-based cross-sectional study done in the US
reported that youths with moderate and extreme obesity (defined as BMI-for-age >
95" percentile, and BMI-for-age >1.2 times the 95" percentile, respectively, accord-
ing to CDC reference) had a 37% and 68% higher asthma frequency, respectively,
and the prevalence of asthma was higher in non-Hispanic white and Asian/Pacific
Islander youth than in black or Hispanic youth (Black et al., 2012). Moreover, higher
child body weight has been associated with lower lung volume that may, in turn
cause impaired lung function (Davidson et al., 2014). Further, children with obesity
showed increased risk of sleep apnoea represented by a diminished apnoea-hypopnea
index and minimum oxygen saturation in obese children as compared to underweight
and normal-weight children (Kang et al., 2012).

Childhood obesity has been also associated with other implications, including
orthopaedic, gastrointestinal, renal, and psychosocial complications (Han et al.,
2010; Dietz, 1998). The relationship between obesity and mental health in children

and adolescents is discussed in section 5.3.
5.2 Health consequences of obesity in adults

Paediatric obesity appears to persist over time, and this constitutes a warning
for a rising incidence of obesity among adults in the future besides the current high
prevalence of adult obesity (Reilly, 2010; Reilly, 2005; Reilly et al., 2018). A study
revealed that being obese at the age of five raised the risk of suffering from diabetes

at twenty-one years of age when compared to those children having a normal weight
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at age five (Al Mamun et al., 2009). Reilly and Kelly (2011) conducted a systematic
review on the long-term impacts of being obese and overweight in childhood and
adolescence on the person’s health in adulthood. They found a significant increased
risk of cardiometabolic morbidity, including coronary heart disease, stroke, hyper-
tension, ischaemic heart disease, and diabetes (Reilly & Kelly, 2011). Moreover, they
reported increased risk of polycystic ovary syndrome, asthma, premature disability
and premature death, and reliance on sickness and early retirement benefits during
adulthood (Reilly & Kelly, 2011). In line with these findings, other health implica-
tions, including non-alcoholic fatty liver disease, obstructive sleep apnoea, orthopae-
dic complications, psychiatric disease, infertility, and increased risk of hormone-
influenced cancer, were also reported in adults who were obese as children (Kelsey
etal., 2014).

Moreover, the GBD 2015 Obesity Collaborators (2017) reported that obesity
accounted for about 4 million deaths and 120 million DALY's worldwide in 2015,
with cardiovascular disease, followed by diabetes, being the leading causes of death
among obese individuals (GBD 2015 Obesity Collaborators, 2017). More recently,
studies have been conducted to determine the impact of obesity and overweight on
the risk of contracting COVID-19. With increased risk of hospitalization among
obese adults and adolescents, they have a higher chance of exposure to COVID-19,
among other life-threatening infections that could easily be spread within the hospital
or general environment (Kassir, 2020). In addition, a systematic review of 75 studies
showed that obesity increases the risk of individuals contracting COVID-19 by up to
50% (Popkin et al., 2020b). Some of the obesity effects that have been reported in-

cluded inadequate mechanical ventilation response and diminished lung function,
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hence placing obese individuals at a greater risk of mortality and severe sickness
from COVID-19 (Caci et al., 2020). Some information from New York City indi-
cates that obesity can be a risk factor for intensive care unit admission among indi-
viduals who have contracted COVID-19, specifically in individuals 60 years of age
and below (Lighter et al., 2020). In one of the French studies, the risk of mechanical
ventilation use among COVID-19 patients admitted at the ICU was seven times
higher for individuals with BMI >35 when compared to those with lower BMI
(Simonnet et al., 2020). In Kuwait, one study revealed that diabetes and obesity in
individuals suffering from COVID- 19 was connected to ICU admission, making
such individuals at higher risk of poor health outcomes (Al-Sabah et al., 2020).

In addition to the health effects of obesity, obesity in adolescence has been
shown to affect social and economic outcomes in early adulthood, such as the level
of income and educational attainment. These effects might be more marked in wom-

en than in men (Reilly et al., 2003, Reilly, 2005).
5.3 Impact of child and adolescent obesity on mental health

Many studies have tried to determine the relationship between obesity and
psychological/mental health challenges in children and adolescents (Luppino et al.,
2010; Tiffin et al., 2011; Small & Aplasca, 2016). Systematic reviews have reported
a large body of evidence that children with obesity are at a higher risk of experienc-
ing psychological complications than those without obesity, and that risk is greater in
girls than in boys and the consequences increases with age (Reilly et al., 2003; Sand-
ers et al., 2015). In addition, research has shown that obesity in children and adoles-
cents is associated with several psychosocial factors, including anxiety, depression,

body dissatisfaction, lower self-esteem, eating disorder symptoms, and emotional
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problems (Russell-Mayhew et al., 2012, Sahoo et al., 2015). However, the extent to
which these factors would affect obese children and adolescents may vary by age and
gender (Russell-Mayhew et al., 2012). A systematic review by Griffiths et al., in-
cluded 17 self-esteem and 25 quality of life studies showed a significant decline in
self-esteem and quality of life among obese children and adolescents, with no clear
differences of the effects between children and adolescents (Griffiths et al., 2010).

A full discussion on the effects of obesity on mental health is beyond the
scope of the thesis, except for what might explain mechanisms relating obesity to
educational attainment and cognition as discussed below.

Behavioural problems and low self-esteem are probably the most frequently
experienced comorbidities among obese children and adolescents (Strauss, 2000;
Reilly, 2005; Franklin et al., 2006; Griffiths et al., 2010; Gow et al., 2020). The rela-
tionship between obesity and psychosocial health could be further explained through
their association with a number of behavioural mechanisms, such as stigmatisation,
teasing, victimisation, and bullying (Russell-Mayhew et al., 2012). Obesity has been
considered as one of the most stigmatising issues during childhood and adolescence,
and obese girls seem to be more stigmatised than obese boys (Tang-Péronard &
Heitmann, 2008). In addition, obese children and adolescents are at a higher risk of
being victimised by bulling and teasing compared to non-obese peers (Jansen et al.,
2014; Lampard et al., 2014). Puhl and Latner (2007) reported that children tend to
show weight bias by linking obesity with negative traits and preferring to make
friendships with non-obese peers. Besides, the children who have more negative atti-

tudes towards obesity tend to bully and tease obese peers (Puhl & Latner, 2007).
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Moreover, children who have faced obesity at the age of five are more likely
to suffer from depression in their adulthood (Sanchez-Villegas et al., 2010). Further,
obese children and adolescents are more likely to be exposed to various mood disor-
ders when they become adults, and the risk of depression was higher in females who
were obese in either childhood or adolescence (Sanderson et al., 2011; Korczak et
al., 2013). More details about the mental health (related) consequences of obesity on
educational attainment and cognitive function are found in section 6.2 of this chapter.

In conclusion, most of the studies about the relationship between obesity and
mental health and their effects in childhood and adolescence were conducted in
western high-income countries, which may not be applicable to the low-middle in-
come countries or the non-western world (Sahoo et al., 2015; Griffiths et al., 2010).
Therefore, more research is needed to fill this gap and better understand the direction

and resolution of such relationships.

6. Association between child/adolescent obesity and educational attain-

ment

The relationship between health and educational attainment is well estab-
lished and intensively studied (Haas & Fosse, 2008; Silles, 2009; Basch, 2011; Eide
& Showalter, 2011; Braveman et al., 2011; Shankar & Park, 2016). Studies based on
links between educational attainment and health have concluded that there is a bi-
directional relationship and that generally healthier children and adolescents tend to
obtain better educational outcomes and those who achieve educational success tend
to have better health outcomes (Currie, 2009). Further, these influences are likely to
be confounded by parental SES. In addition, studies have been undertaken on wheth-

er educational success may be of benefit with regard to the psychological and social
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factors associated with health (Egerter et al., 2009, Topitzes et al., 2009), or whether
poor educational attainment could possibly lead to anxiety and/or depression causing
potential mental health issues at a later date (Dadaczynski, 2012; van Lier et al.,
2012).

Obesity is one complex health condition that is associated with a variety of
interrelated physical and psychological factors, which have to be considered when
assessing the association between obesity and education (Cohen et al., 2013, Preiss et
al., 2013). Booth et al., (2014) examined the longitudinal association between obesi-
ty and subsequent academic attainment in adolescents using a large UK cohort
(N=5966), the Avon Longitudinal Study of Parents and Children (ALSPAC). They
found that girls, but not boys, with obesity (defined by BMI z-score > 1.64, equiva-
lent to > 95" percentile relative to UK 1990 population reference data) at 11 years
old had lower academic attainment (assessed by national tests at 11, 13, and 16 years
old) compared with heathy weight peers. Importantly, this association was independ-
ent after controlling for potential mediators, including intelligence quotient (1Q),
depressive symptoms, and age of menarche in females, which may suggest a causal
relationship between obesity and poor academic attainment in female adolescents
(Booth et al., 2014). These results may also suggest gender difference or different
underlying mechanisms mediating the relationship between adolescence obesity and
academic attainment. These mechanisms are discussed in more detail in section 6.2.

Two older literature reviews on the relationship between obesity and academ-
ic attainment in children and adolescents concluded that obese individuals performed

less well than their healthy counterparts did (Taras & Potts-Datema, 2005; Caird et
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al., 2011). Since then, more evidence has emerged. In the following section, recent

systematic reviews on obesity-attainment associations are discussed.

6.1 Recent systematic reviews on obesity, educational attainment, and aspects of

cognitive function

Santana et al., (2017) conducted a systematic review of 34 studies (23 cross-
sectional studies and 11 longitudinal studies), sample size from 37 to 18,746 partici-
pants, on the association between obesity and educational attainment in school chil-
dren and adolescents between 1990 and 2016. They reported that 11/23 cross-
sectional studies and 4/11 longitudinal studies showed a significant negative associa-
tion between obesity and academic performance. However, this association became
uncertain after controlling for SES, parental education, and other health-related risk
factors. Overall, due to insufficient data, Santana and colleagues concluded that there
is no strong evidence to support a direct link between obesity and low academic per-
formance in children and adolescents (Santana et al., 2017).

Martin et al., (2017) carried out a systematic review of 31 studies with a fo-
cus on longitudinal studies (17 cohorts), sample size from 405 to 21,260 participants
aged 3-18 years old. The findings suggested that the association between childhood
obesity and academic attainment may differ by age, sex, and school subject. There
was no strong evidence of an association between obesity and reading/language,
composite attainment, and science achievement in boys and girls. However, a signif-
icant negative association between obesity and maths achievement was found in ado-
lescent girls, while this association was not evident in obese boys or preschool obese

girls. With regards to the plausible mediating factors for obesity-academic achieve-
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ment associations, psychosocial factors such as weight-based bullying and poor ex-
ecutive functions were suggested (Martin et al., 2017).

Most research studies and systematic reviews on obesity-education associa-
tion have focused on school children. However, obesity has been shown to have
long-term impact on social and economic status of adolescents and young adults
(Reilly et al., 2003, Reilly, 2005). Similarly, poor academic achievement may possi-
bly have subsequent social and economic implications (Deary & Johnson, 2010). In
addition, obesity at a young age tends to persist into adulthood, therefore, the influ-
ence of obesity on academic attainment needs to be captured beyond primary and
secondary school. With a limited evidence base, Hill et al., (2018) conducted a sys-
tematic review on the association between obesity and tertiary education using 16
studies (6 cross-sectional studies and 10 longitudinal studies), sample size from 77 to
752,283 participants aged 16 years old and above. All cross-sectional studies and
8/10 longitudinal studies (with low risk of bias) showed convincing evidence that
obese students had poorer educational achievement at college and university com-
pared to normal weight peers (Hill et al., 2018). The evidence was stronger regarding
the impact of obesity on the completion of the degree rather than the likelihood of
enrolment. Considering gender differences, females were more likely to be affected
with weight bias than males in higher education (Hill et al., 2018). In addition, ter-
tiary attainment is likely to be affected to a lesser extent than school attainment by
socioeconomic disadvantage, which may offer an opportunity to detect the direct
influence of obesity on educational attainment (Hill et al., 2018).

In conclusion, the evidence of the impact of childhood and adolescence obe-

sity on educational attainment is inconsistent. While obesity in children and adoles-
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cents was negatively associated with academic achievement in several studies, in
some studies this negative relationship was shown to be weakened after adjusting for
other factors that are associated with both obesity and education (i.e. confounding
and mediating variables), indicating that part of the association between obesity and
education attainment might be indirect, i.e. obesity may affect educational attainment
indirectly through the mediating variables, such as psychosocial factors and patho-
physiological factors that are discussed in more detail in the next section (6.2).

On the other hand, clearer evidence on the negative association of obesity and
academic performance was shown in higher education, with females being more af-
fected than males. Moreover, the majority of studies in the 3 reviews discussed above
took place in western high income countries (N of studies in USA=44, Canada=4,
Australia=4, UK=4), with lack of evidence from the GCC countries and thus more
research addressing this association in a different cultural context is needed. More
discussion on the cultural differences that may affect obesity-educational attainment

association in the GCC countries are given in section 8.
6.2 Mechanisms of any effect of obesity on educational attainment

As indicated above, it was not possible to detect causality between obesity
and educational attainment in children and adolescents due to the use of observation-
al studies (Caird et al., 2011; Martin et al., 2017; Santana et al., 2017, Hill et al.,
2018). In addition, the evidence from lifestyle intervention studies was unclear, ex-
cept that physical activity may improve some aspects of cognitive function in chil-
dren and adolescents (Martin et al., 2018). Given the complexity of obesity devel-
opment and its consequences (Reilly et al., 2007), the negative association between

obesity and academic attainment and its associated outcomes was shown to be partly
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explained by a number of mechanisms that may have direct or indirect effects as dis-

cussed below.
Pathophysiological factors

Obesity may affect child and adolescent academic performance indirectly
through its impact on their physical health. Chronic physical diseases associated with
obesity, such as asthma, OSAS, and orthopaedic problems, may cause student fre-
quent absenteeism or less productivity (Pan et al., 2013). Children and adolescents
with frequent school absences are at risk of poorer academic achievement, social
problems, non-completion of school, and non-enrolment in university (Gottfried,
2011; Allen et al., 2018). An et al., (2017) conducted a systematic review on the rela-
tionship between obesity and school absenteeism in children and adolescents. Among
the 13 studies, 11 of them reported a significant association between over-
weight/obesity and absenteeism. The meta-analysis also showed that the odds of be-
ing absent from school among overweight and obese students were 27% and 54%,
respectively, higher than among their normal weight counterparts (An et al., 2017).
A cross-sectional study (N=3812, age 8-17 years) reported that students with asthma
experienced more absence days compared with other students, and that absenteeism
was significantly inversely associated with test level performance (Moonie et al.,
2008).

Moreover, obese children and adolescents are more likely to have sleep dep-
rivation and interrupted sleep due to disordered breathing (Chen et al., 2008; Beebe
et al., 2007). Tan et al., (2013) found that children and adolescents with obstructive
sleep disorders reported significantly more school problems than those without ob-

structive sleep disorders (Tan et al., 2013). In addition, obese adolescents (N=163,
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age 10-17 years) with increased severity of sleep disordered breathing had more
learning and attention difficulties (Beebe et al., 2010). Nocturnal asthma in children
and adolescents was associated with reduced school attendance and performance
(Diette et al., 2000). Reynolds et al., (2018) examined the combined associations of
common comorbidities, including obesity, allergic rhinitis, and sleep disordered
breathing, on sleep and academic performance among children (N= 249, age 7-9
years) with persistent asthma. The results of this small study suggested that children
with multiple comorbid conditions were at greater risk for shorter sleep duration and
more frequent school absences (Reynolds et al., 2018). In addition, poor sleep nega-
tively affects the ability of children to focus in school, which in turn affects their
educational attainment adversely (Tan et al., 2013; Spruyt & Gozal, 2012). Daytime
sleepiness was associated with increased odds of failing mathematics and languages
in children and adolescents (Perez-Chada et al., 2009). Spruyt and Gozal (2012) as-
sessed the relationship between sleep disordered breathing and cognitive function in
obese children (N=351, age 6-10) and found that sleep disordered breathing was re-
sponsible for one third of the lower cognitive performance in obese children (Spruyt

& Gozal, 2012).
Psychosocial factors

Obesity related pathophysiological factors have also been associated with
psychosocial consequences in children and adolescents (Clarke & Currie, 2009).
There is a growing evidence linking OSAS and sleep disordered breathing with in-
ternalising problems (such as anxiety, emotion dysregulation, and depression) and
externalising behaviour problems (such as impulsivity, aggression, and hyperactivi-

ty) as well as diminished neurocognitive and academic functioning (Blechner & Wil-
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liamson, 2016). Independent of the degree of obesity, obesity-related sleep difficul-
ties in a sample (N=150, age 6-12 years) were associated with increased symptoms
of depression and reduced quality of life (QOL) (Whitaker et al., 2018).

In addition, having mental health (related) conditions and behavioural prob-
lems are associated with increased absenteeism among students (Allen et al., 2018).
In one study including 423 high school students, absenteeism was shown to be nega-
tively related to academic achievement as well as to personal factors such as academ-
ic self-perception, goal valuation, motivation/ self-regulation, and attitudes towards
teacher and school (Balkis et al., 2016). Among female university students in Cana-
da, overweight and obese students reported lower Grade Point Average (GPA), lower
sense of academic self-efficacy, and higher depressive symptoms compared to nor-
mal-weight peers, with no differences in sociodemographic variables (Aimé et al.,
2017). Importantly, depressive symptoms were significantly associated with BMI,
but not with GPA, indicating the detrimental impact of obesity associated mental
health consequences on academic performance (Aimé et al., 2017).

As mentioned in section 5.3, obesity in children and adolescents has been as-
sociated with behavioural problems, such as discrimination, teasing, and weight bias,
which may mediate obesity-attainment associations. Obese children and adolescents
are more likely to experience weight related distress and social rejection (Krukowski
et al., 2009), which are proposed to affect academic performance (Caird et al., 2011).
Assessing the association between psychological behaviours and academic perfor-
mance in obese students (N=84, Age 7-13 years), teasing/social rejection was signifi-
cantly highly reported by students and their parents in one study in Iceland (Gun-

narsdottir et al., 2012). After controlling for demographics, parental depression and
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life-stress, and students’ physical activity, teasing/social rejection was a significant
contributor to poor psychological adjustment as well as low academic competencies
among obese students (Gunnarsdottir et al., 2012). In addition, some studies have
shown that obese girls are more likely to experience stigmatisation than boys (Tang-
Peronard & Heitmann, 2008), which may explain why the association between obesi-
ty and educational attainment may be stronger in girls than in boys (Palermo &
Dowd, 2012; Booth et al., 2014; Martin et al., 2017). However, Martin et al., (2017)
further explored the psychosocial factors that may explain the association between
obesity and academic achievement in focus groups with four obese adolescent girls
(aged 12-15 years) and their parents, who perceived that, although body weight did
not necessarily influence their academic achievement, body weight did influence
their school experiences. They also reported negative weight-related experiences
including peer stigmatisation and teasing, especially during Physical Education,
which in turn caused them to perform less well in that class. However, the adolescent
girls and their parents perceived that social isolation and lack of friends due to
weight bias experienced at school could be a reason for their good overall academic
performance since they are less distracted with peer relationships (Martin et al.,
2017).

In addition to peer weight-related bias and stigmatisation, teacher bias has
been suggested as a potential pathway in the obesity-attainment association. Mac-
Cann and Roberts (2013) compared the school grades (GPA) and test scores of stu-
dents from middle-schools (N=383, age 12-15 years) and community colleges and
universities (N=1036, age 18-25 years) drawn from five regions in the United States.

Although there was no significant difference in test scores for intelligence (in mid-
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dle-school students) or achievement (in college and university students) between
obese and normal-weight students, obese students received significantly lower grades
than their non-obese peers in middle school, community college, and university even
after controlling for demographic and personality variables (MacCann & Roberts,
2013). A recent study compared the attitudes and stereotypes towards obesity be-
tween Physical Education (PE) teachers (N=81) and mathematics teachers (N=75)
and evaluated the association between the teacher bias and the level of physical ac-
tivity of their students (N=1792, age 12-16 years) (Carmona-Marquez et al., 2021).
There were no statistically significant differences in the biases between PE teachers
and mathematics teachers. About 80% of the teachers showed implicit negative atti-
tudes, however, the PE teachers had stronger bias towards the association between
laziness and obesity. Moreover, the PE teacher bias was a significant predictor of the

lack of physical activity in adolescents (Carmona-Marquez et al., 2021).
Neurocognitive effects of obesity

Several studies have shown that cognitive function may predict academic per-
formance (Spinath et al., 2006; Bull et al., 2008; Bathelt et al., 2019). A recent study
aimed at assessing the relationship between cognition, education, and white matter
network organisation in a sample (1) of normal children and adolescents (N =63, age
6-12 years) and in a sample (2) of struggling learners (N =139, age 5-13 years), in-
dependently (Bathelt et al., 2019). They reported that cognitive ability (measured by
Wechsler Abbreviated Scale of Intelligence and the Automatic Working Memory
Assessment in both samples) was significantly correlated with educational attainment
(measured by Woodcock-Johnson Test of Achievement in sample 1, and Wechsler

Individual Achievement Test in sample 2), and that cognition explained over 35% of
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the variance in educational attainment in both samples (Bathelt et al., 2019). In addi-
tion, the MRI of the whole brain showed that the white matter network was signifi-
cantly positively associated with both cognition and educational attainment in both
samples, with a mediating effect of cognition in the relationship between white mat-
ter organisation and educational attainment (Bathelt et al., 2019).

As mentioned in section 5.1, obesity in childhood and adolescence is associ-
ated with several comorbidities, including metabolic syndrome, hypertension, in-
flammation and insulin resistance (Reilly et al., 2005; Reilly et al., 2003; Kelishadi
et al., 2015; Bridger, 2009; Weiss & Caprio et al., 2005; Hannon et al., 2005). These
comorbidities were shown to negatively affect cognitive function and educational
attainment (Lande et al., 2012; Yau et al., 2012), and the potential mechanisms un-
derlying these comorbidities are discussed in more detail in section 7.2. Reviewing
11 observational studies of cognition and hypertension, Lande and Kupferman
(2015) reported that hypertension in children and adolescents has been associated
with decreased performance on neurocognitive testing, increased prevalence of learn-
ing disabilities compared to non-hypertensive counterparts, and altered cerebrovascu-
lar reactivity (CVR) (Lande & Kupferman, 2015). The CVR reflects the ability of
brain blood vessels to respond to a vasoactive stimuli, and thus CVR dysfunction
impairs the delivery of blood to brain regions and results in neurocognitive problems
(Catchlove et al., 2018). In addition, adolescents with metabolic syndrome showed
significantly lower cognitive function and academic achievement (mathematics and
spelling scores) than those without the metabolic syndrome (Yau et al., 2012).

Systematic reviews have suggested that executive functions are more likely to

be impaired by child and adolescent obesity than other cognitive functions (Liang et
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al., 2014; Smith et al., 2011; Lande & Kupferman, 2015). Several definitions have
been used to describe executive functions such as “higher cognitive processes that
allow forethought and goal-directed action” (Reinert et al., 2013; Pearce et al., 2018;
Esteban-Cornejo et al., 2020) or “the ability to think before acting, retain and manip-
ulate information, reflect on the possible consequences of specific actions, and self-
regulate behaviour” (Tomporowski et al., 2015). Overall, the term executive function
involves a range of mental processes, including reasoning, working memory, mental
flexibility, inhibition control, problem-solving, and planning (Chan et al., 2008; Di-
amond et al., 2013; Booth et al., 2014; Tomporowski et al., 2015; Yang et al., 2018).

There has been substantial evidence that executive function plays an im-
portant role in learning during childhood and adolescence (Zelazo et al., 2016). In
addition, relationships have been identified between specific executive functions,
namely inhibition, cognitive flexibility, and working memory, and scholastic
achievement (Miyake et al., 2000; Baggetta & Alexander, 2016). According to the
model developed by Miyake et al., (2000) the aforementioned three domains are
considered core interrelated but separable components of executive function (Miyake
et al., 2000; Miyake & Friedman, 2012). These three core processes constitute the
basis of academic performance. In an academic context, inhibition refers to the skill
of suppressing automatic and dominant responses in favour of more appropriate re-
sponses (Miyake et al., 2000). Working memory (or updating) is the skill required to
update task-relevant information by retrieving or replacing the old information in the
memory (Miyake et al., 2000). Cognitive flexibility (or shifting) is the skill required
to switch between task goals or mental sets (Miyake et al., 2000). In addition, inhibi-

tion was shown to support the development of shifting and updating as well as high-
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er-order skills such as planning and goal-setting (Blair & Razza, 2007; Borragan et
al., 2018), suggesting that inhibition may not be only a subcomponent but a common
cognitive ability that partially explains performance across the host of executive
function tasks (Miyake & Friedman, 2012; Butterfuss & Kendeou, 2018; Borragan et
al., 2018).

Inhibition is generally defined as the “capacity to control one’s attention,
thoughts, behaviour, and/or emotions to override inappropriate actions in a given
context” (Reinert et al., 2013; Diamond et al., 2013). The most frequently used
tests/tasks for assessing inhibition include the Stroop test, Stop Signal task, and
Go/No-Go task. The Stroop test is a neuropsychological test that has been widely in
use since it was proposed by Stroop in 1935 (Stroop, 1935; Jensen, 1965; Scarpina &
Tagini, 2017, Deng et al., 2018; Kulendran et al., 2017). The Stroop test is preferable
over other choices since it requires suppressing an automatic but inappropriate re-
sponse in order to provide a subordinate response, while Go/No-Go or Stop Signal
tasks only require suppressing the dominant response without providing a response at
all (Gilmore et al., 2015; Mason & Zaccoletti, 2020).

Inhibitory processes have shown to be implicated in reading comprehension
(Butterfuss & Kendeou, 2018) as well as in bilingual speech production (Borragan et
al., 2018) since inhibition reduces the effects of distraction and activation of irrele-
vant information in the memory and prevents them from interfering with comprehen-
sion (Butterfuss & Kendeou, 2018; Borragan et al., 2018). In addition, inhibition was
associated with attainment in science, English, and mathematics in adolescents (age
11-12 years) (St Clair-Thompson & Gathercole, 2006). Mason and Zaccoletti (2020)

reviewed 18 studies on the association between inhibition and science achievement at
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different educational levels from primary to higher education. Of the 11 studies in
primary and secondary school students (age 9-18 years), 7 studies found a significant
association between inhibition (measured by Stroop task in 5 studies) and science
attainment (Mason & Zaccoletti, 2020). Among the university students (age 18-24
years), 6/7 studies found a significant association between inhibition and science
achievement, given that inhibition was detected by brain imaging in all except one
study that used Stroop task (Mason & Zaccoletti, 2020). Kamijo et al. (2012) meas-
ured inhibition control in preadolescent children (n =126, age 7-9 years) by complet-
ing Go/NoGo tasks and academic achievement by completing Wide Range
Achievement Test 3 edition (which measures arithmetic, reading, spelling). They
reported that obese children (obesity defined by both high BMI and DEXA measured
body fatness) had significantly lower inhibitory control as well as poorer academic
achievement compared to the normal weight children (Kamijo et al., 2012).
Collectively, the effects of obesity on the neurocognitive function may be a
direct mechanism explaining obesity-educational attainment association. More de-
tails about the association between obesity and executive function and inhibition are

given in the next section.
7. Association between child and adolescent obesity and executive func-
tion

This section provides an overview of the empirical evidence on the associa-
tion between obesity and executive function, with a focus on inhibition, and con-
cludes with potential mechanisms for the association between obesity and executive

function.

42



7.1 Recent systematic reviews on obesity, executive function, and inhibition

Reinert et al., (2013) carried out a systematic review of 31 studies on cogni-
tive executive function in BMI-defined obesity in children and adolescents (age 2-20
years). Inhibitory control was the domain most examined in childhood studies
(76.9%) as well as in adolescent studies (72.7%) included in the review. In children,
obesity was significantly associated with poorer inhibitory control, and some studies
reported that poorer inhibitory control at a younger age was a predictor of high BMI
at a later age. In adolescents, obese individuals performed worse than healthy weight
adolescents on inhibitory control tasks (Stroop task in 4 studies) as well as on atten-
tion/mental flexibility tasks (Reinert et al., 2013).

Yang et al., (2018) conducted a meta-analysis of 72 observational studies on
executive function performance in obese (65 studies) and overweight (24 studies)
individuals (Total N= 4904, mean age 7.9-76.9 years, using BMI definitions). Obese
individuals exhibited lower executive function than normal weight counterparts
across all the domains including inhibition, working memory, cognitive flexibility,
planning, decision-making, and verbal fluency. Overweight individuals only exhibit-
ed significant deficits in inhibition and working memory, probably due to the smaller
number of studies targeting the effects of overweight on the other domains of execu-
tive function (YYang et al., 2018). Of the 72 studies, 39 studies assessed inhibition in
obese individuals (N=1782), and 10 studies assessed inhibition in overweight indi-
viduals (N=641). Obese as well as overweight individuals showed significantly
worse performance on inhibition tasks (Stroop used in 18 studies) than the normal

weight counterparts. The association between obesity and impaired inhibition was

43



independent of age, gender, and the tasks used to measure inhibition in each study
(Yang et al., 2018).

A systematic review by Favieri et al., (2019) reviewed 88 studies on the rela-
tionship between obesity (defined by BMI) and executive function in individuals
aged 5-70 years, 63 were cross sectional and 28 were longitudinal studies, given that
3 studies used both designs (Favieri et al., 2019). Regarding the overall evidence
from the cross-sectional studies, the majority of studies (50/63) reported a significant
difference between the obese and non-obese in executive functioning, confirming a
negative association between obesity and executive function (Favieri et al., 2019). Of
the 63 cross-sectional studies, 45 studies examined the association between inhibito-
ry control and obesity, with the majority of studies using the Stroop task. A lower
inhibitory control in obese individuals compared to normal-weight ones was reported
in 28 studies, while the rest found no significant difference (Favieri et al., 2019). The
evidence from the longitudinal studies (28) showed that 13/28 studies showed a neg-
ative association between obesity (defined by BMI) and inhibition. The interventions
aimed at reducing body weight demonstrated a general improvement in executive
function in all age groups (Favieri et al., 2019). More specifically, some studies
showed improved inhibitory control after bariatric surgery or weight loss pro-
grammes, while other studies showed that improved inhibition predicted a reduction
in body weight. However, the direction of the relationship between obesity and exec-
utive function or its specific domains is still unclear due to the variability in assess-
ment methods used in studies. More longitudinal studies with a uniformity of meas-

urement methods are needed (Favieri et al., 2019).

7.2 Plausible mechanisms underlying obesity-cognitive function association
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Most of the literature concerning cognitive impairments associated with obe-
sity point to a cyclic model including a range of plausible mechanisms that might
link cognitive function and obesity, although full understanding of these mechanisms
is still lacking. The theoretical model on obesity developed by Brownell and Walsh
(2017) (Figure 2) shows that obesity, defined as high body fat, causes physiological
variations (A), which may impair cognitive function (B), which may cause cognitive
deficit contributing to diminished abilities of self-regulation (C) that is defined as the
“ability to control inner states or responses with respect to thoughts, emotions, atten-
tion, and performance” (Bell & Deater-Deckard, 2007).

Childhood and adolescence are critical periods where the brain grows, ma-
tures, and creates connections, making children and adolescents sensitive to changes
in the brain structure and function and in executive function (Lenroot & Giedd,
2006). Accordingly, obese children and adolescents are exposed simultaneously to
both the potential effects of biological changes associated with obesity as well as to
brain developmental changes that may affect behaviour (Esteban-Cornejo et al.,

2020).
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Possible effects of obesity on brain function

Obesity-related inflammation may constitute a major biological pathway in-
volved in the link between obesity and poor cognitive executive function (Favieri et
al., 2019). Obesity is associated with chronic low-grade inflammation as the accumu-
lation of white adipose tissue as well as the enlargement of adipocytes augment the
production of pro-inflammatory cytokines, including tumour necrosis factor (TNF)-
a, C-reactive protein and interleukins IL-1p and IL-6 (Reilly & Saltiel, 2017). This
systemic inflammation was shown to affect cognitive function in humans and animal
models by spreading into the brain and impairing key components of cognition
(Favieri et al., 2019; Boitard et al., 2014). In a mouse model of metabolic syndrome,
the levels of pro-inflammatory cytokines (IL-1B, TNF-a, and IL-6) were shown to
increase in the hippocampus with a decrease in the levels of brain-derived neu-
rotrophic factor (BDNF), resulting in impaired spatial working memory performance
(Dinel et al., 2011). In addition, obese adults with high concentrations of pro-
inflammatory cytokine (C-reactive protein) exhibited impaired cognitive flexibility
and shifting abilities in comparison to obese individuals with lower levels of this
cytokine as well as to non-obese individuals, indicating that low-grade inflammation
may be a major contributor to reduced cognitive function associated with obesity
(Lasselin et al., 2016).

In addition, excess adipose tissue and chronic inflammation are associated
with hormonal dysregulation. Insulin and leptin are considered as brain adiposity
signals since their circulating levels increase with food intake and decrease during
fasting (Hallschmid & Schultes, 2009). Accordingly, both insulin and leptin signal-

ling in the hypothalamus modulates energy homeostasis (Hallschmid & Schultes,
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2009; Morrison, 2009). Further, insulin and leptin have shown activity in other areas
of the brain related to cognitive function (Hallschmid & Schultes, 2009; Morrison,
2009). From animal studies, rats were trained on a memory task, in which they were
shocked after entering a dark cage. The rats that received insulin 24h after the shock
showed increased latency in entering the cage compared to those that had received
either deactivated insulin or saline, indicating a role of insulin in enhancing memory,
presumably by acting on the hippocampus (Park et al., 2000). Further, leptin has a
role in neuron structure and function and its neuroprotective effects has improved
cognition and mood in animal models (Paz-Filho et al., 2010). In human studies,
enhanced insulin sensitivity in Alzheimer's patients improved their performance in
memory tests (Craft et al., 1996). Similarly, optimal levels of leptin have shown to
be protective against Alzheimer's disease (Paz-Filho et al., 2010). However, excess
adipose tissue is associated with both insulin resistance and leptin resistance, mean-
ing that the circulating levels of both insulin and leptin are high in obese individuals
(Kern et al., 2006). Although the levels of these two hormones in blood are high, the
concentration of these hormones in the brain is reduced, probably due to obesity-
related dysfunction of the blood-brain barrier (Kern et al., 2006; Hallschmid &
Schultes, 2009; Morrison, 2009). As a result, the altered levels of both insulin and
leptin in the brain have been linked to impaired neurocognitive function (Kern et al.,

2006; Morrison, 2009).
Possible effects of obesity on brain structure

The obesity-cognition underlying mechanisms may be further understood
from neuroimaging research. The negative impact of obesity on brain structure was

evident not only in adulthood and in dementia, but also in the developing brain dur-
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ing childhood and adolescence (Liang et al., 2014). The neurostructural deficits as-
sociated with obesity included a smaller orbitofrontal cortex (grey matter) volume
observed in obese children and adolescents compared to their normal-weight coun-
terparts (Maayan et al., 2011; Yokum et al., 2012; Ou et al., 2015), and this was as-
sociated with poor inhibitory control among the obese group (Maayan et al., 2011).
In addition, the study by Yau et al., (2012) reported a significantly smaller hippo-
campal volume and thus increased cerebrospinal fluid, along with a loss of the mi-
crostructural integrity of white matter in adolescents with metabolic syndrome (Yau
et al., 2012). These brain complications were in parallel with impaired cognitive
function represented by a trend for lower overall intelligence and significant reduc-
tion in arithmetic, spelling, attention, and mental flexibility (Yau et al., 2012). Simi-
larly, obesity in children and adolescents (age 8-10 years) was associated with differ-
ences in white matter microstructures mainly in frontal and temporal brain regions
(Ou et al., 2015). A large study in US children and adolescents (N= 3190, age 9-10
years) found that higher BMI was associated with lower cortical thickness in 18 cor-
tical regions, especially in the prefrontal cortex (Laurent et al., 2020). Additionally,
the prefrontal cortex thickness was found to partially mediate the association be-
tween BMI and working memory (Laurent et al., 2020). Moreover, global functional
connectivity studies identified that obese adolescents showed reduced functional
connectivity in the brain regions involved in cognitive control (the dorsolateral pre-
frontal cortex) as well as in emotional memory (the middle temporal cortex) (More-
no-Lopez et al., 2016).

Animal studies have also contributed to the evidence base on the potential ef-

fects of obesity on brain structure. Juvenile male mice fed high-fat diet for 18 weeks
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showed lower cerebral blood flow and reduced white matter integrity along with adi-
pose tissue inflammation (Jacobs et al., 2019). Similarly, 15 weeks of high-fat diet
was associated with reduced cerebral blood flow, functional connectivity, and white
and grey matter integrity in mid- and late-adult mice (Arnoldussen et al., 2017).
White and grey matter integrity refers to the structural integrity of the brain network
that is composed of two types of tissues, grey matter that process neuronal infor-
mation, and white matter that connect and transfer signals between grey areas (Ra-
detz et al., 2020; Mercadante & Tadi, 2020). In addition, obese mice showed poorer
learning performance and lower hippocampal synaptic plasticity than their normal
counterparts (Hwang et al., 2010). Moreover, juvenile mice showed increased loss of
relational memory flexibility (the flexible ability of memory to relate and generalise
previously acquired experiences to new situations) as well as decreased hippocampal
neurogenesis than adult mice fed high-fat diets for the same duration, indicating that
the consumption of a high-fat diet at an early age may lead to detrimental effects on

hippocampal structure and function (Boitard et al., 2012).
Possible effects of obesity on inhibition and energy balance behaviours

The metabolic disturbances associated with obesity may accelerate the de-
cline in cognitive function, which in turn may lead to adopting poor health habits
(Spyridaki et al., 2016). Ineffective inhibitory control has been proposed to increase
disinhibited eating (i.e. the tendency to overeating in response to different cues)
(Maayan et al., 2011; Guerrieri et al., 2012; Kulendran et al., 2017; Zhou et al.,
2017; Preuss et al., 2019). A study employing cognitive, neurostructural, and eating
behaviour measures in obese (n=54) and lean adolescents (n=37) found that obese

adolescents had significantly lower volume of orbitofrontal cortex, lower inhibitory
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control (lower Stroop colour-word score), and higher ratings of disinhibited eating
compared to lean adolescents (Maayan et al., 2011). Disinhibition has been associat-
ed with obesity, high food intake, less healthy food choices, and eating disturbance
(Lawson et al., 1995; Lindroos et al., 1997; Bryant et al., 2008; Bryant et al., 2019).
In addition, disinhibition has been implicated in reduced success at weight loss re-
gimes as well as weight regain after weight loss (Bryant et al., 2008; Amundsen et
al., 2017), which may promote maintenance or increases in obesity.

In conclusion, the rise of child and adolescent obesity is of particular concern
as it seems to affect the developing brain. Although the directionality between child-
hood and adolescence obesity and executive function has not been confirmed, some
aspects of executive function such as inhibition have been shown to be implicated in
obesity as well as academic achievement. Given the complexity of obesity develop-
ment and academic achievement, further research on the mechanisms underlying
obesity-educational impairment in children and adolescents is warranted.

The European Childhood Obesity Group (ECOG) has recently recommended
that obesity related impairments of brain structure and function, executive function
and academic performance in children and adolescents should be considered as im-

portant, not only secondary, complications of obesity (Esteban-Cornejo et al., 2020).
8. Kuwait in context and potential risk factors for obesity

Kuwait is a Middle Eastern country that has a small geographical area of ap-
proximately eighteen thousand square kilometres. It is located on the Arabian Gulf
coast and bordered by the Arabian Gulf in the east, Saudi Arabia in the south and
west, and Irag in the north. The state has six provinces, namely, Al-Ahmadi, Mubar-

ak Alkabeer, Farwaniya, Hawalli, Jahra, and Al Asimah (Kuwait Central Statistical
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office, 2020; Ministry of Oil (MOO), 2020). Figure 3 is a Map of Kuwait showing
the geographical location and countries with borders (source: Kuwait Government
Online, 2019). The country has a desert climate characterised by short winters cou-
pled with occasional rain while the summer is usually long, hot, and dry, with sand-

storms often experienced (MOO, 2020)
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Figure 3. Geographical location of major town/cities (Kuwait Government, online)

Kuwait is an Islamic Arab democracy where members of the national parlia-
ment are elected every four years. Arabic is the official language of the country and
English is widely used as a second language in Kuwait (MOO, 2020). Until 2020, the
total population was 4,464,521, of which 1,365,171 are Kuwaiti nationals, and
3,099,350 are non-nationals (Kuwait Central Statistical Office, 2020). The majority

of the population is concentrated in Kuwait city, the capital, with increased rate of
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internal migration to urban areas (Alghais et al., 2018). Kuwaiti has a young popula-
tion and the birth rate is very high among both nationals and non-nationals. Kuwait is
composed of a homogenous population of Kuwaiti nationals descending from Arabs
of the Arabian Peninsula. The non-nationals population includes Arabs, non-Arabs

(mainly Asian), and stateless (Kuwait Central Statistical Office, 2020).
8.1 Economy

Kuwait is wealthy and has a moderately open economy with 10% of the
world’s reserves of unrefined petroleum. Oil represents about 50-60% of the gross
domestic product (Kuwait Central Statistical Office, 2019). Kuwait, like other GCC
countries, has experienced rapid economic and social changes upon the discovery of
oil reserves between 1940 and 1970. People started to leave the traditional work in
agriculture and fishing and join the oil industry jobs (Musaiger, 1987). The growth in
the socioeconomic status has been paralleled with dietary and lifestyle changes with
a shift towards overconsumption of fast foods and adoption of westernised lifestyle,
which may have contributed to the obesity epidemic in Kuwait and the Gulf region
(Musaiger, 1987; Elkum et al., 2019).

The connection between socioeconomic status (SES) and obesity prevalence
is complex and inconsistent across various populations. In high income western
countries, obesity has been shown to be more prevalent in groups with lower SES
(Newton et al., 2017). However, it has not been the case in the low-middle income
countries, where obesity is usually associated with higher SES, such as income, edu-
cation, and place of residence (Dinsa et al., 2012; Vazquez & Cubbin, 2020).

In addition, most previous studies on socio-economic differences in obesity

prevalence have taken place in high income western countries (Newton et al., 2017),
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which are usually characterised by a good deal of socio-economic inequality and
quite a lot of poverty, i.e. unequal societies dominate the literature (Benabou, 2000).
Kuwait is a high income country with a more socio-economically equal society (for
the nationals). In general, the ratio of employment to population is 71.9, the income
index (gross national income (GNI) per capita) is 0.963, and the human development
index (education, lifespan, and income per capita) is 0.806, indicating that the levels
of employment, income, and human development are high to very high based on
these standard global economic indices (The World Bank, 2021; UNDP, 2020). Alt-
hough there are no recent data on inequality and poverty indices, Kuwait is a rela-
tively equal society with almost no socioeconomic hierarchy as compared to that
seen in other high-income countries (The World Bank, 2021; UNDP, 2020), and
therefore assumptions about SES and confounding of obesity-outcome relationships
by SES might not apply to the same extent in Kuwait. A recent study found that fa-
milial SES defined by parental education was not associated with obesity (defined by
BMI-IOTF) in Kuwaiti children and adolescents (Rey-Lopez et al., 2019). However,
in one recent study of Kuwaiti adults, the prevalence of obesity (defined as BMI >30
kg/m?) was inversely associated with the education level in females aged between
18-69 years old, while the prevalence of obesity was significantly higher in women
who were homemakers than those in other occupational categories (Weiderpass et
al., 2019). Of note, these associations between obesity and higher level of education
as well as the occupational status were not detected in men (Weiderpass et al., 2019).
Therefore, the impact of SES on obesity could be age- and sex-specific and more
studies targeting this association in Kuwaiti population may be warranted. More de-

tails about obesity and the SES in Kuwaiti population are found in chapter 4.
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8.2 Culture and Environment

As Kuwaiti people descended from Arabs of the Arabian Peninsula, they
have similar cultural and historical backgrounds (Musaiger, 1987). Extended families
tend to live together or in the same neighbourhood and share meals, which may cre-
ate a social environment that promotes high-energy intake or low energy expendi-
ture. In addition, the hot climate plays a role in increasing consumption of soft drinks
and carbonated beverages (Musaiger, 1987; Al-Haifi et al., 2016; Al Yazeedi and
Berry, 2019).

The social and environmental factors have been implicated as potential major
contributors to the growing obesity trend in the GCC countries along with the im-
provements in income (Farrag, 1983; Musaiger, 1987). The latter was accompanied
by increased working mothers and thus increased dependence on uneducated house
cleaners to help with house and children with a decline in breast-feeding and early
introduction of formula feeding (Farrag, 1983; Musaiger, 1987). In addition to the
widespread availability of fast food (Musaiger et al., 2012), other environmental fac-
tors for obesity in Kuwait and the other Gulf states include high reliance on motor-
ised transport, rapid urbanisation, high access to internet and technology devices and
increased screen time. Less access to playgrounds and out-door activities due to the
climate have contributed to reduced physical activity among children and adolescents
(Farrag, 1983; Musaiger, 1987).

Unlike western culture, having a high body weight has long been an indicator
of health and wealth in the traditional culture of Gulf regions (Musaiger, 1987).
However, this belief may be becoming less acceptable among many people nowa-

days. In addition, it is well established in western societies that obesity negatively
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affects health-related quality of life (HRQL) in children and adolescents (Griffiths et
al., 2010; Kolotkin & Andersen, 2017). However, this association was not found in
Kuwaiti adolescents, indicating that cultural differences may influence the perception
and attitudes towards obesity (Boodai & Reilly, 2013). Similarly, a recent study con-
ducted in the United Arab Emirates found no significant impact of obesity measured
by BMI on self-esteem in adolescents aged 11-17 years (Khadri et al., 2020). On the
other hand, the prevalence of disordered eating attitudes was the highest in obese
Kuwaiti adolescents in both genders compared to their counterparts in the other six
Arab countries (Musaiger et al., 2013). Collectively, most of the research on effects
of child and adolescent obesity on aspects of psychosocial health, such as HRQL and
self-esteem, has taken place in high income western countries, and the findings of
these studies might well not apply to different cultural contexts such as Kuwait.
There is therefore a need to do more research to better understand age and sex-
specific effects of obesity on various psychosocial health aspects in Kuwaiti children
and adolescents. The influence of obesity on psychosocial health is important, and it
might explain or help us understand relationships between obesity and outcomes,

such as educational attainment and cognitive function in the Kuwaiti youth.
8.3 Education system

The general Kuwaiti education system includes 5 years at the elementary lev-
el, 4 years at the intermediate, and 3 years at the secondary level. Education is man-
datory for children and adolescents between the ages of 6-14 years (Ministry of Edu-
cation [MOE], 2015). Private education is growing fast and exceeds public educa-
tion. The Ministry of Education regulates both public and private schools. All levels

of state education, including higher education, are offered to Kuwaiti citizens free of
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charge (MOE, 2015). The literacy rate among youth aged 15-24 years is 98.7%, one
of the highest rates among the Arab world (Kuwait Central Statistical Office, 2019).
The MOE oversees two state-supported institutions of higher education: the Kuwait
University and the Public Authority for Applied Education and Training (MOE,
2015). Kuwait University (KU) is the largest and oldest public university in the
country with 16 colleges offering various academic programmes at different levels
(KU, 2018). More information about KU is found in chapter 4. A number of private
universities have emerged recently to provide the labour market with required skills,
such as business, engineering, and project management (MOE, 2015).

The school year runs from mid-September to mid-June, and the school week
is Sunday through Thursday. The school day usually starts at 7:15 a.m. and ends at
1:30 p.m., although the timing varies between winter and summer and in some inter-
national private schools (MOE, 2015). The short length of the school day compared
to countries with comparable income level has been considered one of the inefficien-
cies within the public education system (Burney & Mohammed, 2002). During the
month of fasting, Ramadan, different time schedules and shorter business days (9
a.m. -1 p.m.) are applied in most of the institutes across the country. Following Ram-
adan, there are two important religious holidays (Eids) that each last from 4 to 7 days

(MOE, 2015).

9. Aims of the thesis

High levels of obesity have been reported amongst children and adolescents
in the six Gulf countries compared to other countries (Ng et al., 2011; GBD 2017).

Obesity has been associated with severe health consequences and may also be a risk
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factor for poor educational attainment and/or cognitive function problems as noted
above (Booth et al., 2014; Martin et al., 2017; Santana et al., 2017; Hill et al., 2019).

Therefore, the overall aim of this thesis was to assess the impact of obesity
among school-age children and adolescents in the six GCC states and Kuwait as one
of the GCC states. To address the impact of child and adolescent obesity in Kuwait
and the other GCC states, a systematic review (study 1) was used to summarise and
synthesise the evidence on prevalence of obesity and the major gaps in the evidence
base on obesity prevalence in the GCC. The second aim was to assess to what extent
the prevalence data from the systematic review might not be giving a full picture of
the prevalence of obesity (high body fatness; study 2). Given the high prevalence of
obesity among adolescents in Kuwait, and emerging evidence that obesity related
deficits in education attainment or cognitive function might be worse in females than
males (Booth et al., 2014; Martin et al., 2017; Hill et al., 2018), evidence on whether
obesity has educational impacts in female adolescents (study 3) and/or cognitive
function impacts (study 4) was collected. Having both BMI and body fatness
measures in assessing the associations between obesity and educational/cognitive
outcomes might add to the previous literature. Evidence from Kuwait would be espe-
cially important because obesity may be unrelated to socioeconomic status, and Ku-
waiti nationals make up a relatively homogenous population with low levels of pov-

erty and less extreme variation in socioeconomic status than in western countries.

10. Structure of the thesis

The thesis consists of eight chapters. Chapter 1 gives a brief introduction and
literature review of the study and provides information on the research setting of this

thesis, particularly the geographical location, population, education system, and eco-
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nomic status of the state of Kuwait and also sheds light on the significance of the
study. Key components of the current study are introduced in the first chapter, in-
cluding the statement of the problem and research questions to be addressed.

The thesis includes four manuscripts - three have been published (Chapters 3,
5, 6) and the fourth unpublished (Chapter 7). Chapter 2 expands on the methods not
covered in detail in Chapter 3, which has the systematic review that was the first
study | conducted during my Ph.D. Chapter 4 expands on the methods not covered in
detail in chapters 5 to 7 since they were based on published papers and therefore had
brief methods sections. Chapter 5 includes the second publication (study 2) and chap-
ter 6 the third publication (study 3). The final manuscript for study 4 (chapter 7) is
unpublished and will be submitted later.

The thesis concludes with a discussion (chapter 8) of the major findings of
the thesis in the context of the literature, and presents the important strengths, weak-
nesses, limitations, conclusions, and recommendations for Kuwait’s current policy as

well as future research.
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Chapter 2: Methodology of systematic review

1. Preface

The systematic review “Prevalence of obesity among school-age children and
adolescents in the Gulf cooperation council (GCC) states: a systematic review”
(chapter 3) was published in BMC Obesity in January 2019. This chapter will explain
in detail the methods used to conduct the systematic review which is not available in
the publication because the number of words is limited by author guidelines.

Professor John Reilly (JJR), an expert in systematic reviewing, guided the
present systematic review, and the author also had input from the Librarian Ms Sarah
Kevill (SK). The lead author was Hanouf Hasan (HH) and she participated in all as-
pects of the systematic review. JJR and SK supported various aspects of the review
including study selection, data extraction, and the assessment of quality. HH attended
a workshop on systematic reviewing at the Nutrition Society in London in 2017. She
learned more about systematic reviews in the public health areas and what would be
the guidance available and methods used throughout the process. Search strategies
were advised by SK at Strathclyde University, see section 3.1. Both authors contrib-

uted to and approved the final submitted manuscript.
2. Introduction and context

Before starting the systematic review search, novel research questions were
developed based on the fact that obesity in the GCC countries (Bahrain, Kuwait,
Oman, Qatar, Saudi Arabia and the United Arab Emirates) had apparently reached an
alarming level. The primary research question was ‘what was the prevalence of obe-

sity among school age children and adolescents in GCC states?” The secondary re-
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search question was ‘does obesity prevalence vary by the following variables - age,
gender, time of the survey or the study definition of obesity used in these nations?’
Research on obesity in the GCC countries is limited and studies have called for more
research to explore the reason why obesity is increasing and the extent to which obe-
sity prevalence is increasing (AlMarri et al., 2017).

Previous estimates of prevalence in the GCC states and elsewhere tended to
combine overweight and obesity (Alsharif et al., 2018; Nahhas et al., 2018). So there
is a need to estimate current/ recent obesity prevalence not combined with over-
weight. Chapter 1 explained the different outcomes between obesity and overweight
and higher health risks of obesity comorbidity. Some studies of obesity prevalence in
the GCC have mixed child, adolescent and adult data, and some studies have had a
focus on the wider Arab world (including some low-and middle-income countries)
rather than the GCC countries. As described in Chapter 1, GCC countries have a high
prevalence of overweight and obesity but research on prevalence seemed to be quite
limited and there is a lack of a systematic review covering prevalence in the GCC
countries.

The well-publicised global surveys by the Global Burden of Disease and
NCD Risk Factors Collaboration included prevalence data from Kuwait and Bahrain
which were >10 years old; 10 years is a long time over which obesity prevalence
might be increasing rapidly (NCD, 2017; Ng et al., 2014; GBD 2015 Obesity Col-
laborators, 2017). The other problem with older evidence is the fact that definitions
of child and adolescent obesity have evolved over the past 10-15 years. Specifically,

the WHO definition of child and adolescent obesity based on BMI-for-age was not
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published until 2007 and was not in widespread use until sometime after that (WHO,
2007; WHO, 2013).

As explained earlier, obesity prevalence data among the GCC states is lim-
ited; however, a further problem with existing obesity prevalence data is that system-
atic reviews have demonstrated limitations of BMI-for-age as a surveillance tool as
described in systematic reviews (Reilly & Kelly, 2011; Javed et al., 2015). So there
was a need to examine whether any studies or surveys in the GCC countries used

other definitions of obesity (e.g. based on high body fatness), see Chapter 1.
3. Planning research

3.1 Literature search and inclusion

A search for both published and ongoing systematic reviews was conducted
to determine whether ongoing or previous reviews answered the questions highlight-
ed earlier in section 2. The review was registered in PROSPERO (International Pro-
spective Register of Systematic Reviews) registration number CRD42010739210 in
September 2017 (see Appendix A). PROSPERO is managed by the Centre for Re-
views and Dissemination (CRD) at the University of York. Registering systematic
reviews on PROSPERO helps to reduce the potential for bias, fosters transparency,
and serves to avoid unintended duplication of reviews (Stewart, Moher & Shekelle,
2012).

The next step was to determine inclusion and exclusion criteria for the PECO
framework (Population, Exposure, Comparison, Outcome). Search terms concerning
the PECO framework (see Chapter 3) were then created with the help of SK, which
involved formulating keywords related to the research questions (see section 2); for

example, P, Population, was children and adolescents aged between 5.0-19 years old.
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The World Health Organization (WHO) defines individuals aged between 5.0-9.9
years old as “children” whereas those between 10.0-19.9 years are defined as “ado-
lescents” (WHO, 2013). WHO identifies childhood obesity as one of the greatest
challenges for public health of the 21% century (WHO, 2011). This review was re-
stricted to children and adolescents to keep the workload manageable and consistent
with the rest of the thesis.

E refers to exposure, obesity based on BMI-for age, with measured height
and weight. C refers to a comparator, any appropriate BMI for age reference data
using an accepted reference dataset such as IOTF, CDC and WHO, as explained in
chapter 1. O refers to outcome, i.e. prevalence of obesity among the general popula-
tion since January 2007. Any published data before that date were excluded.

Inclusion study criteria: Prevalence data were collected from studies pub-
lished from Jan 2007 to the end of October 2018 from one of the GCC countries
(Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates) pub-
lished in the English language. All study designs were accepted, using the following
search terms: “Obesity prevalence”, “Children”, “Child”’, “Adolescent” or “teen” or
“youth’’, Gulf Countries” or “Arabian Gulf”, “Bahrain”, “Kuwait”, “Oman”, “Qa-
tar”, “Saudi Arabia” or “United Arab Emirates”.

Exclusion study criteria: Studies were excluded if participants were not chil-
dren and adolescents, as defined above, or if data were from other nations and not
from the GCC countries, if obesity was based on self-reported BMI, or if the preva-
lence of overweight and obesity were combined; data from clinical populations were

excluded.

63



4. Conducting and reporting a systematic review

4.1 PRISMA

In this research PRISMA (Preferred Reporting Items for Systematic Review
and Meta-Analysis) was used — this is a tool to improve the reporting of systematic
reviews. PRISMA items are categorized into five main sections in a checklist: title,
abstract, introduction, methods and results. The PRISMA checklist was used to en-
sure that all relevant items were included in the review and the page number on
which specific item is reported is given in the PRISMA checklist (Moher et al.,
2009; Higgins et al., 2011; Muka et al., 2020). The PRISMA checklist for study 1 is

given in Chapter 3 in the additional materials.
4.2 AMSTAR

AMSTAR (A Measurement Tool to Assess Systematic Reviews) is a useful
tool for ensuring the methodological quality of Systematic Reviews. It has been
widely used to assess the quality of systemic reviews (Shea et al., 2017). It has been
critiqued extensively and joins several published instruments designed for this pur-
pose (Kung, 2010; Dahm, 2017). In this research, the AMSTAR guideline was used
to compile the systematic review -to both carry the review out and to help write it up.
The original AMSTAR was provided as a checklist of 16 items. The purpose of using
the AMSTAR was to try to ensure that our systematic review would be of high quali-
ty, by addressing all of the points in the AMSTAR checklist.

AMSTAR 2, was available online in 2017, therefore AMSTAR 2 was used in
this study. AMSTAR 2 consists of 16 items, each item was categorized into four pos-

2 (13 2% ¢

sible responses: “yes,”, “no,” “can’t answer,” or “not applicable”. The items ad-

64



dressed included the literature search, grey literature, including and excluding studies,
study features, conclusions/ results, bias, and conflicts of interest. The full AMSTAR

2 checklist is detailed in study 1, Table 3 (Chapter 3).

5. Literature search for identification of studies

5.1 Databases

Moher et al., (2009) published an article that suggested a minimum of 2-5 da-
tabases was recommended to conduct a systematic review; similarly, Muka et al.,
(2020) suggested a minimum of 3-4 databases. In this present research, the five most
relevant electronic databases have been used. SK suggested that Medline, Google
Scholar, Physical Education Index, SCOPUS and WHO Global Database on Child
Growth and Malnutrition - were the most relevant to this research. Also, JJR sug-
gested searching in the grey literature as well as forward and backward citation
searching on the eligible studies. The choice of the above databases rested on their
authoritativeness and relevance to the research e.g. public health, epidemiology,
physical activity, education. Previous reviews on different aspects of obesity in the
GCC countries have used similar databases, using three or four (AlMarri et al., 2017,
Alshaikh et al., 2017). We limited the search from 2007 to the present because of the
high probability that obesity prevalence had been increasing in the GCC in recent
years, and as the widely used and recommended by WHO definition of obesity only
became available in 2007, as noted above (WHO, 2007). The full search terms used

in the strategy (keywords) are in chapter 3.
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5.2 Grey Literature

Grey literature has had increasing importance in systematic reviews because
of its perceived benefits (Cook, Mulrow & Haynes, 1997). Grey literature includes:
research and committee reports, theses and dissertations, conference papers, govern-
ment reports, academics and ongoing research. Grey literature can escalate the com-
prehensiveness and timeliness of reviews, reduce publication bias, and promote a
more balanced picture of evidence available (Paez, 2017). Important obesity preva-
lence data may have been published in grey literature rather than academic journals
(Paez, 2017).

The diverse formats of grey literature can present a challenge in systematic
reviewing. Nonetheless, a grey literature search strategy that is carefully thought out
can be a useful component of the systematic review (Paez, 2017). Hence, a grey lit-
erature search was added to the database search in study 1 chapter 3. The researchers
HH and JJR created a list (see Chapter 3) of relevant contacts from researchers and
academics, Health Ministries, and other organizations in the six GCC countries, with
at least one named contact per organization. This totalled 22 authors, experts and
officials. These individuals were contacted by email and phone to seek any further
published or unpublished sources of prevalence data. A formal letter was sent by
email from HH and JJR to the experts and researchers (Appendix B). There were
some obstacles in getting some of this information such as they were busy and did
not respond immediately. The authors contacted these individuals again for the sec-
ond time by email. Then HH followed up by phoning three colleagues for further
information. Only 14 responses were received from the 22 contacts. Information

about the contacts is attached also in the additional file of Chapter 3.
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5.3 Assessing the quality of eligible studies
Joanna Briggs Institute (JBI) Quality Appraisal

The JBI is an international organization within the Faculty of Health Sciences
at the University of Adelaide. The Institute has specialized in fostering and support-
ing evidence-based healthcare through offering access to resources for midwifery,
nursing, allied health, and medicine (Joanna Briggs Institute, 2017). The JBI pro-
vides checklists for assessing the quality of published studies. The JBI checklists are
provided for many different kinds of studies including prevalence studies and diag-
nostic tests accuracy as well as mixed methods studies (Munn et al., 2014). In this
research, the quality of eligible studies was assessed using the Joanna Briggs Institute
(JBI) tool for assessing the quality of prevalence studies (assessment of the risk of
bias). The JBI checklist was selected as the tool for assessing study quality (risk of
bias) because it was the only quality assessment tool for prevalence studies at that
time (2017) and it came from a trusted source in evidence-based medicine (Munn et
al., 2014). The JBI tool asks nine questions which are summarized below. In this
research the Quality assessment was undertaken independently by both reviewers
HH and JJR. We discussed and agreed the rating for each of the nine gquestions and
these are shown below and in Appendix C. The nine questions from the JBI check-
list are summarized and explained below.

1. Was the sample frame appropriate to address the target population?

This question focuses on the knowledge of the features of the population.
Sample frame is defined as the set of source materials from which the sample is se-
lected, a means for selecting the specific members of the target population. The dif-

ferences between population and the sample frame is that population is general and
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the sample frame is specific. A good sample frame for any project first of all in-
cludes all individuals in the target population, secondly it excludes all individuals not
in the target population and finally it includes accurate information about the target
sample such as gender, age range, morbidities, and other possibly important factors
such as the geographic area. This means that the sample frame is a list of characteris-
tics for the target sample and is used to frame the research and make it specific. For
example, if the research population is Kuwaiti nationals, the sample frame here
should include all the six governates of Kuwait: Al Ahmadi, Al Farwaniyah, Al Jah-
rah, Al Kuwait (Capital City), Hawalli and Mubarak Al-Kabeer. So, if the sample
frame in each eligible study was stated clearly, that was good and considered as a
positive response (Yes) and scored one. If the sample frame was not stated clearly
the score is unclear and it received zero as a score.
2. Were research participants recruited appropriately?

This question concerns those who participated in the research and how the re-
cruitment occurred, including if the sample was randomly selected, the sample frame
was stated and if the recruitment was appropriate and was reported. Appropriate re-
cruitment should include ethical approval, signed consent, the location of the re-
search stated clearly. Also important is that there is no bias. For example, avoiding
asking the participants to agree or not with measurements or having only obese par-
ticipants take part in the research, respect of participant privacy and lack of pressure,
and retaining participants until the end of the research. So, if this information was
considered and stated then it is considered as acceptable for item 2 (recruitment) and
scored as a positive (Yes) response and scored as 1. If all the above-mentioned in-

formation was not considered, it was a negative (No) response, scored as 0. For ex-
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ample, if an eligible study selected the sample randomly, and stated what strategy
they used to recruit the participants that was scored as 1. If the strategy used to sam-
ple and recruit was not clearly stated, then this was considered as unacceptable, nega-
tive, and scored zero.

3. Was the sample size adequate?

This question refers to the number of participants involved in the study and
highlights the importance of having an adequate sample size to represent the popula-
tion. The researchers should calculate the sample size using the most appropriate
formula to ensure that it is adequate and should report the power calculation with the
confidence interval around the prevalence estimate. If the sample size and 95% CI
were estimated and reported then this was considered acceptable/ low risk of bias and
a positive response (Yes) received scored as 1. If not, then it was considered as being
of high risk of bias and (No) and scored as 0. For example, if eligible studies calcu-
lated the sample size and included all the information related to the sample size and
how they calculated power and provided a confidence interval, then that was a posi-
tive response (Yes) and scored 1. If the power calculation was not included and the
sample size not mentioned, this consideration was not considered good practice and
scored zero; if the papers mentioned the sample size without mentioning the power
calculation and confidence intervals then we scored them unclear (0).

4. Were the study subjects and settings described in detail?

This question deals with the study subjects’ characteristics, such as health
conditions or diseases across populations and geographic regions. The information
provided should be sufficient and cover all the socio-demographic information, and

so give the opportunity to other researchers to compare their published work to any
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other work. So, any study should provide information about gender, age, relevant
diseases, including marital status, habits, education, and income if relevant. If the
study did not provide sufficient details on these issues, then that was a negative (No)
and considered bad practice and scored zero. If the study included sufficient infor-
mation, then we considered it as good practice (Yes) and scored 1.
5. Was data analysis conducted with sufficient coverage of the identified sam-
ple?

The question deals with biased coverage of any relevant subgroups in the
sample - this effectively means whether all relevant subgroups had been included or
not. For example, if a study was conducted on 5-19 years old and the response rate
for each group included in this study was not the same for each age group. So it was
considered here as bias as the response rate was not the same and there was a big
difference between the groups. For example, if one of the subgroups was less repre-
sentative and the response rate less than the others, this was considered as a negative
response (No) and scored as zero. If the response rate for the subgroup is acceptable
then it was considered positive (Yes) and scored 1. Also, if the study had any drop-
out, there were questions: What was the dropout percentage? Is it acceptable or not?
Has it been stated clearly or not? For example, if there is no dropout that means a
positive answer and so it had a (Yes) positive response and a score of 1. If there is a
dropout and the percentage is not high, so 2-5 %, then this was also considered a
positive (Yes) response and scored 1. If there is a high dropout, more than 5%, then
this was considered not acceptable and had a negative response (No) and scored 0. If
it was not clear from the study, then it was considered unclear and received 0.

6. Were valid methods used for the identification of the condition?
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This question checks the accuracy of a method used and defined whether it
measures what it is intended to measure. Since BMI-for-age is regarded as an ac-
ceptable measure of obesity, as described in chapter 1, studies that used measured
BMI for age with any acceptable BMI reference data, such as WHO, CDC, or I0OTF,
were scored as one.

7. Was the condition measured in a standard, reliable way for all participants?

This question explains that the same method should be used in all participants
for example used obesity definition BMI for age. The same method should be used in
all participants. Also, the experts or researchers e.g. (nurses, dietitians, researchers
trained to take measurements) should follow standard methods to measure the BMI
for age (WHO, CDC, or IOTF). If the answer is (Yes) that is considered as a positive
response and scored one; if it was not clear or negative response (No) then the score
is zero.

8. Was there appropriate statistical analysis?

The eighth question concerned the method section of the study analysed in
detail by researchers (HH and JJR) to be clear about the variables and how they were
measured. For example, if the Confidence Interval, (% CIl) or numera-
tor/denominator, was explained and the analytical strategy carried out was clearly
stated. If any were mentioned CI was given the response as positive (Yes) and scored
one. If 95% CI was not mentioned, the answer to this question was negative (No) and
scored a zero.

9. Was the response rate adequate, and if not, was the low response rate man-

aged appropriately?
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This question highlights the importance of the study response rate, as well as
indicating that it is important to manage the response rate throughout the study. For
example, if the study mentioned the response rate with reasons why the response rate
was low, and managed appropriately, then this was acceptable. For example, if there
were only adolescent female participants and the data were collected throughout a
year, and clearly mentioned in the study were reasons for the response rate, including
reasons of absentees (if they stated they were ill or had an injury) then it received a
positive response (Yes) and scored one . If the study did not provide all this for the
response rate, it had a negative response (No) and scored zero. If the response rate
was low initially then a large dropout happened, then this was considered as not ac-
ceptable and scored zero.

After completing the assessment, the total response score was measured to
assess the quality of the studies, with a range of scores from 0-9. Since total scores

might not be that informative, the response for each item was provided too.
6. Data collection and analysis of systematic review

6.1 Narrative synthesis and meta-analysis

The narrative synthesis was detailed in Chapter 3 and it was the appropriate
analysis method in the case of study 1 (Chapter 3) (Higgins & Green, 2011). A meta-
analysis of review findings was deemed desirable if practical and is explained further
below. If enough studies were available which are considered methodologically ho-
mogenous/similar, they could be pooled statistically, for example in meta-analyses.
In study 1 (chapter 3) few similar/comparable studies were available — the minimum

number of similar studies for meta-analysis is suggested to be 10 (Valentine, Pigott
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& Rothstein, 2010). Not all reviews are suitable for meta-analysis due to heteroge-
neity between studies. Heterogeneity can include differences in sex or age of study
participants, or differences in their socio-economic status, or nationality. It can also
include differences between studies in the definition of obesity which was used, and
differences in time period when the study collected data (when obesity was probably
increasing rapidly in the Gulf States). Data from eligible studies in study 1 were con-
sidered probably unsuitable for meta-analysis due to high heterogeneity (large differ-
ences between studies in the factors listed above). No formal test of heterogeneity,
for example, the 12, “which describes the percentage of total variation across studies

due to heterogeneity rather than chance” (Higgins et al., 2003), was carried out.
7. Conclusion

The present chapter has provided additional details on the methods that were

used in chapter three, as well as the reasoning for some of the decisions made.
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Chapter 3: Prevalence of obesity among school age children
and adolescents in the gulf cooperation council (GCC)

states: a systematic review

Published in BMC Obesity in January 2019

1. Preface

The literature review showed gaps the evidence base on the prevalence of
obesity among school-age children and adolescents in the GCC states. The present
chapter aimed to systematically review recent evidence on the prevalence of obesity
among school-age children and adolescents in the GCC states. The current
systematic review study was published in BMC Obesity in January 2019. The paper
is presented in a similar format as was published in the journal, and therefore the
reference list presented at the end of this chapter is not APA as the other non-
manuscript chapters in this thesis.

Professor John J Reilly (JJR), a renowned expert in systematic reviews
guided the present systematic review. The lead author was HH and participated in all
facets of the systematic review. JJR supported the assessment of quality. Finally, the
review design, revision as well as approval of the final review was supported by all

authors.
2. Abstract

Background: The Gulf Cooperation Council (GCC) countries have amongst

the highest prevalence of adult obesity and type 2 diabetes in the world. This study
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aimed to estimate the recent prevalence of obesity among school-age children and
adolescents in the GCC States.

Methods: The literature search for obesity prevalence data was carried out in
July 2017 in Google Scholar, Physical education index, Medline, SCOPUS, WHO,
2007-2017, and updated in November 2018. In addition, 22 experts from the GCC
were contacted to check the search results, and to suggest studies or grey literature
which had been missed. Eligible studies were assessed for quality by using the Joan-
na Briggs Institute (JBI) tool for prevalence studies. Conduct of the systematic re-
view followed the Assessment of Multiple Systematic Reviews Tool (AMSTAR)
guidance. A narrative synthesis was conducted.

Results: Out of 392 studies identified, 41 full-text reports were screened for
eligibility; 11 of which were eligible and so were included, from 3 of the 6 GCC
countries (United Arab Emirates, Kuwait, Saudi Arabia). Surveillance seems good in
Kuwait compared to other countries, with one recent national survey of prevalence.
Quality of the eligible studies was generally low-moderate according to the JBI tool:
representative samples were rare; participation rates low; power calculations were
mentioned by only 3/11 studies and confidence intervals around prevalence estimates
provided by only 3/11 eligible studies; none of the studies acknowledged that preva-
lence estimates were conservative (being based on BMI-for-age). There was general-
ly a very high prevalence of obesity (at least one quarter toone third of study or sur-
vey participants were obese according to BMI-for-age), prevalence increased with
age, and was consistently higher in boys than girls.

Conclusions: The prevalence of obesity among school-age children and ado-

lescents appears to have reached alarming levels in the GCC, but there are a number
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of major gaps and limitations in obesity surveillance in the GCC states. More nation-

al surveys of child and adolescent obesity prevalence are required for the GCC states.
Trial registration: PROSPERO registration number CRD420107392
Keywords: Children, Adolescents, Obesity, Body mass index, Systematic re-

view, Gulf Cooperation council (GCC).
3. Background

The Gulf Cooperation council countries include Kuwait, the United Arab
Emirates (UAE), Qatar, Bahrain, the Kingdom of Saudi Arabia (KSA), and Oman.
The GCC countries have among the highest adult obesity and type 2 diabetes
prevalence in the world [1-4] with rapidly increasing prevalence of adult obesity and
diabetes in the past two decades [1]. Several factors have contributed to the high
prevalence of obesity in the GCC countries [2], notably the very large and rapid
increases in household income, with associated lifestyle changes that include reduced
physical activity and increased consumption of obesogenic foods and drinks [5,6].

Surveillance of childhood obesity is considered central to tackling the obesity
epidemic [7], but there may be a number of important limitations in surveillance of
child and adolescent obesity prevalence in the GCC at present. Specifically, we were
unable to find a recent systematic review of obesity prevalence of children and
adolescents in the GCC, so prevalence of the problem is unclear. Our initial scoping
review also suggested that many previous studies combined the prevalence of
overweight and obesity, and so the prevalence of obesity could not be determined. In
addition, many previous studies in the GCC collected data over 10 years ago and
these studies may now be out of date given the rapid increases in prevalence in the

region [8, 9]. The recently published global estimates of obesity prevalence [10, 11]
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used data from the GCC countries which were also over 10 years old for example, so
there is a need for prevalence data from more recent studies and surveys. An
additional problem with older evidence is the fact that definitions of child and
adolescent obesity have evolved over the past decade. Specifically, the WHO
definition of child and adolescent obesity based on BMI-for-age was not published
until 2007, and was not in widespread use until some time after that. A further
problem with existing obesity prevalence data is that systematic reviews
demonstrating limitations of BMI-for-age as a surveillance tool (high specificity for
excessive fatness, but only low-moderate sensitivity) have become available only
relatively recently [12, 13] and recent obesity prevalence studies or surveys from the
GCC countries may not have made allowances for this important source of bias in
prevalence estimates.

The primary aim of the present study was therefore to establish the recent
(last 11 years) prevalence of obesity among school-age children and adolescents in
the GCC states. Secondary aims were: to identify differences in prevalence between
countries and between groups (e.g. by gender, age); to identify major gaps and
weaknesses in the evidence base on obesity prevalence in the GCC. The study was
intended to help improve child and adolescent obesity surveillance in the GCC in
future, so that public health action aimed at tackling the obesity epidemic in the GCC

can be better informed [7].

4. Methods

4.1 Registration and reporting of the systematic review

This systematic literature review was reported in accordance with the Pre-

ferred Reporting Items for Systematic Reviews (PRISMA) guidelines [14]. The re-
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view protocol was registered on PROSPERO on the 10" September 2017 (registra-
tion number CRD420107392), the international prospective register for systematic
reviews (http://www.crd.york.ac.uk/ NIHR_PROSPEROQ). The search strategy fol-
lowed the PECO (population, exposure, comparator and outcome) format: popula-
tion=school-age children and adolescents in the GCC countries; exposure=obesity as
defined using BMI-for-age; comparator=any appropriate BMI-for-age reference data;

outcome=prevalence of obesity among the general population since 2007.
4.2 Literature search

The literature search was originally conducted on 17 July 2017. The manu-
script was submitted to this journal on 28" February 2018 and reviews were not re-
ceived until October 2018, so the original searches were repeated on 2" November
2018. Searches used the five most relevant electronic databases: Medline, Google
Scholar, Physical education Index, SCOPUS and WHO. The search terms used in
Medline are provided in Additional File Table 1, as required by the PRISMA
checklist; terms were very similar in the other databases, though with small differ-
ences in syntax between databases. The electronic database searching was comple-
mented by reference citation tracking (forward and backward) of the included studies
and of previous reviews, consultation with GCC-based experts in the field, and a
search for ‘grey literature’ among the GCC experts (summarised in Additional File

Table 2).
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Table 1. AMSTAR Self-assessment of the process used in the present study

Table 1 AMSTAR Self-assessment of the process used in the present study

Questiors Yes/  Answers in detail
NO

1) Did we have a PICO/PECO Yes  Population = children and adolescents of schookage as defined by WHO
(5-19yrs) from GCC countries; E= exposure = obesity defined using an
acceptable method based on BMiHor-age; Comparator = any appropriate
reference data; Outcome = prevalence of obesity rather than overweight
and not averweight/obesity combined, from 2007 onwards.

2) Did we specify review methods in advance of doing Yes  Registered in PROSPERO ref. CRD42017073692

the rview!

3) Did we explain/justify inclusion criteria (based on Yes  We did not exclude any study design, but RCT not likely to be that

study design)? relevart (though RCT could contain relevant data and so not excluded)

4) Did we have a comprehensive it search strategy? Yes  Electronic databases from 2007 to 2018 See Methods and Additional file 1.
We were resourced to search for English language publications only,
though ltermture suggested by expert contacts in the GCC (including
grey literature) in Arabic would have been considered eligible.

Searched reference lists of eligible studies? Yes, both forward and

backwards citation searching was camied out.

Consulted experts? Yes-ist of n= 22 expert contacts in all GOC countries was
consulted in October-November 2017.The experts from the GCC were asked
to check on the results of the literature search and if they were aware of any
grey literature which was relevant (e.g. national sunveys)

Search within 24 morth of planning the search - Yes, within 2 moniths

5) Did review authors agree on inclusions/exclusions of Yes  Both authors agreed on inclusions/exclusions of the full text articles

full text potentially eligible studies? screened

6) Data extraction from eligible studies- did bath review Yes  Both authors agreed on data extraction from the eligible studies

authors do this‘check this?!

7 ks a list of all excluded studies provided, including the Yes  Appendix of excluded studies and reasons for exclusion is provided

reasons for exclusion? (Additional file 3).

8) Does the data extraction and namative (Bvidence tables Yes  Text summarises the eligible studies, and details of eligible studies are

and text) provide enough detail about the eligible studies? provided in Evidence Tables (Results section)

9) Did the review authors consider risk of bias? Yes  Results section (Evidence Tables) contains data on possible sources of bias
including: sample size; representativeniess of sample; bias arising from
definition of obesity used.

10) Did the review authors report sources of funding of Yes  Kuwait Cuttural Office and Scottish Funding Council

their review?

11. & 12 Did the review authors do a meta-analysis? Mo No meta-analysis possible dues to degree of differences in study design

(Was this appropriate?) and methods: different nations; differences in factors which create
differences in prevalence estimates- different definitions of obesity,
different age groups, different sex distributions in studies

13) Did the review authors consider sources of bias in Yes  Asabove the evidence @bles deal with representativenass, sample

eligible studies? size/power calculations, and biases in the definitions of obesity
used by the studies

14) Did review authors consider sources of heterogeneity Yes  Different times, different obesity definitions, different ages and sexes,

in eligible studies? different countries and places all considered

15) Did review authors consider other sources of bias N/ No formal testing for publication bias was possible due to small number

(in particular publication bias) of digible studies.

Main sources of bias in prevalence studies were considered: sample size
and representatieness use of BMI to estimate obesity prevalence is
biased (underestimates obesity prevalence) as noted in the manuscript

16) Did review authors consider any conflicts of interest Yes  Nocorflicts to declare

which arose when daing their review?
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4.3 Study selection
Inclusion criteria

Studies were included if they satisfied all of the following inclusion criteria:
Prevalence data were collected in the last 11 years, i.e. from Jan 2007 to the end of
October 2018; from a GCC country (Bahrain, Kuwait, Qatar, Oman, KSA, UAE);
they provided prevalence of obesity rather than overweight prevalence, or prevalence
of overweight/obesity combined; they must have defined obesity using an accepted
method for children and adolescents based on BMI-for-age; BMI must have been
based on measured height and weight (rather than self-report or parental report); age
of study participants between 5-19 years; study participants from the general popula-

tion (e.g. not from clinical samples).
Exclusion criteria

Studies were excluded if they addressed prevalence of obesity in middle
Eastern countries that are not members of the GCC, with study participants outside
the range 5-19 years; if prevalence data were collected earlier than 2007; if preva-
lence estimates from BMI-for-age were based on self-reported height or weight, or
which combined prevalence of obesity and overweight so that obesity prevalence
could not be ascertained. Studies that sampled from specific populations (e.g. clinical
populations) were also excluded.

All literature search hits, and all potentially eligible studies identified by for-
ward and backward citation searching, were examined for eligibility independently
by both authors. The two authors resolved differences of opinion over eligibility by

discussion, and in a few cases, by asking for clarification of methods from the au-
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thors of the original studies (e.g. over the precise data collection period where this
was unclear in a few cases). A list of studies excluded at the full-text screening stage,
with reason(s) for exclusion is provided in the supplementary material (Additional

File Table 3).
Data extraction

A data extraction form was devised in advance of the process of data extrac-
tion and used to populate the evidence tables given in the Results section below, with
summary data on prevalence of obesity (with 95% CI where possible) overall, and by
subgroup as reported (e.g. by age, gender, definition of obesity). Both authors inde-
pendently populated the data extraction forms, and they resolved any differences of

opinion by discussion.
Quality assessment-appraisal of eligible studies

The quality of individual eligible studies was assessed by both authors inde-
pendently using the Joanna Briggs Institute (JBI) checklist for assessment of the
quality of prevalence studies [15]. Two additional aspects of prevalence study quality
which are specific to obesity were also considered and added to the data extraction
forms: the timing of data collection given recent rapid increases in obesity preva-
lence in the GCC; [8,9]; whether biases arising from use of the BMI-for-age to esti-
mate obesity prevalence [12,13] had been considered by the authors (e.g. reported in

the Discussion and/or used to adjust prevalence estimates in the Results).
Guidance on maintaining the quality of the systematic review

In an attempt to ensure high quality of the present review process the authors

planned and conducted the review by addressing each of the items in the Assessment
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of multiple systematic reviews tool (AMSTAR [16]) checklist - the process is sum-

marised in Table 1.
Synthesis of study findings

A meta-analysis of review findings was considered desirable if practical, but
it was recognised that marked gaps in the evidence and/or differences between stud-
ies, e.g. differences in age or sex, ethnicity or socio-economic status of the samples,
differences in time period [17], differences arising from differences in the definition
of obesity used, which would be expected to be marked [12],might preclude meta-

analysis. Publication bias assessment was also considered desirable if possible.

5. Results

5.1 Eligible studies and study selection process

The PRISMA flow diagram is provided in Figure 1. In the original search 22
potentially eligible papers were identified for full-text eligibility screening by both
authors by conventional literature searching and a further 17 papers/surveys from the
grey literature were suggested by expert contacts in the GCC and all of those were
full-text screened by both authors. The search update in November 2018 identified
further studies for full-text screening but no additional eligible studies, so only 11
eligible papers/survey reports were identified, reporting 13 separate prevalence esti-
mates, from 3 of the 6 GCC countries (UAE, Kuwait, KSA): there were no eligible
studies from Oman, Bahrain, and Qatar. In summary, the number of eligible studies
in the GCC countries was limited and the studies/surveys themselves differed sub-

stantially by time, sample age and sex, ethnicity, and by definitions of obesity used.
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No formal assessment of publication bias was possible given the small number of

eligible studies, and so a narrative synthesis, by nation, is provided below.

J

Identification

[

Sereening

Eligibility

Included

L

Electronic database; Google Scholar, Physical
educstion index, Medling, SCOPUS, WHO and kand

searching (n= 382 reconds)

Reconds de~duplicated (n=170)

After desduplication records
(n=212)

Polenially Relevas (p=34)

Full text not available in

Eaglish (5= 12)

Fulllext arficles assessed for
eligibiliy {n=21)

Aticles from, farward and
backward citation, consulted
experts, | reference lists and
grey [iterature (n=1T)

Reviews of tilles and ahstrmets (n=178
* excluded ax abvicus]y irvelevant (meviews,
unsuitsble measares |

k.

Articles that satisfied all the
eligibility critesia: {m= 11),

Datn were collected from

Balsrata (=0}
KSA (n =2
Knwait {n=%)
Chat {1 =0
UAE (8=3)
Qutar (=0}

- & o & & W

Articles and grey literature
excluded (n=2K)

1. Wrong poplation group
=3

1. Smdies combined
overweight and ohesity
prevalence = |

3. Dala collecled befare
107=15

4, Ohesity prevalence
data not given (n=9).
Rensens for exclusians

give in the Appendix.

Fig. 1 PRISMA Study Flow Diagram. Footnote: search updates in November 2018 identified 10 additional potertially eligible studies, of which & were
excluded from Abstract screening and four were deemed ineligible after ful-text screening (see Additional file 3)

Figure 1. PRISMA Study Flow
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5.2 Study quality appraisal

The formal appraisal of study quality for the 11 eligible studies/surveys is
summarised in Table 2. A number of the quality assessment items were not reported
or not carried out, in particular the use of nationally representative samples was rare
(1/11 eligible studies), and few studies reported power calculations or confidence
intervals for their prevalence estimates (only 3/11 provided confidence intervals). In
addition, few of the eligible studies/surveys were recent: 9 out of 11 studies collected
data over 7 years ago. Finally, consideration of biases arising from use of BMI-for-

age was not carried out (0/11 eligible studies referred to this major source of bias).
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Table 2. Study Quality Appraisal

Table 2 Study quality appraisal summary using the Joanna Briggs Institute, JBI, tool [15]

Criteria-Paper ABlooshi,  AlJunaibi, Musaiger, Al-Hazzaa, Musaiger, Al-Awadhi, Al-Haifi, Alrashidi, El-Ghaziri, FElkum,  KNSS?
2016 [18] 2013 [20] 2012191 2014 [21] 2016([221 2013([2)  2013[5] 2015[26] 2011[27] 2016 2016

28] (29]

1. Sampling frame No No No No No No No No No No No

appropriate?

2. Sample appropriate? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear

3. Sample size adequate?  Unclear ~ No Yes Yes Yes Unclear ~ Unclear Unclear  Unclear  No Yes

4, Subjects & settings Yes Yes No Yes Yes Yes Yes Yes Yes Yes No

described?

5. Analysis conducted to No No No No No Yes Unclear No No No No

ensure coverage?

6. Valid methods used 1o~ Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

define obesity?

7. Obesity defined in same  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

way for all subjects?

8. Appropriate analysis? No Yes No No No Yes No No Yes No No

(numerator, denominator,

9%, Cl)

9. Response rate No Yes No No No Yes No No No No No

adequate/dealt with?

Total/9 4 5 5 5 5 7 4 4 5 4 3

*Kuwait Nutrition Surveillance System
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5.3 Narrative synthesis by GCC nation
UAE

Table 3 summarises the three eligible studies from the UAE [18-20]. None of
the three studies used representative samples, though one study [18] was very large
(n = 44,942), relatively recent (data collection 2013-2015), included both nationals
and non-nationals, and included a wide age range (3-18 years). In this study [18] by
prevalence of obesity according to the WHO definition exceeded one third of the
sample in the secondary school-age participants, and there was clear evidence of in-
creasing prevalence with increasing age. The highest prevalence was recorded for
age 11-14 years. In two of the three studies from the UAE [19, 20] obesity preva-
lence estimates were provided using more than one definition of obesity, and in both
cases prevalence was substantially lower using the International Obesity Task Force
(IOTF) compared to the alternative definitions (from the US Centers for Disease
Control and WHO respectively). In the one study which considered differences in
obesity prevalence between the sexes, prevalence was much lower among girls than

boys [19] .
KSA

Table 4 summarises the evidence from the two eligible studies in the KSA
[21, 22]. Neither of these studies were based on nationally representative samples.
Both studies included adolescents only, and in both studies prevalence of obesity was

much higher in boys than girls.
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Kuwait

Table 5 summarises the eight eligible studies from Kuwait. A number of the
eligible studies were not based on representative samples, were not very recent, and
had relatively small samples. The most informative of the data sources from Kuwait
was the large and recent nationally representative survey from 2016 [28]. In this sur-
vey there was clear evidence of increasing prevalence of obesity with increasing age,
and by adolescence one-quarter to one third of participants were obese according to
the WHO definition. Among the other seven eligible studies from Kuwait (Table 5),
three reported comparisons between prevalence estimates according to the definition
of obesity used. Prevalence estimates were generally lower with the IOTF definition
than the CDC and WHO BMI-for-age definitions (Table 5). Four studies compared
prevalence between the sexes, and in all cases found that prevalence was lower
among girls than boys, though prevalence was still high among the girls (typically

ranging between 20% and 45% of girls in the samples studied).

6. Discussion

This systematic review showed that evidence on the prevalence of obesity
among school age children and adolescents in the GCC states is limited. Only one
nationally representative survey was identified, and only 3/6 GCC states had any
eligible data from the past 11 years, with multiple gaps in the evidence (e.g. for
certain age groups) and weaknesses in the evidence (e.g. reliance on non-
representative samples, lack of national surveys). More extensive and higher quality
surveillance of obesity among school age children and adolescents in the GCC is
required in future if the GCC states are to address the obesity epidemic effectively

[7]. Regular high quality surveillance is essential to assess the scale of the obesity
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problem, to identify trends and inequalities, to drive obesity prevention and control
measures, and to assess the impact of policy measures aimed at obesity prevention
and control [7].

Despite limitations in the evidence base on obesity prevalence in the GCC na-
tions noted above, some trends were apparent from the 11 eligible studies. First, the
prevalence of obesity according to BMI-for-age was very high. For example, preva-
lence of obesity in the UAE, according to the WHO definition, exceeded one third of
the sample in the secondary school-age participants, and increased with increasing
age. One-quarter to one third of participants were obese according to the WHO defi-
nition in the Kuwaiti national survey. Moreover, BMI-for-age substantially underes-
timates the prevalence of obesity (excessive fatness) in children [12,13] so ‘true’
prevalence of obesity in these studies in the GCC would have been even higher if this
bias arising from the use of BMI had been accounted for. None of the eligible studies
or surveys acknowledged that their prevalence estimates were subject to this source
of bias, or attempted to adjust for it. A large recent study [29] across Africa found
that the WHO-BM I-for-age definition of obesity only identified around one third of
children with excessive body fatness measured by a reference method (Total Body
Water). Second, in most of the eligible studies the prevalence of obesity was higher
in boys than girls, suggesting that this is a real difference in susceptibility to paediat-
ric obesity in the GCC states. It should be noted that prevalence of obesity among the
girls would also be regarded as very high relative to other nations [10,11]. Third, the
eligible studies and surveys which compared prevalence estimates by the different

definitions based on BMI-for-age consistently found that prevalence was substan-
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tially lower when the IOTF definition of obesity was used compared to definitions
based on the CDC or WHO, consistent with previous evidence [12].

There are no previous systematic reviews of the prevalence of child or ado-
lescent obesity from the GCC, and so the results of the present study cannot easily be
compared with other evidence. Comparisons of prevalence of obesity among children
and adolescents in the GCC with those living in other countries is also difficult be-
cause of differences in the timing of the studies, differences in the definitions of obe-
sity used, and whether or not obesity prevalence estimates (as distinct from over-
weight prevalence estimates, or prevalence of overweight and obesity combined) can
be found in published studies.

The present review found major limitations of obesity surveillance in the
GCC, notably the apparent lack of any recent surveillance data from three of the six
6 GCC countries, the availability of nationally representative sample data from only
1/6 GCC countries, the small sample sizes and scarcity of power calculations (and
confidence intervals around prevalence estimates), and the fact that bias in the use of
BMI-for-age to generate prevalence estimates was not considered by any of the 11
eligible studies/surveys. In addition, eligible study and survey response rates were
often very low (under 50%), and not reported in all of the eligible studies and sur-
veys. It should be noted that many of the studies did not set out to obtain nationally
representative samples, and estimating obesity prevalence was not a primary aim of
all of the eligible studies. In addition, a checklist for guiding/assessing the quality of
prevalence studies [15] only became available after many of the eligible studies were

conducted. Future studies and surveys of child and adolescent obesity prevalence in
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the GCC states and elsewhere may find it useful to refer to the checklist for assess-
ment of prevalence study quality used in the present study [15].

This review had a number of strengths. First, it focused on obesity-rather than
overweight and obesity. While obesity and overweight are often combined somewhat
casually in paediatric prevalence studies they are not equivalent clinically or biologi-
cally in children, as in adults: there is currently a very large body of consistent evi-
dence of adverse health effects of obesity in childhood and adolescence [30, 31], but
the adverse health impact of overweight in childhood and adolescence is much less
clear at present. Second, the present review attempted to provide evidence of most
relevance and highest quality, by including only relatively recent studies, and only
those which used acceptable objective measures of obesity (rather than self-or parent
reports), and by formal appraisal of study quality. The conduct of the present
systematic review was also intended to follow best practice, by using the AMSTAR
tool as a guide to the process, and reporting of the review followed PRISMA guid-
ance. Finally, by making use of extensive expert contacts in all of the six GCC states,
the probability that eligible studies and surveys (including grey literature) were not
identified by the conventional literature search was reduced.

The present review also had a number of limitations. The number of eligible
studies was relatively small due in part to our decision to exclude studies which col-
lected data prior to 2007. The rationale for this is that we included only recent studies
to provide up to date information, especially important given likely recent rapid in-
creases in obesity prevalence in the GCC [1-4, 8,9]. Including older studies would
have increased the size of the evidence base, but also made it much less generalisable

to contemporary GCC populations. The literature search was limited to the English
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language for practical reasons, but any grey literature or other studies suggested by
expert contacts in the GCC published in Arabic would also have been considered if
identified. The first author is from Kuwait, which may have biased the grey literature
searching towards Kuwaiti sources of evidence. However, author connections in rel-
evant institutions in the rest of the GCC are good, and responses from those contacts
were generally informative (Additional File 2). It therefore seems unlikely that use-
ful sources of evidence from the other GCC states, such as recent nationally repre-

sentative surveys, were missed.
7. Conclusions

There is a major gap in the literature on the childhood and adolescent obesity
prevalence in the GCC states, with the exception of Kuwait. New research/surveys
are needed for those countries in the GCC apparently not doing surveillance of child
and adolescent obesity prevalence. For those countries where studies and surveys
have been carried out, greater attention could be paid to the quality appraisal issues

identified by the present review.
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Table 3 Cbesity Prevalence, UAE

Table 3. Obesity Prevalence, UAE

Author and Sample Size and age (n) Data Collection Definition of Obesity Obesity Prevalence (%) by Definition Comments on Obesity
Year (Years) Used Prevalence Estimates
Al Blooshi 44942 (Males and fermales) 2013-2015 International Obesity Task Prevalence estimates for the nationals only The sample was
et al, 2016) [18] age 3—18 years Force (WJTF), Waorld Health Age IOTF WHO CDhC apparently not
) Organization 2007 (WHO), representative of
mﬁﬂ;twg was ;_‘I:'"'g”'tjec' and Centers for Disease 3-6 5.2 11.2 7.4 the UAE.
in two phases; the firs G ol (CD0)
phase was in 2013-2014 icarvancl | 7-10 12.4 27.0 16.7 Cis given for prevalence
{n=15532) age 4-12 years. 11-14 18.9 37.5 24.3 estimates: Mo
The second phase was in 15-18 19.3 33.8 2222 Biases considered: No
2014-2015 (n=29410) h : - ) )
n = 27,078 nationals and F;r_l:vale_r:ce rl:ljgher i ::u:r,rs
2332 por-ratonsi e S
3-18 .
N s younger individuals
Musaiger et al, 605 adolescents aged 20102011 IOTF and CDC The sample was
2012) [19] from 15 to 18 years SEX 10TF CDC apparenthy not
(n = 262 males, Male 19.1 22.5 representative of
243 fermales) Female 6.6 7.0 the UAE.
- - Biases considerad: No
Cis given for prevalence
estimates: Mo
Prevalence higher in boys
than girls
Al Junaibi et 1541, aged 6~19 years January— IOTF and CDC SEX 10TF CcCDC The sample was
al 2013 [20] (= 1770 males, n=770 December representative of Abu
fernales) 2011 Male - 21.4 Dhabi but not the
Female - 18.1 e

Cls given for prevalence
estimates: No

Biases considered: No

The authors used IOTF to
define obesity prevalence
but data using WOTF

not shown,

Prevalence higher in older
individuals and slightly
higher in boys than girls
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Table 4. Obesity Prevalence, KSA
Table 4 Obesity Prevalence, Kingdom of Saudi Arabia

Author and year  Sample size (n) and Data collection Definition of Obesity prevalence by methods

Comments on obesity

age of sample (Years) obesity used prevalence estimates
Al-Hazzaa et al, 2908 (n= 1401 males, 2009-2010 IOTF SEX IOTF The sample was apparently
2014) [21] n=1507 females) representative of Al-Khobar,
aged 14 to 19 years Male 24.1 Jeddah and Riyadh, but not
Female 14.0 representative of KSA
Cls given for prevalence
estimates: No
Biases considered: No
Prevalence higher in boys
than girls
Musaiger et al, 968 adolescents aged  2013-2014 IOTF, WHO EX [OTF WH The sample represents
2016) [22] 15-18 years (n=518 S 0 0 Dammam city but was
males, n = 450 females) Male 243 35.5 apparently not representative
Female 15.3 8.0 of KSA.

Cls given for prevalence
estimates: No

Biases considered: No

Prevalence higher in boys
than girls
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Table 5. Obesity Prevalence, Kuwait

Table 5 Obesity Prevalence, Kuwait

Author and year

Sample size (n)

Data collection  Definition of

Prevalence by methods

Comments on obesity

and age (Years) obesity used prevalence estimates
Al-Haifi et al,, 2013) [5] 906 (males n =463, 2009-2010 I0TF, WHO The sample was from
females 443) aged SEX I0TF WHO Kuwait city, but apparently
between 14 and Male 255 = not representative of Kuwait
1
e Female 21.0 - Cls given: No
Biases considered: No
WHO method used for age
18-19 years; but data not
included.
Prevalence slightly higher in
boys than girls
El-Ghaziri et al,(2011) 499 10-14-years 2009 IOTF,WHO, IOTF CDC WHO The sample was from Kuwait
271 (males n=317, cbC city but apparently not
girls n=182). 44.1 44.9 50.5 representative of Kuwait
Biases considered: No
Prevalence differences
between the sexes not given
Elkum et al, 2016) [28] 6574 6-18 years 2012-2013 IOTF,WHO,CDC The sample was from Kuwait
£ge
(females n=3973, city apparently not
n=2601 males) 6 20.0 16.2 24.7 representative of Kuwait
10 29.7 30.2 36.0 Biases considered: No
13 319 33.9 39.9 Prevalence not given for the
18 273 19.9 28.0 sexes separately.
Musaiger et al, 2016) 706 aged 15-18 2013-2014 WHO, IOTF The sample was from Kuwait
[22) years (n =343 males, SEX I0TF WHO city, apparently not
n = 363females) Male 28.6 40.5 representative
f Kuwait
Female 21.1 31.2 ©
Cls given: No
Biases considered: No
Prevalence higher in boys than girls
Musaiger et al, 2012) 4698 age 15t0 18 2010-2011 I0TF, CDC The sample was apparently
91 years (n = 2240 SEX I0TF CDC representative of Kuwait city,
males, n = 2458 Male 34.8 42.1 but not representative of Kuwait
females).
‘emales) Female 20.6 21.1 Cls given: Yes
Biases considered: No
Prevalence higher in boys than girls.
Alrashidi et al 2015 [26] 960 11-14 years February-June  WHO The sample was from Kuwait
females(n =480) and 2013 SEX Prevalence city, apparently not
males (n =480 Male 37.6 representative of Kuwait
Female 35.6 Cls given: No
Biases considered: No
Al-Awadhi et al 2013 [2] 1273 females, age 2010 CDbC 18.3% (95% Cl: 16.2-20.6%) The sample was apparently
15-19 years representative of Kuwait, Cls
given: Yes
Biases considered: No
The Kuwait Nutrition 12,396, age 5-17 2016 WHO Overall prevalence of obesity was 25.9% The sample was representative
Surveillance system:2016  years. (n=6251 Age Prevalence of Kuwait
Annual report,Ministry males and 5
of Health [29] n=6145 females) 5 13.5 Cls given: No
Biases considered: No
9 20.0
11 33.1 Prevalence not given for the
5 296 sexes separately.
1 :
17 26.7

Footnotes: There were no eligible published data or grey literature for 3 of the GCC countries: Bahrain, Oman and Qatar
Where authors acknowledged biases in prevalence estimation with BMI this has been noted. Where authors reported Cls for their prevalence estimates these have
been provided in the Tables. CDC Centers for Disease Control and Prevention, BMI Body mass index, IOTF International Obesity Task Force, WHO World Health

Organisation, KSA Kingdom of Saudi Arabia, UAE United Arab Emirates
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8. Additional files

8.1 Additional File 1 Title. Literature search terms in Ovid Medline.

Description. Search terms and syntax in Medline.

1. “Obesity prevalence."

2. “Children”, “’Child”’

3. “Adolescent” or “teen" Or “’youth”’

4. “Gulf Countries” or “Arabian Gulf”

5. “GCC” or “Middle East”

6. “Saudi Arabia”, “Kuwait”, “Oman”, or “Bahrain”, “Qatar”,
7. “United Arab Emirates”, or “UAE”

8. “Reviews”, “Literature”, or “Systematic”
9. #(1)&H#(2)#(4).

10. #(1)&#(3)#(5)

11. #(1)&#(2)#(6)

12. #(1)&#(2)#(6).

13. Limit to English language

The search strategy was replicated in the other databases, but with minor

changes of syntax as required by each database.
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8.2 Additional File 2 Title. GCC experts consulted on search findings and missing

studies.

Description. Summary of experts contacted to check on search results, their affilia-

tions, and their responses.

Contact | GCC Country Location Response

No

1 . : L No
Kuwait Sport Section, Kuwait Ministry of Health

2 ] ] o Yes
Kuwait Kuwalit University

3 ) ) . . Yes
Kuwait Kuwait University

4 . - ) Yes
Kuwait Ministry of Education

S . . . . Yes
Kuwait Public Authority for Food and Nutrition

6 . - ) No
Kuwait Ministry of Education

7 ) . Yes
Kuwait Ministry of Health

8 ) o ) Yes
Kuwait Ministry of Education

9 No
Kuwait Public Authority for Food and Nutrition

10 i iversi- No
:;uwalt Universi Kuwait University

11 o _ Yes
UAE College of Medicine & Health Science

12 _ o No
UAE Emirates University

13 o Yes
UAE Ministry of Health

14 ) _ o No
Bahrain Arabian Gulf University
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15 Bahrain Ministry of Health es

16 L . No
Qatar Aspetar Sports Medicine Hospital

17 Qatar Hamad Hospital No

18 KSA Al Majamaa University es

19 KSA King Saud University es

20 KSA Dammam University No

21 Yes
Oman Ministry of Health

22 KSA Ministry of Health Yes

23 KSA Ministry of Health Yes
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8.3 Additional File 3 Title. List of excluded studies.

Description. Summary of full-text screened studies excluded, with reasons for ex-

clusion.

Authors, year | Study title Reason for exclu-
sion

Abdul- Obesity in children and adolescents in Gulf | Old data before

Rasoul, 2012 | countries: Facts and solutions. 2007

Al-Dossary et | Obesity in Saudi children: a dangerous reality Old data before

al., 2010 2007

Al-Kilani et | Trends of obesity and overweight among college | Wrong population

al., 2012 students in Oman: A cross sectional study group

Al-Refaee et | The rising tide of overweight among Kuwaiti chil- | Overweight data, no

al., 2013 dren: study from Al-Adan Hospital, Kuwait. obesity data

Al Shehri, | Obesity among Saudi children. Old data before

2013 2007

Bader et al., | Overweight and obesity among adolescents in | Combined over-

2008 Bahrain weight and obesity
prevalence

Boodai et al., | Prevalence of cardiometabolic risk factors and meta- | Metabolic syn-

2014a bolic syndrome in obese Kuwaiti adolescents drome study; No
obesity prevalence
data

Boodai et al., | National Adolescent Treatment Trial for Obesity in | No relevant obesity

2014b Kuwait (NATTO): project design and results of a | prevalence data

randomised controlled trial of a good practice ap-
proach to treatment of adolescent obesity in Kuwait.

El-Bayoumy | Prevalence of Obesity Among Adolescents (10 to 14 | Old data before

et al., 2009 Years) in Kuwait. 2007

El Mouzan et | Prevalence of overweight and obesity in Saudi chil- | Old data before

al., 2010 dren and adolescents 2007

Farrag A systematic review of childhood obesity in the | Old data before

Nesrine  S., | Middle East and North Africa (MENA) region: Prev- | 2007

2017 alence and risk factors meta-analysis.

Gharib  and | Obesity among Bahrani children and adolescents: | Old data before

Rasheed, Prevalence and associated factors 2007

2008

Hammad and | The Child Obesity Epidemic in Saudi Arabia: A | Old data before

Berry, 2016 | Review of the Literature. 2007

[3]

Jackson et al.,
2011

Waist circumference percentiles for Kuwaiti children
and adolescents.

No prevalence data

Mandeya and | Childhood overweight and obesity in Qatar: A | Old data before
Kridli, 2014 literature review. 2007
Mirmiran et | Childhood obesity in the Middle East: a review Old data before
al., 2010 2007
Musaiger, Overweight and obesity in eastern Mediterranean | Old data before
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2011 region: prevalence and possible causes. 2007
Musaiger et | Body weight perception among adolescents in Dubai, | Old data before
al., 2012 United Arab Emirates. 2007
Musaiger and | Role of obesity and media in body weight concern | Body Image, No
Al-Mannai, among female university students in Kuwait. obesity prevalence
2013 data
Musaiger et | Risk of disordered eating attitudes among | Eating Attitudes |,
al., 2013 adolescents in seven Arab countries by gender and | No obesity preva-
obesity: a cross-cultural study. lence data
Musaiger et | Social, dietary and lifestyle factors associated with | Old data before
al., 2014 obesity among Bahraini adolescents 2007
Musaiger et | Disordered Eating Attitudes Among University | Wrong population
al., 2016 Students in Kuwait: The Role of Gender and | group
Obesity.
Ng et al, | Global, regional, and national prevalence of over- | Old data before
2014 [6] weight and obesity in children and adults during | 2007
1980-2013: a systematic analysis for the Global Bur-
den of Disease Study 2013
Rizk and | Association of lipid profile and waist circumference | Old data before
Yousef, 2012 | as cardiovascular risk factors for overweight and | 2007

obesity among school children in Qatar.

Shaban et al., | Corrigendum to Perceived Body Image, Eating | Self-image, no obe-

2017 Behavior, and Sedentary Activities and Body Mass | sity prevalence data.
Index Categories in Kuwaiti Female Adolescents

Suraya et al., | Effect of obesity on academic grades among Saudi | Wrong population

2017 female medical students at College of Medicine group

Zaal et al., | Anthropometric characteristics and obesity among | No obesity preva-

2011 adolescents in the United Arab Emirates. lence data
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The updated search in November 2018 identified a further four studies which

were full-text screened but ineligible, details as follows: Garemo et al., (2018) stud-

ied an ineligible population group (Pre-school children); Al Omar et al., (2018) used

an ineligible means of defining obesity in adolescents (BMI rather than BMI-for-

age); Nanhas et al., 2018 did not present any prevalence data (protocol paper); Rey-

Lopez et al., 2019 did not present obesity prevalence data.

9
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Chapter 4: General methods for studies 2, 3 and 4

1. Preface

The present section expands on the methodology for chapters 5, 6 and 7 high-
lighting and justifying the various methods used in the three studies, which could not
be presented in the manuscripts because of the restriction on word limits for each

journal.
1.1 Author Contribution

The cross-sectional study was designed and conducted by the leader author
HH. JJR assisted with the study design and choosing the appropriate exposure, co-
variates, and outcome measures. JJR and AH (Dr. Allan Hewitt) supported the study
design and data analyses. HA (Dr. Hamad Alaslawi) facilitated the process of data
collection at the Kuwait University, all authors read and approved the final manu-
scripts.

When collecting data, HH was assisted by a Dietitian SA (Shyima Algatan)
from AlAdan Hospital during the fieldwork and she recorded field notes. HA (Hasan
Alttaer) from KISR trained HH how to set-up the equipment for BIA to measure the
body fat in participants. For the cognitive test, CHR (Dr. Crystal Haskell) from

Northumbria University trained and advised on the inhibition test outcome.
2. Introduction

The systematic review (Study 1, Chapter 3) showed that the prevalence of
obesity seems very high in Kuwaiti children and adolescents. However, the evidence

was limited as there are few recent studies of prevalence in Kuwait and the Gulf
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states. In addition, the evidence was typically based on BMI definitions, which have
been shown to underestimate the true scale of prevalence as discussed in chapter 1.
Moreover, none of the previous systematic reviews on the classification accuracy of
BMI (Reilly et al., 2010; Okorodudu et al., 2010; Javed et al., 2015), which included
n=18, n= 25, and n=37 studies, respectively, had any studies from the Arab world or
the GCC population.

Study 2 (Chapter 5) aimed to test the classification accuracy of BMI for high
body fatness in female Kuwaiti late-adolescents (17-19.9 years) at university to as-
sess the impact of BMI-defined obesity compared to that based on body fat percent.
Study 3 (chapter 6) and study 4 (chapter 7) aimed to further explore the impact of
obesity in Kuwait by assessing associations and possible effects of obesity on educa-
tional attainment (Study 3) and cognitive inhibition (Study 4) in female adolescent

university students.
3. History of studies 2, 3 and 4 from exploratory to full studies

Studies 2, 3, and 4 (see chapters 5, 6 and 7) were initially planned to be feasi-
bility studies with exploratory analyses because of logistic and time limitations con-
sidered at the planning stage. The researcher HH had to obtain approval from the
Kuwait University for collecting data from the students, and to borrow the equipment
from Kuwait Institute for Scientific Research (KISR) that required the equipment
being in custody of one of the university staff and returning them within three
months of moving to Kuwait University campus. In addition, HH had to obtain ap-
proval from Kuwait University for an allocated area to store the equipment and un-
dertake the assessment for participants. As for time constraints, the university aca-

demic year begins in mid-September and ends at the end of May and is further divid-
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ed into two semesters of between 15 and 17 weeks’ duration. The first semester is
from mid-September until the end of December. The second semester starts from the
end of January until the end of May, and June is exams period for the end of the se-
mester. Therefore, the most eligible time to have the most participants accessible was
during the 2" semester from February until end of May, but there was also a need to
avoid the exam period and the month of fasting (Ramadan) that started in mid-May
that year as well as the holidays. In addition, the researcher HH had visa restrictions
that prevented her from staying out of the country of study (UK) for more than 90
days.

In summary, the combination of the issues described above (having to get ap-
proval and borrow equipment for data collection, the university term time, Ramadan,
the visa restrictions) meant that the time window available for data collection for
studies 2, 3, and 4 was limited to approximately 12 weeks.

Accordingly, power calculations were not considered as these studies were
novel and were originally determined based on what would be feasible in Kuwait,
and that was not clear until HH collected the data over the period between March and
May 2019 during the academic year of 2018/2019 at Kuwait University. Since it was
feasible to recruit a reasonably large sample size with all measurement data, the stud-
ies seemed to be more than feasibility studies and became cross sectional studies and

were all based on the same protocol/data collection described later in this chapter.
4. Sample characteristics and recruitment

4.1 Participants

Studies 2, 3 and 4 were all based on a convenience sample due to the reasons

described above. Convenience sampling is defined as nonprobability sampling where
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subjects are sampled simply because they are convenient without using random se-
lection (Jager et al., 2017). Although probability sampling has better generalisability
than nonprobability sampling, the use of homogeneous convenience samples pro-
vides clearer generalisability than heterogeneous convenience samples for under-
standing population effects and subpopulation differences (Jager et al., 2017). For
example, homogeneous convenience sample was suitable for assessing the impact of
obesity on educational attainment and inhibition in Kuwaiti individuals. Therefore,
only Kuwaiti nationals were considered, a move that was undertaken to provide a
relatively homogeneous sample for reducing the number of potential confounders
(e.g. non-Kuwaiti nationality).

This sample was restricted to female late adolescents in the first and second
year of university as this age group corresponds to the WHO definition of adoles-
cents. Based on the general definition by WHO, adolescent is aged between 10 and
19.9 years old (WHO, 2007; WHO, 2015) as described in chapter 1. This age group
was chosen due to practical and scientific reasons. For practicality, having permis-
sion from the Ministry of Education for collecting data from school-aged children
under the age of 16 years would have taken more time than was available for data
collection within a maximum of 12 weeks due to visa restrictions mentioned earlier
in this chapter. In addition, gaining approval for the study from the Ministry of
Health in Kuwait would have taken more than 12 weeks. Furthermore, it would be
difficult to transfer the equipment from each school and class to others, which would
require obtaining further permission. Additional consideration was that adolescents
are more mature and would be more responsive when invited to participate in the

study. Having a female researcher HH involved meant that it would be more practi-
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cal to collect data from the same sex, especially due to cultural and religious aspects
of the Kuwait environment

In addition, targeting female adolescents was based on the emerging evidence
of the higher impact of obesity on self-esteem and quality of life in females than in
males (Al-Sabah et al., 2015; Al Khalaf et al., 2012; Korczak et al., 2013; Reilly et
al., 2003). Other systematic reviews (Hill et al., 2018; Martin et al., 2017; Santana
et al., 2017) showed that obesity was more likely to be negatively associated with
education attainment and/or cognitive function in girls than in boys. Most studies in
these reviews were conducted in western societies, which may not be applicable in
the GCC countries. Furthermore, to date, no study has investigated the association
between obesity and educational attainment and/or cognitive function in female ado-

lescents in Kuwait.
4.2 Ethical permissions and clearance

Studies are expected to strictly adhere to a set of ethical guidelines. This
study was conducted in accordance with the Declaration of Helsinki (Goodyear et
al., 2007). In addition, ethical approval was provided in December 2018 by the ethics
committee of the School of Psychological Sciences & Health, Faculty of Humanities
and Social Science of the University of Strathclyde. The approval to conduct the
study at Kuwait University followed a formal procedure. The letter from the ethics
committee (Appendix D) as well as a letter from the supervisor JJR (Appendix E)
were presented to the Dean of Social Science College at Kuwait University to get
their permission for conducting the study on campus. Kuwait University also made
sure that there was no need for a permission from the Kuwait Ministry of Health be-

cause the study did not include participants under the age of 16 years old or a collec-
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tion of blood samples. Additionally, the Social Science College formally reached out
to KISR for an agreement to borrow and move the study-required equipment to their
campus for two months (Appendix F). The Research and Statistical Consultation
Unit provided allocated area for storing the equipment and collecting data. The re-
searcher HH was trained on the use of the equipment by KISR staff and the equip-
ment was returned back to them at the end of May 2019.

The Researcher HH collected the data with assistance of her female col-
league, who has an M.Sc. degree in Dietetics and is specially trained for working
with children and adolescents at Al Adan Hospital in Kuwait. The ethical considera-
tions were addressed by seeking consent from the participants before they were al-
lowed to be involved in the study. The consent form (Appendix G) provided partici-
pants with adequate information, such as the purpose of the study, details of the re-
searcher, information on the voluntary nature of participation, the participant’s abil-
ity to withdraw from the study at any time, the participant’s role, the duration of the
experiment and the confidentiality and anonymity of the data. Consent was provided
in Arabic and English, and all participants or parents of those under the age of 18

years gave informed written consent to participation.
4.3 Sample recruitment

Information about the students in the 1%t and 2" year in all departments of the
College of Social Sciences for the academic year 2018/2019 was provided by the
Vice Dean of Academic Affairs (Appendix H). This information included the na-
tionality (Kuwaiti or non-Kuwaiti), the gender, the specific department, and the total
number of students in each category. The total number of students was 3024; 855

students were excluded because they were either male or non-Kuwaiti, leaving n=
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2169 female Kuwaiti students who were invited by emails to participate in this study.
Additionally, the researcher HH reached out to female students in the College of So-
cial Sciences by giving presentations and displaying posters (Appendix I) about the
research topic, aim of the study, and contact information. Those who were interested
in participating in the study had to register by emailing or calling the secretary of
Research and Statistical Consultation Unit, and they had to provide their student ID
number and choose the appropriate date and time slot to participate. Of the 2169,
n=525 agreed to participate in the study, and of the 525, n=125 were excluded as
ineligible due to having issues which might affect their weight status and body com-
position (such as pregnancy, chronic illness, injury or fracture which may affect body
weight). Figure 1 summarises the recruitment process at the College of Social Sci-

ences.
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Dean of College of
Social Science
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525 female participants
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Figure 1 Flow diagram of the recruitment process *

! Obese: WHO BMI-for-age Z score> 2 for students aged (17.0-19 years), BMI >30
kg/m? for those aged (19.1-19.9 years). High body fat: Fat % > 30%.
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4.4 Sample size

The sample sizes for studies 2, 3 and 4 were fixed due to practical issues
mentioned earlier in this chapter, and initially the studies were intended as feasibility
studies as described earlier in this chapter. Power calculations were not carried out in

advance of the study due to the fixed sample size, as discussed previously.
Study 2: Classification accuracy

In classification accuracy studies for obesity, the main requirement is to have
a wide range of body fatness and BMI-for-age since the classification accuracy of
BMI-for-age for body fatness was shown to vary considerably according to the de-
gree of body fatness (Freedman & Sherry, 2009). In addition, the accuracy of BMI-
for-age was shown to be inaccurate in underweight and normal-weight children and
adolescents- the accuracy of BMI increases with the degree of body fatness (Freed-
man & Sherry, 2009). The sample for study 2 had a wide range of BMI-for age and
body fatness, from 15.1 to 54.0 kg/m? and from 5.0 to 54.0%, respectively.

In the systematic review by Reilly et al on the classification accuracy of
BMI-for-age, the largest study (Ng et al., 2007) had a female sample size n=1144,
mean age 15.8 years, and the smallest study had a female sample size n=57, age 15-
18 years (Oliveira et al., 2006). The other two studies reported in the same age group
included n=659, mean age=16.1 years (Kelishadi et al., 2006) and n= 523, mean age
16.1 years (Misra et al., 2007). Another systematic review (Javed et al., 2015) in-
cluded a Brazilian study (Da Veiga et al., 2001) with a female sample size n=823
(age 10-17.9 years) with only n=68 females in the age (17-17.9 years), and the larg-

est female sample size (n=1603, mean age 15.2 years) was reported in a Swedish
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study (Neovius & Rasmussen, 2008). A recent Chinese study (Chen et al., 2018)
included a female sample size n=999, age 9-19 years, with a mean age 13.9.

Overall, the sample size for study 2 was fairly comparable to most studies as-
sessing the classification accuracy of BMI in adolescents covering a wide age range.
The sample size for study 2 was even higher than most studies that covered the spe-

cific age group (17-19.9 years old).
Studies 3 and 4: Association studies

A recent systematic review (Hill et al., 2018) assessed the association be-
tween obesity and educational attainment in college and university students (+16
years old) in 6 cross-sectional studies that had a female sample size that ranged from
n=45 with a mean age of 21.7 (Franz & Feresu, 2013) to a female sample size of
n=1020 with a mean age of 22.6 (Odlaug et al., 2015), but the latter study collected
self-reported data through an online survey. All the cross-sectional studies included
in the review by Hill et al., (2018) were conducted in the USA, except one study that
was conducted in a single university in Saudi Arabia and had a female sample size
n=199 with a mean age of 21.3 years (Suraya et al., 2017). The other USA studies
included in the review reported a female sample size of n= 866, age 18-19 years
(Canning & Mayer, 1966), n= 204, mean age 21.1 years (Anderson and Good, 2017)
and n=1036, including males and females, aged 15-85 years (MacCann & Roberts,
2013).

Santana et al., (2017) reviewed the association between obesity and educa-
tional attainment in 23 cross-sectional studies with a sample size ranged from n=45,
age 7-12 years (Ramaswamy et al., 2010) to a sample size of 1172 females with a

mean age of 10.5 (Leblanc et al., 2012). The second largest study (Abdelalim et al.,
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2012) in this review was conducted in Kuwait on males only with a sample size of
n=999, and a mean age of 10.3 years. Of note, this study included Kuwaiti and non-
Kuwaiti male students.

Martin et al., (2017) systematically reviewed longitudinal studies (n=31) on
the association between obesity and educational attainment in children and adoles-
cents. All studies, except one study, started either in childhood or in early adoles-
cence and followed up to middle adolescence (< 17 years old). The only longitudinal
study (Roberts and Hao, 2013) that included participants aged 11-17 years at baseline
and followed up to 12-18 years had a sample size of n=3134 including males and
females (Martin et al., 2017).

Regarding the association between obesity and cognitive function, a recent
systematic review (Favieri et al., 2019) included 20 cross-sectional studies on ado-
lescents with a sample size that ranged from n=18 to n=108, including males and
females. While the sample size in the longitudinal studies (n=6) ranged from n=22 to
n=62, including males and females. More specifically, all adolescent inhibition stud-
ies, including cross sectional and longitudinal designs, had a female sample size n=
<100.

In summary, the majority of studies on the association between obesity and
educational attainment and inhibition included early and middle adolescents, with a
very limited number of studies that had data on late adolescents. In addition, most of
the samples in previous studies were mixed by both genders and had wide age ranges
so they were quite heterogeneous, so the present thesis studies had a fairly large

sample size for a homogenous sample of late adolescents.
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5. Data collection

5.1 Location of data collection

Kuwait University was first established in 1966. At that time, it was com-
prised of 418 students and 31 faculty members in both the Arts and Sciences colleges
(Safi, 1986). The University has not only expanded but has also diversified to fulfil
the demands of Kuwait’s trained workforce. Its establishment marked an important
milestone in the state of Kuwait because it represented the first public institution of
higher education and research in the state.

Kuwaiti nationals are provided free registration (tuition free) and each regis-
tered Kuwaiti student receives an allowance for four years of study with a stipend of
around 500 pounds each month. In addition, graduate students have to study full time
as the government does not allow part-time degree studies as a policy of the higher

education system.
College of Social Science

The research for studies 2-4 was done in the College of Social Science, one of
the more renowned areas of the university. The College is located in Kuwait City
Shuwaikh Campus (Figure 2), the largest campus at Kuwait University. The college
consists of five (Figure 3) academic departments, including Information Science,
Geography, Psychology, Political Science, and Social Work. The campus also in-

cludes a library, language unit, and the Global Centre. They are supported by instruc-
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tional facilities, college administration, labs, research spaces all of which are

equipped with smart teaching technology.
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Figure 3. College of Social Science academic departments (Kuwait University, 2020)

5.2 Procedure of data collection

The data were collected from students over a twelve-week period, from 8 am

until 7 pm on Sunday-Thursday, and from 9 am to 1 pm on Saturdays in a private

room with a temperature of 25C. Figure 4 below shows the steps for collecting the

data from students; 1- Student ID and information sheet, 2-height measured by stadi-

ometer, 3- BMI and BF% measured by Tanita, and 4- cognitive function computer-

ized test.

Data were entered using the student ID entry codes on an SPSS data file

(Appendix J) to guarantee anonymity. In addition, there was a detailed description

of Standard Operating Procedure (SOPs) for each measure (Appendix K).
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Figure 4. Steps for collecting data for studies 2-4

6. Justification of methods used in studies 2, 3 and 4

The aim of this section is to detail the methods used to assess the exposure

and outcome measurements in studies 2, 3 and 4.
6.1 Measuring exposure variables in studies 2, 3 and 4

The main exposure measures were obesity as defined by BMI-for-age and
high body fat (expressed as a percentage of body weight) see chapter 1 that explains
in detail these measurements of obesity. The BMI in adults and BMI-for-age in chil-
dren and adolescents are considered a standard metric used as a proxy for classifying
who is overweight, normal weight, and obese (WHO, 2007). In general, the body

anthropometry measurements refer to a series of quantitative measurements of the
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bone, muscle, and adipose tissue primarily used as proxies for body composition
(Cole et al., 2000). They are proxies for body composition rather than direct meas-
urements of body composition; these measures generally do not produce measures of
body fatness, while body composition techniques in contrast do measure body fat-
ness, e.g. body fat percentage. For the body composition measurements, there is no
one single method that gives information on overall body tissue, therefore there are
various methods that differ in cost effectiveness and simplicity and these methods
can range from simple field-based methods e.g. BIA to highly technical challenging
laboratory based methods (DEXA, MRI) as mentioned in Chapter 1. Table 1 shows
the advantages and disadvantages of most common methods for body composition

and proxy measures of body composition.
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Table 1. Advantages and disadvantages of direct measures of body composition and proxy measures for body composition

Direct measures of body composition:

Method Advantage Disadvantage

Dual Energy x-Ray | High measurement precision (Wells & Fewtrell, | The lack of standardization in both bone and soft tissue
Absorptiometry 2006; Krugh & Langaker, 2019). measurements and expensive equipment

(DEXA) (Gibson, 2005; Krugh & Langaker, 2020).1t is not Portable

Densitometry

Body density Offers a two-compartment model (un-
derwater weighing and air displacement plethysmog-
raphy) that measures both FFM and FM. (Pupim et
al., 2004; Wells & Fewtrell, 2006)

The process calls for a special facility

The method can be uncomfortable for the subject because
it requires them to remain underwater-particularly difficul-
ty for the elderly, obese, children, and debilitated subjects
when they try to get either into or out of the water tank.
(Pupim et al., 2004; Wells & Fewtrell, 2006)

Isotope dilution

Usable in any population
High accuracy

Very expensive (Bila et al., 2017)

Magnetic reso-
nance imaging
(MRI)

High reproducibility
Provide precise measurement of subcutaneous and
visceral fat (Wells & Fewtrell, 2006)

Extremely expensive equipment
(Gibson, 2005; Krugh & Langaker, 2020)

Bio-Impedance
(BIA)

Safe, practical (Talma et al., 2013), and inexpensive
in terms of analysing body composition (Barreira et
al., 2013).

Commonly used in the estimation of body composi-
tion in muscle and fat mass (Peterson et al., 2011)

Strict protocol for children under 10 years old as they must
fast. Also could be affected by hydration status, drink and
food intake, air temperature, physical activity.

(Barreira et al., 2013; Talma et al., 2013)
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Table 1. Advantages and disadvantages of direct measures of body composition and proxy measures for body composition cont./

Proxy measures for body composition:

Method Advantage Disadvantage
Skinfold Thickness (SFT) Simple Difficult or challenging to take data in an individual who
Inexpensive is extremely obese.

Provides invaluable information about body fat
distribution (Wells & Fewtrell, 2006)

Prediction of body fat depends on certain equation as-
sumptions. (Gibson, 2005; Wells & Fewtrell, 2006)

Body Mass Index (BMI)

Simple

Inexpensive

Appropriate for large-scale studies (Wells &
Fewtrell, 2006)

Fails to account for muscle mass differences

Shorter people are likely to overestimate their height
when allowed to self-report., and problems of low to
moderate sensitivity

Obese people often tend to underestimate their body fat
weight when allowed to self-report. (Reilly et al, 2010:
Wells & Fewtrell, 2006)

Waist circumference (WC)

Simple and cheap (Wells & Fewtrell, 2006).

Might cause pain or embarrassment for some people if
they were sensitive; problems of low to moderate sensi-
tivity (Gibson, 2005; Wells & Fewtrell, 2006).
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The exposure measurements were BMI-for-age and body fat percent meas-
ured by BIA. For each participant in study 2, 3 and 4, weight was measured to the
nearest 0.1kg using the BIA TBF 310 (Tanita™). Before taking the weight, the
height was measured to the nearest 0.1 cm, using SECA, UK, with shoes removed.
Each measurement was conducted twice and the average was taken from these two
readings. The BIA electrode was cleaned with Isopropyl alcohol after each partici-
pant. More details about each measurement are explained below.

Body mass index (BMI-for-age) is a commonly used index for nutritional sta-
tus and generally accepted in children and adolescents to classify them as obese and
non-obese (WHO, 2007; de Onis et al., 2007; Cole et al., 2000) as discussed in
Chapter 1. The WHO BMI cut-off points are commonly used in studies to define
obesity. In studies 2-4, obesity was defined based on WHO BMI-for-age Z score
>2.0 in participants aged 17.0-19.0 years old, and BMI >30 kg/m? in participants
aged 19.1-19.9 years old (WHO, 2007; Cole et al., 2000). BMI Z scores were calcu-
lated using Anthroplus software (Appendix K), which is a software designed to ena-
ble the global application of WHO Reference 2007 for children and adolescents aged
between 5 and 19 years old (WHO, 2007; WHO, 2009). Anthroplus software calcu-
lates Z score up to 19.0 years old, and if the age was 19.0 and 1 day from date of
birth it would not calculate the BMI z score, therefore the adult BMI was calculated
for those aged 19.1-19.9 years old (Cole et al., 2000).

Body fat percentage (BF%) by Bioelectric Impedance Analysis (BIA)

The second measure of obesity was BF %. In the current studies 2, 3 and 4
(chapters 3, 5 and 7) body composition was measured using BIA, which is a relative-

ly simple and inexpensive technique and does not require much training and practice

122



unlike other methods (Burns et al., 2019) as discussed in chapter 1, section 2. In ad-
dition, BIA is used in large population-based studies especially cross sectional stud-
ies (Javed et al., 2015; Reilly et al., 2010) and large scale epidemiological surveys
for both children and adults e.g. the US National Health Examination Survey
(NHANES I111) (Chumlea & Guo, 2000). Moreover, the BIA model used is Tanita
TBF 300, which is one of the most accurate methods and can be done alone with the
participants, if compared with the skinfold assessment that cannot be done alone and
requires a skilled person for accuracy (Peterson et al., 2011). A systematic review of
50 studies, with 7 studies of Tanita TBF 300 model, supported BIA as a reliable
method to estimate body fat % in children and adolescents (Talma et al., 2013). In
addition, Kabiri et al., (2015) reported excellent reliability for Tanita TBF 300 model
in university students. However, the validity of BIA was not clear due to the variety
of BIA devices and prediction equations used in studies (Talma et al., 2013).

As discussed in chapter 1, section 5, numerous studies have established that
high levels of body fatness during childhood and adolescence can cause a vast range
of adverse health consequences (Reilly, 2010), mainly the cardiometabolic conse-
guences, as summarised in the systematic reviews (Reilly et al., 2003; Reilly &
Kelly, 2011). For this thesis, the term “high body fatness™ is used rather than “exces-
sive fatness” that was used in the published paper (Chapter 5) based on the review-
ers’ suggestion.

Determining the cut-off point that defines high fat, i.e. the body fat content
which escalates the risk of developing cardiometabolic risk factors, is more problem-
atic in adolescents than it is in adults due to normal (and sometimes large) changes in

body composition that naturally occur with age and growth. Williams et al., (1992)
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aimed to develop cardiovascular health-related % body fat standards that can be used
in epidemiological investigations of the prevalence of obesity in children and adoles-
cents. The sample included 3320 White and African American children and adoles-
cents aged 5-18 year old to determine the critical level of body fatness associated
with increased risk of cardiometabolic variables, namely elevated blood pressure,
total cholesterol, and serum lipoprotein. A significant increase in the cardiometabolic
risk profile was found for body fatness of >30% in girls and >25% in boys (Williams
etal., 1992).

According to Williams et al., (1992), the BF cut-off of 30% for females was
used in the present thesis studies. This cut-off is widely used and accepted to define
high body fatness in girls and female adolescents in studies. A recent study evaluated
the classification accuracy of BMI in 1516 children aged 8-11 years old from eight
African countries using the Williams cut-off (Diouf et al., 2018). In adolescents,
these cut-off values were used in a Swedish cross-sectional study (Neovius et al.,
2004) of 477 adolescents aged 17 years old, as well as in two Brazilian studies in
female adolescents aged 10-17.9 years old (Veiga et al., 2001) and in male adoles-
cents (Anzolin et al., 2017). In addition, some studies used Williams cut-off values in
American adults aged >18 years old (Shah & Braverman, 2012; Frankenfield et al.,
2001) as well as in Australian adults aged 19-77 years old (Piers et al., 2000).

Overall, there is lack of reference data on BF% cut-offs to define high fatness
and therefore a variety of cut-off values have been used in studies (Javed et al., 2015;
Okorodudu et al., 2010; Reilly et al., 2010). Accordingly, the BF cut-off of 30%
used in these studies was a working definition, and the accuracy of this definition for

detecting adolescent females with high fatness is still uncertain.
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6.2 Measurement of potential confounders in studies 3 and 4

Confounding is defined as mixing of effects when investigating an associa-
tion between an exposure and an outcome (Miettinen, 1974; Jager et al., 2008). The
confounder is a variable that has to satisfy the three properties as follows:

1) “the variable must be associated with the exposure, i.e., it must be unequal-
ly distributed between the exposed and nonexposed groups” (Jager et al., 2008).

(2) “it must be associated with the outcome, i.e., it should be a risk factor for
the outcome” (Jager et al., 2008).

(3) “it must not be an effect of the exposure, nor be a factor in the causal
pathway of the outcome” (Jager et al., 2008).

The outcome variables in this study are educational attainment (GPA) and
cognitive inhibition. Confounding of obesity-educational outcomes may be influ-
enced by socioeconomic status (SES) in western societies. A systematic review by
Santana et al., (2017) showed that the association between obesity and academic
attainment in school children and adolescents became uncertain for most studies after
controlling for potential confounders, including SES and parental education (Santana
et al., 2017). Additionally, Walk et al., (2020) emphasized that there was a strong
possibility that confounding by SES might at least partly explain the association be-
tween obesity and lower education attainment and cognitive function in children (9-
10 years) (Walk et al., 2020). On the other hand, the systematic review of Hill et al.,
(2018) indicated that SES (including parental education or earnings) was considered
as a potential confounder in all the longitudinal studies but none of the cross-
sectional studies (Hill et al., 2018). Hill and colleagues concluded that educational

attainment in university students may be less impacted by SES than that in school
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students, suggesting that university could provide a better opportunity for studying
the association between obesity and educational attainment (Hill et al., 2018).

As discussed in chapter 1, low SES in high income countries is associated
with higher obesity risk, while in contrast in low-middle income countries, low SES
is associated with lower obesity risk. Since low SES affects both the exposure and
the outcome, then it is a possible confounder in western societies, and it may be a
potential confounder in GCC countries. The confounding potential in this case could
explain the associations between obesity and educational outcomes and cognitive
inhibition, which are investigated in studies 3 and 4 (i.e. poorer attainment in the
obese might simply be because they are poorer). Therefore, the relationship between
obesity and these outcomes requires an understanding of the cofounding properties of
SES in the context of Kuwait. Figure 5 Illustrates the confounding variable (SES)
examined in the association between adolescent obesity and educational attainment

and cognitive function (inhibition).
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Figure 5. Association between exposure and outcome for studies 3-4

As discussed in chapter 1, section 8, Kuwait is a relatively equal society with
almost no socioeconomic hierarchy as that seen in other high-income countries.
However, there is limited previous evidence on obesity-educational and obesity-
inhibition outcomes in Kuwait, therefore, the potential confounding of obesity-
educational and obesity-inhibition associations by SES is not that clear and may not
be the same as in studies in western countries.

Rey-Lopez et al., (2019) indicated that no evidence was found for an associa-
tion between SES and adolescent obesity risk in Kuwait. Their cross-sectional study

assessed the prevalence of overweight and obesity among 591 Kuwaiti adolescent
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students (males and females 11.0-19.0 years old) from only three out of the six Ku-
waiti governorates due to time and resource constraints (Rey-Lopez et al., 2019). The
study concluded that over half of school age Kuwaiti adolescents were over-
weight/obese (combined) using IOTF cut-off points. The SES was based on parental
education using the following response categories: “illiterate, read and write, inter-
mediate, secondary, university or higher” (Rey-Lopez et al., 2019). For analysis,
these categories were recoded into two levels: High, if parents achieved at least uni-
versity, and Low, if parents achieved below university studies (Rey-Lopez et al.,
2019). The study found no significant association between SES represented by pa-
rental education and obesity risk in adolescents, given that this study was one of the
very few studies that addressed the potential confounding of SES with regards to
obesity prevalence in Kuwait

However, a more recent cross-sectional study analysed data from STEPS sur-
vey on NCD risk factors in Kuwait. The study investigated the association between
obesity (defined as BMI >30 kg/m?) and several sociodemographic factors among
3589 Kuwaiti individuals, males and females, aged 18-69 years old from the 6 gov-
ernorates (Weiderpass et al., 2019). The SES factors assessed in this study were edu-
cation level and work status. The prevalence of obesity was inversely associated with
the education level in females, while the prevalence of obesity in men with primary
education only was less than that in men with post-graduate education (Weiderpass
et al., 2019). For work status, the prevalence of obesity was significantly higher in
women who were homemakers than those in other occupational categories (em-
ployed, student, retired), while no association between obesity and the occupational

status was detected in men (Weiderpass et al., 2019).
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Accordingly, it seems there is lack of consistent evidence regarding the role
of SES in the risk of obesity in Kuwait and more investigation is needed (Abdelalim
et al., 2012; Al-Kandari, 2006; Musaiger, 2011). The SES in the present thesis was
defined by parental education as a relevant indicator of individual variation in Ku-
waiti population. Other SES measures, such as income and place of residence, were
not considered in the present thesis due to limited disparity in the income between
Kuwaiti nationals, and the urban concentration of population as discussed in chapter
1. On the other hand, education and SES may be less related in Kuwait than in some
other countries as the education at Kuwait University is free. In addition, every Ku-
waiti student at Kuwait University receives a stipend of around 500 pounds monthly

from the Government of Kuwait.
6.3 Justification of methods used for outcomes in studies 3 and 4

For studies 3 and 4 (chapters 6 and 7), the outcome measures were education-
al attainment (GPA) in study 3 and inhibition in study 4. The justification for meth-

ods and measurements of the outcomes are explained below.
Outcome measurements for study 3- chapter 6

Educational attainment outcome:

The measurement used for educational attainment was the grade point aver-
age (GPA). The GPA is widely used to determine progress or achievement in the
performance of university students worldwide (Hill et al., 2018). The choice of GPA
rests on the fact that it is the most common measure used to assess the success of
undergraduate students, and it is meaningful to students and colleges/universities,

and it is relatively easy to obtain (Alhazmi & Al Johani, 2019).
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The GPA is widely used in the GCC and Kuwait for schools and universities
(Al-lsa et al., 2010; Suraya et al., 2017). Previous studies of associations between
obesity and educational attainment in undergraduates have used GPA as an outcome
as shown by several systematic reviews (Hill et al., 2018; Martin et al., 2017; Santa-
na et al., 2017). GPA is used to give a composite score across all classes and is a
reliable measurement (Martin et al., 2017; Sabia et al., 2009). However, some stud-
ies of the possible effects of obesity on educational attainment measured education
attainment in individual subjects, such as maths, reading, and language, rather than
the overall GPA across multiple classes/subjects (Martin et al., 2017). Martin et al.,
(2017) suggested that associations between obesity and maths outcomes might be
stronger than that for obesity and other outcomes. In this thesis study, it might not
matter because the students were from the college of Social Science and most stu-
dents would not register for maths or a reading module at the college. Moreover, the
choice of GPA was made partly because this is such an important/meaningful meas-
ure for students and universities (Hill et al., 2018), and so it makes sense to test for
associations with the most meaningful outcome to stakeholders.

GPA measurement at Kuwait University: the GPA was provided as a con-
tinuous variable (from 1.00 to 4.00). The student ID was used to look at the GPA of
each student for the academic year of 2018/2019. The Kuwait University used the
formulae of dividing the total number of points (for each module) acquired by the
student by the credit hours attempted by the student to arrive at the overall GPA for
each student at Kuwait University. Table 2 shows the GPA categories used at Ku-
wait University. For instance, for students to attain grade A in a three credit-hour

module, they must get twelve points. In this case, if a student attends four classes and
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attains twelve points in each, then the GPA for that student is as follows: 4X12=48
points, 4X3=12 credit hours, GPA=48/12=4. Therefore, the overall point (GPA) for
that student in the whole semester is 4. HA (Hammad Alaslwai), the Head of Re-
search and statistical consulting unit at College of Social Science at Kuwait Universi-
ty, provided the GPA for each student, with confidential access to identifiable data

only by the researcher HH.

Table 2. GPA values & categories used at Kuwait University, College of Social Sci-

ence
Appreciation | Degree Points (GPA)
Normal | A |4

Excellent Low A- | 3.67
High B+ | 3.33

Verygood  Normal | B | 3.00
Low B- | 3.67
High C+ | 233
Good Normal | C | 2.00
Low C- | 1.67
Satisfactory | High D+ | 1.33
Normal | D | 1.00

Outcome measurements for study 4- chapter 7

Inhibition outcome:

Chapter 1 noted that cognitive function mattered and was potentially affected
by obesity according to the model by Brownell and Walsh (2017) (Figure 2 in chap-
ter 1). The majority of studies measured specific cognitive domains (e.g. Executive
function (EF)) rather than the general intelligence (Booth et al., 2014; Martin et al.,
2017; Santana et al., 2017). There are many different dimensions of EF and so many

choices of cognitive tasks for EF dimensions (e.g., Stroop task, Stop Signal Task,
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lowa Gambling Task, Span Task, Maze task); some of which are more sensitive to
test aspects of executive functions than others (Diamond, 2013; Vainik et al., 2013)
as discussed in chapter 1. As aspects of executive functioning have been measured
using different tasks, the Stroop task (Stroop, 1935) is the most common one that has
been used to measure response inhibition, selective attention, short-term memory,
and cognitive flexibility (Favieri et al., 2019; Scarpina & Tagini, 2017). In study 4,
selective attention (the ability to suppress an automated/uninhibited response and
focus attention) and response inhibition were assessed by the Stroop Colour Word
Test (SCWT). The SCWT is widely used to measure inhibition because it is based on
colours and easy to translate and so it has been used in different languages (Marian et
al., 2013). The SCWT is easily understood by adolescents and well-educated univer-
sity students (Suarez et al., 2014). In addition, a study by Deng et al., (2018) sug-
gested that computerised SWCT is a reliable test of brain function in the young aged
between 18-25 years old (Deng et al., 2018), and the computerized version of Stroop
test is applicable in brain-imaging studies in both children and adults (Penner et al.,
2012). A review of nine studies supported the validity of the computerised Stroop
test and the reliability of the tool (Che Din & Tat Meng, 2019). Moreover, the choice
of SCWT was because the researcher was familiar with it as she used it in her MSc
project at Northumbria University at Newcastle-upon-Tyne.

However, the Arabic version of computerised SCWT was not available in
Kuwait. The first time that SCWT was used in Arabic, it was a paper-based test in a
small study conducted in Saudi Arabia (Al-Ghatani et al., 2010). As Arabic is the
first language for the students in the College of Social Sciences, there was a need to

develop the Arabic version of the computerised SCWT. The license for the SCWT
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was purchased in the form of the Computerised Mental Performance Assessment
System (COMPASS) version 5 (Haskell et al., 2010; Dodd et al., 2015). Dr. Crystal
Haskell from Northumbria University’s Brain, Performance and Nutrition Research
Centre (BPNRC), with the assistance of the researcher HH, translated the SCWT to
Arabic written colours, which makes this task the first specialised version in Arabic
language in the world. However, using COMPASS software on healthy participants
provides a fairly simple solution to alleviate some of the complexities of cognitive
testing. COMPASS is an easy system that allows selecting a number of tasks from a
wide range of pre-programmed standard cognitive tests in various languages. As it is
automated, it easily retrieves data and saves time. Furthermore, the outcome data for
each assessment that are completed by each participant are automatically saved and
downloaded and the raw data are readily available for quality and fine-grained analy-
sis.

Administration of the Stroop task:

The first step entailed closing all applications for installing COMPASS ver-
sion 5. The installation folder was selected before clicking next. After the installation
was done, the COMPASS icon appeared on the screen. The license key obtained
from the vendor was entered, and then COMPASS was configured for the Stroop test
only. Configuration of the SCWT was done by dragging and dropping the desired
task from the list on the left to the task order on the right, right clicking the task name
and selecting configure, changing the default setting for the Stroop test only and then
clicking ok to save the configuration. After configuration, the COMPASS was run by
double-clicking its icon on the desktop, selecting load on the study design screen,

and navigating to a folder where the study configuration had been stored. Then, the
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study configuration was opened, and followed by clicking next to display the module
configuration screen, clicking next again to display the study details screen before
inputting the specific session details, and finally clicking next to commence the task.

A pilot test for SCWT was undertaken using 19 students from the original
525 cohort. Prior to taking the weight and height measurements of these 19 students
they were individually asked to sit in front of the computer while the process was
explained to them and a full description of the task involved was given to them (in
Arabic). They then undertook the SCWT test to demonstrate that they fully under-
stood the process. These 19 students undertook the tests twice and the best results
were used for the scores. The students included in the pilot study were also included
in the main study.

When the SCWT was administered, each participant was again instructed to
perform the test as accurately and quickly as possible. It was again explained to
them that they would see words written in different colours in Arabic where they
have to match the written (word) colour and one of the coloured boxes on the right-
hand side of the screen.

The words presented on the laptop screen were either congruent, meaning the
colour of the word and the Arabic name of the colour was the same, or incongruent,
meaning that the colour of the word and the name of the colour were different as
shown in the figure below. On the screen, the words appeared randomly and the
SCWT consisted of twenty tasks. Two trials were done for each student; the first
trial as a standard practice for the student and the second trial where the results were
recorded, as advised in the COMPASS manual (COMPASS, 2019). See Figure 6

below. More detailed explanation on the SCWT S.0.P.s are provided in Appendix
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K. Every student was given between 1-2 minutes to complete the test, and both the %
of correct answers and the total reaction time (RT) (in milliseconds) were automati-
cally computed and recorded for every student. Stroop effect is defined as the delay
in the reaction time between congruent and incongruent stimuli (Gluck et al., 2013)
and therefore RT is used to assess the mental response speed. The RT is important
because if the participants did not have to produce a timed response, then they could
simply study the colour word for as long as they liked and would be very unlikely to
produce an incorrect response. In addition, the RT is also useful as sometimes it is
more sensitive than accuracy, so the participants may perform extremely well on
accuracy but at the expense of speed and therefore RT allows you to assess both

speed and accuracy (Burle et al., 2004).

Figure 6. On Screen layout of the Stroop Color-Word tasks. Reaction time (RT) and
overall correct answers generated for every task.

7. Data handling and statistical analysis

BMI-for-age Z score was calculated for individuals aged 17.0-19.0 years old

using AnthroPlus Appendix L (WHO, 2009) as mentioned earlier in this chapter.

135



The BMI-for-age Z score data were divided into non-obese and obese based on the
cut-off points of WHO 2007 reference. For individuals aged > 19.1 years, the BMI
was calculated according to the formula (weight kg/height? m?), and the BMI data
were divided into non-obese and obese according to adult cut-off point (WHO, 2000;
Cole et al., 2000). The body fat % data were divided into non-high body fat and high
body fat based on the cut-off points developed by Williams et al., (1992) as ex-
plained earlier. Obesity is the exposure variable based on BMI-for-age (none-obese
coded=1, obese coded =2) and body fatness (non-high body fat coded =1, high body
fat coded =2). The analyses in studies 3 and 4 were run with both BMI-for-age de-
fined obesity and high body fat % defined obesity. The potential confounder varia-
bles were SES (Parental education as described earlier in this chapter). For the SES,
parents without university degree coded=1, parents with university degree coded= 2.
Although the age range was limited, the age decimal range (17.0-19.9) was consid-
ered in the confounding analysis as the risk of obesity was shown to increase with
age, and age may affect educational attainment or cognitive inhibition.
Descriptive data and normality testing:

All data analysis was done for studies 2, 3 and 4 using Statistical Package
SPSS version 26.0 (SPSS Inc; Chicago.IL) and MedCalc. Demographic statistics
were conducted to provide descriptive data for the characteristics of the sample
population, including the number of participants, weight (kg), height (cm), age (dec-
imal years), BMI (kg/m?) (range), fat percentage (%), all to 1 decimal place.

Characteristics of study participants were checked for normal data distribu-
tion. For normality, D’ Agostino—Pearson test is a powerful overall test for normality.

D’Agostino (1971) describes a “normality test based on the skewness coefficient, Vb
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1 and kurtosis b2 coefficients. For the normal distribution, the theoretical value of
skewness is zero, and the theoretical value of kurtosis is three”. Subgroup analysis
was performed to determine the normal distribution of variables, which was assessed
by plots of the data, D’ Agostino-Pearson test, and the nonparametric test Kolmogo-
rov-Smirnov (K-S) to help make a decision on the next steps of measurements and
statistical methods for data analysis (Ghasemi & Zahediasl, 2012).

The inter quartile range (IQR) is defined as “a measure of spread given by the
difference between the “Ist quartile (the value below which 25% of the cases lie) and
the 3rd quartile (the value below which 75% of the case lie)” (Harris & Taylor,
2008), and the IQR contains the middle half of the sample. Continuous variables
were summarised as mean (SD) if normally distributed or median (range or IQR) if

not normally distributed.
7.1 Study 2 statistical analysis
Classification accuracy statistics

The sensitivity, specificity, and positive and negative predictive values are
statistical measures of the performance of a binary classification test that are widely
used for evaluating clinical tests as discussed in detail in chapter 1, section 3. These
values were calculated and expressed in percentages according to the definitions (for
definitions see Chapter 1, section 3 and chapter 5) to measure the accuracy of BMI-
for-age to define high fatness. High body fatness was defined as a body fat of
>30.0% derived from bio-electrical impedance.

The receiver operating characteristic (ROC) curve and the area under the
curve (AUC) of ROC analysis were not done because the aim of study 2 was not to

identify the optimal BMI cut-off points. However, study 2 aimed to estimate the ex-
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tent to which BMI-for-age estimates of obesity prevalence from study 1 might be
underestimating the true prevalence of obesity (i.e. high body fatness). In addition,
the sample size was not sufficient for doing ROC analysis since sensitivity and speci-
ficity depend on the sample size and the true prevalence (true positives) of obesity
(Habibzadeh et al., 2016), therefore, the lack of reference or criterion measure of
body fatness (e.g. TBW) in this study was another reason for not doing ROC analy-

sis.
7.2 Studies 3 and 4 statistical analysis

In study 3, the grade point average (GPA) was used in two ways: as a contin-
uous variable (from 1-00 to 4-00) and as a categorical variable with the GPA distri-
bution divided into quartiles (Q1-Q4), with n=100 students per quartile, where Q1 is
the highest, and Q4 is the lowest quartile. Using more than one way of considering
GPA was done for several reasons: the analyses were regarded by the author and
supervisors as exploratory; academic attainment outcome data have been treated as
categorical variables in many previous studies; it permitted the use of logistic regres-
sion which extended the experience of statistical analysis for the author. The data
were categorised to define a bad outcome since it was not clear what would be a low
GPA for university students in the 1% and 2" year using the continuous variable. It
was reasonable to use four quantiles with a sample size of 400 so that there is the
same number of individuals in each group. The splitting of data into four equal
groups was done following the grading system at Kuwait University mentioned earli-
er in this chapter.

A significant difference level of 5 % was used with a confidence interval of

959% for all tests.
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Tests of differences between obese and non-obese (by BMI and body fat %):

The mean GPA was compared between students categorised as obese versus
non-obese by BMI and the same was done for those categorised as high body fat ver-
sus non-high body fat by fat percentage using two-sample t-test because the variables
were normally distributed. The null hypothesis for t-test: “there is no statistically
significant difference in the mean GPA between obese and non-obese individuals”.

Chi-squared (2) tests were used to estimate the association between two cat-
egorical variables (GPA quartiles and obesity defined by BMI or high fatness). The
null hypothesis for chi-squared test was “there is no statistically significant associa-
tion between GPA quartile and obesity defined either by BMI or high fatness”.

Logistic regression is used to examine the association of (categorical or con-
tinuous) independent variable with one dichotomous/binary dependent variable or to
predict a binary outcome based on a set of independent variables. When the GPA
data were categorised into quartiles, with the lowest quartile considered as a bad out-
come, linear regression was used to estimate the odds of having a bad outcome by
weight status (having obesity or not having obesity; having high body fatness or not
having high body fatness). Linear regression was not used because it is suitable for
predicting an outcome that is continuous and the outcome variable in this study was
binary. The potential confounding by participant age or by socio-economic (parental
education level) was considered in this analysis. The null hypothesis for logistic re-
gression in study 3 was “there is no statistically significant association between GPA
lowest quartile and obesity defined either by BMI or high fatness”.

For study 4 (Chapter 7), the SCWT performance data were not normally dis-

tributed, therefore, Mann Whitney U, which is a non-parametric test, was used to
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compare median SCWT performance between groups (obese versus non-obese by
BMI or high fatness). The null hypothesis for Mann Whitney U: “there is no statisti-
cally significant difference in the median SCWT performance between obese and
non-obese individuals”.

The reaction time (RT) data were normally distributed, and the two sample t-
test was used to compare the mean RT between groups (obese versus non-obese by
BMI or high fatness). The null hypothesis for t-test: “there is no statistically signifi-
cant difference in the mean RT between obese and non-obese individuals”. Appendix
M

Chi-squared (y?) tests were used to analyse the differences between median
SCWT performance categorised by quartile (Q1-Q4 highest-lowest performance as
explained above for GPA quartiles) and obesity status (either by BMI or high fat-
ness). The null hypothesis for chi-squared test was “there is no statistically signifi-
cant association between median SCWT performance and obesity defined either by
BMI or high fatness”.

Logistic regression was used to investigate the association between SCWT
performance and both BMI status and high fatness status. The null hypothesis for
logistic regression was “there is no statistically significant association between medi-
an SCWT performance and obesity defined either by BMI or high fatness”.

The results of logistic regression were presented as odds ratio (OR) with the
95% confidence intervals (Cl). The ORs are widely used to measure associations in
epidemiology and defined as a measure of association between an exposure and an
outcome. The OR represents the odds that “an outcome will occur given a particular

exposure, compared to the odds of the outcome occurring in the absence of that ex-
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posure” (Szumilas, 2010). The ORs and their 95% CI for the associations between
GPA/Stroop performance and obesity defined by BMI and high fatness were estimat-

ed.

8. Conclusion

This chapter aimed to provide a more detailed explanation and justification
for the methods used in the three studies done in Kuwait and information on the loca-

tion and procedures. Chapter 5, 6 and 7 will present the papers of three studies.
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Chapter 5: Classification Accuracy of Body Mass Index for
Excessive Body Fatness in Kuwaiti Adolescent Girls and

Young Adult Women

Published in Journal of Diabetes, Metabolic Syndrome and Obesity: Targets and

Therapy in April 2020
1. Preface

The systematic review findings from chapter 3 have shown that evidence on
the prevalence of obesity among school-age children and adolescents in the GCC
states is limited outside Kuwait sate. This chapter aims to present the published pa-
per, Classification Accuracy of Body Mass Index for Excessive Body Fatness in Ku-
waiti Adolescent Girls and Young Adult Women, Published in Journal of Diabetes,
Metabolic Syndrome and Obesity: Targets and Therapy Science in April 2020.

The paper is presented in a similar format as was published in the mentioned
journal. Therefore, the referencing system is not APA as used in the other chapters of
this thesis. As mentioned previously, HH was the lead author and collected the data
with a Dietitian. JJR and HA (Allan Hewitt) advised and supported the assessment of
analysing and all the aspects of the study. HA (Hamed alaslawi) supported with the
private space to set up the equipment borrowed from KISR and provided the students
GPA. Finally, the review design, revision as well as approval of the final manuscript

was supported by all authors
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2. Abstract

Purpose: Adolescent obesity, as defined by BMI, is amongst the highest in
the world in Kuwait. This study aimed to determine the extent to which BMI might
be underestimating obesity as defined by excessive fatness in Kuwaiti female adoles-
cents and young adults.

Methods: 400 apparently healthy Kuwaiti female university students (mean
age 18.0 SD 0.6) were recruited. Excessive fatness was defined as body fat % >30,
measured using the Tanita model TBF-310 Bio-impedance system with the manufac-
turer’s equation. Obesity was defined as recommended by WHO in adult participants
- those age >19.1 years- as a BMI >30 kg/m?. In the adolescent participants (age
<19.1 years) obesity was defined as recommended by WHO as BMI-for-age Z score
of >2.00. The accuracy of BMI-defined obesity to identify excessively fat individuals
was determined by estimating prevalence of obesity using high BMI, prevalence of
excessive fatness, and by calculating sensitivity and specificity and predictive values.

Results: Median BMI was 27.8 kg/m? (range 15.1 to 51.2) and median body
fat% was 32.0 (range 5.0 to 54.0). Prevalence of excessive fatness was 62% (247/400
individuals were excessively fat), while the prevalence of obesity according to BMI
was 42% (169/400 individuals were obese according to their BMI). The sensitivity
of BMI to identify the excessively fat individuals was moderate (66%) but specificity
was high (96 %). The positive predictive value of BMI was 96% and negative pre-
dictive value was 64%.

Conclusion: BMI-based measures substantially underestimate the prevalence
of excessive fatness in Kuwaiti adolescent females. Obesity is even more prevalent,

and requires more urgent attention, than is apparent from BMI-based measures used
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in most research and national surveys. The BMI may also be too crude for use as an
exposure or outcome variable in many epidemiological studies of Arab adolescent

girls and adult women.
3. Introduction

Prevalence of child, adolescent, and adult obesity are very high in the Gulf
Co-operation Council (GCC) states, among the highest in the world**. Our recent
systematic review found that obesity prevalence estimates for the GCC countries,
like many other countries around the world, are currently based entirely on BMIZ.
The World Health Organization (WHO) defines obesity as body fat accumulation to
the extent which poses a health risk!. However, since body fatness is difficult to
measure, simpler proxies for body fatness are usually preferred for defining obesity
in studies and national surveys'>%, WHO recommends that the best simple proxy for
obesity prevalence is the BMI, with obesity defined as BMI>30.0 kg/m? in adults, or
a BMI-for-age Z score >2.00 in adolescents (up to and including age 19.0 years as
defined by the WHO).

Several systematic reviews’® of the classification accuracy of the BMI in
children, adolescents, and adults have concluded that using BMI is a conservative
way of determining obesity prevalence, i.e. that sensitivity is low-moderate. This
means that a relatively high proportion of individuals with an apparently healthy
BMI or BMI-for-age are actually excessively fat. The problem of low sensitivity of
BMI seems to be particularly serious in some populations, e.g. in a recent study of
African children and adolescents the prevalence of obesity as defined by excess fat-
ness was over three times higher than the prevalence of obesity as defined by the

BMI-for-age®. Despite this concern about the BMI this source of bias when using
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BMI is not widely known. For example, our recent systematic review found 11 eligi-
ble published studies and surveys of obesity prevalence from the GCC states and
none of these made any reference to biases in the estimation of obesity prevalence
using BMIL. The two most recent global estimates of obesity prevalence!®!! also
failed to refer to this source of bias when using BMI and BMI-for-age.

While an underestimate of obesity prevalence when using the BMI to define
obesity might therefore be expected, it is not widely appreciated, and the extent of
the underestimate seems to vary substantially between human populations®?. At pre-
sent the extent of the bias when using BMI in Arab countries is unknown - none of
the systematic reviews published to date found any studies of diagnostic accuracy of
BMI from any Arab countries in children, adolescents, or adults’. There is therefore
a need for new evidence on the diagnostic accuracy of BMI in Arab populations so
that the extent to which studies and surveys which have used it are biased can be
assessed.

The problem of misclassification of obesity (excessive fatness) when using
BMI goes beyond implications for estimating obesity prevalence. In many studies
BMI is being used as a proxy exposure variable, to test for associations between obe-
sity and various adverse health and other outcomes, such as cognitive and education-
al attainment for example'®!*. In many other studies BMI is being used as a proxy
outcome variable, to test for associations between various potential exposures (e.g.
physical activity and sedentary behaviour) and obesity'>!6. The extent to which BMI
misclassifies excessive fatness will determine the extent to which these studies can
identify obesity as an important exposure or outcome. The ability to examine obesity

as an outcome or exposure in our future studies in the GCC countries depends on the
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extent to which BMI misclassifies excessive fatness. If the degree of misclassifica-
tion of excessive fatness by BMI is substantial in Arab populations, then body fat-
ness should be measured directly in future studies, rather than using BMI as a
proxy*’.

The aim of the present study was therefore to assess the extent to which BMI
might underestimate obesity (excessive fatness) in Kuwaiti adolescent girls and

young adult females at university.

4. Methods

4.1 Study Design, Participants, Consent and Ethics Approval

The present study was part of a wider prospective investigation of the impact
of obesity on educational outcomes in a convenience sample of Kuwaiti female uni-
versity students. Data collection took a place at Kuwait University College of Social
Science in February-May 2019 and was restricted to adolescents and young adults
only (students in 1% and 2" year), and to Kuwaiti nationals only so as to obtain a
relatively homogenous sample. Of the 3024 students in the College, 855 students
were excluded as they were male or non-Kuwaiti, leaving 2169 students who were
potentially eligible and so were invited to participate in this study. Students with
issues which might affect their weight status and body composition were excluded
(pregnancy, chronic illness, injury which affected body weight e.g. limb in cast fol-
lowing a fracture). The study was approved by the ethics committee of the School of
Psychological Sciences & Health, Faculty of Humanities and Social Science, Strath-
clyde University (See Appendix-D for approval letter; no ethics reference numbers
were issued by the ethics committee back in 2018) and all study participants gave

informed written consent to participation. For study participants under the age of 18
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years a parent also provided informed written consent. This study was conducted in
accordance with the Declaration of Helsinki. Additionally, Kuwait University pro-

vided approval to carry out this study at the College of Social Science.
4.2 BMI-Defined Obesity- the Index Test of Obesity

Height was measured using a Seca Stadiometer to 0.1cm (Seca, London, Eng-
land), and weight to 0.1kg with study participants in light indoor clothing with the
Tanita TBF-310 leg-leg bioimpedance system (Arlington Heights, Illinois, USA).
Both height and weight were measured by two trained and experienced observers and
both observers followed WHO guidance on anthropometric measurement using
standard operating procedures. Since adolescents are still growing and BMI increases
until growth has stopped, the BMI cut-offs recommended by WHO to define obesity
for adolescents and adults are different®. For the adolescents (17.0 to 19.0 years of
age) who took part we defined obesity as a BMI Z score of >2.0 relative to WHO
2007 reference data® using Anthroplus software. For those from 19.1 years we used

the adult cut-off point of BMI > 30kgm? to define obesity.
4.3 Body Fatness-defined Obesity, the Reference Standard

Body fat percentage was measured by the Tanita TBF-310, using the manu-
facturer’s equation for estimation of body fatness which is commercially sensitive
and not available publicly. The device was used by two trained researchers on the
same day as the height and weight measures, and they followed standard operating
procedures based on the manufacturer’s instructions. Study participants were asked
to avoid strenuous exercise and eating and drinking for at least 2 h prior to the bio-

impedance measure. Leg—leg bio-impedance estimates of body fatness are relatively
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insensitive to the timing of eating and drinking, and to the composition of the food
and drink consumed, making the technique particularly practical for field and clinical
applications.!®1® The purpose of using bio-impedance in the present study was based
partly on practical grounds as it is quick, cheap, and painless, and poses little or no
burden for researchers as well as the participants of the study, and so is especially
suitable for field studies of this kind.?® Additionally, the Tanita device with the man-
ufacturer’s equation has been validated against alternative measures of body fatness
in a number of studies in adolescents and young adults, and has been reported to pro-
vide acceptable estimates of fatness.?*2* .

Previous studies of the diagnostic accuracy of BMI against body fatness
measurement have used a variety of cut-offs for excessive fatness in adolescent fe-
males, but a cut-off of > 30% has been used widely according to systematic reviews’
°. This cut-off originated from a major study which found that there was a sharp in-

crease in cardiometabolic risk factors at 30% body fat in girls and women?®. There-

fore, body fat > 30% was used in the present study to define excessive fatness.
4.4 Classification Accuracy Statistics and Reporting

The sensitivity, specificity, positive and negative predictive values were cal-
culated to measure the accuracy of BMI to define over-fatness?®®. Sensitivity was
defined as “proportion of people with the disease with a positive result”; specificity
was defined as “the proportion of people without the disease with a negative result”;
positive predictive value was defined as “the proportion of people with a positive test
result who actually have the disease”; negative predictive value was defined as “the

proportion of people with a negative test result who do not have disease” 2°. Contin-
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uous variables were summarized as mean (SD) or median (range) as appropriate after
checking for normality using plots and D’ Agostino-Pearson tests.

Classification accuracy and diagnostic accuracy studies should follow
STARD?’ (Standards for Reporting of Diagnostic Accuracy Studies) guidance, and

so conduct and reporting of the present study followed this guidance.
5. Results

5.1 Characteristics of Study Participants

Recruitment into the study is summarised in a flow diagram (Figure 1). Of
2169 potentially eligible Kuwaiti female students, 525 agreed to participate, but 125
were ineligible (age 20 or over, with chronic disease, injury, or pregnant): 400 eligi-
ble participants took part and among these 400 there were no missing data. Anthro-
pometric and bio-impedance data were collected on the same day. Mean weight was
68.8 kg (SD 17.2), and mean height was 158.1 cm (SD 5.1), while median body fat

percentage was 32.0 (range 5.0 to 54.0): see Table 1.

Table 1. Characteristics of Study Participants

Table | Characteristics of Study Participants, Mean (SD) or Median

(Range)
Variable Total
MNumber of participants (n) 400
Weight (kg) 68.8 (17.2)
Height (cm) 158.1 (5.1)
Age (decimal years) 18.3 (0.6)
BMI (kg/m’) 27.8 (range 15.1-54.0)
Fat percentage (%) 32.0 (5.0-54.0)
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5.2 Prevalence of BMI-Defined Obesity and Prevalence of Excessive Fatness

Prevalence of excessive fatness was 62% (247/400 individuals were exces-
sively fat) while the prevalence of obesity according to BMI was 42% (169/400 indi-

viduals were obese according to their BMI).
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College of Social Science Students in 2019
Males, Females, Kuwaitis and non-Kuwaitis

(n) =3024

l_. Excluded Males and non-Kuwaitis

Kuwaiti Female Students (n) =2169

Invitation was sent to entire

potentially eligible population

Participants agreed to take part in the study

(n)=525

—®| Excluded as ineligible n=125

Participants

(n)= 400

Figure | Flowdhart of study participation.

Figure 1. Flowchart of Study participation
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5.3 Classification Accuracy Statistics

The STARD checklist summarising adherence to conduct and reporting guid-
ance for studies of this kind is summarised in Table 2. Sensitivity of the BMI for age
definition of obesity was 66% (163/247 excessively fat individuals had a positive test
for obesity according to their BMI; Table 3). The specificity of the WHO BMI for
age was 96% (147 out of 153 individuals not excessively fat had a negative test for
obesity tests according to their BMI). The positive predictive value was 96%: 163
out of 169 individuals with positive tests for obesity were excessively fat. The nega-
tive predictive value was 64%: 147 out of 231individuals with negative tests for obe-

sity were not excessively fat.
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Table 2. Summary of Required Items for Reporting of Diagnostic Accuracy Studies

Table 2 Summary of Required ltems for Reporting of Diagnostic

Accuracy Studies, Adapted from?’

Title,

Abstract

Identify as diagnostic or classification accuracy study

Introduction

Make aim of classification accuracy clear

Methods

Describe design, prospective or retrospective

Describe participant eligibility criteria

Explain participant's identification and recruitment

sequence

Describe the index test and reference method

Provide a rationale for the reference method

Provide a rationale for the test cut-offs chosen

Test and reference measures known at time of

measurement

Describe methods of assessing classification accuracy

Describe how index and reference measures were
handled

Consider sample size

Resules

Describe participant flow in a diagram (Figure I)

Provide summary characteristics of participants (Table [)

Describe time between index and reference measures

Provide estimates of chssification accuracy ( Table 3)

Discussion

Discuss limitations, uncertainty, generalizability

Discuss policy or practice implications

Funding

Provide funding source and conflicts
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Table 3. Diagnostic Accuracy Summary (N=400)

Table 3 Diagnostic Accuracy Summary (N=400)

Over Fatness (Defined as Body Yes, No, Total,
Fat percentage 230 in Girls) n=247 | n=153 | n=400
Obese according to BMI 163 [ 169
MNon-obese according to BMI 84 147 231

6. Discussion

The main finding of the present study is that BMI substantially underestimat-
ed the prevalence of excessive fatness: BMI had high specificity but only moderate
sensitivity for excess fatness in the present study. The finding that BMI was con-
servative is consistent with previous studies as summarised by systematic reviews’?,
though previous studies have almost all involved participants of white European eth-
nic origin. Previous systematic reviews found no eligible studies of the accuracy of
BMI in Arab children, adolescents, or adults and so the presence of an underestimate
and extent of the underestimate inherent with BMI were unknown prior to the present
study. The degree of bias associated with BMI seems to be population-specific and
so there was a need for a study in an Arab population’**2. Even lower sensitivity of
BMI when compared to body fatness has been reported in some previous studies. In
one study of US adult women for example, the BMI defined obesity prevalence was
35% while it was 79% according to a measure of body fatness based on dual-energy
X ray absorptiometry?®,

The present study suggests that obesity (excessive-fatness) is a much more
common problem than it appears when BMI is used to define obesity in adolescent

females in Kuwait. The present study findings have implications for obesity surveil-
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lance. Obesity in adolescent girls may be even closer to a crisis point in the GCC
states than it appears from national surveys of BMI*. The present study also has im-
plications for studies which use BMI as a proxy for obesity as either an exposure or
outcome variable, testing the impact of obesity on health outcomes or the impact of
risk factors on obesity as an outcome. The present study found that BMI was a very
crude proxy for obesity (excessive fatness) in Kuwaiti adolescent and young adult
women, and so where possible it would be more informative to have a direct measure
of body fatness rather than a crude proxy such as BMI in future epidemiological
studies which aim to understand the causes or consequences of obesity?’.

The present study had a number of strengths, in particular the novelty of the
sample and setting since it seems that no previous studies of the accuracy of BMI to
define obesity had been carried out in any Arab sample’®. There were also some
study limitations, including generalisability. The university sample, limited age
range, and exclusively female sample recruited, mean that results should be general-
ised to other samples and setting with caution, though our findings were consistent
with previous systematic reviews as noted above. Sensitivity and specificity depend
on the prevalence of true positives in the sample, and the present study did not at-
tempt to estimate obesity prevalence in Kuwait, rather to examine the extent to which
obesity prevalence estimates using BMI might be biased, e.g. in national surveys. An
additional limitation was that no ‘gold standard’ measure of body fatness was availa-
ble. The only gold standard methods of measuring body fatness at present are the
multicomponent models® but these are not practical for field studies such as the pre-
sent study®. However, the field technique of impedance chosen is practical and has

acceptable accuracy®"?4. A final limitation is the fact that the sample size of the pre-
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sent study was fixed at around 400 participants, because the present study was part of
a separate study which aimed to test for associations between obesity and academic
attainment in university students. The power of the present study is therefore unclear,
though it was larger than many previous studies of the diagnostic accuracy of BMI in
children and adolescents as reported in previous systematic reviews of the diagnostic
accuracy of BMI7, In the absence of a gold standard method of measuring body fat,
the present study findings did not extend to further analyses such as Area Under the
Curve, and did not attempt to identify the optimal BMI cut point for identification of

those with excessive fatness 2.

7. Conclusion

The standard method of defining obesity based on BMI substantially underes-
timated the prevalence of obesity (excess fatness) in Kuwaiti adolescent females.
Further studies are required to ascertain the extent to which obesity prevalence in
Kuwait is being underestimated by use of BMI in males and in other age groups, but
BMI should be considered as a highly conservative proxy for body fatness. BMI
should also be considered as a crude proxy for body fatness which may be unsuitable
for epidemiological studies where obesity is used as either an exposure or an out-

come variable.
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Chapter 6: Differences in educational attainment between

obese and non-obese Kuwaiti female university students

Published in Journal of Nutritional Science on 24 July 2020

1. Preface

This cross-sectional study assessed the association between obesity and edu-
cational attainment in Kuwaiti female students. The data collection was explained in
detail in chapters 4 and 5. This paper has been presented in the same format as was
published in the Journal. Hence, the reference system used is not APA as used in the
other non-published chapters in this thesis.

As previously mentioned, HH was the lead author. JJR and AH guided and
supported with data analysis. HA facilitated the process of data collection at the Ku-
wait University. Finally, the review design, revision as well as approval of the final

manuscript was supported by all authors.
2. Abstract

Individuals with obesity tend to perform less well than their non-obese peers
in tertiary education, but there is little evidence from non-western countries and re-
cent studies. The present study aimed to test whether academic attainment differed
between female undergraduates with obesity (defined by BMI) and those who were
non-obese in Kuwait, a country with very high obesity prevalence. In 400 female
Kuwaiti 1st and 2nd year Social Science students (mean age 18.0 SD 0.6 years) edu-
cational attainment was defined as the Grade Point Average (GPA) across all sub-
jects (from 1.00-4.00). Mean GPA (2.51 SD 0.53) among students defined as obese

by BMI (n 163) was significantly lower than among the students defined as non-
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obese by BMI (n 237; 2.80 SD 0.63; p<0.001), and those defined as obese were
more likely to be in the lowest quartile for GPA (OR 3.03; 95% CI 1.90 to 4.85),
independent of socio-economic status. Similar differences were observed between
students defined as having high versus normal body fatness. Female undergraduates
in Kuwait with obesity have lower academic attainment than their non-obese peers,
and universities should consider measures to mitigate reduced attainment among

their female undergraduates.
3. Introduction

In Kuwait more that 40% of adults have obesity as defined by the BMI3-9
Prevalence of obesity is also extremely high among Kuwaiti children and adoles-
cents®?”) Obesity rates are still rising amongst Kuwaiti adults and children, costing
the country a minimum of 2.8 billion dollars annually in both direct and indirect
costs®, and with a Kuwaiti population of only 1.1 million® Kuwait has around 5,000
bariatric procedures each year?-

Obesity in childhood, adolescence, and adulthood increases the risk of a large
number of medical problems®''®  If obesity impairs educational attainment this
could provide new arguments for obesity prevention and treatment41"). In the UK
for example, a large cohort study by Booth, et al**) found that obesity in adolescence
was associated with markedly poorer academic attainment, independent of con-
founders, but in girls only. Recent systematic reviews have disagreed on the quality,
quantity, and consistency of the evidence on differences in academic attainment be-
tween individuals with obesity and those who do not have obesity: Santana et al.,
concluded that deficits in academic attainment in individuals with obesity might be

explained largely by confounding (with obesity much more prevalent in individuals
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with lower socio-economic status in high-income western countries) and called for
more research on the issue ®® . Hill et al ® concluded that deficits in academic at-
tainment in undergraduates with obesity were fairly well established, particularly in
women, and might be explained largely by weight-related bias. The Cochrane review
by Martin et al., (2016)" highlighted plausible mechanisms relating obesity to low-
er academic attainment including social mechanisms such as stigma/bias and im-
paired quality of life associated with obesity, biological mechanisms (such as cogni-
tive effects of inflammation)®!®) and mechanisms related to poor health associated
with obesity (such as illness related absenteeism). An additional systematic review?®
concluded that impaired academic attainment associated with obesity was most likely
in adolescent girls and young adult women. 9

Since systematic reviews on the topic have not reached consistent conclu-
sions, other than the likelihood that obesity-related deficits in attainment may be
worse in females than males, and almost all research included in those reviews
comes from older studies in high-income western nations, there is a need for new
research from a wider range of settings. The primary aim of the present study was
therefore to test whether educational attainment in Kuwaiti undergraduates was low-
er in individuals with obesity. We studied female undergraduates because of the
previous evidence that obesity-related deficits in attainment might be worse in fe-

males than males.
4. Methods

The present study recruited a convenience sample of first and second-year
Kuwaiti University College of Social Science students between March and May

2019. Sampling and recruitment have been described in detail elsewhere @V, In brief,
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all 1%t and 2"-year Social Science undergraduates were invited to take part by the
researcher. Students were considered suitable for inclusion if they were female, Ku-
waiti nationals, <20.0 years of age and did not have any condition or illness which
would have altered their weight status (e.g. pregnancy, long-bone fracture). Students
were excluded if they were male, non-Kuwaiti nationals, 20.0 years or older, and had
any condition or illness affecting their weight status, or reported any other chronic
disease. The aim of these inclusion and exclusion criteria was to provide a relatively
homogenous sample, and one which was relatively free of a number of potential con-
founders (e.g. non-Kuwaiti nationality, age). Of the 2169 students contacted, 525
expressed an interest and 400 of these were eligible and were entered into the study.
All participants gave informed written consent to participation and the study was
approved by the University of Strathclyde Psychological and Health Sciences Ethics

Committee.
4.1 Measures of exposure (BMI and body fatness)

Anthropometric measurements and BMI calculations were carried out as de-
scribed by Al Hammadi and Reilly®Y. A Seca Stadiometer (Seca, London, England)
was used to measure the Height to the nearest 0.1cm. Weight was measured to 0.1kg
with study participants in light indoor clothing by the Tanita model TBF-310 (2625
South Clearbrook Drive Arlington Heights, Illinois 60005, USA). A BMI z score of
>2.0 relative to WHO 2007 @2 reference data was used to define obesity in the ado-
lescents (17 to 19.0) years of age (n= 275) and for those over 19.0 years old the adult

cut off point of BMI > 30kgm? was used (n= 125)3),
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4.2 Educational attainment measurement

The measure of educational attainment outcome used in the present study was
the Grade Point Average (GPA) for all university subjects. The GPA was provided in
anonymised form from the university authorities. The GPA was used in two ways: as
a continuous variable (from 1.00 to 4.00); a categorical variable, with the GPA dis-
tribution divided into quartiles from highest (Q1) to lowest (Q4); further details can

be found in Chapter 4
4.3 Potential confounders

In high-income Western countries, socioeconomic status is a potential con-
founder of obesity-educational attainment relationships because it is associated with
both higher risk of obesity and lower educational attainment>2%), Socioeconomic
status was considered as a potential confounder in the present study using parental
educational attainment (degree education versus education to high school level). De-
spite the relatively narrow age range we also considered student age as a potential

confounder.
4.4 Statistical analysis

Data were analysed with SPSS version 26 (IBM Corp, Armonk, NY, USA)
and Medcalc (Belgium). The data was tested for normality and summary data were
described as mean (standard deviation (SD) or median (range) depending on the dis-
tribution of variables which was assessed by plots of the data and D’Agostino Pear-
son tests in MedCalc (more details in Chapter 4). We compared GPA between stu-
dents categorised as obese by BMI versus those considered non-obese by BMI, using

two-sample t-tests. We also compared the percentage with obesity among the GPA
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quartiles using both chi-squared tests, and used logistic regression to estimate the
odds ratios for risk of being in the lowest GPA quartile (in the obese vs non obese
and in the high fat vs lower fat groups). P values of <0.05 were used to indicate sta-
tistical significance.

Power of the present study was difficult to assess at the outset - power was
fixed as this was part of a wider study of the ability of BMI to identify excessive fat-

ness among female Kuwaiti adolescents®.
5. Results

5.1 Characteristics of study participants

A total of 525 students agreed to take part in the study, 125 were excluded as
they did not meet the inclusion criteria (age over 20.0 years, pregnancy, injury e.g.
long-bone fracture in cast, presence of chronic diseases). Therefore, 400 actually
took part, and all 400 provided data for all variables. A total of 163/400 participants
were defined as obese based on BMI and 247/400 were defined as excessively fat

based on the bio-impedance measure.

5.2 Educational attainment differences between individuals with obesity and those

who did not have obesity

The mean GPA in the overall sample of 400 was 2.68 (SD 0.62). Mean GPA
in the sample with obesity defined by BMI (n= 163) was 2.51 (SD 0.53; 95% ClI
2.42-2.59) and in participants defined as not having obesity according to their BMI
(n=237) was 2.80 (SD 0.65; 95% CI 2.71-2.88). This difference was statistically sig-

nificant (t 3.29, df 398, P<0.001; 95% CI for difference in means = 0.17 to 0.41).
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A chi-squared test on the distribution of GPA quartiles by obesity versus non-
obesity status using BMI was statistically significant (x 2 28.9, df 6, P<0.001; Table
1). The odds ratio, unadjusted, for risk of being in the lowest quartile of GPA in the
individuals with obesity according to BMI was 3.03 (95% CI 1.90-4.85; P<0.001).
Student age and parental educational attainment were not associated with the expo-
sure and outcome values, and did not confound the relationship between BMI de-
fined obesity and GPA. Including these values in the analysis produced an Adjusted

odds ratio of 2.97 (Cl 1.86-4.99; P<0.001).

Table 1. GPA quartiles by weight status

Table 1. Grade point average (GPA) quartiles by weight status

Quartile 1 Quartile 4
Highest Quartile 2  Quartile 3  Lowest
GPA range 400-300 300-270 270-210 210100
Mean GPA (so) 344 (0:32) 2.92(0-11) 248 (016) 1-88 (0-27)
Obese by the 28 35 39 61
BMIn 163
Mon-obesen 237 72 65 61 39
6. Discussion

6.1 Main findings and study implications

The present study found that undergraduates with BMI-defined obesity had
poorer overall academic attainment than those who did not have obesity, and this
difference could not be explained by socio-economic status. The impact of obesity on
educational attainment might be helpful in both obesity prevention and treatment®4).
Individuals and families may be motivated to change weight status or health behav-
iours for cognitive or educational benefits. The very high prevalence of obesity in

Kuwait, combined with the importance of educational attainment, might therefore
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provide new/additional arguments for obesity prevention and treatment in Kuwait
and the other Gulf States. Universities should also be more aware of the increased
risk of poorer attainment among undergraduates with obesity, and have a particular
responsibility to do so if at least some of this poorer attainment relates to bias or
stigmatization from peers and/or university staff*®). The magnitude of the difference
in GPA between groups in the present study might also be sufficient to motivate uni-

versities to address the issue in future, even if only to raise student attainment.
6.2 Comparisons with other studies

Recent systematic reviews®>*":29 have generally concluded that obesity pre-
disposes to lower academic attainment, particularly in girls and women. However,
some of these reviews have questioned whether this might be explained by con-
founding by socio-economic status, with poverty being associated with both lower
academic attainment and obesity in high-income western countries. Systematic re-
views and original studies have identified a number of plausible mechanisms by
which obesity might impair educational attainment. Potential mechanisms(*5-17:20:24-27)
include increased absenteeism from university or school associated with the co-
morbidities of obesity; cognitive deficits associated with cardiometabolic co-
morbidities; impaired quality of life and the psychosocial co-morbidities of obesity;
the impact of obesity on brain structure and/or function particularly in the pre-frontal
cortex and hippocampus; the impact of obesity on behaviours known to be associated
with educational attainment such as reduced moderate-vigorous intensity physical
activity or less healthy diet; weight stigmatization by peers or teachers. The present
study was designed to test whether academic attainment was lower in female under-

graduates with obesity, and was not designed to identify mechanisms underlying this
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difference. However, some cultural and socio-economic differences between Kuwait
and high-income western countries might help in the development of future research
aimed at understanding why the differences observed in the present study exist. First,
poverty is almost non-existent among Kuwaiti nationals, and income inequality is
extremely low in Kuwait compared to high-income western countries®®29. There is
also some evidence that obesity is not confounded by socio-economic status in Ku-
wait, in contrast to western countries®”. Weight stigmatization and psychosocial
impacts of obesity among adolescent girls and adult women may also differ between
Kuwait and other nations. There is limited evidence on such differences to date, but
impaired quality of life is the norm among adolescents with obesity in western coun-

tries, but not present in Kuwaiti adolescents®,
6.3 Study Strengths and Weaknesses

The present study had a number of strengths. First, the focus on adolescent
girls and women, the groups most likely to experience obesity-related impairment of
educational attainment was important. Second, novelty of the study was high because
of the non-western setting and contemporary sample (with most of the previous liter-
ature from undergraduates from an era when obesity prevalence and access to tertiary
education were very different®®). Third, we examined potential confounding by so-
cio-economic status, considered crucial by a number of previous reviews, notably
Santana et al*®,

The present study used BMI to define obesity (obesity is a high level of body
fatness rather than a high BMI1)@Y — while the BMI is a convenient proxy for high
body fatness, it has only moderate sensitivity for high body fatness in Kuwait and in

other populations®V. In an attempt to address this potential weakness we also tested

168



for differences in academic attainment between individuals defined as having high
body fatness (>30% of body weight, as estimated by bio-electrical impedance) vs
those with lower body fatness in the present study. This analysis is summarized in
Supplementary Table 1, but results and conclusions were very similar to those from
the analysis based on BMI-defined obesity. Power of the study was difficult to assess
at the outset, but the sample size was sufficient to detect significant associations. The
present study sample of 400 undergraduates was derived from a potentially eligible
population of around 1800, and the extent to which biases in recruitment to the study
affected study findings are unclear. Defining socio-economic status by income is
problematic in Kuwait with such limited variation in income relative to western
countries®®39 — the present study used parental educational attainment as a conven-
ient and relevant individual-level indicator of socio-economic status, but there is
probably no ideal single measure. The present study was not designed to identify the
mechanisms of any associations and further studies will be required to do so. The
generalisability of the findings is also unclear and will need to be tested in other stud-
ies. Finally, the present study had a cross-sectional design and so is restricted to iden-
tifying differences in academic attainment between individuals with obesity versus
those who did not have obesity, and cannot confirm that obesity is a cause of lower
academic attainment. However, the present study findings were consistent with a
good deal of other evidence, there are plausible biological and social causal mecha-
nisms, and reverse causality (lower educational attainment causing obesity and ex-

cessive fatness) is possibly unlikely in this case.
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7. Conclusion

This research suggests that having obesity may impair academic attainment in
Kuwaiti female students. Further studies will be needed to test the generalisability of
these findings, and to identify the underlying mechanisms of any effect of obesity on

educational attainment.
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Supplementary Table 1.
Differences in Educational Attainment (Grade Point Average, GPA) Be-
tween Individuals with High Body Fatness vs Those With Lower Body Fatness

High body fatness was defined as a body fat % of >30.0 derived from bio-

electrical impedance?.

Mean GPA in the sample with high body fatness (n=247) was 2.59 (SD 0.59;
95% CIl 2.52-2.67) and in participants defined as not having high body fatness
(n=153) was 2.81 (SD 0.64; 95% CI 2.70-2.91). This difference was statistically sig-
nificant (t 3.03, df 398, P<0.001; 95% CI for difference in means = 0.08 to 0.33).

A chi-squared test on the distribution of GPA quartiles by high fatness versus
non-high fatness was statistically significant (x 221.9, df 6, P<0.001). The odds ratio,
unadjusted, for risk of being in the lowest quartile of GPA in the individuals with
high fatness according, was 2.39 (95% CI 1.43-3.99; P<0.001). Student age and pa-
rental educational attainment were not associated with the exposure and outcome

values, and did not confound the relationship between body fatness and GPA.

173


https://www.unicef.org/infobycountry/kuwait_statistics.html#119
https://www.ncbi.nlm.nih.gov/pubmed/29460550

Chapter 7: Associations between obesity and cognitive func-

tion in Kuwaiti female university students

1. Preface

The present thesis has shown that there is limited evidence on the prevalence
of obesity among school age children and adolescents in the GCC states (chapter 3),
and that the prevalence based on BMI could be underestimating the true prevalence
in Kuwait (chapter 5). In addition, there could be an impact on educational attain-
ment in obese students (chapter 6). The present manuscript aimed to assess the im-
pact of obesity on cognitive inhibition of these students. This peer review manuscript
will be submitted to the Journal of Nutritional Science. This paper is presented in the
same format of the mentioned journal, and therefore the reference system used is not
APA as used in the other non-published chapters in this thesis.

As previously mentioned, HH was the lead author. JJR and AH supported and
advised on data analysing. CRH (Crystal Haskell) trained for the cognitive test at
Northumbria University. Finally, the review design, revision as well as approval of

the final manuscript was supported by all authors.
2. Abstract

Obesity has adverse cognitive effects, but which cognitive functions are im-
paired by obesity remains unclear. The present study aimed to test for associations
between obesity (defined by BMI) and high body fatness (>30.0% body fat based on
bio-electrical impedance) and performance in the Stroop Colour Word Test (SCWT)

in Kuwaiti adolescent and young adult females. Confounding of associations be-
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tween obesity and cognition by socioeconomic status is problematic in western coun-
tries but probably not in Kuwait®. Participants were 400 female Kuwaiti 1st and
2nd year Social Science students (mean age 18.0 SD 0.6 years). SCWT performance
was significantly lower in the obese (median 60% correct answers; IQR 45-75) vs
non obese (median 75% correct; IQR 55-90). SCWT performance was significantly
lower in the high fat (median 60% correct; IQR 45-80) vs non high-fat individuals
(median % correct 80 IQR 60-90) by Mann-Whitney Tests. Those defined as obese
by BMI were more likely to be in the lowest quartile for SCWT performance (odds
ratio 2.05; 95% CI 1.30 — 3.25, P <0.001). High fat individuals were also at signifi-
cantly higher risk of being in the lowest quartile for SCWT (odds ratio 1.95; 95% ClI
1.19-3.22, P <0.001). SCWT performance was not affected by confounding variables
considered (student age; socio-economic status as measured by parental educational
level). In conclusion, obesity may impair Stroop Colour Word Test performance in
adolescent females but evidence from the present study is tentative and this sugges-

tion needs to be confirmed by future studies.

3. 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 adoles-
cents, obesity rates are growing®® and a recent systematic review highlighted that
the prevalence of obesity in school-age children and adolescents has reached alarm-

ing levels in Kuwait™?. Systematic reviews and other reports have also indicated that
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obesity may have a negative impact on educational attainment®-*3and on cognitive

processes relevant to educational attainment®?14),

Obesity may impair multiple aspects of cognitive function such as executive
functions®®18), A longitudinal study conducted recently found that cognitive ageing
was exacerbated in individuals with higher BMI®®. A systematic review concluded
that there is a need to answer the question “what is the relationship between execu-
tive function and obesity in children and adolescents?”®® Executive functions have
been defined as the “higher cognitive processes that allow forethought and goal-
directed action”, this set of mental skills includes cognitive inhibition, cogni-
tive flexibility and working memory®@2%,_ There are differing 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”??),

Scientific reports and systematic reviews have suggested that executive func-
tions are more likely to be impaired by obesity than other cognitive functions *°23),
A systematic review reported that obese and non-obese individuals may perform dif-
ferently in performance tasks which measure inhibitory control®. Inhibition was
decreased in obese young women in one study®?. Disinhibited eating in obese ado-
lescents was associated with orbitofrontal volume reductions and executive dysfunc-
tion in another study®®. Another report indicated that high BMI has a significant
effect on cognitive flexibility in young adults, with associated frontal lobe dysfunc-
tion and deficits in cognitive control®®.- A number of studies have reported that high

BMI and visceral fat and total body fatness in adulthood may impact on cognitive
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performance®29), Overall, these studies have indicated that obesity in adulthood
may speed up cognitive ageing and may increase the later life risk of Dementia®®.
Additionally, the risk of lower cognitive performance related to obesity may be gen-
der related and females may be at greater risk compared to males®®. The physiologi-
cal mechanisms underlying the relationship between visceral fat and executive func-
tion may also differ by sex®?. While many reports have linked obesity to poorer ex-
ecutive functions®® 2% 3032 several reports have recommended more research to
have a better understanding of the mechanisms behind the reduction of executive
function, e.g. which specific cognitive processes are impaired by obesity®® 3% 33),
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 in future strategies which aim to reduce the effects of obesity on exec-

utive function.

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 selec-
tive attention, response inhibition, cognitive flexibility, and short-term memory®+=7),
However, 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®®. In addition, variables such as
inhibition might be important to the maintenance of obesity as described in chapter 1
of this thesis and performance on the Stroop Test may be relevant to academic at-

tainment(1: 39.40),
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Most previous human studies on associations between obesity and cognitive
function in humans have used BMI as a proxy for obesity (high fatness). As noted
earlier in this thesis the BMI is a crude proxy for obesity and so there is a need to test
for associations between high body fatness and cognitive function. Also there is
some scepticism about the possible effects of obesity on cognitive processes because
most human studies have taken place in high-income western countries. In such
countries relationships between obesity and cognitive outcomes may be confounded
by socioeconomic status (low socio-economic status likely to be associated with both
obesity and impaired cognition) *12): and so there is a need to test for associations

where confounding of this kind is reduced or absent, such as in Kuwait®?.

The present study therefore aimed to test for associations between obesity
(BMI-defined), high body fatness, and Stroop test performance in a sample of late

adolescent and young adult females in Kuwait.

4. Methods

4.1 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 Sci-
ence students were recruited to take part in this research between February and May
2019. Sampling and recruitment have been described previously®Y. Briefly, all 1st
and 2nd-year Social Science undergraduates were requested to participate in this

study. The inclusion criteria were: students should be female, Kuwaiti nationals, un-
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der 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 ex-
cluded 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 via direct recruitment by talking to
students directly. After getting permission from the Dean of the Social faculty, the
author went to their lecture room and delivered 20 talks for 15 mins over a period of
a week; to invite students to participate in the research. In addition, posters were dis-
tributed in the faculty to help with recruitment. As a result, 525 students responded,
and 400 students met the inclusion criteria as described previously in chapter 3 and
54D, All collected data were saved under the ID code; only the researcher was able

to access that information®D.

4.2 Measures of exposure (BMI defined obesity and high body fatness measured by

bio-electrical impedance)

Anthropometric measurements and BMI calculations were carried out as de-
scribed by Al Hammadi and Reilly®Y. Briefly, height to the nearest 0.1cm was
measured by 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).

BMI measurements
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Two BMI-based definitions of obesity were used in this study, to deal with
differences in participant age, following Al Hammadi and Reilly ®4Y . A BMI z score
of >2.0 relative to WHO 2007®) reference data was used to define obesity in the ado-
lescents (17 to 19.0) years of age (n= 275) and for those over 19.0 years old the adult
cut off point of BMI > 30kgm?was used to define obesity (n= 125)*Y. In practice,
the actual BMI values for the two definitions were similar: at age 18.5 years for ex-
ample a BMI Z score of 2.0 is equivalent to a BMI of 29.6 kg/m?, and at 19.5 years

of age the BMI cut-off which defined obesity was 30.0.

4.3 High body fat measurements

The method of measurement of body fatness and cut-offs for defining high
body fatness were as described in our previous publication®V: > 30% of body weight
defined high body fatness following previous studies®*>#®). 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“448) e g. is inexpensive and quick and painless. In addition, it has been estab-
lished that the Tanita device has reasonable accuracy relative to reference methods in
adolescents and young adults“4#®). In this study, duplicate measurement of bio-
electrical impedance was carried out for each participant and the mean of the dupli-
cates 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. All ethical measures were

taken into consideration while handling the data for each participant. Students were
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requested to fast at least 2 hours without food or drinks prior to the Tanita measure-

ments.

4.4 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®. In addition, our previous study also
showed that relationships between obesity and educational attainment were not con-
founded by socioeconomic status *Y. However, we considered student age and so-
cio-economic status (parental education) as potential confounders and so included

them in analyses.

4.5 Cognitive function measurement

Al Ghatani indicated that there is a need for a computerised Stroop Test in the
Avrabic language®”. Computerised tests of cognitive function are preferable to alter-
natives such as traditional pencil and paper tests because they are more practical,
reliable and valid®* 4% 49 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 As-
sessment System (COMPASS) Version 5.0%%. COMPASS software in English was
modified with the help of the thesis author, and an Arabic language set of instruc-
tions was added to make it easier for the participants to understand the SCWT®®),
The present study is therefore the first research with the computerised SCWT in the

Arabic language.
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4.6 Stroop Colour-Word Test

The SCWT is a widely used assessment of many aspects of cognitive func-
tion. There are many different variants of SCWT, and a recent systematic review
found that even for components of the SCWT which aim to measure the same cogni-
tive process there is a great deal of variation in how tests are administered and how
they are scored, making performance on the SCWT hard to compare between stud-
ies®®). This systematic review suggested that, as a minimum, researchers should re-
port the % of correct answers and the reaction time (RT). The SCWT has been used
to measure a range of cognitive processes including selective attention, response in-
hibition, cognitive flexibility, and short-term memory®*=7. 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 and RT in milliseconds (ms).

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) see (Figure 1). The words appeared randomly
on the screen. Participants were asked to respond as quickly and as accurately as pos-

sible by using the trackpad on the laptop.

Twenty tasks made up the SCWT- a series of colour names in Arabic appear-
ing 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
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and colour the same (congruent) or different (incongruent). All the tasks were ran-

domly presented.

As described in chapter 4, study 4 followed a pilot study which was conduct-
ed on 19 students from the 525 students who originally agreed to undertake the test.
The pilot study suggested that the protocol was feasible, and that the students under-
stood what was required of them. The best score from two attempts was taken from

students’ SCWT performance in the pilot study and for the rest of study 4.

Figure 1 On screen layout of the ‘Stroop Colour-Word’ tasks. Reaction time
(RT) and overall correct answers are generated for each task, the SCWT diagram in

the Arabic Language, the word in the centre means Red.

Figure 1. On Screen layout of Stroop Colour Word Tasks

4.7 Statistical analysis

Duplicate measures of BMI and Fat percentage were taken and mean of the
two measures of BMI and body fat percentage was 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 ap-
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propriate. SCWT performance was not normally distributed (D’Agostino-Pearson
Test, the data 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 test-
ed for significance using Chi-squared tests, with SCWT performance categorised by
quartile (Q1-Q4 highest-lowest performance) as described in chapter 6®9 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
using logistic regression, along with 95% CI. Reaction time data were normally dis-
tributed (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 obe-
sity 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®V

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
in adolescence females though, for example the largest study included in a number of

systematic reviews was 299(7:19:51.52)
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5. Results

5.1 Characteristics of study participants

The participants' characteristics are shown in Table 1. Of 525 participants 400
participants fitted the inclusion criteria and completed the SCWT and also had BMI
measures and estimates of their body fatness. The average of the age of the partici-

pants was 18.0 (SD 0.6) years, see Table 1.

5.2 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 par-
ticipants defined as not having obesity according to their BMI (n=237) median was
75 (IQR 55-90.)

The difference in median % correct answers between obese and non-obese
groups was significant (Mann Whitney U 14.8, p<0.001, Table 2).

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% ClI
1.30 — 3.25, P <0.001). Logistic regression results indicated that student age and pa-
rental educational attainment were not associated with obesity or with SCWT per-
formance and did not confound the relationship between BMI defined obesity and
Stroop Test performance.

The chi squared test on the distribution of SCWT by obesity status was also

significant (x 221.9, df 6, P<0.001).

5.3 Stroop Test performance and high body fatness
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Stroop Test performance (median % correct answers) among those partici-
pants 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 (Mann Whitney U= 14.2, P<0.001; Table 2). The odds ratio,
unadjusted, for risk of being in the lowest quartile of SCWT performance in the indi-
viduals with high fatness was 1.95 (95% CI 1.19-3.22, 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
5.4 Stroop Reaction Time and BMI defined obesity

Mean RT in the overall sample of 400 was 2397ms (SD 32). Mean RT in the
sample with obesity defined by BMI (n= 163) was 2264ms (SD 513, 95% CI 2185-
2343) and in participants defined as not having obesity according to their BMI
(n=237) was 2396ms (SD 497, 95% CI 2333-2460). The difference in RT between
obese and non-obese groups was significant by independent sample t-test (t 3.01, df

398, 95 % CI 32-234ms; P <0.001).
5.5 Stroop Reaction Time and high body fatness

Mean RT in the sample with high body fatness (n=153) was 2391ms (SD
525, 95% CI 2307-2475) and in participants defined as not having high body fatness
(n=247) was 2396 (SD 497, 95% CI 2250-2374). This difference in RT between the

body fatness groups was not significant by t-test (t 1.98, df 398, P = 0.13).

6. Discussion
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6.1 Main findings and study implications

This study is one of the very few that addressed the issue of the potential im-
pact 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 be-
cause our previous systematic review showed that obesity in adolescents in the Gulf
States is very prevalent®®, and it is well established that adult obesity is very preva-
lent in the Gulf States®°%3%%), 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“*>® so there is 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 study aimed to expand our knowledge on
specific cognitive impacts by examining associations of obesity with Stroop Test
performance, a specific measure of aspects of executive function, 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 meas-
ure of body fatness as the exposure variable.

The present study indicated that being obese (BMI z score of >2.0 or BMI >
30kgm?)“Y may possibly impair performance on the Stroop Colour Word Test in
adolescent females, but results from the present study cannot be considered definitive
for reasons discussed in the limitations section of this discussion below. A previous
systematic review provided evidence that obesity is likely to impair some aspects of

executive function in children and adolescents®®, and another systematic review®
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suggested that cognitive impairments associated with obesity might be more marked
in females than in males.

A systematic review®® of studies which included over 30, 183 participants
found that obesity was associated with poorer performance various aspects of execu-
tive function, and 10 studies found poorer performance on various tests and aspects
of attention in obese participants®®), however, this study did not use Stroop Colour
Word testing.

The present study finding of possibly poorer cognitive performance associat-
ed with obesity was similar to those published previously in some western
studies>57%8) put confounding by socio-economic status is a concern for such west-
ern studies as noted above. Additionally, the current research found that high body
fat percentage may have been associated with poorer SCWT performance and this
adds confidence that if there is any ‘effect’ of obesity on this aspect of cognition it
may be related to high body fatness.

While few studies have included both BMI and body fatness as exposure
measures in studies of the effect of obesity®15559, another study suggested that vis-
ceral fat is associated with lower executive functioning in adolescents®® and that any
mechanisms might depend on effects of visceral fat accumulation on brain function.
Some other studies have suggested that reducing body fatness might have cognitive
benefits in obese individuals. For example, one study found that losing weight im-
proves aspects of cognitive function in children®®. They found that excess adiposity
in children has negative impact on cognitive function (attentional inhibition, assessed

using a modified version of the Eriksen flanker task)®©?.
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The present study suggests that SCWT performance might be impaired by a
high BMI and high level of body fatness in adolescent and young adult females, and
that this association might be independent of confounding variables considered (stu-
dent age; socio-economic status as measured by parental - mother and father - educa-
tional level). The present study therefore suggests that the impact of the very high
prevalence of adolescent and adult obesity in the Gulf States may possibly go beyond
the more obvious consequences for cardio-metabolic health, but further studies will
be needed to confirm whether Stroop Colour Word Test performance is really im-
paired by obesity in adolescent females. The finding of a possible negative associa-
tion between obesity and executive function supports our previous published results
that obesity may impair academic attainment 324, 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®® chapter
6. However, further investigation is needed to have a clearer understanding as to
how impaired educational attainment might arise from obesity-there are other poten-
tial mechanisms of effect as discussed earlier in this thesis. These possible mecha-
nisms include increased absenteeism associated with obesity, poorer mental health
associated with obesity, biological mechanisms (such as cognitive effects
of inflammation also has been reported previously34). Another plausible mecha-
nism that has recently been suggested includes depressive symptoms and obesity
leading to absenteeism®Y. Nutritional mechanisms and eating behaviour disorders
related to obesity have also been suggested®?; other indirect mechanisms have also

been suggested including stigmatisation and weight bias by teachers®?).
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Although different mechanisms have been investigated to understand the pos-
sible effect of obesity on cognition in human studies, animal models have also been
used to explore the possible mechanisms further®. Animal studies have generally
been supportive of the hypothesis that obesity impairs learning and cognitive pro-
cesses related to learning. For example, one study on rats investigated obesity related
impairment of cognitive function via a possible role for cytokine-mediated inflam-
mation in the hippocampus. Their results indicated that cognitive decline was asso-
ciated with a hippocampal inflammatory response®¥ which may be due to proin-
flammatory cytokine-dependent activation of glial cells®.

Other human studies have found that chronic diseases, and the cardio-
metabolic co-morbidities of obesity can impair cognitive processes. For example,
Gluck et al®® and Catoira et al®®, reported that impaired glucose metabolism may
impair performance on the SCWT®283), Another study indicated an association be-
tween smaller brain volumes and higher BMI and % fat in adolescents™®. High body
fatness may also affect brain blood flow which may impact cognitive functioning(®®.
Finally, human obesity may provoke chronic low grade inflammation which may
spread into the central nervous system and alter cognitive performance, and this may
also encourage cognitive decline later in life®®).

Existing literature on obesity -related cognitive impairment suggests a mech-
anism as cyclical model of obesity (Figure 2) in which obesity (high body fatness)
lead to physiological changes (pathway A) that impair cognitive function (pathway
B) which may affect cognitive deficits that contribute to decrease self-regulation
abilities (pathway C)®”). Obesity is known to be associated with dysregulation of

many physiological system, including vascular structure and function, blood flow,
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inflammatory, and neurohormonal process. In combination or individually, these

physiological changes could impair many cognitive functions.
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Figure 2. Redrawn cyclical model of obesity and cognitive function from Brownell and Walsh ¢



6.2 Strengths and weaknesses

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 responsible, because low socio-economic status is associated strongly with both
obesity and poorer educational attainment in the western world. This study was con-
ducted only on Kuwaiti studies on this ground, as well as the ground that work in

Kuwait is novel.

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®®. A further strength of the present study was novel-
ty- there are few such studies in adolescents or in young adults, and much of the re-
search effort on the impact of obesity on cognitive function has focused on the elder-
ly with an emphasis on cognitive ageing®V. 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.

The present study also had a number of weaknesses. There was some evi-
dence that reaction time was faster in the obese group (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 used as an
explanation of the lower test accuracy in the obese individuals in the present study.
There is some previous evidence of faster reaction time among obese individuals in
the literature®V 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). However,
reaction times were probably relatively slow in both the obese and non-obese study

participants in the present study as discussed below.

The present study focused only on the overall correct answers and overall re-
action time, and not on the many other potential impacts of obesity on different cog-
nitive processes®®4°®_In the current study only selective attention was measured
and linked to cognitive inhibition. However, executive function includes other pro-
cesses such as cognitive flexibility and memory performance; we were not able to
measure those in this study This restriction was practical data collection for chapters
4-6 had to be carried out in a single visit to Kuwait in a short period of time in 2019
and there was a limit to what could be asked of study participants in the limited time
available. Further research could be carried out in Kuwait on the impact on other
cognitive processes and in other populations (e.g. in males, in children). Similarly,
there was no possibility of increasing the sample size in the present study, but the
sample size was larger, and the sample was more homogenous than in many previous

studies of this kind(11:12:5559)
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While it is difficult to compare Stroop Test results between different studies
because of enormous variation in how testing is performed and scored®®, and be-
cause 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 ex-
pected 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 slight-
ly low performance compared to, for example, 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®?, faster than in the pre-
sent 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 fu-
ture. In addition, participants could have been given more familiarization or practice
with the tests before the data were collected in the present study- greater familiariza-
tion might have either improved the % correct answers, or the reaction time, or both.
Participants did 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 reac-
tion time — reaction times were relatively long (slow reactions) in the present study.
Lack of familiarity with the testing set up might also have possibly reduced the test

performance. Faster reaction times might also tend to reduce accuracy - when partic-
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ipants react quickly this can reduce accuracy. However, 19 students were used in a
pilot study to see if the participants would be able to complete the SCWT tests. A
previous study reported a similar issue®Y. It was the case that reaction time in the
first of the 20 trials was consistently slower than in the subsequent 19 trials, and this
might suggest that students needed to become more familiar with the test. (Please
see Chapter 4 for further information). However, test conditions were the same for all
study participants and this should make a comparison between obese and non-obese
individuals appropriate. Unfortunately, because of the limitations summarized above,
including a speed (reaction time)/accuracy trade off this means that the results are
less certain than would have been desirable, and so the present study can only pro-
vide tentative evidence that high BMI and high body fatness impair performance on
the cognitive test used. The time available to do the Stroop testing was due to the fact
that there was a limited amount of time for each participant and before that each par-
ticipant had to be weighed, body measurements taken and then for the tests to be

performed.

Visual acuity of participants was not measured in the present study although
we asked study participants to use their optical glasses, so we are not aware if this
has any overlapping effect. The vision here may be having an effect and considered
as an external factor which may interfere when the SCWT was conducted to measure
the student performance. This interval effect may affect the data. Therefore, it was
very important to adjust the effect of any external confounding factor and make sure
that effect has been neutralized as possible. This issue has been addressed previously
by few publications®”- 59, Further investigation will be required to measure the effect

of the vision on the SCWT data. However, in one published research excluded crite-
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ria included any vision issue such as having issue to see the colour, hyperopia, astig-
matism®” or were as other research requested the participants to wear the optical

glasses if they aware they are having vision problems®Y,

7. Conclusions

This study suggests that having obesity, whether defined by BMI or high
body fatness, may impair some aspects of cognitive function in Kuwaiti female stu-
dents. Further research will be needed to confirm these findings in this same popula-
tion of adolescent females, to examine the generalisability of these findings to other
populations, and to identify the underlying mechanisms of any effect of obesity on

cognitive function.

8. References

1. Ng M, Fleming T, Robinson M, Thomson B et al., (2014) Global, regional, and
national prevalence of overweight and obesity in children and adults during
1980-2013: A systematic analysis for the Global Burden of Disease Study
2013. Lancet 384,766-781

2. Reilly JJ & Kelly J (2011) Long-term impact of overweight and obesity in
childhood and adolescence on morbidity and premature mortality in adulthood:
Systematic review. Int J Obes 35, 891-898

3. Musaiger AO, Al-Mannai M, Tayyem R, et al., (2012) Prevalence of Overweight
and Obesity among Adolescents in Seven Arab Countries: A Cross-Cultural
Study. J Obes. 2012,1-5. doi:10.1155/2012/981390

4. Rey-Lopez J, Hashem R, Hamer M, Mcmunn A, et al., (2019) Prevalence of
overweight and obesity and associations with socioeconomic indicators: the
study of health and activity among adolescents in Kuwait. Minerva Pediatr 71,
333-342

5. World Health Organization (2017) Childhood Overweight and Obesity.
https://www.who.int/dietphysicalactivity/childhood/en/ (accessed 29 Septem-
ber 2019).

6. Nyberg ST, Batty GD, Pentti J, et al., (2018) Obesity and loss of disease-free years
owing to major non-communicable diseases: a multicohort study. Lancet
Public Heal 3, e490—e497

197


https://www.webmd.com/eye-health/farsightedness
https://www.webmd.com/eye-health/understanding-astigmatism-basics
https://www.webmd.com/eye-health/understanding-astigmatism-basics

7. Webber L, Kilpi F, Marsh T, Rtveladze K, et al., (2012) High rates of obesity and

non-communicable diseases predicted across Latin America. PLoS One.
https://doi.org/10.1371/journal.pone.0039589

8. Boodai SA, Reilly JJ (2013) Health related quality of life of obese adolescents in

Kuwait. BMC Pediatr 13,105

9. Elkum N, Al-Arouj M, Sharifi M, et al., (2016) Prevalence of childhood obesity in

the state of Kuwait. Pediatr Obes 11:e30-e34

10. Al Hammadi H, Reilly J (2019) Prevalence of obesity among school-age children

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

and adolescents in the Gulf cooperation council (GCC) states: a systematic
review. BMC Obes 6, 3

Santana CCA, Hill JO, Azevedo LB, et al., (2017) The association between
obesity and academic performance in youth: a systematic review. Obes Rev
18,1191-1199

Martin A, Booth JN, Young D, et al., (2016) Associations between obesity and
cognition in the pre-school years. Obesity 24, 207-214

Martin A, Booth JN, McGeown S, et al., (2017) Longitudinal associations be-
tween childhood obesity and academic achievement: systematic review with
focus group data. Curr Obes Rep 6, 297-313.

Booth JN, Tomporowski PD, Boyle JME, et al., (2014) Obesity impairs
academic attainment in adolescence: findings from ALSPAC, a UK cohort. Int
J Obes (Lond) 38, 1335-42

Sweat V, Yates KF, Migliaccio R, et al., (2017) Obese Adolescents Show
Reduced Cognitive Processing Speed Compared with Healthy Weight Peers.
Child Obes 13, 190-196

Bohn L, McFall GP, Wiebe SA, et al., (2020) Body Mass Index Predicts
Cognitive Aging Trajectories Selectively for Females: Evidence From the
Victoria Longitudinal Study. Neuropsychology.
https://doi.org/10.1037/neu0000617

Xu X, Deng Z-YY, Huang Q, et al., (2017) Prefrontal cortex-mediated executive
function as assessed by Stroop task performance associates with weight loss
among overweight and obese adolescents and young adults. Behav Brain Res
321, 240-248

Khan NA, Raine LB, Donovan SM, et al., (2014) The cognitive implications of
obesity and nutrition in childhood. Monogr Soc Res Child Dev 79, 51-71

Reinert KRS, Po’e EK, Barkin SL, et al., (2013) The relationship between
executive function and obesity in children and adolescents: a systematic
literature review. downloads.hindawi.com

Okorodudu DO, Jumean MF, Montori VM, et al., (2010) Diagnostic
performance of body mass index to identify obesity as defined by body
adiposity: a systematic review and meta-analysis. Int J Obes 34,791-799

Yang Y, Shields GS, Guo C, Liu Y (2018) Executive function performance in
obesity and overweight individuals: A meta-analysis and review. Neurosci
Biobehav Rev 84, 225-244

Catoira NP, Tapajoz F, Allegri RF, Lajfer J, Rodriguez Camara MJ, lturry ML,
Castafio GO (2016) Obesity, metabolic profile, and inhibition failure: Young
women under scrutiny. Physiol Behav 157,87-93

198



23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

Anderson YC, Kirkpatrick K, Dolan GMS, et al., (2019) Do changes in weight
status affect cognitive function in children and adolescents with obesity? A
secondary analysis of a clinical trial. BMJ Open 9,e021586

Kulendran M, Vlaev |, Gamboa P, et al., (2017) The role of impulsivity in
obesity as measured by inhibitory control: A systematic review. Medical Re-
search 15,5(8)

Maayan L, Hoogendoorn C, Sweat V, Convit A (2011) Disinhibited eating in
obese adolescents is associated with orbitofrontal volume reductions and
executive dysfunction. Obesity 19,1382-1387

Steenbergen L, Colzato LS (2017) Overweight and Cognitive Performance: High
Body Mass Index Is Associated with Impairment in Reactive Control during
Task Switching. Front Nutr. https://doi.org/10.3389/fnut.2017.00051

Anstey KJ, Cherbuin N, Budge M, et al., (2011) Body mass index in midlife and
late-life as a risk factor for dementia: A meta-analysis of prospective studies.
Obes Rev. https://doi.org/10.1111/j.1467-789X.2010.00825.x

Schwartz DH, Leonard G, Perron M, et al., (2013) Visceral fat is associated with
lower executive functioning in adolescents. Int J Obes 37,1336-1343

Sabia S, Kivimaki M, Shipley MJ, et al., (2009) Body mass index over the adult
life course and cognition in late midlife: The Whitehall 11 Cohort Study. Am J
Clin Nutr 89,601-607

Yang Y, Shields GS, Wu Q, et al., (2019) Obesity is associated with poor work-
ing memory in women, not men: Findings from a nationally representative da-
taset of US adults. 1,35,101338. Eat Behav doi: 10.1016/j.eatbeh.2019.101338

Mamrot P& Han¢ T (2019) The association of the executive functions with
overweight and obesity indicators in children and adolescents: A literature
review. Neurosci Biobehav Rev 107,59-68

Favieri F, Forte G, Casagrande M (2019) The executive functions in overweight
and obesity: A systematic review of neuropsychological cross-sectional and
longitudinal studies. Front Psychol. https://doi.org/10.3389/fpsyg.2019.02126

Liang J, Matheson BE, Kaye WH, et al., (2014) Neurocognitive correlates of
obesity and obesity-related behaviors in children and adolescents. Int J Obes
38,494-506

Din NC, Chia E, Meng T (2019) Computerized Stroop Tests: A Review.
https://doi.org/10.4172/2161-0487.1000353

Dodd FL, Kennedy DO, Riby LM, et al., (2015) A double-blind, placebo-
controlled study evaluating the effects of caffeine and L-theanine both alone
and in combination on cerebral blood flow, cognition and mood.
Psychopharmacology (Berl) 232, 2563-2576

Scarpina F, Tagini S (2017) The stroop color and word test. Front Psychol.

Wright BC (2017) What Stroop tasks can tell us about selective attention from
childhood to adulthood. Br J Psychol 108,583-607

Homack S, Riccio CA (2004) A meta-analysis of the sensitivity and specificity of
the Stroop Color and Word Test with children. Arch Clin Neuropsychol
19,725-743

199



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Booth JN, Tomporowski PD, Boyle JM, et al., (2014) Obesity impairs academic
attainment in adolescence: findings from ALSPAC, a UK cohort. International
Journal of Obesity. 38(10),1335-42.

Van Der Elst W, Van Boxtel MPJ, Van Breukelen GJP, et al., (2006) The stroop
color-word test: Influence of age, sex, and education; and normative data for a
large sample across the adult age range. 13,62—79

Al Hammadi H, Reilly JJ (2020) Classification Accuracy of Body Mass Index for
Excessive Body Fatness in Kuwaiti Adolescent Girls and Young Adult
Women. Diabetes, Metab Syndr Obes Targets Ther Volume 13,1043-1049

Reilly JJ, Kelly J, Wilson DC (2010) Accuracy of simple clinical and
epidemiological definitions of childhood obesity: systematic review and
evidence appraisal. Obes Rev 11:645-655

Chen VCH, Liu YC, Chao SH, et al., (2018) Brain structural networks and
connectomes: The brain—obesity interface and its impact on mental health.
Neuropsychiatr Dis Treat 14, 3199-3208

Williams DP, Going SB, Lohman TG, et al., (1992) Body fatness and risk for
elevated blood pressure, total cholesterol, and serum lipoprotein ratios in
children and adolescents. Am J Public Health 82, 358-63

Talma H, Chinapaw MJM, Bakker B, et al.,(2013) Bioelectrical impedance
analysis to estimate body composition in children and adolescents: a systematic
review and evidence appraisal of validity, responsiveness, reliability and
measurement error. Obes Rev 14,895-905

Peterson CM, Thomas DM, Blackburn GL, et al., (2016) Universal equation for
estimating ideal body weight and body weight at any BMI. Am J Clin Nutr
103,1197-203.

Al-Ghatani A, Obonsawin M, Al-Moutaery K. (2010) The Arabic version of the
Stroop test and its equivalency to the English version. Pan Arab Journal of
Neurosurgery. 14,112-5.

Eide P, Kemp A, Silberstein RB, et al., (2002) Test-retest reliability of the
emotional stroop task: Examining the paradox of measurement change. J
Psychol Interdiscip Appl 136, 514-520.

Van der Elst W, Van Boxtel MP, Van Breukelen GJ, et al., (2006) The Stroop
color-word test: influence of age, sex, and education; and normative data for a
large sample across the adult age range. 13, 62-79.

Al Hammadi HH, Alaslawi HA, Hewitt A, et al., (2020) Differences in
educational attainment between obese and non-obese Kuwaiti female
university students. J Nutr Sci 9,1-5

Faroog A, Gibson A-M, Reilly JJ, et al., (2018) The Association between Obesity
and Cogpnitive Function in Otherwise Healthy Premenopausal Arab Women. J
Obes. https://doi.org/10.1155/2018/1741962

Cook RL, O’dwyer NJ, Donges CE, et al., (2017) Relationship between Obesity
and Cognitive Function in Young Women: The Food, Mood and Mind Study.
hindawi.com. https://doi.org/10.1155/2017/5923862

Elkum N, Alarouj M, Bennakhi A, et al., (2019) The complex etiology of
childhood obesity in arabs is highlighted by a combination of biological and

200


https://doi.org/10.1155/2018/1741962
https://doi.org/10.1155/2017/5923862

54,

55.

56.

S57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

socio-economic factors. Front Public Heal, 2,7,72
https://doi.org/10.3389/fpubh.2019.00072

Rabeea N, Eldabi T, M Kamel D (2019) Obesity Review in GCC and New
Evaluation Strategy. KnE Soc Sci. https://doi.org/10.18502/kss.v3i25.5192

Hill AJ, Rodriguez Lopez R, Caterson ID (2018) The relationship between
obesity and tertiary education outcomes: a systematic review. Int J Obes 43,1—
9

Demos KE, McCaffery JM, Cournoyer SA, et al., (2013) Greater Food-Related
Stroop Interference Following Behavioral Weight Loss Intervention. J Obes
Weight Loss Ther. https://doi.org/10.4172/2165-7904.1000187

Buie JJ, Watson LS, Smith CJ, et al., (2019) Obesity-related cognitive
impairment: The role of endothelial dysfunction. Neurobiol Dis.
https://doi.org/10.1016/j.nbd.2019.104580

Fergenbaum JH, Bruce S, Lou W, Hanley AJG, et al., (2009) Obesity and
Lowered Cognitive Performance in a Canadian First Nations Population.
Obesity 17,1957-1963

Martin A, Booth JN, Laird Y, et al., (2018) Physical activity, diet and other
behavioural interventions for improving cognition and school achievement in
children and adolescents with obesity or overweight. Cochrane Database Syst
Rev. https://doi.org/10.1002/14651858.CD009728.pub4

Walk AM, Raine LB, Kramer AF, et al., (2020) Adiposity is related to
neuroelectric indices of motor response preparation in preadolescent children.
Int J Psychophysiol 147,176-183

Hou Q, Guan Y, Yu W, Liu X, Wu L, Xiao M, LU Y (2019) Associations
between obesity and cognitive impairment in the Chinese elderly: an
observational study - Google Search. Clin Interv Aging 14,367-373

Naticchioni K (2013) Carroll Collected Senior Honors Projects Theses, Essays,
and Senior Honors Projects The Relationship between Obesity and Academic
Achievement of School-Age Children Recommended Citation.

Yokum S, Ng J, Stice E (2012) Relation of regional gray and white matter
volumes to current BMI and future increases in BMI: A prospective MRI
study. Int J Obes 36,656-664

Wan Y, Xu J, Ma D, et al., (2007) Postoperative impairment of cognitive
function in rats: A possible role for cytokine-mediated inflammation in the
hippocampus. In: Anesthesiology. pp 436-443

Gluck ME, Ziker C, Schwegler M, et al., (2013) Impaired glucose regulation is
associated with poorer performance on the Stroop Task. Physiol Behav
122,113-119.

McMorris T, Tomporowski PD, Audiffren M (2009) Exercise and Cognitive
Function. Exerc Cogn Funct. https://doi.org/10.1002/9780470740668

Brownell K, Walsh B (2017) Eating disorders and obesity: A comprehensive
handbook. Guilford Publications.

Afsaneh Z, Alireza Z, Mehdi T, et al., (2012) Assessment of Selective Attention
with CSCWT (Computerized Stroop Color-Word Test) among Children and
Adults. ERIC

201


https://doi.org/10.3389/fpubh.2019.00072
https://doi.org/10.18502/kss.v3i25.5192
https://doi.org/10.4172/2165-7904.1000187
https://doi.org/10.1016/j.nbd.2019.104580
https://doi.org/10.1002/14651858.CD009728.pub4
https://doi.org/10.1002/9780470740668

69. Northumbria University, Newcastle upon Tyne U Compass | Cognitive
Assessment System. https://cognitivetesting.co.uk/. Accessed 16 May 2020

202



Table 1. Characteristics of participants in the study (mean and SD or median and

range or median and IQR)

Variables Mean or medi- | SD; Range; IQR
an

Age; mean and SD 18.0 0.6

BMI kg/m?: median and range 27.5 15.1t0 50.2

Fat (%); median and range 32.0 5.1t054.0

Stroop Correct (%) answers; median and | 70 25" IQR = Q1 85-100

IQR 75" IQR = Q3 50-70
100"IQR= Q4 10-
50

Response time (RT) milliseconds; mean and | 2343 508

SD

Table 2. Stroop Test performance quartiles by weight status & body fatness

categories 2

Exposure variables | Number of Correct Answer (Stroop Test) n=400 | Total (n)
Q1 Q2 Q3 Q4
Non-Obese 74 70 47 46 237
Obese 26 30 53 54 163
Non-High Fat 52 47 27 27 153
High Fat 48 53 73 73 247
Total (n) 100 100 100 100 400

2 Stroop correct answer range for each quartile as follows: Q1 85-100 (median 90);

(Q 1 = highest quartile; Q4 = lowest quartile)

Q2 70-85 (median 80); Q3 50-70 (median 60); Q4 10-50 (median 35).




Chapter 8: Thesis Discussion and Conclusion

1. Preface

This chapter will summarise the overall discussion for the four studies (man-
uscripts 1-4, thesis chapters 3, 5, 6, and 7). This chapter also serves as an overview of
the thesis and the important findings, highlights the strengths and the limitations,

provides recommendations for future research and policy, and makes conclusions.
2. Background

The present thesis aimed to assess the overall impact of child and adolescent
obesity in Kuwait and four studies were conducted to address this aim. The introduc-
tion and literature review (Chapter 1) covered the BMI- for age based definitions of
obesity, the diagnostic accuracy of BMI for excessive fatness, the prevalence of obe-
sity in Kuwait and other Gulf countries( GCC), and obesity health consequences as
well as other possible consequences (on educational attainment and cognitive func-
tion in children and adolescents). Chapter 1 highlighted the lack of recent evidence
on the prevalence of obesity among school-age children and adolescents in Kuwait
and the Gulf region (GCC), and therefore a systematic review-study 1 was conducted
according to the methodology of the systematic review explained in detail in Chapter
2. The systematic review study 1 (Chapter 3) was published in BMC Obesity in Jan-
uary 2019.

Chapter 4 detailed the methodology for three studies 2, 3 and 4. These studies
2, 3 and 4 started out as feasibility studies for reasons given in Chapter 4 section 2.
Briefly, data collection was feasible in the limited time for data collection in Kuwait

and studies 2, 3 and 4 became possible and were more than feasibility studies at the
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end, and therefore feasibility outcomes were not emphasised in the final thesis. Study
2 (Chapter 5) aimed to assess the extent to which BMI might underestimate obesity
(high body fatness) in Kuwaiti female late adolescents at university, and this study
was published in Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy
in April 2020. Study 3 (Chapter 6) aimed to test the association between obesity de-
fined by BMI for age and body fat % and educational attainment in the same sample
of Kuwaiti female adolescents, and this study was published in the Journal of Nutri-
tional Science in July 2020. The final study (Chapter 7) aimed to test the association
between BMI for age and body fat % defined obesity and inhibition among Kuwaiti

female undergraduates.
3. Summary of the thesis findings

This thesis has resulted in a number of novel findings that contribute to the
development of knowledge for better understanding of the current prevalence of obe-
sity and the overall impact on children and adolescents in Kuwait and other Gulf
Cooperation Council (GCC) countries. Firstly, the systematic review (study 1) was
the first systematic review in the GCC countries targeting the prevalence of obesity
only, rather than the prevalence of obesity and overweight combined as in other re-
views (Nahhas et al., 2018). Obesity is not the same as overweight. For example,
there is good evidence on the adverse health effects of obesity in children and ado-
lescents, but it is much less clear whether there are adverse health effects of over-
weight in childhood and adolescence (Reilly et al., 2003; Reilly, 2005; Han et al.,
2010; Kelishadi et al., 2015). Thesis study 1 is an advance on previous studies in the
GCC countries in part because of the focus on child and adolescent obesity. In addi-

tion, the systematic review reviewed recent data to provide the current evidence on
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the prevalence of obesity, while previous reviews had included older evidence, e.g.
the review by Nahhas et al., (2018) included studies from 2000 onwards. Since obe-
sity prevalence may have increased very rapidly in the GCC countries in recent years
it is important to identify the most recent evidence from the literature in order to un-
derstand the current situation, thesis study 1 aimed to do that and so improve on pre-
vious literature. The systematic review of this thesis found that the prevalence of
obesity, mostly defined by BMI-for-age, was very high in the six GCC states and it
increased with age. In addition, it showed that surveillance of BMI-defined obesity in
the six GCC countries was very limited, especially outside Kuwait. Collectively, the
results of the systematic review suggested that public health surveillance of obesity
must improve substantially in the GCC countries. All the GCC states are high-
income countries and so have the resources to do large, nationally representative,
surveys of the prevalence of obesity in children and adolescents in their populations.
As in other high income countries, these nationally representative surveys should be
carried out periodically so that changes in population prevalence of obesity can be
identified. Despite gaps in the evidence, it is clear that there is a very high prevalence
of obesity in children, adolescents, and adults in the GCC states and the high preva-
lence makes it imperative that better surveillance takes place in future. Even with
surveillance data on obesity as defined by BMI-for-age, the prevalence of obesity
(high body fat) in Kuwait might be underestimated. Previous systematic review evi-
dence shows that BMI-for-age underestimates the prevalence of high body fatness,
and so while nationally representative surveys of BMI-for-age would be informative,

they are still likely to underestimate the scale of the problem. An additional concern
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is that prior to the present thesis there was a lack of evidence on the classification
accuracy of BMI in Arab populations.

The findings of study 2 confirmed that definitions of obesity based on BMI
for age have moderate sensitivity. This was the first study of the accuracy of BMI-
for-age to define the fattest individuals in any Arab population. Study 2 therefore
suggests that the underestimation of body fatness prevalence by BMI-for-age and
BMI found in non-Arab populations also applies to Arab populations. Study 2 makes
it likely that the low-moderate sensitivity of BMI-for-age and BMI to identify the
fattest individuals in the population applies to a range of human populations, and this
was not clear prior to this thesis. Study 2 also suggests that all previous studies and
surveys of obesity prevalence have underestimated Kuwait's actual situation regard-
ing obesity prevalence, consistent with many previous studies in other populations
(Reilly et al., 2010; Okorodudu et al., 2010; Javed et al., 2015; Diouf et al., 2018).

Assessing the associations between obesity and educational attainment in
Kuwaiti female undergraduates, study 3 showed that obese female students had
poorer academic performance (GPA) than non-obese female students and these re-
sults were broadly in line with systematic reviews of the evidence (Santana et al.,
2017; Hill et al., 2018; Martin et al., 2016; Martin et al., 2017). Mechanisms by
which obesity might impair educational attainment remain unclear (as described in
chapter 1 and chapter 6), and the present thesis was not designed to identify or test
mechanisms. Nonetheless, the present study adds to the body of evidence that indi-
viduals with obesity tend to do more poorly in education than individuals who do not
have obesity, especially girls and women (Booth et al.,2014; Martin et al., 2016).

One issue raised by the present thesis and similar studies is what the response to
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these findings should be. For example, should university students be made aware that
obesity is likely to impair their educational attainment? Should universities use these
findings to help improve educational attainment? These questions go beyond the
scope of this thesis, but at the very least it seems that the impact of obesity on educa-
tional attainment should be better known among university students, academics, and
university managers and leaders.

Study 4 showed that obese students had poorer inhibition than non-obese stu-
dents. Poorer inhibition might harm academic achievement and also lead to unhealth-
ier lifestyles in children and adolescents (Bryant et al., 2008; Amundsen et al 2017;
Esteban-Cornejo et al., 2020). Less inhibited eating, for example, will tend to in-
crease energy intake and so make obesity more likely for non-obese individuals, and
help maintain obesity in individuals who are already obese.

In both studies 3 and 4, the associations with educational and cognitive out-
comes were detected whether obesity was defined as BMI, or high body fatness. The
initial concept in the thesis (as summarised in chapter 1) was that, associations be-
tween body fatness and educational/cognitive outcomes might be more detectable
and/or stronger when body fatness was the exposure variable than when BMI was the
exposure variable (Booth et al 2014.; Diouf et al., 2018; Martin et al., 2017). Thesis
studies 3 and 4 found that there was little difference between results between use of
BMI-for-age or body fatness as exposures. This might support the use of BMI-for-
age in future studies, and that would be simpler (e.g. quicker and cheaper) than
measuring body fatness. However, the use of a direct measure of body fatness can be
simple so long as the right measurement method is chosen (e.g. impedance, as in

thesis study 2). In addition, having measures of body fatness may add more confi-
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dence that any effects of obesity might lie in fatness related mechanisms (e.g. direct
biological effects of body fatness on brain structure and function as summarised in
chapter 1) rather than just high body weight (Booth et al., 2014; Martin et al., 2016;
Martin et al., 2017). If future research can use simple but reasonably accurate meth-
ods of measuring body fatness such as BIA, then measuring body fatness is probably
worthwhile/ likely to add more information than BMI alone (Diouf et al., 2018;
Javed et al. 2015; Shah & Braverman, 2012; Reilly et al., 2010)

Importantly, the associations in studies 3 and 4 were found to be independent
of socioeconomic status (SES), in contrast to studies conducted in western societies
where there is a strong socioeconomic gradient (much higher prevalence of adoles-
cent obesity in families with lower SES). Parental education, rather than income, was
used as an indicator of SES since Kuwait is a very wealthy country with less socio-
economic disparity than in many other countries (UNICEF, 2014). A recent Kuwaiti
study found that adolescent obesity was unrelated to SES (Rey-Lopez et al., 2019).
However, a more recent study found an association between obesity and SES in adult
Kuwaiti women (Weiderpass et al., 2019). These contradictory results regarding the
confounding effects of SES might be age-specific, and more studies addressing this
issue in Kuwait are needed. More details about the potential confounding of obesity-
educational attainment associations by SES are covered in Chapter 1 and Chapter 4.
Observational epidemiological studies are always at risk of confounding, and even
when potential confounders are included in the design and analysis it is not always
certain that confounding has been dealt with adequately (Booth et al., 2014, Santana
et al., 2017 Rey-Lopez et al., 2019). Future studies with better study designs (which

are relatively free of confounding) would be especially informative. For example,
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randomised controlled intervention trials which aim to reduce body fatness could be
used to test whether educational/cognitive outcomes are improved as a result, and the
randomised designs should minimise confounding (Booth et al., 2014; Santana et al.,
2017; Walk et al., 2020).

Collectively, the overall impact of the high prevalence of obesity among chil-
dren and adolescents in Kuwait and the GCC countries may go beyond the common-
ly studied health consequences of obesity to include educational and cognitive out-
comes. Impacts of obesity are necessary to be considered at a younger age, so that
earlier policies and interventions can be implemented. The policy implications are

discussed briefly below in more detail.
4. Thesis strengths and limitations

4.1 Strengths

The thesis focused on exploring novel research areas and was intended to
overcome the limitations identified from the previous studies that were undertaken in
the field. With many studies having been conducted in western countries, this re-
search provided an opportunity to focus on the under-researched population of Arab
children and adolescents and in the under-researched setting of the GCC. As men-
tioned earlier, the systematic review was the first review collecting the recent evi-
dence on the prevalence of obesity in school-age children and adolescents in the
GCC region (Al Hammadi & Reilly, 2019). Study 2 was the first study to assess the
classification accuracy of BMI for high fatness in Gulf population (Al Hammadi &
Reilly, 2020). In addition, studies 3 and 4 were the first large studies addressing as-
sociations between obesity and educational attainment and/or inhibition in adolescent

females not only in Kuwait, but also in the whole GCC region.
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Moreover, the present thesis implemented strong methodology in each of the
four studies and used reliable measures for both the exposures and outcomes. The
systematic review (study 1) followed robust criteria as discussed in Chapter 3. The
studies 3 (Chapter 6) and 4 (Chapter 7) included both BMI and high body fatness as
exposure measures for assessing the associations between obesity and educational
and cognitive outcomes. The cognitive outcome in study 4 was measured by the
computerised “Stroop Colour Word Test” that was also modified for the first time to
include Arabic language to make it easier for Arabic-speaking students. Additionally,
considering the SES in the analyses for the associations between obesity and educa-
tional attainment/cognition provided important knowledge for understanding the po-
tential confounding effects of SES in this context from a different setting than west-
ern societies.

Although the studies 2-4 were faced with the challenge of limited time for da-
ta collection (explained in Chapter 4), the sample size achieved was relatively high
and significant associations were detected, though for Study 4 in particular conclu-
sions are more tentative than for the other thesis studies for reasons discussed in

chapter 8.
4.2 Limitations

The present thesis has a number of limitations that need to be highlighted.
The systematic review was restricted to English language studies because of time and
resource limitations. The number of eligible studies in the GCC countries was lim-
ited, with data from only 3 of the 6 GCC countries. In addition, the grey literature
searching may not have been comprehensive. Therefore, meta-analysis was not in-

cluded due to the limited evidence (limited number of studies). In addition, the stud-
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ies showed heterogeneity in sample characteristics and definitions of obesity, and
therefore the narrative analysis of the evidence was all that possible. Future systemat-
ic reviews, with more time and more resource, should aim to minimise these prob-
lems, and should follow good practice in systematic reviewing (Campbell, 2020).

As discussed in more detail in Chapter 4, the time for data collection for stud-
ies 2, 3 and 4 was limited by practical constraints as well as by the PhD timetable
and visa restrictions, therefore the studies and the analyses were initially planned to
be exploratory and power calculations were not done. Now that these thesis studies
have been done, and mostly published, it will be easier to plan future studies, e.g. to
develop well informed power calculations. In addition, ROC analysis was not done
for the classification accuracy of BMI (study 2) due to insufficient sample size and
the lack of a gold standard for measuring body fatness. However, the aim of study 2
was not to define optimal BMI cut-off points, but the aim was to estimate the extent
to which BMI-for-age estimates of obesity prevalence from study 1 might be under-
estimating the true prevalence of obesity (i.e. high body fatness). Further, there is
lack of evidence on the definition of high body fat %, and the cut-off 30% was a
working definition used in these studies, which may not be an ideal definition for
detecting adolescent females with high fatness. Future studies should aim to identify
the optimal body fat percentage with which to define excessive fatness. For example,
large epidemiological studies could test for associations between body fatness and
cardio-metabolic outcomes (blood pressure, blood lipids, glucose metabolism, in-
flammatory markers) in adolescents, and use ROC analysis to identify the optimal
point in the body fat percentage distribution where increased risk of cardio-metabolic

outcomes occurs. Intervention studies, which change body fat percentage, could also
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be used to identify what change in body fatness is needed to produce improvements
in cardio-metabolic outcomes.

Studies 2, 3 and 4 were based on cross-sectional design and therefore causali-
ty between obesity and educational attainment/inhibition could not be confirmed. In
addition, studies 3 and 4 were not designed to investigate the mechanisms underlying
such associations (these were detailed in Chapter 1). Longitudinal or intervention
studies addressing these issues are warranted. Animal models have also been in-
formative of effects of obesity on brain structure and function (summarised in chap-
ter 1) and greater awareness of the animal model studies among researchers working
on human studies would be helpful. For example, in the personal experience of the
author and Ph.D. supervisor, some researchers assume automatically that obesity-
educational outcome associations must be due to confounding by socio-economic
status, and are not aware of the range of mechanisms identified by animal studies
(and the more recent human studies, such as the brain imaging studies summarised in
chapter 1). Obesity has a wide range of impacts on brain structure and function, and
many of these are still emerging (see chapter 1) and so researchers should not auto-
matically assume that obesity-educational attainment associations are not ‘real’ and
only due to confounding. If existing research evidence on the effects of obesity on
brain structure and function — summarised in chapter 1 — was better known, then
there might be greater acceptance of the idea that associations between obesity and
cognitive/educational outcomes are causal and not just due to confounding.

Overall, although the findings of these studies were consistent with previous
research, the generalisability of thesis study findings may be limited due to the small

evidence base in the systematic review (Al Hammadi & Reilly, 2019) - study 1, and
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the sample characteristics for studies 2, 3 and 4 had a limited age range and restricted

to female students at Kuwait University.

5. Future research and recommendations

This thesis has identified some gaps in the evidence base for child and ado-
lescent obesity, which is important to consider in future research.

At the national level, there is a need for more and better evidence on obesity
prevalence across the GCC through regular surveillance as discussed in the next sec-
tion. In addition, there is a need for more research in Kuwait and the GCC countries
targeting obese children and adolescents. Larger studies with a wider age range and
representative samples using a gold standard measurement of body fatness are neces-
sary to test the classification accuracy of BMI for high fatness in the Arab popula-
tion. Additionally, more research addressing cultural, social and economic factors in
the context of obesity from the Gulf region (GCC) can be especially informative
about the potential confounding of these factors (in contrast to western high income
countries). For example, given the apparently contradictory findings of Rey-Lopez et
al. (2019) and Weiderpass et al. (2019) in relation to whether or not obesity is related
to SES in Kuwait, there is a need for future research on whether or not SES does
influence obesity risk, and whether this applies to children, adolescents, and/or
adults.

Moreover, the use of direct measures of high fatness, rather than proxy
measures, should be considered in epidemiological studies where obesity is tested
either as an exposure or an outcome for better understanding of the causes and con-
sequences of obesity. Impedance offers a good option for future large epidemiologi-

cal studies and even national surveys as in the USA (Chumlea & Guo, 2000) — it
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provides fairly highly accurate measurement of body fatness, while also being practi-
cal, e.g. cheap, quick, painless and portable (Talma et al.,2013; Barreira et al., 2013).
Future studies in this area — and national surveys — which only depend on BMI are
missing an important opportunity if they do not use impedance.

This thesis also suggests that there is a need for well-designed studies for
obese children and adolescents which focus on educational attainment and cognitive
function outcomes. Further research for investigating these associations in different
populations (age, sex, and ethnicity) and targeting different educational and cognitive
outcomes is recommended. Measuring academic performance using standardised
tests for specific subjects would also add to the evidence base for obesity-educational
attainment association. Moreover, addressing the core executive cognitive domains
that are highly correlated with inhibition, such as working memory and cognitive
flexibility, would help understand the potential effects of obesity on each domain of
executive function as well as the total cognitive ability (Booth et al., 2014, Santana et
al., 2017

In addition, longitudinal and intervention studies are more convincing than
cross sectional studies about conclusions of cause and effect associations between
obesity and educational and cognitive outcomes. For example, intervention studies
aiming at reducing body fatness and examining changes in educational attainment or
cognition are recommended, along the lines of the study designs suggested above,
and recommended in recent literature (Santana et al., 2017; Martien et al., 2017,
Sweat et al., 2017; Hill et al., 2018). Such studies might also be needed to estimate
dose-response type effects, i.e. what change in body fatness is needed to produce a

certain change in educational attainment or some cognitive function. Furthermore,
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mechanistic studies are needed to explore the potential mechanisms of effect obesity
which have been explained in detail in Chapter 1 — it is not certain that all of the
mechanisms from animal models for example apply to humans.

The possible effects of obesity on educational attainment and cognitive abil-
ity among university students should be taken seriously by universities. Taking re-
sponsibility for raising health awareness among students and preparing them for be-
ing responsible future adults would help reduce the prevalence of obesity or at least
the possible psychological effects associated with obesity. Obesity has a range of
adverse effects which are often considered as quite separate from educational attain-
ment and cognitive functions (e.g. poorer mental health, poorer physical health such
as impacts on sleep, asthma, iron deficiency, vitamin D deficiency (Reilly, 2005);
Sansone et al., 2020), and help in preventing or treating obesity in university students
might be considered by universities as ways of improving their physical and mental
health (Cecil et al., 2012; Musaiger et al., 2016; AlMarri et al., 2017). Such efforts
might also improve educational attainment at the same time.

Engaging students in physical activities and providing separate sport facilities
for males and females on campus might help them maintain healthy body fatness,
and might help reduce body fatness in those with obesity (Musaiger et al., 2014;
Weiderpass et al., 2019). Higher levels of physical activity would also improve men-
tal health and wellbeing (Reilly et al., 2010; Martin et al., 2016)

Finally, the present thesis also identified areas of research that may add more
evidence for the importance of weight management among obese children and ado-

lescents. Besides reducing health risk factors associated with obesity, weight man-
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agement may also help improve educational attainment and cognitive functions

among age-school children and adolescents.
6. Policy implications

The systematic review (study 1) showed that the GCC states have very lim-
ited public health surveillance of children and adolescents obesity despite the very
high obesity prevalence (Al Hammadi & Reilly, 2019), so more extensive and higher
quality surveillance is required. Regular national surveys should consider a more
accurate simple measure of obesity, such as using the WHO overweight cut-off (Z
score >1) to improve the sensitivity of BMI for detecting those with high fatness as
discussed in chapter 1. As suggested above, national surveys in the GCC states could
actually use impedance to measure body fatness, as in other high income countries
with high obesity prevalence such as the USA (Chumlea&Guo, 2000). More uni-
formity of national surveys and obesity measures across the GCC countries would
allow for comparisons between countries and trends could be identified. This sort of
evidence would be useful for achieving more effective implementation of surveil-
lance, prevention, control and treatment measures of obesity in the Gulf region. If
surveillance is limited or absent it is not clear if obesity prevalence is getting better
or worse, or if efforts being made to reduce obesity prevalence are working.

Several studies have shown the importance of the cooperation between dif-
ferent stakeholders for preventing obesity. Clarke et al., (2013) conducted a meta-
synthesis of 18 qualitative studies from western high income countries and concluded
that schools play a major role in preventing child and adolescent obesity through
promoting physical activity and healthy eating and that parents should take responsi-

bility to support the schools policies. In addition, governments have to be involved to
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provide clear guidance and coordination to schools and universities, resources, and
effective support to parents (Clarke et al., 2013). A study by Stott et al., (2013)
found that the government agencies in the GCC countries did not have established
links within community organisations to facilitate healthy lifestyles for children and
adolescents to prevent child and adolescent obesity (Stott et al., 2013). In addition, a
study investigated the perceived personal, environmental, and social barriers to
healthy eating and physical activity among university students in Kuwait (Musaiger
et al., 2014). Female students were more likely than males to report barriers to physi-
cal activity, particularly the hot climate. Both males and females reported lack of
nutritional information and skills as major barriers to healthy eating (Musaiger et al.,
2014). Therefore, the high prevalence of obesity in Kuwait and the GCC countries
could be partly due to the lack of effective policies concerning obesity in schools,
universities and the whole community, partly to lack of knowledge and skills, and
partly due to not having measures available to be active during the hot summers.

This thesis provided updated evidence on the high prevalence of obesity that
should lead to an outcome of obesity prevention and control being taken more seri-
ously in Kuwait. Children and adolescents should arguably be a high priority for pre-
vention and treatment efforts as they have a very high prevalence of obesity (study 1,
chapter 3). These policies should also be taken more seriously if obesity impacts on
educational and cognitive outcomes. The Kuwait National Programme for Healthy
Living is an initiative developed with the aim of improving the health and well-being
of Kuwaiti population by emulating the work achieved in several countries, especial-
ly in Singapore, with some modification to focus on obesity and its comorbidities

(Behbehani, 2014). The plan included increasing physical activity and promoting
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healthy diet for creating a healthy school/university environment (Behbehani, 2014).
The findings of this thesis may help promote these objectives. Raising awareness
about the potential negative effects of obesity on educational attainment and cogni-
tion may help motivate students and families for involvement in intervention pro-
grammes, and adopting healthier behaviours. Moreover, improving knowledge of
nutrition and preparation of healthy food among students as well as implementing
more opportunities for physical education is recommended by the aforementioned
initiative.

The present thesis also provided helpful insights to be used by the govern-
ments and associated stakeholders to improve policies in Kuwait. These policies
should focus on early prevention of obesity and creating an environment that encour-
ages healthy lifestyle. Increasing the availability and access to healthy food in the
community, establishing separate facilities for males and females for practicing phys-
ical activity, and engaging families in activities and health promotion programmes.
In addition, governmental funding of more school-based intervention programmes
and research is needed to improve the understanding and resolutions of these chal-
lenges. All of these recommendations align with the WHO Global Action Plan on
Physical Activity (WHO, 2018).

In summary, the findings of this thesis should be utilised to inform the na-
tional policy of Kuwait for more efforts towards obesity prevention and control. The
literature review for this current study indicates that obesity in children and adoles-
cents, both in schools and in higher education, is negatively associated with low per-
formance in educational achievements and/or cognitive functioning. However, chil-

dren and young adolescents who are more active and within recommended weight or
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body fatness limits are more likely to achieve higher levels of educational attainment
and/or cognitive functioning.

The evidence from Kuwait could possibly be used to encourage other GCCs
to update their own data on prevalence of obesity in children and adolescents (Al
Hammadi & Reilly., 2019). Anecdotally, discussions with the students who partici-
pated in the research in Kuwait, and with staff who helped, suggested that active
commuting —(by walking or cycling) was very rare; instead they are normally chauf-
feured whenever they travel. An almost total absence of active commuting is not
likely to be helpful to obesity prevention or treatment, but this issue is beyond the
scope of this thesis. An absence of active commuting can be explained by the cultural
barriers that still exist for all Arabic women (Sharara et al., 2018). The literature at-
tributes this to a perceived lack of safety and a lack of government support, exacer-
bated by the hot climate in the GCC during the summer as mentioned briefly above
and in chapter 1 (Farrag, 1983; Musaiger, 1987).

Findings from the present thesis indicate that obesity in adolescent females is
high in Kuwait University. The university might be persuaded to help students to
recognise the problem of obesity and its consequences in future as a result of the the-
sis findings.

If we are able to highlight the effects of obesity on education achievement
and/or cognitive function then this may well be a form of a “wake-up call” for the
Kuwaiti government and will, hopefully, help them to reduce, and perhaps eventually
reverse, the rise of an obesity epidemic in the coming decades. Most importantly, the
government needs to be able to address the issue that obesity intervention must start

at an early age, as children and young adolescents’ learned behaviours are shaped at
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an early age and, unfortunately, most unhealthy behaviours often persist into adult-
hood (Leme et al.,2020 ;Scaglioni et al.,2018;Alrashidi et al.,2015 Musaiger et al.,
2014). Research has shown that children who are obese are more likely to be obese
as they grow older and throughout adulthood (Reilly, 2010). Therefore, interventions
for child and adolescents’ obesity must be considered as primary health care inter-
ventions, similar to other primary health interventions, such as vaccinations (WHO

2017)

7. Conclusions

In conclusion, this PhD thesis found that the prevalence of obesity among
school-age children and adolescents is very high in Kuwait and the Gulf region
(GCC) and prevalence of obesity might be underestimated due to the wide use of
BMI for age to define obesity. The research showed associations between obesity
and poor academic attainment and inhibition in adolescent females. Further research
is needed to investigate these associations in different populations or countries and
address different education attainment and cognitive outcomes with larger sample
size and longitudinal studies, and intervention studies where possible. The present
thesis suggests implementing more regular national surveys for surveillance in the
Gulf region (GCC), considering a direct measure of high fatness in addition to the
proxy measures in epidemiological studies and surveys, and improving policies and
interventions for obesity prevention. The recent establishment of the Dasman Diabe-
tes Institute, which is a specialised research and treatment centre for diabetes and
obesity (Dasman Diabetes Institute, 2021), further highlights the urgent need to tack-

le these public health issues in Kuwait. Future research studies may focus on filling
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the gaps identified by this thesis and providing a comprehensive approach to under-

standing and resolving the obesity epidemic in Kuwait and the Gulf region.

222



References for the Unpublished Chapters

Chapters 1, 2, 4 and 8

Abdelalim, A., Ajaj, N., Al-Tmimy, A., Alyousefi, M., Al-Rashaidan, S., Hammoud,
M. S., & Al-Taiar, A. (2012). Childhood obesity and academic achievement
among male students in public primary schools in Kuwait. Medical Principles
and Practice, 21(1), 14-19.

Ahmed, F., Waslien, C., Al-Sumaie, M. A., & Prakash, P. (2012). Secular trends and
risk factors of overweight and obesity among Kuwaiti adults: National
Nutrition Surveillance System data from 1998 to 2009. Public Health
Nutrition, 15(11), 2124-2130.

Aimé, A., Villatte, A., Cyr, C., & Marcotte, D. (2017). Can weight predict academic
performance in college students? An analysis of college women’s self-efficacy,
absenteeism, and depressive symptoms as mediators. Journal of American
College Health, 65(3), 168-176.

Akobeng, A. K. (2007). Understanding diagnostic tests 1: sensitivity, specificity and
predictive values. Acta Paediatrica, 96(3), 338-341.

Al Hammadi, H. H., Alaslawi, H. A., Hewitt, A., & Reilly, J. J. (2020). Differences
in educational attainment between obese and non-obese Kuwaiti female
university students. Journal of Nutritional Science, 9, 1-5.

Al Hammadi, H., & Reilly, J. (2019). Prevalence of obesity among school-age
children and adolescents in the Gulf cooperation council (GCC) states: a
systematic review. BMC Obesity, 6(1), 3.

Al Hammadi, H., & Reilly, J. J. (2020). Classification Accuracy of Body Mass Index
for Excessive Body Fatness in Kuwaiti Adolescent Girls and Young Adult
Women. Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy,
Volume 13, 1043-1049.

Al Khalaf, F. A., Darwish, E. A., & Katab, M. (2012). Prevalence of Underweight,
Overweight and Obesity Among Primary School Children in Qatar. Qatar
Medical Journal, 2012(1), 10.

Al Mamun, A., Cramb, S. M., O'callaghan, M. J., Williams, G. M., & Najman, J. M.
(2009). Childhood overweight status predicts diabetes at age 21 years: a
follow-up study. Obesity, 17(6), 1255-1261.

Al Yazeedi, B., & Berry, D. C. (2019). Childhood overweight and obesity is
increasing in Gulf Cooperation Council countries: A review of the
literature. Journal of Transcultural Nursing, 30(6), 603-615.

Al-Awadhi, N., Al-Kandari, N., Al-Hasan, T., AlMurjan, D., Ali, S., & Al-Taiar, A.
(2013). Age at menarche and its relationship to body mass index among
adolescent girls in Kuwait. BMC public health, 13(1), 1-7.

223



Alghais, N., Pullar, D., & Charles-Edwards, E. (2018). Accounting for peoples’
preferences in establishing new cities: A spatial model of population migration
in Kuwait. PLOS ONE, 13(12), e0209065.

Al-Haifi, A. A., AlMajed, H. T. h., Al-Hazzaa, H. M., Musaiger, A. O., Arab, M. A,
& Hasan, R. A. (2016). Relative Contribution of Obesity, Sedentary Behaviors
and Dietary Habits to Sleep Duration Among Kuwaiti Adolescents. Global
Journal of Health Science, 8(1), 107-117.

Al-Kandari, Y. Y. (2006). Prevalence of obesity in Kuwait and its relation to
sociocultural variables. Obesity Reviews, 7(2), 147-154.

Allen, C. W., Diamond-Myrsten, S., and Rollins, L. K. (2018). "School Absenteeism
in Children and Adolescents™. American family physician, 98(12), 738-744.

AlMarri, F., Al Sabah, S., Al Haddad, E., & Vaz, J. D. (2017). A call for more
research from the Arabian Gulf. Obesity surgery, 27(8), 2034-2043.

ALNohair, S. (2014). Obesity in gulf countries. International journal of health
sciences, 8(1), 79.

Alrashidi, M., Shahwan-AKI, L., James, J., & Jones, L. (2015). Contributing factors
to childhood overweight and obesity in Kuwait. International Journal of
Health Sciences, 3(1), 133-155.Al-Sabah, S. K., Almazeedi, S. M., Dashti, S.
A., Al-Mulla, A. Y., Ali, D. A. M., & Jumaa, T. H. (2015). The Efficacy of
Laparoscopic Sleeve Gastrectomy in Treating Adolescent Obesity. Obesity
Surgery, 25(1), 50-54.

Al-Sabah, S., Al-Haddad, M., Al-Youha, S., Jamal, M., & Almazeedi, S. (2020).
COVID 19: Impact of obesity and diabetes on disease severity. Clinical
Obesity, 10(6), e12414.

Alshaikh, M. K., Filippidis, F. T., Al-Omar, H. A., Rawaf, S., Majeed, A., &
Salmasi, A. M. (2017). The ticking time bomb in lifestyle-related diseases
among women in the Gulf Cooperation Council countries; review of systematic
reviews. BMC public health, 17(1), 1-17.

Alsharif, U., El Bcheraoui, C., Khalil, I., Charara, R., Moradi-Lakeh, M., Afshin, A.,
baslison, M., Chew, A., Krohn, K. J., Daoud, F., Dicker, D., Foreman, K. J.,
Frostad, J., Kassebaum, N. J., Kutz, M., Wang, H., Abyu, G. Y., Adedeji, I. A.,
Ahmad Kiadaliri, A., Fitzmaurice, C. (2018). Burden of cancer in the Eastern
Mediterranean Region, 2005-2015: findings from the Global Burden of
Disease 2015 Study. International Journal of Public Health, 63, 151-164.

Amin, F., Fatima, S. S., Islam, N., & Gilani, A. H. (2015). Prevalence of obesity and
overweight, its clinical markers and associated factors in a high risk South-
Asian population. BMC Obesity, 2(1).

Amundsen, T., Strammen, M., & Martins, C. (2017). Suboptimal Weight Loss and
Weight Regain after Gastric Bypass Surgery—Postoperative Status of Energy
Intake, Eating Behavior, Physical Activity, and Psychometrics. Obesity
Surgery, 27(5), 1316-1323.

224



An, R., Yan, H., Shi, X., & Yang, Y. (2017). Childhood obesity and school
absenteeism: a systematic review and meta-analysis. Obesity Reviews, 18(12),
1412-1424.

Anderson, A. S., & Good, D. J. (2017). Increased body weight affects academic
performance in university students. Preventive Medicine Reports, 5, 220-223.

Androutsos, O., Gerasimidis, K., Karanikolou, A., Reilly, J. J., & Edwards, C. A.
(2015). Impact of eating and drinking on body composition measurements by
bioelectrical impedance. Journal of Human Nutrition and Dietetics, 28(2),
165-171.

Anzolin, C. C., Augusto, D., Silva, S., Zanuto, F., Cayres, S. U., Sanches Codogno,
J., Junior, P. C., Roberto, D., Machado, L., Giulliano, D., & Christofaro, D.
(2017). Accuracy of different cutoff points of body mass index to identify
overweight according to body fat values estimated by DEXA. J Pediatr (Rio J),
93(1), 58-63.

Arnoldussen, I. A. C., Wiesmann, M., Pelgrim, C. E., Wielemaker, E. M., Van
Duyvenvoorde, W., Amaral-Santos, P. L., ... & Kiliaan, A. J. (2017). Butyrate
restores HFD-induced adaptations in brain function and metabolism in mid-
adult obese mice. International journal of obesity, 41(6), 935-944.

Bagchi, D. and Preuss, H. G. (2012). Obesity: Epidemiology, Pathophysiology, and
Prevention (CRC Press series in Modern Nutrition Science) eBook:
https://www.amazon.co.uk/Obesity-Epidemiology-Pathophysiology-
Prevention-Nutrition-ebook/dp/B0014C605C

Baggetta, P., & Alexander, P. A. (2016). Conceptualization and operationalization of
executive function. Mind, Brain, and Education, 10(1), 10-33.

Balkis, M., Arslan, G., & Duru, E. (2016). The school absenteeism among high
school students: Contributing factors. Kuram ve Uygulamada Egitim Bilimleri,
16(6), 1819-1831.

Barreira, T. V, Staiano, A. E., & Katzmarzyk, P. T. (2013). Validity assessment of a
portable bioimpedance scale to estimate body fat percentage in white and
African-American children and adolescents. Pediatric Obesity, 8(2), €29-32.

Basch, C. E. (2011). Healthier Students Are Better Learners: A Missing Link in
School Reforms to Close the Achievement Gap. Journal of School Health,
81(10), 593-598.

Basterfield, L., Pearce, M. S., Adamson, A. J., Frary, J. K., Parkinson, K. N., Wright,
C. M., ... & Gateshead Millennium Study Core Team. (2012). Physical activity,
sedentary behavior, and adiposity in English children. American journal of
preventive medicine, 42(5), 445-451.

Bathelt, J., Scerif, G., Nobre, A. C., & Astle, D. E. (2019). Whole-brain white matter
organization, intelligence, and educational attainment. Trends in neuroscience
and education, 15, 38-47.

Beebe, D. W., Lewin, D., Zeller, M., McCabe, M., MacLeod, K., Daniels, S. R., &
Amin, R. (2007). Sleep in overweight adolescents: shorter sleep, poorer sleep

225



quality, sleepiness, and sleep-disordered breathing. Journal of Pediatric
Psychology, 32(1), 69-79.

Beebe, D. W., Ris, M. D., Kramer, M. E., Long, E., & Amin, R. (2010). The
association between sleep disordered breathing, academic grades, and cognitive
and behavioral functioning among overweight subjects during middle to late
childhood. Sleep, 33(11), 1447-1456.

Behbehani, K. (2014). E-Mail Kuwait National Programme for Healthy Living: First
5-Year Plan (2013-2017). Princ Pract, 23(1), 32-42.

Bell, M. A., & Deater-Deckard, K. (2007). Biological systems and the development
of self-regulation: Integrating behavior, genetics, and
psychophysiology. Journal of Developmental & Behavioral Pediatrics, 28(5),
409-420.

Bénabou, R. (2000). Unequal societies: Income distribution and the social contract.
American Economic Review, 90(1), 96-129.

Beuther, D. A., & Sutherland, E. R. (2007). Overweight, obesity, and incident
asthma: a meta-analysis of prospective epidemiologic studies. American
journal of respiratory and critical care medicine, 175(7), 661-666.

Bila, W. C., Mariano, R. M. D. S,, Silva, V. R., Dos Santos, M. E. S. M.,
Lamounier, J. A,, Ferriolli, E., & Galdino, A. S. (2017). Applications of
deuterium oxide in human health. Isotopes in environmental and health
studies, 53(4), 327-343.

Biro, F. M., & Wien, M. (2010). Childhood obesity and adult morbidities. The
American journal of clinical nutrition, 91(5), 1499S-1505S.

Bixby, H., Bentham, J., Zhou, B., Di Cesare, M., Paciorek, C. J., Bennett, J. E.,
Taddei, C., Stevens, G. A., Rodriguez-Martinez, A., Carrillo-Larco, R. M.,
Khang, Y. H., Sori¢, M., Gregg, E. W., Miranda, J. J., Bhutta, Z. A., Savin, S.,
Sophiea, M. K., Turilli, M. L. C., Solomon, B. D., ... Ezzati, M. (2019). Rising
rural body-mass index is the main driver of the global obesity epidemic in
adults. Nature, 569(7755), 260-264.

Black, M. H., Smith, N., Porter, A. H., Jacobsen, S. J., & Koebnick, C. (2012).
Higher prevalence of obesity among children with asthma. Obesity, 20(5),
1041-1047.

Blair, C., & Razza, R. P. (2007). Relating effortful control, executive function, and
false belief understanding to emerging math and literacy ability in
kindergarten. Child development, 78(2), 647-663.

Blechner, M., & Williamson, A. A. (2016). Consequences of Obstructive Sleep
Apnea in Children. Current Problems in Pediatric and Adolescent Health
Care, 46(1), 19-26.

Boitard, C., Cavaroc, A., Sauvant, J., Aubert, A., Castanon, N., Layé, S., & Ferreira,
G. (2014). Impairment of hippocampal-dependent memory induced by juvenile
high-fat diet intake is associated with enhanced hippocampal inflammation in
rats. Brain, behavior, and immunity, 40, 9-17.

226



Boitard, C., Etchamendy, N., Sauvant, J., Aubert, A., Tronel, S., Marighetto, A., &
Ferreira, G. (2012). Juvenile, but not adult exposure to high-fat diet impairs
relational memory and hippocampal neurogenesis in
mice. Hippocampus, 22(11), 2095-2100.

Boodai, S. A., & Reilly, J. J. (2013). Health related quality of life of obese
adolescents in Kuwait. BMC Pediatrics, 13(1), 105.

Booth, J. N., Tomporowski, P. D., Boyle, J. M. E., Ness, A. R., Joinson, C., Leary, S.
D., & Reilly, J. J. (2014). Obesity impairs academic attainment in adolescence:
findings from ALSPAC, a UK cohort. International Journal of Obesity (2005),
38(10), 1335-1342.

Borragan, M., Martin, C. D., De Bruin, A., & Dufabeitia, J. A. (2018). Exploring
different types of inhibition during bilingual language production. Frontiers in
psychology, 9, 2256.

Boulet, L. P. (2013). Asthma and obesity. Clinical & Experimental Allergy, 43(1), 8-
21.

Braveman, P., Egerter, S., & Williams, D. R. (2011). The Social Determinants of
Health: Coming of Age. Annual Review of Public Health, 32(1), 381-398.

Bray, G. A. (2004). Medical Consequences of Obesity. The Journal of Clinical
Endocrinology & Metabolism, 89(6), 2583-2589.

Bridger, T. (2009). Childhood obesity and cardiovascular disease. Paediatrics &
Child Health, 14(3), 177-182.

Brownell, K. D., & Walsh, B. T. (Eds.). (2017). Eating disorders and obesity: A
comprehensive handbook. Guilford Publications.

Bryant, E. J., King, N. A., & Blundell, J. E. (2008). Disinhibition: its effects on appe-
tite and weight regulation. Obesity reviews, 9(5), 409-4109.

Bryant, E. J., Rehman, J., Pepper, L. B., & Walters, E. R. (2019). Obesity and Eating
Disturbance: the Role of TFEQ Restraint and Disinhibition. Current Obesity
Reports, 8, 363-372.

Bull, R., Espy, K. A., & Wiebe, S. A. (2008). Short-term memory, working memory,
and executive functioning in preschoolers: Longitudinal predictors of
mathematical achievement at age 7 years. Developmental Neuropsychology,
33(3), 205-228.

Burle, B., Vidal, F., Tandonnet, C., & Hasbroucq, T. (2004). Physiological evidence
for response inhibition in choice reaction time tasks. Brain and
cognition, 56(2), 153-164.

Burney, N. A., & Mohammed, O. E. (2002). The efficiency of the public education
system in Kuwait. Social Science Journal, 39(2), 277-286.

Butcher, A., Kabiri, L. S., Brewer, W., & Ortiz, A. (2019). Criterion validity and
sensitivity to change of a pediatric bioelectrical impedance analysis scale in
adolescents. Childhood Obesity, 15(2), 142-148.

Butterfuss, R., & Kendeou, P. (2018). The role of executive functions in reading
comprehension. Educational Psychology Review, 30(3), 801-826.

227



Caballero, B. (2005). A nutrition paradox—underweight and obesity in developing
countries. N engl j med, 352(15), 1514-1516.

Caci, G., Albini, A., Malerba, M., Noonan, D. M., Pochetti, P., & Polosa, R. (2020).
COVID-19 and obesity: dangerous liaisons. Journal of clinical medicine, 9(8),
2511.

Caird, J., Kavanagh, J., Oliver, K., Oliver, S., O'Mara, A., Stansfield, C., & Thomas,
J. (2011). Childhood obesity and educational attainment: a systematic review.

Campbell, M. (2020). E McKenzie J. Sowden A., Katikireddi SV, E Brennan S., Ellis
S., Hartmann-Boyce J., Ryan R., Shepperd S., Thomas J., et al. Synthesis with-
out meta-analysis (SWiM) in systematic reviews: Reporting guideline.

BMJ, 368, 16890.

Canning, H., & Mayer, J. (1966). Obesity — Its Possible Effect on College
Acceptance. New England Journal of Medicine, 275(21), 1172-1174.

Carmona-Marquez, J., Sierra-Robles, A., Sdnchez-Garcia, M., Garcia-Rodriguez, P.,
Munoz-Silva, A., Arbinaga, F., & Tornero-Quinones, I. (2021). Anti-fat bias in
secondary school teachers: Are physical education teachers more biased than
mathematics teachers?. European Physical Education Review, 27(1), 168-184.

Catchlove, S. J., Pipingas, A., Hughes, M. E., & Macpherson, H. (2018). Magnetic
resonance imaging for assessment of cerebrovascular reactivity and its
relationship to cognition: a systematic review. BMC neuroscience, 19(1), 21.

Cecil, J., Dalton, M., Finlayson, G., Blundell, J., Hetherington, M., & Palmer, C.
(2012). Obesity and eating behaviour in children and adolescents: contribution
of common gene polymorphisms. International Review of Psychiatry, 24(3),
200-210.

Chan, R. C., Shum, D., Toulopoulou, T., & Chen, E. Y. (2008). Assessment of
executive functions: Review of instruments and identification of critical
issues. Archives of clinical neuropsychology, 23(2), 201-216.

Chen, X., & Wang, Y. (2010). Commentary: optimal body mass index cut
points. International journal of epidemiology, 39(4), 1045-1047.

Chen, X., Beydoun, M. A., & Wang, Y. (2008). Is sleep duration associated with
childhood obesity? A systematic review and meta-analysis. Obesity, 16(2),
265.

Chen, Y. C., Dong, G. H., Lin, K. C., & Lee, Y. L. (2013). Gender difference of
childhood overweight and obesity in predicting the risk of incident asthma: a
systematic review and meta-analysis. Obesity Reviews, 14(3), 222-231.

Chen, Y., Zhang, Y., & Wang, L. (2018). Low Diagnostic Accuracy of Body Mass
Index-Based and Waist Circumference-Based References of Childhood
Overweight and Obesity in Identifying Overfat among Chinese Children and
Adolescents. BioMed Research International, 2018.

Chumlea, W. C., & Guo, S. S. (2000). Assessment and Prevalence of Obesity:
Application of New Methods to a Major Problem. Endocrine, 13(2), 135-142.

228



Clarke, D. M., & Currie, K. C. (2009). Depression, anxiety and their relationship
with chronic diseases: a review of the epidemiology, risk and treatment
evidence. Medical Journal of Australia, 190(S7), S54-S60.

Clarke, J., Fletcher, B., Lancashire, E., Pallan, M., & Adab, P. (2013). The views of
stakeholders on the role of the primary school in preventing childhood obesity:
A qualitative systematic review. In Obesity Reviews (Vol. 14, Issue 12, pp.
975-988). Obes Rev.

Cohen, A. K., Rai, M., Rehkopf, D. H., & Abrams, B. (2013). Educational attainment
and obesity: a systematic review. Obesity Reviews, 14(12), 989-1005.

Colditz, G. A., & Peterson, L. L. (2018). Obesity and Cancer: Evidence, Impact, and
Future Directions. Clinical Chemistry, 64(1), 154-162.

Cole, T. J., Bellizzi, M. C., Flegal, K. M., & Dietz, W. H. (2000). Establishing a
standard definition for child overweight and obesity worldwide: international
survey. BMJ (Clinical Research Ed.), 320(7244), 1240-1243.

Cole, T. J,, Faith, M. S., Pietrobelli, A., & Heo, M. (2005). What is the best measure
of adiposity change in growing children: BMI, BMI %, BMI z-score or BMI
centile? European Journal of Clinical Nutrition, 59(3), 419-425.

Cook, D. J., Mulrow, C. D., & Haynes, R. B. (1997). Systematic reviews: synthesis
of best evidence for clinical decisions. Annals of internal medicine, 126(5),
376-380.

Cote, A. T., Harris, K. C., Panagiotopoulos, C., Sandor, G. G., & Devlin, A. M.
(2013). Childhood obesity and cardiovascular dysfunction. Journal of the
American College of Cardiology, 62(15), 1309-1319.
https://doi.org/10.1016/j.jacc.2013.07.042

Craft, S., Newcomer, J., Kanne, S., Dagogo-Jack, S., Cryer, P., Sheline, Y., Luby, J.,
Dagogo-Jack, A., & Alderson, A. (1996). Memory improvement following
induced hyperinsulinemia in Alzheimer’s disease. Neurobiology of Aging,
17(1), 123-130.

Currie, J. (2009). Healthy, wealthy, and wise: Socioeconomic status, poor health in
childhood, and human capital development. JoUrnal of economlc
literatUre, 47(1), 87-122.

Da Veiga, G. V., Dias, P. C., & Dos Anjos, L. A. (2001). A comparison of
distribution curves of body mass index from Brazil and the United States for
assessing overweight and obesity in Brazilian adolescents. Revista
Panamericana de Salud Publica/Pan American Journal of Public Health,
10(2), 79-85.

Dadaczynski, K. (2012). State of research on the relationship between health and
education: An empirical overview and implications for school health
promotion. Zeitschrift Gesundheitspsychol, 20, 141-153.

Dahm, P. (2017). Raising the bar for systematic reviews with Assessment of Multiple
Systematic Reviews (AMSTAR). BJU International, 119(2), 193-193.

Dasman Diabetes Institute. (2021). Diabetes Treatment & Research | Kuwait.
https://www.dasmaninstitute.org/

229



Davidson, W. J., Mackenzie-Rife, K. A., Witmans, M. B., Montgomery, M. D., Ball,
G. D., Egbogah, S., & Eves, N. D. (2014). Obesity negatively impacts lung
function in children and adolescents. Pediatric pulmonology, 49(10), 1003-
1010.

de Castro, J. A. C., de Lima, T. R., & Silva, D. A. S. (2018). Body composition
estimation in children and adolescents by bioelectrical impedance analysis: A
systematic review. Journal of bodywork and movement therapies, 22(1), 134-
146.

De Onis, M. & Lobstein, T. (2010). Defining obesity risk status in the general
childhood population: Which cut-offs should we use? International Journal of
Pediatric Obesity, 5(6), 1-3.

De Onis, M., Garza, C., Victora, C. G., Onyango, A. W., Frongillo, E. A., &
Martines, J. (2004). The WHO Multicentre Growth Reference Study: planning,
study design, and methodology. Food and nutrition bulletin, 25(1_suppl_1),
S15-S26.

De Onis, M., Onyango, A. W., Borghi, E., Siyam, A., Nishida, C., & Siekmann, J.
(2007). Development of a WHO growth reference for school-aged children and
adolescents. Bulletin of the World Health Organization, 85(9), 660—667.

De Pergola, G., & Silvestris, F. (2013). Obesity as a major risk factor for
cancer. Journal of obesity, 2013.

Deary, 1. J., & Johnson, W. (2010). Intelligence and education: causal perceptions
drive analytic processes and therefore conclusions. International Journal of
Epidemiology, 39(5), 1362-13609.

Deng, Z., Huang, Q., Huang, J., Zhang, W., Qi, C., & Xu, X. (2018). Association
between central obesity and executive function as assessed by stroop task
performance: A functional near-infrared spectroscopy study. Journal of
Innovative Optical Health Sciences, 11(01), 1750010.

Deurenberg, P., & Yap, M. (1999). The assessment of obesity: methods for
measuring body fat and global prevalence of obesity. Best practice & research
clinical endocrinology & metabolism, 13(1), 1-11.

Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64(1), 135-
168.

Diette, G. B., Markson, L., Skinner, E. A., Nguyen, T. T., Algatt-Bergstrom, P., &
Wu, A. W. (2000). Nocturnal asthma in children affects school attendance,
school performance, and parents' work attendance. Archives of pediatrics &
adolescent medicine, 154(9), 923-928.

Dietz, W. (1998). Health consequences of obesity in youth: childhood predictors of
adult disease. Am Acad Pediatrics.
https://pediatrics.aappublications.org/content/101/supplement_2/518.short

Dietz, W.H. & Bellizzi, M.C. (1999). Introduction: the use of body mass index to
assess obesity in children. The American journal of clinical nutrition, 70(1),
123S-125S 4

Din, N. C., Chia, E., & Meng, T. (2019). Computerized Stroop Tests: A Review.

230



Dinel, A. L., Andre, C., Aubert, A., Ferreira, G., Layg, S., & Castanon, N. (2011).
Cognitive and emotional alterations are related to hippocampal inflammation in
a mouse model of metabolic syndrome. PLoS ONE, 6(9).e24325

Dinsa, G. D., Goryakin, Y., Fumagalli, E., & Suhrcke, M. (2012). Obesity and
socioeconomic status in developing countries: a systematic review. Obesity
Reviews, 13(11), 1067—1079.

Diouf, A., Adom, T., Aouidet, A., EI Hamdouchi, A., Joonas, N. I., Loechl, C. U., ...
& Reilly, J. J. (2018). Body mass index vs deuterium dilution method for
establishing childhood obesity prevalence, Ghana, Kenya, Mauritius, Morocco,
Namibia, Senegal, Tunisia and United Republic of Tanzania. Bulletin of the
World Health Organization, 96(11), 772.

Egerter, S., Braveman, P., Sadegh-Nobari, T., Grossman-Kahn, R., & Dekker, M.
(2009). Education matters for health. Princeton, NJ: RWJF Commission to
Build a Healthier America.

Eide, E. R., & Showalter, M. H. (2011). Estimating the relation between health and
education: What do we know and what do we need to know?. Economics of
Education Review, 30(5), 778-791.

El-Bayoumy, I, Shady, I., & Lotfy, H. (2009). Prevalence of obesity among
adolescents (10 to 14 Years) in Kuwait. Asia-Pacific Journal of Public Health,
21(2), 153-159.

El-Ghaziri, M., Boodali, S., Young, D., & Reilly, J. J. (2011). Impact of using
national v. international definitions of underweight, overweight and obesity:
An example from Kuwait. Public Health Nutrition, 14(11), 2074-2078.

Elkum, N., Alarouj, M., Bennakhi, A., & Shaltout, A. (2019). The complex etiology
of childhood obesity in arabs is highlighted by a combination of biological and
socio-economic factors. Frontiers in Public Health, 7(APR).

Elkum, N., AlArouj, M., Sharifi, M., Shaltout, A., & Bennakhi, A. (2016).
Prevalence of childhood obesity in the state of Kuwait. Pediatric
obesity, 11(6), e30-e34.

Esteban-Cornejo, 1., Reilly, J., Ortega, F. B., Matusik, P., Mazur, A., Erhardt, E., ...
& Thivel, D. (2020). Paediatric obesity and brain functioning: The role of
physical activity—A novel and important expert opinion of the European
Childhood Obesity Group. Pediatric obesity, 15(9), e12649.

Farrag, O. L. (1983). The status of child nutrition in the Gulf Arab States. Journal of
Tropical Pediatrics, 29(6), 325-329.

Favieri, F., Forte, G., & Casagrande, M. (2019). The executive functions in
overweight and obesity: A systematic review of neuropsychological cross-
sectional and longitudinal studies. Frontiers in Psychology, 10(SEP), 2126.

Franklin, J., Denyer, G., Steinbeck, K. S., Caterson, I. D., & Hill, A. J. (2006).
Obesity and risk of low self-esteem: a statewide survey of Australian
children. Pediatrics, 118(6), 2481-2487.

231



Franz, D. D., & Feresu, S. A. (2013). The relationship between physical activity,
body mass index, and academic performance and college-age students. Open
Journal of Epidemiology, 03(01), 4-11.

Freedman, D. S., & Sherry, B. (2009). The validity of BMI as an indicator of body
fatness and risk among children. Pediatrics, 124(Supplement 1), S23-S34.

Gallagher, D., Heymsfield, S.B., Heo, M., Jebb, S.A., Murgatroyd, P.R. & Sakamoto,
Y.(2000). Healthy percentage body fat ranges: an approach for developing
guidelines based on body mass index. The American journal of clinical
nutrition, 72(3), 694-701.

GBD 2015 Eastern Mediterranean Region Obesity Collaborators, Mokdad, A. H., El
Bcheraoui, C., Afshin, A., Charara, R., Khalil, I., Moradi-Lakeh, M., ... &
Murray, C. J. (2018). Burden of obesity in the Eastern Mediterranean Region:
findings from the Global Burden of Disease 2015 study. Int J Public
Health 63, 165-176.

GBD 2015 Obesity Collaborators, Afshin, A., Forouzanfar, M. H., Reitsma, M. B.,
Sur, P., Estep, K., Lee, A., Marczak, L., Mokdad, A. H., Moradi-Lakeh, M.,
Naghavi, M., Salama, J. S., Vos, T., Abate, K. H., Abbafati, C., Ahmed, M. B.,
Al-Aly, Z., Alkerwi, A., Al-Raddadi, R., (2017). Health Effects of Overweight
and Obesity in 195 Countries over 25 Years. New England Journal of
Medicine, 377(1), 13-27.

Ghasemi, A., & Zahediasl, S. (2012). Normality tests for statistical analysis: A guide
for non-statisticians. International Journal of Endocrinology and Metabolism,
10(2), 486-489.

Gibson, R. S. (2005). Principles of nutritional assessment. Oxford university press,
USA.

Gilmore, C., Keeble, S., Richardson, S., & Cragg, L. (2015). The role of cognitive
inhibition in different components of arithmetic. Zdm, 47(5), 771-782.

Global Health Data Exchange (2020, October 21). Kuwait Nutrition Surveillance
System. http://ghdx.healthdata.org/record/kuwait-nutrition-surveillance-system

Gottfried, M. A. (2011). The detrimental effects of missing school: Evidence from
urban siblings. American journal of education, 117(2), 147-182.

Gow, M. L., Tee, M. S., Garnett, S. P., Baur, L. A., Aldwell, K., Thomas, S., &
Jebeile, H. (2020). Pediatric obesity treatment, self-esteem, and body image: A
systematic review with meta-analysis. Pediatric obesity, 15(3), e12600.

Griffiths, L. J., Parsons, T. J., & Hill, A. J. (2010). Self-esteem and quality of life in
obese children and adolescents: A systematic review. International Journal of
Pediatric Obesity, 5(4), 282—-304.

Guerrieri, R., Nederkoorn, C., & Jansen, A. (2012). Disinhibition is easier learned
than inhibition. The effects of (dis) inhibition training on food
intake. Appetite, 59(1), 96-99.

Gunnarsdottir, T., Njardvik, U., Olafsdottir, A. S., Craighead, L. W., & Bjarnason, R.
(2012). Teasing and social rejection among obese children enrolling in family-

232


http://ghdx.healthdata.org/record/kuwait-nutrition-surveillance-system

based behavioural treatment: Effects on psychological adjustment and
academic competencies. International Journal of Obesity, 36(1), 35-44.

Gupta, R., Bhangoo, A., Matthews, N. A., Anhalt, H., Matta, Y., Lamichhane, B., &
Ten, S. (2011). The prevalence of non-alcoholic fatty liver disease and
metabolic syndrome in obese children. Journal of Pediatric Endocrinology and
Metabolism, 24(11-12), 907-911.

Haas, S. A., & Fosse, N. E. (2008). Health and the educational attainment of
adolescents: Evidence from the NLSY97. Journal of Health and Social
Behavior, 49(2), 178-192.

Hales, C.M., Carroll, M.D., Fryar, C.D. and Ogden, C. L. (2017). Prevalence of
obesity among adults and youth: United States, 2015-2016.

Hallschmid, M., & Schultes, B. (2009). Central nervous insulin resistance: A
promising target in the treatment of metabolic and cognitive disorders?.
Diabetologia 52 (11), 2264-2269.

Han, J. C., Lawlor, D. A., & Kimm, S. Y. (2010). Childhood obesity. The
lancet, 375(9727), 1737-1748.

Hannon, T. S., Rao, G., & Arslanian, S. A. (2005). Childhood obesity and type 2
diabetes mellitus. Pediatrics 116(2), 473-480. American Academy of
Pediatrics. https://doi.org/10.1542/peds.2004-2536

Harris, M., & Taylor, G. (2003). Medical Statistics Made Easy. In Medical Statistics
Made Easy. CRC Press.

Haskell, C. F., Robertson, B., Jones, E., Forster, J., Jones, R., Wilde, A., Maggini, S.,
& Kennedy, D. O. (2010). Effects of a multi-vitamin/mineral supplement on
cognitive function and fatigue during extended multi-tasking. Human
Psychopharmacology: Clinical and Experimental, 25(6), 448-461.

Higgins, J. P., Altman, D. G., Ggtzsche, P. C., Jini, P., Moher, D., Oxman, A. D., ...
& Sterne, J. A. (2011). The Cochrane Collaboration’s tool for assessing risk of
bias in randomised trials. Bmj, 343.

Hill, A. J., Rodriguez Lopez, R., & Caterson, I. D. (2019). The relationship between
obesity and tertiary education outcomes: a systematic review. International
Journal of Obesity, 43(11), 2125-2133.

Hossain, F. B., Adhikary, G., Chowdhury, A. B., & Shawon, M. S. R. (2019).
Association between body mass index (BMI) and hypertension in south Asian
population: evidence from nationally-representative surveys. Clinical
Hypertension, 25(1), 28.

Hruby, A., & Hu, F. B. (2015). The epidemiology of obesity: a big
picture. Pharmacoeconomics, 33(7), 673-689.

Hruby, A., Manson, J. E., Qi, L., Malik, V. S., Rimm, E. B, Sun, Q., ... & Hu, F. B.
(2016). Determinants and consequences of obesity. American journal of public
health, 106(9), 1656-1662.

233



Hruschka, D. J., & Hadley, C. (2016). How much do universal anthropometric
standards bias the global monitoring of obesity and undernutrition?. Obesity
Reviews, 17(11), 1030-1039.

Hwang, L. L., Wang, C. H., Li, T. L., Chang, S. D., Lin, L. C., Chen,C.P., ... &
Chiou, L. C. (2010). Sex differences in high-fat diet-induced obesity, metabolic
alterations and learning, and synaptic plasticity deficits in mice. Obesity, 18(3),
463-469.

Jaacks, L.M., Slining, M.M. & Popkin, B.M., (2015). Recent underweight and
overweight trends by rural-urban residence among women in low-and middle-
income countries. The Journal of nutrition, 145(2), 352-357.

Jacobs, S. A,, Gart, E., Vreeken, D., Franx, B. A., Wekking, L., Verweij, V. G., &
Kiliaan, A. J. (2019). Sex-Specific Differences in Fat Storage, Development of
Non-Alcoholic Fatty Liver Disease and Brain Structure in Juvenile HFD-
Induced Obese LdIr-/-. Leiden Mice. Nutrients, 11(8), 1861.

Jager, J., Putnick, D. L., & Bornstein, M. H. (2017). Il. more than just convenient:
the scientific merits of homogeneous convenience samples. Monographs of the
Society for Research in Child Development, 82(2), 13-30.

Jager, K.J., Zoccali, C., Macleod, A. & Dekker, F.W. (2008). Confounding: what it is
and how to deal with it. Kidney international, 73(3), 256-260.

Jansen, P. W., Verlinden, M., Dommisse-van Berkel, A., Mieloo, C. L., Raat, H.,
Hofman, A.,. & Tiemeier, H. (2014). Teacher and peer reports of overweight
and bullying among young primary school children. Pediatrics, 134(3), 473-
480.

Janssen, X., Basterfield, L., Parkinson, K. N., Pearce, M. S., Reilly, J. K., Adamson,
A.J., & Reilly, J. J. (2019). Non-linear longitudinal associations between
moderate-to-vigorous physical activity and adiposity across the adiposity
distribution during childhood and adolescence: Gateshead Millennium
Study. International Journal of Obesity, 43(4), 744-750.

Javed, A., Jumean, M., Murad, M. H., Okorodudu, D., Kumar, S., Somers, V. K.,
Sochor, O., & Lopez-Jimenez, F. (2015). Diagnostic performance of body mass
index to identify obesity as defined by body adiposity in children and
adolescents: a systematic review and meta-analysis. Pediatric Obesity, 10(3),
234-244.

Jensen, A. R. (1965). Scoring the Stroop test. Acta psychologica.
https://arthurjensen.net/wp-content/uploads/2014/06/Scoring-the-Stroop-Test-
1965-by-Arthur-Robert-Jensen.pdf

Jiménez-Pavon, D. A. V. I. D,, Kelly, J., & Reilly, J. J. (2010). Associations between
objectively measured habitual physical activity and adiposity in children and
adolescents: Systematic review. International Journal of Pediatric
Obesity, 5(1), 3-18.

Kabiri, L. S., Hernandez, D. C., & Mitchell, K. (2015). Reliability, validity, and
diagnostic value of a pediatric bioelectrical impedance analysis scale.
Childhood Obesity, 11(5), 650-655.

234



Kamijo, Keita, Matthew B. Pontifex, Naiman A. Khan, Lauren B. Raine, Mark R.
Scudder, Eric S. Drollette, Ellen M. Evans, Darla M. Castelli, and Charles H.
Hillman. "The association of childhood obesity to neuroelectric indices of
inhibition." Psychophysiology 49, no. 10 (2012): 1361-1371.

Kang, K. T., Lee, P. L., Weng, W. C., & Hsu, W. C. (2012). Body weight status and
obstructive sleep apnea in children. International journal of obesity, 36(7),
920-924.

Karageorgi, S., Alsmadi, O., & Behbehani, K. (2013). A review of adult obesity
prevalence, trends, risk factors, and epidemiologic methods in Kuwait. Journal
of obesity, 2013.

Kassir, R. (2020). Risk of COVID 19 for patients with obesity. Obesity
Reviews, 21(6).

Kelishadi, R., Gheiratmand, R., Ardalan, G., Adeli, K., Mehdi Gouya, M.,
Mohammad Razaghi, E., Majdzadeh, R., Delavari, A., Shariatinejad, K.,
Motaghian, M., Heshmat, R., Heidarzadeh, A., Barekati, H., Sadat Mahmoud-
Arabi, M., & Mehdi Riazi, M. (2007). Association of anthropometric indices
with cardiovascular disease risk factors among children and adolescents:
CASPIAN Study. International Journal of Cardiology, 117(3), 340-348.

Kelishadi, R., Mirmoghtadaee, P., Najafi, H., & Keikha, M. (2015). Systematic
review on the association of abdominal obesity in children and adolescents
with cardio-metabolic risk factors. Journal of research in medical sciences: the
official journal of Isfahan University of Medical Sciences, 20(3), 294.

Kern, W., Benedict, C., Schultes, B., Plohr, F., Moser, A., Born, J., Fehm, H. L., &
Hallschmid, M. (2006). Low cerebrospinal fluid insulin levels in obese
humans. Diabetologia 49 (11), 2790-2792).

Khadri, F. A., Gopinath, V. K., Hector, M. P., & Davenport, E. S. (2020). Impact of
demographic factors, obesity, and oral health status on self-esteem among
school-going children in United Arab Emirates: A cross-sectional
study. Journal of International Society of Preventive & Community
Dentistry, 10(3), 329.

Kolotkin, R. L., & Andersen, J. R. (2017). A systematic review of reviews: exploring
the relationship between obesity, weight loss and health-related quality of life.
Wiley Online Library, 7(5), 273-289.

Korczak, D. J., Lipman, E., Morrison, K., & Szatmari, P. (2013). Are children and
adolescents with psychiatric illness at risk for increased future body weight? A
systematic review. Developmental Medicine & Child Neurology, 55(11), 980—
987.

Krukowski, R. A., Smith West, D., Philyaw Perez, A., Bursac, Z., Phillips, M. M., &
Raczynski, J. M. (2009). Overweight children, weight-based teasing and
academic performance. International Journal of Pediatric Obesity, 4(4), 274-
280.

235



Kuczmarski, R. J. (2002). 2000 CDC Growth Charts for the United States: methods
and development (No. 246). Department of Health and Human Services, Cen-
ters for Disease Control and Prevention, National Center for Health Statistics.

Kulendran, M., Vlaev, I., Gamboa, P., & Darzi, A. (2017). The role of impulsivity in
obesity as measured by inhibitory control: a systematic review. Medical
Research Archives, 5(8).

Kung, J., Chiappelli, F., Cajulis, O. O., Avezova, R., Kossan, G., Chew, L., & Mai-
da, C. A. (2010). From systematic reviews to clinical recommendations for ev-
idence-based health care: validation of revised assessment of multiple system-
atic reviews (R-AMSTAR) for grading of clinical relevance. The open dentis-
try journal, 4, 84.

Kuwait Central Statistical Bureau (2019). Population Estimates of Kuwait by Age
Group, Nationality & Gender. Retrieved January 11, 2021, from
https://www.csb.gov.kw/Pages/Statistics_en?I1D=67&ParentCatiD=1

Kuwait Ministry of Education (2015). Student List. Retrieved January 11, 2021, from
https://www.moe.edu.kw/about/Pages/History.aspx

Kuwait Ministry of Oil (2020). About Kuwait. Retrieved January 11, 2021, from
https://www.moo.gov.kw/about_kuwait.aspx

Kuwait University (2018). About Kuwait University. Retrieved March 14, 2021, from
http://kuweb.ku.edu.kw/ku/index.htm

Lampard, A. M., MacLehose, R. F., Eisenberg, M. E., Neumark-Sztainer, D., &
Davison, K. K. (2014). Weight-related teasing in the school environment:
associations with psychosocial health and weight control practices among
adolescent boys and girls. Journal of youth and adolescence, 43(10), 1770-
1780.

Lande, M. B., & Kupferman, J. C. (2015). Cognitive function in hypertensive chil-
dren. Current hypertension reports, 17(1), 508.

Lande, M. B., Kupferman, J. C., & Adams, H. R. (2012). Neurocognitive alterations
in hypertensive children and adolescents. The Journal of Clinical
Hypertension, 14(6), 353-359.

Lasselin, J., Magne, E., Beau, C., Aubert, A., Dexpert, S., Carrez, J., ... & Capuron,
L. (2016). Low-grade inflammation is a major contributor of impaired
attentional set shifting in obese subjects. Brain, behavior, and immunity, 58,
63-68.

Laurent, J. S., Watts, R., Adise, S., Allgaier, N., Chaarani, B., Garavan, H., ... &
Mackey, S. (2020). Associations among body mass index, cortical thickness,
and executive function in children. JAMA pediatrics, 174(2), 170-177.

Lawson, O. J., Williamson, D. A., Champagne, C. M., DeLany, J. P., Brooks, E. R.,
Howat, P. M., ... & Ryan, D. H. (1995). The association of body weight,
dietary intake, and energy expenditure with dietary restraint and
disinhibition. Obesity research, 3(2), 153-161.

Le Thu Trang, N. N. T., Chu, D. T., & Hanh, N. T. H. (2019). Percentage body fat is
as a good indicator for determining adolescents who are overweight or obese: a

236


https://www.csb.gov.kw/Pages/Statistics_en?ID=67&ParentCatID=1
https://www.moe.edu.kw/about/Pages/History.aspx
https://www.moo.gov.kw/about_kuwait.aspx

cross-sectional study in Vietnam. Osong public health and research
perspectives, 10(2), 108.

Lear, S. A., Humphries, K. H., Kohli, S., & Birmingham, C. L. (2007). The use of
BMI and waist circumference as surrogates of body fat differs by ethnicity.
Obesity, 15(11), 2817-2824.

Leblanc, M. M., Martin, C. K., Han, H., Newton, R., Sothern, M., Webber, L. S.,
Davis, A. B., & Williamson, D. A. (2012). Adiposity and physical activity are
not related to academic achievement in school-aged children. Journal of
Developmental and Behavioral Pediatrics, 33(6), 486-494.

Leme, A. C. B., Haines, J., Tang, L., Dunker, K. L., Philippi, S. T., Fisberg, M., ... &
Fisberg, R. M. (2020). Impact of strategies for preventing obesity and risk
factors for eating disorders among adolescents: a systematic
review. Nutrients, 12(10), 3134.

Lenroot, R. K., & Giedd, J. N. (2006). Brain development in children and
adolescents: Insights from anatomical magnetic resonance imaging.
Neuroscience and Biobehavioral Reviews, 30, 718-729.

Liang, J., Matheson, B. E., Kaye, W. H., & Boutelle, K. N. (2014). Neurocognitive
correlates of obesity and obesity-related behaviors in children and
adolescents. International journal of obesity, 38(4), 494-506.

Lighter, J., Phillips, M., Hochman, S., Sterling, S., Johnson, D., Francois, F., &
Stachel, A. (2020). Obesity in patients younger than 60 years is a risk factor for
Covid-19 hospital admission. Clinical Infectious Diseases, 71(15), 896-897.

Lindroos, A. K., Lissner, L., Mathiassen, M. E., Karlsson, J., Sullivan, M.,
Bengtsson, C., & Sjostrom, L. (1997). Dietary intake in relation to restrained
eating, disinhibition, and hunger in obese and nonobese Swedish
women. Obesity research, 5(3), 175-182.

Liu, A., Byrne, N. M., Kagawa, M., Ma, G., Poh, B. K., Ismail, M. N., ... & Hills, A.
P. (2011). Ethnic differences in the relationship between body mass index and
percentage body fat among Asian children from different backgrounds. British
journal of nutrition, 106(9), 1390-1397.

Liu, J., Zhang, A., & Li, L. (2012). Sleep duration and overweight/obesity in
children: review and implications for pediatric nursing. Journal for Specialists
in Pediatric Nursing, 17(3), 193-204.

Liu, L. L., Lawrence, J. M., Davis, C., Liese, A. D., Pettitt, D. J., Pihoker, C., ... &
SEARCH for Diabetes in Youth Study Group. (2010). Prevalence of
overweight and obesity in youth with diabetes in USA: the SEARCH for
Diabetes in Youth study. Pediatric diabetes, 11(1), 4-11.

Luppino, F. S., de Wit, L. M., Bouvy, P. F., Stijnen, T., Cuijpers, P., Penninx, B. W.,
& Zitman, F. G. (2010). Overweight, obesity, and depression: a systematic
review and meta-analysis of longitudinal studies. Archives of general
psychiatry, 67(3), 220-229.

237



Maayan, L., Hoogendoorn, C., Sweat, V., & Convit, A. (2011). Disinhibited eating in
obese adolescents is associated with orbitofrontal volume reductions and
executive dysfunction. Obesity, 19(7), 1382—-1387.

MacCann, C., & Roberts, R. D. (2013). Just as smart but not as successful: Obese
students obtain lower school grades but equivalent test scores to nonobese
students. International Journal of Obesity, 37(1), 40-46.

Marshall, J. D., Hazlett, C. B., Spady, D. W., Conger, P. R., & Quinney, H. A.
(1991). Validity of convenient indicators of obesity. Human biology, 137-153.

Martin, A., Booth, J. N., McGeown, S., Niven, A., Sproule, J., Saunders, D. H., &
Reilly, J. J. (2017). Longitudinal Associations Between Childhood Obesity and
Academic Achievement: Systematic Review with Focus Group Data. Current
obesity reports 6(3), 297-313.

Mason, L., & Zaccoletti, S. (2020). Inhibition and conceptual learning in science: a
review of studies. Educational Psychology Review, 1-32.

McCarthy, H. D., Ellis, S. M., & Cole, T. J. (2003). Central overweight and obesity
in British youth aged 11-16 years: cross sectional surveys of waist
circumference. Bmj, 326(7390), 624.

Mercadante, A. A., & Tadi, P. (2020). Neuroanatomy, Gray Matter.

Miettinen, O. S. (1974). Proportion of disease caused or prevented by a given expo-
sure, trait or intervention. American journal of epidemiology, 99(5), 325-332.

Mirmiran, P., Sherafat Kazemzadeh, R., Jalali Farahani, S., & Azizi, F. (2010).
Childhood obesity in the Middle East: a review. EMHJ-Eastern Mediterranean
Health Journal, 16 (9), 1009-1017, 2010.

Miyake, A., & Friedman, N. P. (2012). The nature and organization of individual
differences in executive functions: Four general conclusions. Current
directions in psychological science, 21(1), 8-14.

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager,
T. D. (2000). The unity and diversity of executive functions and their
contributions to complex “frontal lobe” tasks: A latent variable
analysis. Cognitive psychology, 41(1), 49-100.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., Altman, D., Antes, G, ... &
Tugwell, P. (2009). Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement (Chinese edition). Journal of Chinese
Integrative Medicine, 7(9), 889-896.

Moonie, S., Sterling, D. A., Figgs, L. W., & Castro, M. (2008). The relationship
between school absence, academic performance, and asthma status. Journal of
School Health, 78(3), 140-148.

Moreno-Lopez, L., Contreras-Rodriguez, O., Soriano-Mas, C., Stamatakis, E. A., &
Verdejo-Garcia, A. (2016). Disrupted functional connectivity in adolescent
obesity. Neurolmage: Clinical, 12, 262-268.

238



Morrison, C. D. (2009). Leptin signaling in brain: a link between nutrition and
cognition?. Biochimica et biophysica acta (BBA)-molecular basis of
disease, 1792(5), 401-408.

Muka, T., Glisic, M., Milic, J., Verhoog, S., Bohlius, J., Bramer, W., Chowdhury, R.,
& Franco, O. H. (2020). A 24-step guide on how to design, conduct, and
successfully publish a systematic review and meta-analysis in medical
research. European Journal of Epidemiology, 35(1), 49-60.

Muller, M. J., Mast, M., Asbeck, 1., Langnase, K., & Grund, A. (2001). Prevention of
obesity - Is it possible?. Obesity Reviews, 2(1), 15-28.

Munn, Z., Moola, S., Riitano, D., & Lisy, K. (2014). The development of a critical
appraisal tool for use in systematic reviews addressing questions of prevalence.
International Journal of Health Policy and Management, 3(3), 123-128.

Musaiger, A. O. (1987). The state of food and nutrition in the Arabian Gulf
countries. World review of nutrition and dietetics, 54, 105-173.

Musaiger, A. O. (2011). Overweight and obesity in eastern mediterranean region:
prevalence and possible causes. Journal of obesity, 2011.

Musaiger, A. O., & Al-Hazzaa, H. M. (2012). Prevalence and risk factors associated
with nutrition-related noncommunicable diseases in the Eastern Mediterranean
region. International journal of general medicine, 5, 199.

Musaiger, A. O., & Gregory, W. B. (2000). Profile of body composition of school
children (6-18 y) in Bahrain. International journal of obesity, 24(9), 1093-
1096.

Musaiger, Abdulrahman O., Al-Kandari, F. I., Al-Mannai, M., Al-Faraj, A. M.,
Bouriki, F. A., Shehab, F. S., Al-Dabous, L. A., & Al-Qalaf, W. B. (2014).
Perceived barriers to weight maintenance among university students in Kuwait:
The role of gender and obesity. Environmental Health and Preventive
Medicine, 19(3), 207-214.

Musaiger, Abdulrahman O., Al-Mannai, M., Al-Haifi, A. R., Nabag, F., Elati, J.,
Abahussain, N., Tayyem, R., Jalambo, M., Benhamad, M., & Al-Mufty, B.
(2016). Prevalence of overweight and obesity among adolescents in eight Arab
countries: comparison between two international standards (ARABEAT-2).
Nutricion Hospitalaria, 33(5), 1062—1065.

Musaiger, Abdulrahman O., Al-Mannai, M., Tayyem, R., Al-Lalla, O., Ali, E. Y. A,
Kalam, F., Benhamed, M. M., Saghir, S., Halahleh, 1., Djoudi, Z., & Chirane,
M. (2013). Risk of disordered eating attitudes among adolescents in seven
Arab countries by gender and obesity: A cross-cultural study. Appetite, 60(1),
162-167.

Must, A., & Anderson, S. E. (2006). Pediatric mini review body mass index in
children and adolescents: considerations for population-based applications.
International Journal of Obesity, 30, 590-594.

Nahhas, M. A., Asamoah, F., Mullen, S., Nwaru, B. I., & Nurmatov, U. (2018).
Epidemiology of overweight and obesity in early childhood in the Gulf

239



Cooperation Council countries: a systematic review and meta-analysis
protocol. BMJ Open, 8(6), e019363.

Naser Al-lIsa, A., & Moussa, M. A. A. (2000). Nutritional status of Kuwaiti
elementary school children aged 6-10 years: Comparison with the NCHS/CDC
reference population. International Journal of Food Sciences and Nutrition,
51(4), 221-228.

NCD Risk Factor Collaboration. (2017). Worldwide trends in body-mass index,
underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of
2416 population-based measurement studies in 128- 9 million children,
adolescents, and adults. The Lancet, 390(10113), 2627-2642.

NCD Risk Factor Collaboration. (2019). Rising rural body-mass index is the main
driver of the global obesity epidemic in adults. Nature, 569(7755), 260.

Neovius, M. G., Linné, Y. M., Barkeling, B. S., & Rossner, S. O. (2004). Sensitivity
and specificity of classification systems for fatness in adolescents. American
Journal of Clinical Nutrition, 80(3), 597-603.

Newton, S., Braithwaite, D., & Akinyemiju, T. F. (2017). Socio-economic status
over the life course and obesity: Systematic review and meta-analysis. PloS
one, 12(5), e0177151.

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C., Mullany,
E. C., Biryukov, S., Abbafati, C., Abera, S. F., Abraham, J. P., Abu-Rmeileh,
N. M. E., Achoki, T., Albuhairan, F. S., Alemu, Z. A., Alfonso, R., Ali, M. K,
Ali, R., Guzman, N. A., ... Gakidou, E. (2014). Global, regional, and national
prevalence of overweight and obesity in children and adults during 1980-2013:
A systematic analysis for the Global Burden of Disease Study 2013. The
Lancet, 384(9945), 766—781.

Ng, S. W., Zaghloul, S., Ali, H. 1., Harrison, G., & Popkin, B. M. (2011). The
prevalence and trends of overweight, obesity and nutrition-related non-
communicable diseases in the Arabian Gulf States. Obesity Reviews 12(1), 1-
13.

Ng, V. W. S,, Kong, A. P. S,, Choi, K. C., Ozaki, R., Wong, G. W. K., So, W. Y.,
Tong, P.C. Y., Sung,R. Y. T, Xu, L.Y., Chan, M. H. M., Ho, C. S,, Lam, C.
W. K., & Chan, J. C. N. (2007). BMI and Waist Circumference in Predicting
Cardiovascular Risk Factor Clustering in Chinese Adolescents*. Obesity,
15(2), 494494,

Nishida, C., Barba, C., Cavalli-Sforza, T., Cutter, J., Deurenberg, P., Darnton-Hill, I.,
Deurenberg-Yap, M., Gill, T., James, P., Ko, G., Kosulwat, V., Kumanyika, S.,
Kurpad, A., Mascie-Taylor, N., Moon, H. K., Nakadomo, F., Nishida, C.,
Noor, M. 1., Reddy, K. S., ... Zimmet, P. (2004). Appropriate body-mass index
for Asian populations and its implications for policy and intervention
strategies. The Lancet, 363(9403), 157-163.

Northumbria University, Newcastle upon Tyne, U. (n.d.). Compass | Cognitive
Assessment System. Retrieved May 16, 2020, from
https://cognitivetesting.co.uk/

240



Odlaug, B. L., Lust, K., Wimmelmann, C. L., Chamberlain, S. R., Mortensen, E. L.,
Derbyshire, K., Christenson, G., & Grant, J. E. (2015). Prevalence and
correlates of being overweight or obese in college. Psychiatry Research,
227(1), 58-64.

Okorodudu, D. O., Jumean, M. F., Montori, V. M., Romero-Corral, A., Somers, V.
K., Erwin, P. J., & Lopez-Jimenez, F. (2010). Diagnostic performance of body
mass index to identify obesity as defined by body adiposity: a systematic
review and meta-analysis. International Journal of Obesity, 34(5), 791-799.

Olds, T., Maher, C., Zumin, S., Péneau, S., Lioret, S., Castetbon, K., Bellisle, De
Wilde, J., Hohepa, M., Maddison, R., Lissner, L., Sjoberg, A., Zimmermann,
M., Aeberli, 1., Ogden, C., Flegal, K., & Summerbell, C. (2011). Evidence that
the prevalence of childhood overweight is plateauing: Data from nine
countries. International Journal of Pediatric Obesity 6(5-6), 342—-360).

Ou, X., Andres, A., Pivik, R. T., Cleves, M. A., & Badger, T. M. (2015). Brain gray
and white matter differences in healthy normal weight and obese
children. Journal of Magnetic Resonance Imaging, 42(5), 1205-1213.

Oxford Business Group (n.d.). The Report: Kuwait 2019. Retrieved January 23, 2021

Paez, A. (2017). Gray literature: An important resource in systematic reviews.
Journal of Evidence-Based Medicine, 10(3), 233-240.

Palermo, T. M., & Dowd, J. B. (2012). Childhood obesity and human capital
accumulation. Social science & medicine, 75(11), 1989-1998.

Pan, L., Sherry, B., Park, S., & Blanck, H. M. (2013). The association of obesity and
school absenteeism attributed to illness or injury among adolescents in the
United States, 2009. Journal of Adolescent Health, 52(1), 64-69.

Park, C. R., Seeley, R. J., Craft, S., & Woods, S. C. (2000). Intracerebroventricular
insulin enhances memory in a passive-avoidance task. Physiology &
behavior, 68(4), 509-514.

Park, Y. S., Lee, Y. W., & Choi, K. S. (1995). Objectivity of self-evaluated obesity
and attitude toward weight control among college students. Journal of the
Korean Society of Food Culture, 10(5), 367-375.

Parsons, T. J., Power, C., Logan, S., & Summerbelt, C. D. (1999). Childhood
predictors of adult obesity: a systematic review. International journal of
obesity, 23.

Paz-Filho, G., Wong, M. L., & Licinio, J. (2010). The procognitive effects of leptin
in the brain and their clinical implications. International Journal of Clinical
Practice, 64(13), 1808-1812.

Pearce, A. L., Leonhardt, C. A., & Vaidya, C. J. (2018). Executive and reward-
related function in pediatric obesity: a meta-analysis. Childhood Obesity, 14(5),
265-279.

Penner, I. K., Vogt, A., Stcklin, M., Gschwind, L., Opwis, K., & Calabrese, P.
(2012). Computerised working memory training in healthy adults: A
comparison of two different training schedules. Neuropsychological
Rehabilitation, 22(5), 716-733.

241



Pérez-Chada, D., Drake, C. L., Pérez-Lloret, S., Videla, A. J., & Cardinali, D. P.
(2009). Brief review: Diurnal rhythms, obesity and educational achievement in
South American cultures. International Journal of Neuroscience, 119(8), 1091-
1104,

Peterson, C. M., Thomas, D. M., Blackburn, G. L., & Heymsfield, S. B. (2016).
Universal equation for estimating ideal body weight and body weight at any
BMI. The American Journal of Clinical Nutrition, 103(5), 1197-1203.

Peterson, J., Repovich, W., & Parascand, C. (2011). Accuracy of Consumer Grade
Bioelectrical Impedance Analysis Devices Compared to Air Displacement
Plethysmography. Faculty Publications.
https://digitalcommons.linfield.edu/hhpafac_pubs/1

Pierce, B. L., Kalra, T., Argos, M., Parvez, F., Chen, Y., Islam, T., Ahmed, A,
Hasan, R., Rakibuz-Zaman, M., Graziano, J., Rathouz, P. J., & Ahsan, H.
(2010). A prospective study of body mass index and mortality in Bangladesh.
International Journal of Epidemiology, 39(4), 1037-1045.

Plassman, B. L., Welsh, K. A., Helms, M., Brandt, J., Page, W. F., & Breitner, J. C.
(1995). Intelligence and education as predictors of cognitive state in late life: a
50-year follow-up. Neurology, 45(8), 1446-1450.

Popkin, B. M. (2019). Rural areas drive the global weight gain. Nature, 569(7755),
200-201.

Popkin, B. M., & Gordon-Larsen, P. (2004). The nutrition transition: worldwide
obesity dynamics and their determinants. International journal of
obesity, 28(3), S2-S9.

Popkin, B. M., Adair, L. S., & Ng, S. W. (2012). Global nutrition transition and the
pandemic of obesity in developing countries. Nutrition reviews, 70(1), 3-21.

Popkin, B. M., Corvalan, C., & Grummer-Strawn, L. M. (2020a). Dynamics of the
double burden of malnutrition and the changing nutrition reality. The
Lancet, 395(10217), 65-74.

Popkin, B. M., Du, S., Green, W. D., Beck, M. A., Algaith, T., Herbst, C. H., ... &
Shekar, M. (2020b). Individuals with obesity and COVID-19: A global
perspective on the epidemiology and biological relationships. Obesity
Reviews, 21(11), e13128.

Power, C., & Parsons, T. (2000). Nutritional and other influences in childhood as
predictors of adult obesity. Proceedings of the Nutrition Society, 59(2), 267—
272.

Preiss, K., Brennan, L., & Clarke, D. (2013). A systematic review of variables
associated with the relationship between obesity and depression. Obesity
Reviews 14(11), 906-918).

Preuss, H., Leister, L., Pinnow, M., & Legenbauer, T. (2019). Inhibitory control
pathway to disinhibited eating: A matter of perspective?. Appetite, 141,
104297.

Puhl, R. M., & Latner, J. D. (2007). Stigma, obesity, and the health of the nation's
children. Psychological bulletin, 133(4), 557.

242



Pupim, L. B., Flakoll, P. J., Levenhagen, D. K., & Ikizler, T. A. (2004). Exercise
augments the acute anabolic effects of intradialytic parenteral nutrition in
chronic hemodialysis patients. American Journal of Physiology -
Endocrinology and Metabolism, 286(4 49-4).

Rabeea, N., Eldabi, T., & Kamel, D. M. (2019). Obesity Review in GCC and New
Evaluation Strategy. KnE Social Sciences, 78-89.

Radetz, A., Koirala, N., Kramer, J., Johnen, A., Fleischer, V., Gonzalez-Escamilla,
G., & Groppa, S. (2020). Gray matter integrity predicts white matter network
reorganization in multiple sclerosis. Human brain mapping, 41(4), 917-927.

Ramaswamy, R., Mirochna, M., & Perlmuter, L. C. (2010). The negative association
of BMI with classroom effort in elementary school children. Journal of Child
Health Care, 14(2), 161-1609.

Reilly, J. J. (2005). Descriptive epidemiology and health consequences of childhood
obesity. Best Practice & Research Clinical Endocrinology &
Metabolism, 19(3), 327-341.

Reilly, J. J. (2006). Obesity in childhood and adolescence: evidence based clinical
and public health perspectives. Postgraduate medical journal, 82(969), 429-
437.

Reilly, J. J. (2010). Assessment of obesity in children and adolescents: synthesis of
recent systematic reviews and clinical guidelines. Journal of Human Nutrition
and Dietetics, 23(3), 205-211.

Reilly, J. J., EI-Hamdouchi, A., Diouf, A., Monyeki, A., & Somda, S. A. (2018).
Determining the worldwide prevalence of obesity. The Lancet, 391(10132),
1773-1774.

Reilly, J. J., & Kelly, J. (2011). Long-term impact of overweight and obesity in
childhood and adolescence on morbidity and premature mortality in adulthood:
Systematic review. International Journal of Obesity 35(7), 891-898.

Reilly, J. J., Kelly, J., & Wilson, D. C. (2010). Accuracy of simple clinical and
epidemiological definitions of childhood obesity: systematic review and
evidence appraisal. Obesity Reviews, 11(9), 645-655. h

Reilly, J. J., Methven, E., McDowell, Z. C., Hacking, B., Alexander, D., Stewart, L.,
& Kelnar, C. J. H. (2003). Health consequences of obesity. Archives of Disease
in Childhood 88 (9), 748-752

Reilly, J. J., Ness, A. R., & Sherriff, A. (2007). Epidemiologic and physiologic
approaches to understanding the etiology of pediatric obesity: finding the
needle in the haystack. Pediatric research, 61(6), 646-652.

Reilly, J. J., Wilson, M. L., Summerbell, C. D., & Wilson, D. C. (2002). Obesity:
diagnosis, prevention, and treatment; evidence based answers to common
questions. Archives of disease in childhood, 86(6), 392-394.

Reilly, S. M., & Saltiel, A. R. (2017). Biogenic amines Adapting to obesity with
adipose tissue inflammation. Nature.Com.
https://doi.org/10.1038/nrendo.2017.90

243



Reinert, K. R., Po'e, E. K., & Barkin, S. L. (2013). The relationship between
executive function and obesity in children and adolescents: a systematic
literature review. Journal of obesity, 2013.

Rey-Lopez, J. P., Hashem, R., Hamer, M., Mcmunn, A., Whincup, P. H., Owen, C.
G., & Stamatakis, E. (2019). Prevalence of overweight and obesity and
associations with socioeconomic indicators: the study of health and activity
among adolescents in Kuwait. Minerva pediatrica, 71(4), 326-332.

Rey-Lopez, J. P., Vicente-Rodriguez, G., Biosca, M., & Moreno, L. A. (2008).
Sedentary behaviour and obesity development in children and
adolescents. Nutrition, metabolism and cardiovascular diseases, 18(3), 242-
251.

Reynolds, K. C., Boergers, J., Kopel, S. J., & Koinis-Mitchell, D. (2018). Featured
article: Multiple comorbid conditions, sleep quality and duration, and academic
performance in urban children with asthma. Journal of pediatric
psychology, 43(9), 943-954.

Rodriguez-Hernandez, H., Simental-Mendia, L. E., Rodriguez-Ramirez, G., &
Reyes-Romero, M. A. (2013). Obesity and inflammation: Epidemiology, risk
factors, and markers of inflammation. International Journal of Endocrinology
2013.

Rokholm, B., Baker, J. L., & Sgrensen, T. I. A. (2010). The levelling off of the
obesity epidemic since the year 1999-a review of evidence and
perspectives. Obesity reviews, 11(12), 835-846.

Rothman, K. J. (2008). BMI-related errors in the measurement of
obesity. International journal of obesity, 32(3), S56-S59.

Russell-Mayhew, S., McVey, G., Bardick, A., & Ireland, A. (2012). Mental health,
wellness, and childhood overweight/obesity. Journal of obesity, 2012.

Safi, A. Q. (1986). Kuwait University and its evaluation program. Higher Education,
15(5), 421-447.

Sahoo, K., Sahoo, B., Choudhury, A. K., Sofi, N. Y., Kumar, R., & Bhadoria, A. S.
(2015). Childhood obesity: causes and consequences. Journal of family
medicine and primary care, 4(2), 187.

Samara, A., Andersen, P. T., & Aro, A. R. (2019). Health promotion and obesity in
the Arab Gulf States: challenges and good practices. Journal of obesity, 2019.

Sanchez-Villegas, A., Pimenta, A. M., Beunza, J. J., Guillen-Grima, F., Toledo, E.,
& Martinez-Gonzalez, M. A. (2010). Childhood and young adult
overweight/obesity and incidence of depression in the SUN
project. Obesity, 18(7), 1443-1448.

Sanders, R. H., Han, A., Baker, J. S., & Cobley, S. (2015). Childhood obesity and
its physical and psychological co-morbidities: a systematic review of
Australian children and adolescents. European journal of pediatrics, 174(6),
715-746.

Sanderson, K., Patton, G. C., McKercher, C., Dwyer, T., & Venn, A. J. (2011).
Overweight and obesity in childhood and risk of mental disorder: a 20-year

244



cohort study. Australian & New Zealand Journal of Psychiatry, 45(5), 384-
392.

Sansone, F., Attanasi, M., Di Pillo, S., & Chiarelli, F. (2020). Asthma and Obesity in
Children. Biomedicines, 8(7), 231.

Santana, C. C. A., Hill, J. O., Azevedo, L. B., Gunnarsdottir, T., & Prado, W. L.
(2017). The association between obesity and academic performance in youth: a
systematic review. Obesity Reviews, 18(10), 1191-1199.

Sauvaget, C., Ramadas, K., Thomas, G., Vinoda, J., Thara, S., & Sankaranarayanan,
R. (2008). Body mass index, weight change and mortality risk in a prospective
study in India. International journal of epidemiology, 37(5), 990-1004.

Scaglioni, S., De Cosmi, V., Ciappolino, V., Parazzini, F., Brambilla, P., &
Agostoni, C. (2018). Factors influencing children’s eating
behaviours. Nutrients, 10(6), 706.Scarpina, F., & Tagini, S. (2017). The stroop
color and word test. Frontiers in psychology, 8, 557.

Schneider, T. (2020). Asthma and Academic Performance Among Children and
Youth in North America: A Systematic Review. Journal of School Health,
90(4), 319-342.

Shah, N. R., & Braverman, E. R. (2012). Measuring adiposity in patients: The utility
of body mass index (BMI), percent body fat, and leptin. PLoS ONE,
7(4).e33308

Shankar, N. L., & Park, C. L. (2016). Effects of stress on students’ physical and
mental health and academic success. International Journal of School and
Educational Psychology, 4(1), 5-9.

Sharara, E., Akik, C., Ghattas, H., & Obermeyer, C. M. (2018). Physical inactivity,
gender and culture in Arab countries: a systematic assessment of the
literature. BMC public health, 18(1), 1-19.

Shea, B. J., Reeves, B. C., Wells, G., Thuku, M., Hamel, C., Moran, J., ... & Henry,
D. A. (2017). AMSTAR 2: a critical appraisal tool for systematic reviews that
include randomised or non-randomised studies of healthcare interventions, or
both. bmj, 358.

Silles, M. A. (2009). The causal effect of education on health: Evidence from the
United Kingdom. Economics of Education review, 28(1), 122-128.

Simonnet, A., Chetboun, M., Poissy, J., Raverdy, V., Noulette, J., Duhamel, A., ... &
Verkindt, H. (2020). High prevalence of obesity in severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) requiring invasive mechanical
ventilation. Obesity, 28(7), 1195-1199.

Singh, A. S., Mulder, C., Twisk, J. W., Van Mechelen, W., & Chinapaw, M. J.
(2008). Tracking of childhood overweight into adulthood: a systematic review
of the literature. Obesity reviews, 9(5), 474-488.

Small, L., & Aplasca, A. (2016). Child obesity and mental health: a complex
interaction. Child and Adolescent Psychiatric Clinics, 25(2), 269-282.

245



Smith, E., Hay, P., & Trollor, J. N. (2011). A review of the association between
obesity and cognitive function across the lifespan: Implications for novel
approaches to prevention and treatment The Cost-Effectiveness of Prevention
and Treatment Interventions for Eating Disorders View project. Wiley Online
Library, 12(9), 740-755.

Sorkhou, E. I., Al-Qallaf, B., Al-Namash, H. A., Ben-Nakhi, A., Al-Batish, M. M., &
Habiba, S. A. (2004). Prevalence of metabolic syndrome among hypertensive
patients attending a primary care clinic in Kuwait. Medical principles and
practice, 13(1), 39-42.

Spinath, B., Spinath, F. M., Harlaar, N., & Plomin, R. (2006). Predicting school
achievement from general cognitive ability, self-perceived ability, and intrinsic
value. Intelligence, 34(4), 363-374.

Spinelli, A., & Nardone, P. (2018). WHO European Childhood Obesity Surveillance
Initiative: overweight and obesity among 6-9-year-old children.: Report of the
third round of data collection. https://moh-
it.pure.elsevier.com/en/publications/who-european-childhood-obesity-
surveillance-initiative-overweight

Spruyt, K., & Gozal, D. (2012). A mediation model linking body weight, cognition,
and sleep-disordered breathing. American journal of respiratory and critical
care medicine, 185(2), 199-205.

Spyridaki, E. C., Avgoustinaki, P. D., & Margioris, A. N. (2016). Obesity,
inflammation and cognition. Current Opinion in Behavioral Sciences, 9, 169-
175.

St Clair-Thompson, H. L., & Gathercole, S. E. (2006). Executive functions and
achievements in school: Shifting, updating, inhibition, and working
memory. Quarterly journal of experimental psychology, 59(4), 745-759.

Stewart, L., Moher, D., & Shekelle, P. (2012). Why prospective registration of
systematic reviews makes sense. Systematic Reviews 1(1).

Stott, K., Marks, R., & Allegrante, J. P. (2013). Parent’s, teacher’s and student’s
perceptions of childhood obesity in the middle east. European Scientific
Journal 2.

Strauss, R. S. (2000). Childhood obesity and self-esteem. Pediatrics, 105(1), e15-
elb.

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal of
experimental psychology, 18(6), 643.

Suarez, P. A, Gollan, T. H., Heaton, R., Grant, 1., & Cherner, M. (2014). Second-
language fluency predicts native language stroop effects: Evidence from
spanish-english bilinguals. Journal of the International Neuropsychological
Society, 20(3), 342-348.

Summerbell, C. D., Douthwaite, W., Whittaker, V., Ells, L. J., Hillier, F., Smith, S.,.
& Macdonald, 1. (2009). The association between diet and physical activity and
subsequent excess weight gain and obesity assessed at 5 years of age or older: a

246



systematic review of the epidemiological evidence. International journal of
obesity., 33(Supplement 3), S1-S92.

Suraya, F., Meo, S. A., Almubarak, Z., & Algaseem, Y. A. (2017). Effect of obesity
on academic grades among Saudi female medical students at College of
Medicine, King Saud University: Pilot study. Journal of the Pakistan Medical
Association, 67(8), 1266-1269.

Talma, H., Chinapaw, M. J. M., Bakker, B., HiraSing, R. A., Terwee, C. B., &
Altenburg, T. M. (2013). Bioelectrical impedance analysis to estimate body
composition in children and adolescents: a systematic review and evidence
appraisal of validity, responsiveness, reliability and measurement error.
Obesity Reviews, 14(11), 895-905.

Tan, E., Healey, D., Schaughency, E., Dawes, P., & Galland, B. (2014).
Neurobehavioural correlates in older children and adolescents with obesity and
obstructive sleep apnoea. Journal of Paediatrics and Child Health, 50(1), 16-
23.

Tang-Péronard, J. L., & Heitmann, B. L. (2008). Stigmatization of obese children
and adolescents, the importance of gender. Obesity Reviews 9(6), 522-534.

Taras, H., & Potts-Datema, W. (2005). Obesity and Student Performance at School.
Journal of School Health, 75(8), 291-295.

The Kuwait Nutrition Surveillance System (2010). Kuwait Nutrition Surveillance
System. Ministry of Health.

The Kuwait Nutrition Surveillance System (2016). Kuwait Nutrition Surveillance
System. Ministry of Health.

The Kuwait Nutrition Surveillance System (2018). Kuwait Nutrition Surveillance
System. Ministry of Health.

The World Bank (2021). Gini index (World Bank estimate)-Kuwait. Retrieved
January 23, 2021
https://data.worldbank.org/indicator/SI.POV.GINI?locations=KW

Tiffin, P. A., Arnott, B., Moore, H. J., & Summerbell, C. D. (2011). Modelling the
relationship between obesity and mental health in children and adolescents:
findings from the Health Survey for England 2007. Child and adolescent
psychiatry and mental health, 5(1), 1-11.

Tomporowski, P. D., McCullick, B. A., & Pesce, C. (2015). Enhancing children's
cognition with physical activity games. Human Kinetics.

Topitzes, J., Godes, O., Mersky, J. P., Ceglarek, S., & Reynolds, A. J. (2009).
Educational success and adult health: Findings from the Chicago Longitudinal
Study. Prevention Science, 10(2), 175-195.

Trang, L. T., Trung, N. N., Chu, D. T., & Hanh, N. T. H. (2019). Percentage body
fat is as a good indicator for determining adolescents who are overweight or
obese: A cross-sectional study in Vietnam. Osong Public Health and Research
Perspectives, 10(2), 108-114.

247



Twisk, J. (2008). Tracking of childhood overweight into adulthood: A systematic
review of the literature. Wiley Online Library, 9(5), 474-488.

United Nations Development Programme (2020). Human Development Reports-
Kuwait. Retrieved January 23, 2021, from
http://hdr.undp.org/en/countries/profiles/ KWT

United Nations International Children's Emergency Fund "UNICEF". (2020).
Prevention of Overweight and Obesity in Children and Adolescents. Nutrition
guidance series unicef programming guidance.

Valentine, J. C., Pigott, T. D., & Rothstein, H. R. (2010). How Many Studies Do You
Need? Journal of Educational and Behavioral Statistics, 35(2), 215-247.

van Lier, P. A., Vitaro, F., Barker, E. D., Brendgen, M., Tremblay, R. E., & Boivin,
M. (2012). Peer victimization, poor academic achievement, and the link
between childhood externalizing and internalizing problems. Child
development, 83(5), 1775-1788.

Vazquez, C. E., & Cubbin, C. (2020). Socioeconomic status and childhood obesity: a
review of literature from the past decade to inform intervention
research. Current Obesity Reports, 1-9.

Wabitsch, M., Moss, A., & Kromeyer-Hauschild, K. (2014). Unexpected plateauing
of childhood obesity rates in developed countries. BMC Medicine 12(1).

Walk, A. M., Raine, L. B., Kramer, A. F., Cohen, N. J., Hillman, C. H., & Khan, N.
A. (2020). Adiposity is related to neuroelectric indices of motor response
preparation in preadolescent children. International Journal of
Psychophysiology, 147, 176-183.

Wang, J., Thornton, J. C., Russell, M., Burastero, S., Heymsfield, S., & Pierson Jr, R.
N. (1994). Asians have lower body mass index (BMI) but higher percent body
fat than do whites: comparisons of anthropometric measurements. The
American journal of clinical nutrition, 60(1), 23-28.

Wang, Y. (2001). Cross-national comparison of childhood obesity: the epidemic and
the relationship between obesity and socioeconomic status. International
Journal of Epidemiology, 30(5), 1129-1136.

Wang, Y., & Lim, H. (2012). The global childhood obesity epidemic and the
association between socio-economic status and childhood
obesity. International review of psychiatry, 24(3), 176-188.

Weiderpass, E., Botteri, E., Longenecker, J. C., Alkandari, A., Al-Wotayan, R., Al
Duwairi, Q., & Tuomilehto, J. (2019). The prevalence of overweight and
obesity in an adult Kuwaiti population in 2014. Frontiers in endocrinology, 10,
449,

Weiss, R., & Caprio, S. (2005). The metabolic consequences of childhood
obesity. Best practice & research Clinical endocrinology & metabolism, 19(3),
405-4109.

Weiss, R., Taksali, S. E., Tamborlane, W. V., Burgert, T. S., Savoye, M., & Caprio,
S. (2005). Predictors of changes in glucose tolerance status in obese
youth. Diabetes care, 28(4), 902-909

248


http://hdr.undp.org/en/countries/profiles/KWT

Wellens, R. I., Roche, A. F., Khamis, H. J., Jackson, A. S., Pollock, M. L., &
Siervogel, R. M. (1996). Relationships between the body mass index and body
composition. Obesity research, 4(1), 35-44.

Wells, J. C. K., & Fewtrell, M. S. (2006). Measuring body composition. Archives of
Disease in Childhood, 91(7), 612-617.

Whitaker, B. N., Fisher, P. L., Jambhekar, S., Com, G., Razzaq, S., Thompson, J. E.,
Nick, T. G., & Ward, W. L. (2018). Impact of Degree of Obesity on Sleep,
Quality of Life, and Depression in Youth. Journal of Pediatric Health Care,
32(2), e37—-e44.

Wiegand, S., Dannemann, A., Krude, H., & Grlters, A. (2005). Impaired glucose
tolerance and type 2 diabetes mellitus: a new field for pediatrics in
Europe. International Journal of Obesity, 29(2), S136-S142.

Wijnhoven, T. M., Van Raaij, J. M., Spinelli, A., Starc, G., Hassapidou, M., Spiroski,
., Rutter, H., Martos, E., Rito, A. ., Hovengen, R., Pérez-Farinds, N.,
Petrauskiene, A., Eldin, N., Braeckevelt, L., Pudule, 1., KuneSova, M., &
Breda, J. (2014). WHO European Childhood Obesity Surveillance Initiative:
Body mass index and level of overweight among 6-9-year-old children from
school year 2007/2008 to school year 2009/2010. BMC Public Health, 14(1).

Williams, D. P., Going, S. B., Lohman, T. G., Harsha, D. W., Srinivasan, S. R.,
Webber, L. S., & Berenson, G. S. (1992). Body fatness and risk for elevated
blood pressure, total cholesterol, and serum lipoprotein ratios in children and
adolescents. American Journal of Public Health, 82(3), 358-363.

World Health Organization Regional Office for Europe. (2018). WHO European
Childhood Obesity Surveillance Initiative: overweight and obesity among 6-9-
year-old children. Report of the third round of data collection 2012-2013.
Denmark: WHO Regional Office for Europe.
https://www.euro.who.int/ _data/assets/pdf file/0010/378865/COSI-3.pdf
(Accessed 24/01/2021).

World Health Organization Regional Office for Europe. (2019). Mapping the health
system response to childhood obesity in the WHO European Region: an over-
view and country perspectives. Investing in Children: The European Child and
Adolescent Health Strategy. [Accessed: Dec 2020].

World Health Organization. (1995). Physical status: The use of and interpretation of
anthropometry, Report of a WHO Expert Committee. World Health Organiza-
tion.

World Health Organization. (1998). The World Health Report 1998: Life in the 21st
century a vision for all. In The world health report 1998: life in the 21st centu-
ry A vision for all (pp. 241-241).

World Health Organization. (2000). Obesity: Preventing and Managing the Global
Epidemic. [Accessed: May 2018].

World Health Organization. (2004). Expert Consultation: Appropriate body-mass
index for Asian populations and its implications for policy and intervention
strategies. Lancet 363, 157-63.

249


https://www.euro.who.int/__data/assets/pdf_file/0010/378865/COSI-3.pdf

World Health Organization. (2007). Child Growth Standards. [Accessed: Dec 2021].

World Health Organization. (2007). WHO child growth standards: head circumfer-
ence-for-age, arm circumference-for-age, triceps skinfold-for-age and subscap-
ular skinfold-for-age: methods and development. World Health Organization.

World Health Organization. (2008). Waist circumference and waist-hip ratio. Report
of a WHO Expert Consultation. Geneva: World Health Organization, 2008, 8-
11.

World Health Organization. (2010). World health statistics 2010. World Health Or-
ganization.

World Health Organization. (2011). Global strategy on diet, physical activity and
health. [Accessed: Dec 2020].

World Health Organization. (2013). Child Development. [Accessed: Dec 2020].

World Health Organization. (2015). Global School-based Student Health Survey
Kuwait: Ministry of Health [Accessed: Feb 2021]

World Health Organization. (2016). Report of the commission on ending childhood
obesity. World Health Organization.

World Health Organization. (2018). Global action plan on physical activity 2018-
2030. World Health Organization

World Health Organization. (2020). Childhood overweight and obesity. [Accessed:
March 20, 2021].

World Health Organization. (2020, Sep). ICD-11 for mortality and morbidity statis-
tics. [Accessed: March 20, 2021]

World Obesity Federation Global Obesity Observatory. (2021). Kuwait. Retrieved
February 6, 2021, from https://data.worldobesity.org/country/kuwait-
115/#data_prevalence.

Yang, Y., Shields, G. S., Guo, C., & Liu, Y. (2018). Executive function performance
in obesity and overweight individuals: A meta-analysis and review.
Neuroscience and Biobehavioral Reviews 84, 225-244. Elsevier Ltd.

Yau, P.L., Castro, M.G., Tagani, A., Tsui, W.H. & Convit, A. (2012). Obesity and
metabolic syndrome and functional and structural brain impairments in
adolescence. Am Acad Pediatrics, 130(4), e856-€864.

Yokum, S., Ng, J., & Stice, E. (2012). Relation of regional gray and white matter
volumes to current BMI and future increases in BMI: a prospective MRI
study. International journal of obesity, 36(5), 656-664.

Zaghloul, S., Al-Hooti, S. N., Al-Hamad, N., Al-Zenki, S., Alomirah, H., Alayan, I.,
& Jackson, R. T. (2013). Evidence for nutrition transition in Kuwait: over-
consumption of macronutrients and obesity. Public health nutrition, 16(4),
596-607.

Zelazo, P. D., Blair, C. B., & Willoughby, M. T. (2016). Executive Function:
Implications for Education. NCER 2017-2000. National Center for Education
Research.

250



Zhou, Y., Kong, F., Gao, X., & Chen, H. (2017). High-disinhibition restrained eaters
are disinhibited by self-regulatory depletion in the food-related inhibitory
control. Elsevier, 26, 70-75.

251



Appendices
Appendix A: PROSPERO Registration of Review

PROSPERO International prospective register of systematic re-
views

Prevalence of obesity among school-age children and adoles-
cents in the Gulf Co-Operation Council States: a systematic re-
view

John Reilly, Hanouf Hassan

Citation

John Reilly, Hanouf Hassan. Prevalence of obesity among school-age children and ado-
lescents in the Gulf Co-

Operation Council States: a systematic review. PROSPERO 2017:CRD42017073692 Avai-
lable from
http://www.crd.york.ac.uk/PROSPERO_REBRANDING/display_record.asp?ID=CRD4201
7073692

Review question(s)

What is the prevalence of obesity among school-age children and adolescents in the gulf
states?

Does obesity prevalence vary by the following variables: age; gender; time of the survey
or study; definition of obesity used; and nation?

Searches

Database searching in the following databases:

-MEDLINE

-PE Index

-Scopus

-WHO Databases

-Forward and backward citation searching

For articles published in English or Arabic.

Database searching as described above should identify at least some relevant grey liter-
ature. This search for grey literature will be supplemented with an extensive search for
relevant data in each of the six GCC nations: the rationale here is that obesity prevalence
estimates from national or regional surveys might be contained in national government
or NGO reports rather than in academic publications. Grey literature searching will there-
fore also be carried out by searches in Google Scholar, plus by making contact with rele-
vant individuals and organisations in each of the 6 GCC states. The contacts in each

nation will include Academia, Government Health Ministries, Government Education
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Ministries, and NGOs (e.g. UNICEF).

Types of study to be included

Inclusion: any study design where obesity prevalence data are included.

Exclusion: obesity prevalence data obtained after interventions intended to reduce obe-
sity prevalence.

Condition or domain being studied

Obesity, derived from body mass index (BMI) for age and sex based on measured weight
and height, and defined using one of the following standard/accepted methods: relative
to national population reference data; relative to WHO (2007) reference data; or Interna-
tional Obesity Task Force.

Participants/ population

Inclusions: participants of school age (5.0-19.0 years as defined by WHO); from one of
the 6 GCC countries (Kuwait, KSA, Qatar, UAE, Bahrain, Oman); if the participants are

from apparently healthy/community samples; if data have
Page: 1/4

been collected within the last 10 years (since January 2007; since obesity prevalence has
been increasing dramatically in the gulf states in recent years; the WHO recommended
definition of obesity only became available in 2007 and so child and adolescent obesity
prevalence as defined by WHO was not available until relatively recently).

Exclusions: participants outwith the school age as specified above, from nations other
than the 6 GCC nations listed above, from clinical/non-community samples, and if data
were collected prior to January 2007.

Intervention(s), exposure(s)

Obesity, defined using measured BMI for age.

Obesity based on self-reported BMI; prevalence of overweight as opposed to obesity (or
overweight and obesity combined) will be excluded

Comparator(s)/ control

Not applicable.

Context

School and/or community settings included; data from clinical populations will be ex-
cluded.

Outcome(s)

Primary outcomes

Prevalence of obesity (for primary research question).

Secondary outcomes

Differences in obesity prevalence by subgroup (age, gender, time, and nation).

Data extraction, (selection and coding)
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Two researchers will independently screen the titles, abstracts and potentially relevant
full-text articles in duplicate. If the two researchers cannot agree a third researcher will
be consulted to solve disagreement.

Data extraction will be guided by a pre-defined and piloted template. The following data
will be extracted: Time of data collection; Definition of obesity used; Sample size, sum-
mary data on age and gender of sample, location, evidence as to whether samples were
representative or not; and Prevalence of obesity. Data extraction will be performed by
the one reviewer and double-checked by a second reviewer.

Risk of bias (quality) assessment

Two reviewers will independently appraise the quality of included studies using the
(EPHPP) tool. Results will be compared and discussed to reach agreement. A sensitivity
analysis will be performed for studies with high risk of selection and attrition bias.
Strategy for data synthesis

Should the data and level of heterogeneity between primary studies allow, similar out-
comes will be combined by meta-analysis. Initial scoping of the literature suggests this is
not likely to be possible due to marked differences between studies (in participant age,
definition of obesity, and timing of the survey, all of which are known to influence obesity
prevalence). Narrative synthesis will be carried out.

Analysis of subgroups or subsets

Gender differences in prevalence. Age differences in prevalence (WHO defined children,
5.0-9.9 years vs WHO defined adolescents, 10.0-19.0 years). Setting (national differ-
ences in prevalence). Timing of survey (to test for evidence of secular trends in preva-
lence).

Dissemination plans

Full peer-reviewed journal article to be submitted to a relevant journal & presented at
relevant scientific meetings.

Inclusion of study report as a PhD thesis chapter, which will be available electronically.
Key messages to be disseminated to policy makers and key delivery groups in Kuwait

and in the GCC, where possible.
Page: 2/4

Contact details for further information

Professor Reilly

Physical Activity for Health Group, University of Strathclyde, Graham Hills Building, Glas-
gow, Scotland UK

john.j.reilly@strath.ac.uk

Organisational affiliation of the review

University of Strathclyde

www.strath.ac.uk

Review team
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Professor John Reilly, University of Strathclyde
Mrs Hanouf Hassan, University of Strathclyde
Anticipated or actual start date

17 July 2017

Anticipated completion date

31 January 2018

Funding sources/sponsors

Hanouf Hassan is working on a PhD funded by the Kuwaiti government.

Conflicts of interest

None known

Language

English

Country

Scotland

Subject index terms status

Subject indexing assigned by CRD

Subject index terms

Adolescent; Child; Humans; Kuwait; Obesity; Prevalence
Stage of review

Ongoing

Date of registration in PROSPERO

10 September 2017

Date of publication of this revision

10 September 2017

Stage of review at time of this submission
Preliminary searches

Piloting of the study selection process

Formal screening of search results against eligibility criteria

Data extraction
Page:3/4

Risk of bias (quality) assessment

Data analysis
PROSPERO
International prospective register of systematic reviews

Started Completed

Yes No
Yes No
No No
No No
No No
No No

The information in this record has been provided by the named contact for this review. CRD has

accepted this information in good faith and registered the review in PROSPERO. CRD bears no

responsibility or liability for the content of this registration record, any associated files or external

websites
Page: 4/4
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Appendix B: Letter for grey literature searching

University of

Strathclyde

Glasgow

Ms Hanouf Al -Hammadi
University of Strathclyde
Glasgow, UK
Physical Activity and Heath Department
Friday, 13 October 2017
Dear Prof XXXXXXX,

RE: Help identifying published studies and unpublished studies (grey literature) for a
systematic review on the recent prevalence of child and adolescent obesity in GCC

countries.
I hope this email find you well.

I am Hanouf Al Hammadi. PhD student at University of Strathclyde, Glasgow, UK.
My study title is systematic review of recent child and adolescent obesity prevalence
in the GCC countries. My study is under supervision Professor John Reilly, Depart-
ment physical activity and health. We have been looking for evidence which meets

the following inclusion criteria:

. Data collected on or after 2007
. Data collected from one or more of the GCC countries
o Data collected from school-age children/ adolescents

Obesity prevalence defined using an accepted method (e.g BMI -for- age)

I am honored to contact you based on your expertise in Nutrition research and the
problem of childhood obesity. I would request you kindly to help me to identify pub-
lished/ unpublished studies for a systematic review on the recent prevalence of child

and adolescent obesity in GCC countries.
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Our search of the literature has identified 8 eligible studies from GCC countries.
These are listed in the table below — would you mind doing the following within the

next month:

a) Letting me know if you aware of any eligible studies other than those listed in
the table?
b) Letting me know if you are aware of any unpublished evidence which might

meet our inclusion criteria (e.q. national surveys/ grey literature).

Country Year of data collection | source

Kuwait 2009 Shoroqg et al. 2011
Kuwait 2009-2010 AlHaifi 2014

KSA, Kuwait ,Bahrain | 2013-2014 Musaiger 2016
Kuwait 2012 Shaban etal 2017
Kuwait 2012-2013 N.EIKum etal, 2015
KSA 2009-2010 Al-Hazzaa et al 2014
UAE 2013-2014 Al_Balooshi et al 2016

Any information you provide will be much appreciated.

I look forward to hearing from you.

Yours Sincerely,

Hanouf Al Hammadi
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Appendix C: JBI Critical Appraisal Checklist for Studies Reporting

Prevalence Data

«=»

FHE v MR BRI INSTITLUTE

IBI Critical Appraisal Checklist for Studies Reporting Prevalence Data

Yes Mo Unclear Mot

applicable
1. ‘Was the sample frame appropriate to address the target
population? D D D D
2. Were study participants sampled inan appropriatewsy? [ [ O O
3. Was the sample size adequate? O [ | ]
4. Were the study subjects and the setting described in
detail? o o o O
5. Was the data analysis conducted with sufficient coverage
of the identified sample? D D D D
6. Were valid methods used for the identification of the
condition? D D D I:I
7. Was the condition measured in a standard, reliable way
for all participants? D D D D
8. Was there appropriate statistical analysis? 0 [ | ]
9. Was the response rate adequate, and |f not, was the low
fESpONSE rate managed appropriately? D D D D
Owerall appraisal: Include I:l Exclude I:l Seek further info I:l
Comments (Including reason for exclusion)
© Joanna Briggs Institute 2017 Critical Appraisal Checklist | 3

for Prevalence Studies
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Appendix D: Ethics

18* December 2012
Confirmation of ethics approval:

Associations between obesity and educational attainment and cognition in adolescent girls (17-19
vear olds) in Kuwait, a feasibility stady

I am pleased to confirm that the above proposal has been approved by the School of Psychelogical
Sciences and Health Ethics Committee.

hwh T .

Dr Diane Dixon
Ethics Committee Chair, School of Psychological Sciences & Health,
Faculty of Humanities and Social Science, University of Strathelyde
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Appendix E: Letter from the supervisor to Kuwait University

P.0.Box 5969,Safat-,3060 Kuwait
Shwawikh Campus.

Kuwait University.

Permission request, Kuwait University: Associations between obesity and education-
al attainment and cognition in adolescent (17-19 year old) girls in Kuwait: a feasibil-

ity study.
To Faculty Deans,

We are writing to seek permission to gain access to Kuwait University in order to
carry out the above study, which will form part of the PhD for Hanouf H. Al Ham-
madi at the University of Strathclyde, Glasgow, UK. The study has received ethical
approval from the School of Psychological Sciences and Health at the University of
Strathclyde.

This project has two aims. The primary aim is to test the feasibility of carrying out an
epidemiological study of associations between adolescent obesity and (a) educational
attainment and (b) cognitive function in Kuwaiti adolescents (Study 1). The second-
ary aim is to test the extent to which a simple standard proxy measure of obesity
(BMI-for-age) underestimates the prevalence of obesity (i.e. excess body fatness) in
Kuwaiti adolescents (Study 2, using data collected for Study 1).

In order to carry out the study we want Hanouf to be able to recruit 600-700 adoles-
cent female students (17-19 year olds), during 2019 and 2020. We would be happy to
meet with you or your colleagues to discuss the study in more detail. All data would
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be collected during short visits to the campus, and we would like to access GPA rec-
ords for each of the girls who takes part. We would aim to recruit study participants

using our study flyer, information sheet and consent forms (all enclosed).
Please contact us if you would like more information.

Yours sincerely

Prof John J Reilly Hanouf Al Hammadi
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Appendix F: Letters of agreement for equipment delivery and data

collection

The document shows that Kuwait Institute for Scientific Research (KISR) lent the
statistical and research unit of College of Social Science, Kuwait University the fol-

lowing equipment:

o Body Composition Analyzer-Tanita (Qnt. 3)

o Stadiometer-seca (Qnt. 2)

The document shows also the agreement between Kuwait University and HA to do
the research in the College of Social Science. Dr. Hamad Alaslawi kindly provided

the place, his office, to collect the data.
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Meeting for finalizing equipment delivery

March 25, 2019
1:00 pm

Attendants:
Mr. Hasan Alattar
Dr. Hamad Alaslawi

We have agreed upon the following:

e The Kuwait Institute for Scientific Research have agreed to lend the Statistical and
Research Unit of College of Social Sciences, Kuwait University the following
equipments:

o Body composition analyser — The brand is Tanita- The quantity 3.
o Stadiometer — The brand is Seca — The quantity 2.

e The equipments will be placed at room number G12-08 which is the office of the head
of Statistical and Research Unit.

e Dr. Hamad Alaslawi will be receiving the equipment and signing a receival sheet.

e We have agreed that Mr. Hasan Alattar will be visiting the location of the study
weekly to check up the process and the equipment status.

e There is only one key for the office and it will be held with Ms. Hanouf Al-Hammadi.
Therefore, in case Mr. Hasan Alattar want to visit the facility he will contact
Mohammed Albloshy to allow him enter the facility. His contact number: 99393518.

e The duration of collecting the data will be two months starting from the date of
receiving the equipments.

e Mr. Hasan Alattar will provide a training workshop for Ms. Hanouf Al-Hammadi
with her colleagues who will assist her in collecting the data.

Dr. Hamad A. Alaslawi

Assistant Professor |

Department of Sociology & Social Work, Kuwait University
§ sSadl Jole daa

el Sad (AN
3 \\ %,
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Appendix G: Consent in English and Arabic

7
University of x

Strathclyde

Glasgow

Participant Information Sheet for Parents

Name of department: Physical activity for health
Title of the study: A jati bety obesity and cognitive function and educational attainment in
Kuwaiti adolescent girls: a feasibility study

Introduction
Dear parent or guardian

are invited to participate in a research project being conducted by Strathclyde University in United Kingdom. The
Ministry t of Education has given approval for your school to take part in this research project. Please read this
sheet carefully and be confident that you understand its contents before deciding whether or not to participate.
Once you understand what the project is about and if you agree to take part, you will be asked to sign the
Consent Form. By signing the Consent Form, you indicate that you understand the information and that you give
your consent for you and your adolescents to participate in the research project. If you have any questions about
the project, please do not hesitate to call one of the investigators.

Hanouf ALhammadi is a student at Strathclyde University at the UK. She Is conducting this research as a part of
a PhD degree programme in Physical activity for Health.

What is the purpose of this investigation?

There will be no immediate or direct benefit to your adolescents or to you, however, this study will benefit our
current understanding of relationship to adolescent's obesity and education attainments and cognitive function
effects . and the researcher hopes that it will provide a clear understanding of obesity among students

Do you have to take part?

Your participation is voluntary, and you are invited to participate in this study. You can withdraw from the
study at any point, up until the data is anonymized. If you decide to withdraw from this study, your data
will be deleted, and it will not be used. Withdrawal from the study after data is anonymized is not possible
since we will no longer be able to identify your responses.

What will you do in the project?
Your adolescents will be asked for:

1. Anthropometric measurements (weight, Height, and Body mass Index BMI)

Which weight will be measured with subject bare footed and wearing a PE (school physical education uniform) for
max 10 min. These height and weight measurements will be taken in a PRIVATE room to ensure privacy and
confidentiality. The measurement resuits will NOT be shared with the child or with anyone else at the school.
Children who take part will be asked to remove their shoes and coats and will be weighed in light indoor clothing.

The place of useful learning
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Any cultural needs of the child will be respected. Children will not be forced to take part in these measurements if
they do not wish to do so.

Body mass index is a number calculated by dividing the child's weight over the child’s height squared. It is a way
of checking to see if a child is at a healthy weight. Body mass index is a useful tool that enables heaith
professionals to Identify individuals who are cbese.

2. Cognitive functions. Inhibition testing paradigms, stroop test.
COMPASS is the computerised mental performance system a simple solution to complexities of cognitive testing

Each student will present with a laptop with a mouse to click, that required to match the four colours (colours of
the square boxes) with the colour of the word presented, the student will require answering as quickly and as
accurately as possible. Max 20min.

3. Educational attainment: Student's grads

4. Socio-demegraphic status: educational level of their parents (illiterate, can write and read primary, intermediate
or high school pass or highly educated

Why have you been invited to take part?

Your adolescents have been invited to respond to test to assist in understanding the the relationship between
obesity and the cognitive function/academic achievements in Kuwaiti adolescent girls aged between 16-19yrs
old. . Please note that your participation is on a voluntary basis. You may contact the researcher by phone or
email to seek further clarification regarding your participation.

There will be no immediate or direct benefit to your adolescents or to you; however, this study will benefit our
current understanding of childhood obesity, and the researcher hopes that it will provide a clear understanding of
obesity and would affect their academic or cognitive function in life time .

What are the potential risks to you in taking part?
No harm or risk is expected through participating in this study, and there are no preparatory requirements

for taking this test.

What happens to the information in the project?

After the adolescents completed with the test, your data will be completely anonymised, and the
questionnaire will be deposited on the University’s servers by the investigators for up to 5 years after the
completion of this study. Anonymised data will be published and presented in scientific meeting and
literature.

This study will not use information where you can be identified.

The place of useful learning
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The University of Strathclyde is registered with the Information Commissioner’s Office who implements the
Data Protection Act 1998, All personal data on participants will be processed in accordance with the
provisions of the Data Protection Act 1998,

Thank you for reading this information - please ask any questions if you are unsure about what is written
here.

What happens next?
If you are happy bo be involved in the project, you will be invited lo sign a consent farm o confirm this.

If you decide you would rather not participate in this study, ignore this invitation and no further contact
will be made.

Researcher contact details:

Hamouf Hasan ALHammadi Postgraduate student
Depariment: Physical activity for Health Group
Talephona: +44 (0) 747 986 0036

E-mail: hanouf-a-a-m-hasani@sirath.ac.uk

Chief Investigator details:

Prof.John Reilly

Deparimant: Physical activity for Health Group
Talephona: +44 (0)141 548 4706

E-mail: johin. . reilhyimstrath. ac. ukf John Reilly

This investigation was granted ethical approval by the University of Strathclyde Ethics Commitiea.

If you have any questions/concerns, during or after the investigation, or wish to contact an independent person to
whom any questions may be directed or further information may be sought from, please contact:

Secrelary to the University Ethics Commitles
Research & Knowledge Exchange Services
University of Strathclyde

Graham Hills Building
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Telephone: 0141 548 3707
Email: ethics@strath.ac uk
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Consent Form to be Completed by Parents of Study Participants under

18 yrs old and by students over 18 yrs old.

Name of department: Physical Activity for Health, School of Psychological Sciences
and Health

Title of the study: Associations between obesity and cognitive function and
educational attainment in Kuwaiti adolescent girls.

o I confirm that | have read and understood the information sheet for the above
project and the researcher has answered any queries to my satisfaction.

o | understand that my participation is voluntary and that | am free to withdraw
from the project at any time, without having to give a reason and without any conse-
quences.

o I understand that I can withdraw my data from the study at any time without
having to give a reason and without any consequences.

o I understand that any information recorded in the investigation will remain
confidential and no information that identifies me will be made publicly available.

o I consent to being a participant in the project

(PRINT NAME) ...ttt e,
PRINT DATE OF BIRTH .....oveeoveeoee oo

| hereby agree to take part in the above project

Signature of Participant: .............ooiiiiiiiiii i

Date: ( / /2019)
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Appendix H: Letter from the Vice Dean for Student Affairs

This appendix shows that the number of the students in the scientific departments of
the College of Social Sciences in 2018/2019. This information is given by the dean
of the office of the Vice Dean for Student Affairs. The chart shows the number of the
students, their gender, their major, and their nationality (Kuwaiti or non-Kuwaiti).
The number 3024 is the total number of the students in the college including males,

females, Kuwaiti, and non-Kuwaiti. The number of Kuwaiti females is 2169.
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Appendix |: Advertised poster

Poster for the Kuwaiti female students at College of Social Sciences
to participate in the study (Differences in educational attainment between

obese and non-obese Kuwaiti female university student.

University of
Strathclyde
Glasgow
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Appendix J: Data Collection Sheet

Data Collection Form

Parents Stroop Stroop | Comments
Student Time of Height | Weight | ‘pucnional | fest fest
Student GPA Single measure | Fat % D.0.B 0.1 cm) (o 0.1kg Kx) Levelgieh o
for the first | , = . at 7o | parvyy (to 0.1 cm, o1k (cecondary correct | Reaction
D /married o 0.1 - school-university .
2018 Y
Sem ?EEBII; level ) SCOFE 1ime
B am | om Meas | Meas | Meas | Meas
P M @ |m | @
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Appendix K: S.O.Ps

\“V

PUBLIC AUTHORITY FOR
APPLIED EDUCATION
AND TRAINING

", =N
D
University of

Strathclyde

Glasgow

Height measurement S.O.Ps

= Backbone

‘ S———eBaseplate

1. Call the student to Height measurement and inform them what you are going

to do.
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2. Ask the student to remove their footwear. The student should remove the
head scarf or Kippah from their head, expect those who wear the hijab (religion pur-
pose). If the student refuse to remove the scarf then write a note on the folder. Make
sure when you take the measurement to gets in as close as possible.

3. Make note on the record if you notice any physical problem

4. Request the student to step onto stadiometer (SECA) and put their heels to-
gether and shoulders back, standing with heels near the rear of the baseplate.

5. Request the student to stand upright, arms hanging at the sides with his/her
heels together.

6. Request the student to look at a point on the wall the back of their buttocks,
shoulders and head must touching the backbone of the stadiometer (SECA).

7. The student should look ahead by the lower border of the bony orbit and the up-

per end of the external opening of the auditory canal in the same horizontal line.

8. Request the student to take a deep breath in and stretch up high while putting
their heels on the floor.

9. The researcher places the headboard firmly down on the student's head, pressing

down as much hair as possible.

10.  The height measurement is taken from the highest part (top) of the head and
entered in centimetres. Record the measure to the nearest 0.1 cm on data collection

form.

11. Lift up the headboard and request the student to step aside from the stadiometer
(SECA).

12. Repeat this procedure for the twice and record the data.

13. If the two measures vary by more than 0.5 cm, measure and record a third time

using the same method.
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TANITA (TBF-310) S.0.P’S

Setup the scale

1. Turn on the Power and wait for 60 sec the unit will beep to confirm the acti-
vation
2. Select the personal number and press the SET button; the unit will beep for

confirmation.

3. Set up the student birthday (day/month/ year)

SOP for measuring weight

1. Socks should be removed and bare Feet must be clean. Make sure that student
heels are correctly aligned on the measuring platform. Do not worry if the readings
can still be obtained if your toes overhang the platform

2. Make sure the measurement or the reading was taken after 2 hours of student

no eating or exercise

3. Press power button to start up the scale
4. Body composition analyzer mode should be selected.
5. The clothes weight should be taken and saved in separate sheet (data sheet) to

be then entered in the analyzer.
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6. Select Gender, the age, body type e.g. (standard-Athletics).cloths weight,
Height will be taken before (recorded) and ask the student to step on to the scale.
With no shoes or socks.

> Step on to the scale while is off, the scale will turn on automatically.

> Make sure the feet are in the correct spot on the scale and make sure that
heels centered on electrodes.

> Students should remain on the scale until the reading has been taken.

And the paper sheet is printing the results.

> Weight (0.1kg), BMI and % fat mass will appear on the monitor. And printed.
7. Record the information on data sheet the % Body fat to round 0.1%, Body
weight to round 0.1Kg and BMI.

8. Clear the results and prepare the scale for the next student.
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Stroop test instructions

The cognitive test will be assessed by: Hanouf H Al Hammadi PhD student from
Strathclyde University:

Please flow the steps:

> Fasting for 2 hour before you start.

> The computerised test will take 1- 2 min max, you must read the instruction
carefully for stroop test before you start.

> Time and speed of your answers are very important; this will be recorded and
will take approximately 1-2min.

> You will be provided with a laptop and mouse to click. You must match the
four colours (colours of the square boxes) with the colour of the word (in Arabic)

presented.
> The colour names may have been written in a different colour from the name
itself.
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o e.g. BLUE, RED , GREEN

> You should click on the right-hand screen where the coloured boxes are to be
found: the coloured box corresponded with the colour of the word written.

o E.g. for GREEN one would click on -

> You should answer as quickly and as accurately as possible.

> As software was used, the score for this test will be calculated on the comput-
er, and the overall correct percentage and reaction time will be recorded in millisec-
onds for each participant.

> There is an Arabic translated sheet.

Thank you for reading this information — please ask any questions if you are unsure

about what is written here.
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Appendix L: Anthroplus

\B Anthropometric calculator - >

Help

Date of vist ~ |01/05/2019 (@~ |

Sex ® Female () Male Weight fg) J0.00

4k

BM|
Length/height fcm)  [150.00 =] 31

Date of bith ~ |[13/07/2000 (@~ |

] Approximate date et R

Age: 18yr Smo (Z25ma)

Oedema ® Mo () Yes
Results
Percentile I-sCone
Weight for-age NA - NA |
Height for-age 22 =]
BMHHor-age 338 =]
0 25 50 75 100
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Photos

Kuwait University, College of Social Science
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Private room for participants
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Adolescent girl aged 18 years old on the BIA, and in the second photo she is doing

the Stroop test.
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