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Summary. Objective: To investigate the causative factors and complications attributable to obesity in children
living in Jeddah, Saudi Arabia. Methods: This is a retrospective study encompassing a sample size of 151
children and adolescents between the ages of 4 and 20 years. Data was collected through reviewing medical
records, medical files on the hospital electronic system and clinical interviews conducted with legal guardians.
Date of study was from January to June 2018, and was carried in Jeddah, western region, Saudi Arabia. Re-
sults: Data was entered, coded, cleaned and analyzed using statistical package for social science (IBM SPSS),
version 22. The analysis was done by assessing the significance of various risk factors and sequelae in their
contribution to paediatric obesity by one-way ANOVA for nominal variables of more than two categories
and Independent sample t-test for the nominal variables with two categories. The sample was 47% of the
male gender whereas females made for the remaining 53%. The causation of obesity was distributed among
the following factors: an unhealthy diet, a sedentary lifestyle, medications such as glucocorticoids, and Com-
plications attributed to obesity included gastro-oesophageal reflux, hypertension, precocious puberty, sleep
apnoea, psychological disturbances and fatty liver diseases. Conc/usion: Environmental factors were found to
be the most predominant cause, where the majority of children were found to be leading a sedentary lifestyle,
following an unhealthy diet, and skipping meals. The most recurring complications involved psychosocial and
behavioural abnormalities, and among the medical consequences, gastro-oesophageal reflux and obstructive
sleep apnoea were the most prevalent. (www.actabiomedica.it)
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The World Health Organisation (WHO) defines

being overweight and obese, respectively, as having a

Childhood obesity is a global health concern on
the rise as children who suffer from obesity are more
likely to grow into obese adults, increasing not only
their current but also their lifelong risk of metabolic
dysfunction and cardiovascular morbidity. Further-
more, it has been proven that treating obesity after its
establishment poses a more difficult challenge than ef-
forts directed towards its prevention (1).

weight of more than 2 and 3 standard deviations (SD)
above the mean (2). The worldwide prevalence of over-
weight and obesity in the paediatric population alone
had increased in a 20-year duration from 4.2% to 6.7%
in 2010 (2). In Saudi Arabia, the National Growth
Study reported the prevalence of obesity in children
between the ages of 5 to 18 years in nearly half the
population at a percentage of 44.7%. Therefore, in order



A.E. Al. Agha, R. Ragbi, Y.M. Mabkhoot, et al.

to limit and decrease the incidence of obesity, a more
secured understanding of the risk factors contributing
to its onset is required, and in order to effectively bring
about a more serious awareness into the community of
the burden it entails, a thorough account of associated
complications must be reported into evidence.

Environmental factors play a prominent role in
the development of obesity in Saudi Arabia; with the
economic ascent the country has experienced in the
past 3 decades and improvement in the mean socio-
economic status, access to videogames, television, junk
food and private cars for transportation has become
more readily available, and children thereafter had be-
gun leading a more sedentary lifestyle (3). Other iden-
tified causes of obesity that are popular in childhood
include syndromic disorders, such as Prader-Willi and
Bardet-Biedl syndromes, and endocrinopathies, of
which the most recurring are hypothyroidism, growth
hormone deficiency and cortisol excess (2).

In consequence, medical morbidities priorly rec-
ognisable only in adults are now extremely prevalent
in children, these include but are not limited to Fatty
Liver disease, type 2 Diabetes, Obstructive Sleep Ap-
noea (OSA), Dyslipidaemia, and menstrual abnor-
malities (4). Childhood obesity is furthermore impli-
cated in psychosocial ramifications, as children who
are overweight/obese are more liable to bullying from
their peers, discrimination and social marginalisation.
This in turn leads to a negative body image, low self-
esteem, and low self-confidence that all contribute to a
poorer academic performance (5).

The aim of this study was to investigate the causa-
tive factors and complications attributable to obesity
in children living in Jeddah, western region, Saudi

Arabia.

Methods

This study is of a cross-sectional design and had
included several outpatient endocrinology clinics
across the city of Jeddah in Saudi Arabia. It was car-
ried throughout the months of January to June 2018.
An ethical approval from the ethical committee of
scientific research in King AbdulAziz University was
obtained prior to the commencement of this study

and has detailed permission for reviewing electroni-
cally documented medical records, conducting clini-
cal interviews, and performing physical examination.
A sample size of a 151 subjects was selected through
vetting children visiting multiple paediatric endocri-
nology clinics across Jeddah, Saudi Arabia. Selection
was based on primary exclusion of children below the
age of 4 years, above the age of 20 years and those
of a body mass index (BMI) below 25. Therefore, all
children included were either overweight, obese, or
morbidly obese.

Data variables included lifestyle factors such as
eating habits, diet, and level of activity; medical history
of metabolic dysfunction, endocrinopathies, syndro-
mic disorders, psychosocial abnormalities, heartburn
and sleep apnoea; medication history including glu-
cocorticoids; family history of obesity; and anthropo-
metric measures of height and weight with consequent
calculation of BMI and relative standard deviation. An
unhealthy diet was defined as one that included an un-
supervised availability of chips, sweets, soft drinks, and
fried foods in the childs’ diet, which were identified
as major contributors to energy, fat and high caloric
intake. Activity level was assessed through evaluat-
ing both duration and frequency of indulging activi-
ties that prompted cardiovascular effort; this included
swimming, cycling, dancing, martial arts, and running
sports such as football, baseball, and basketball. In line
with the WHO guidelines for adequate physical ac-
tivity in children, 60 minutes of moderate to vigorous
intensity per day was considered sufficient to classify
the child as physically active.

When evaluating vitamin D status, values of se-
rum 25-hydroxycholecalciferol below 25 nmol/l were
interpreted as vitamin D deficiency while values be-
tween 50-25 nmol/l were considered indicative of a
vitamin D insufliciency. Growth hormone status was
evaluated through growth hormone stimulation tests
using both provocative agents, clonidine and glucagon.
Serum values of growth hormone were then evaluated
multiple times over the next 210 minutes; children
with peak results of less than 10 ng/ml were confirmed
to have a growth hormone deficiency. Hypothyroidism
was diagnosed based on a thyroid profile; the combina-
tion of a TSH value at or beyond 5 mU/L along with
a free T4 value less than 12 pmol/l was diagnostic of
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hypothyroidism. Children were also diagnosed with
hypertension if either systolic or diastolic blood pres-
sure measurements exceeded the 95 percentile for age
and gender on multiple occasions.

Obstructive sleep apnoea (OSA) was confirmed
through polysomnography, otherwise known as a sleep
study, in children who reported one or more of the fol-
lowing symptoms: excessive daytime sleepiness, bed-
wetting, snoring, and heavy breathing. A polysomnog-
raphy is a study in which brain wave activity, breathing
patterns, oxygen levels, heart rate, and muscle activity
are monitored during sleep. Similarly, children were
also confirmed to suffer from gastro-oesophageal re-
flux disease (GERD) using a 24-hour pH monitor
if were found to have one or more of the following
symptoms: irritability during meals, refusal to eat, fre-
quent coughing or belching, and chest pain.

Statistical Analysis

Data was entered, coded, cleaned and analyzed
using statistical package for social science (IBM
SPSS), version 22. The analysis was done by assess-
ing the significance of various risk factors and sequelae
in their contribution to paediatric obesity by one-way
ANOVA for nominal variables of more than two cat-
egories and Independent sample t-test for the nominal
variables with two categories.

Results

The sample size included 151 subjects achieving
a near approximate gender distribution with 53% of
the sample being of the female gender and the remain-
ing 47% of the male gender. An unhealthy diet and
a sedentary lifestyle were among the most prevalent
risk factors at relative percentages of 71.5% and 69%
of the total sample size. Harmful dietary habits such
as skipping meals and emotional eating were identified
in respectively 63% and 27.4% of all children, and was
proven to significantly affect the mean BMI at p val-
ues of 0.019 and 0.009, respectively. Children who fol-
lowed a healthier diet were found to have significantly
lower BMI means, p-value=0.007, whereas those who
indulged in frequent (>1/week) consumption of fast

foods had a significantly higher BMI mean, p-value=
0.037. Additionally, 76.8% of all children were identi-
fied to have engaged in sedentary activities for pro-
longed durations, such as watching television beyond
3 hours each day. Pathological causes of obesity were
also identified in the sample with varying percentages;
vitamin D deficiency in 63% of the children, hypothy-
roidism in 23%, growth hormone deficiency in 15%,
syndromic causes in 8%, Cushing’s disease in 1%, and
7.3% of the children were on glucocorticoid treatment.
In terms of consequences associated with obesity, psy-
chosocial disturbance was found at a prevalence of
35.3% of all children, of which 23.3% manifested in
the form of aggression whereas 12% was in the form of
social withdrawal. Medically, gastro-oesophageal re-
flux was diagnosed in 22% of all children, obstructive
sleep apnoea in 14.6%, precocious puberty in 10.6%,
hypertension in 6.6%, insulin independent diabetes
mellitus in 3.3%, and non-alcoholic fatty liver disease
in 2%. The onset of gastro-oesophageal reflux, hyper-
tension and obstructive sleep apnoea were found to be
significantly associated with increases in mean BMI at
a p values of 0.05, 0.001 and 0.0001, respectively.

Discussion

The concept of obesity stems from an excess in
weight gain as a result of an imbalance between en-
ergy intake and expenditure. While, roughly, this is
mainly modulated through diet and level of activity,
individual predisposition to obesity can vary according
to metabolism. This might be explained pathologically
by a genetic element or a hormonal discrepancy, or by a
physiological disparity in basal metabolic rate.

Lafestyle influence

Dietary factors have been studied extensively in
their contribution to obesity across all age groups. Junk
food and fast foods are high in caloric content despite
being low in nutritional benefits, and self-indulgence
in their consumption will yield a corresponding out-
come of an obese and malnutritioned individual (6).
Additionally, it has been observed that the predisposi-
tion to obesity is further extended by dietary behav-
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iour, as individuals who skipped meals and consumed
more frequent snacks were at a higher risk of being
overweight/obese (7, 8). This is supported by our re-
sults where 71.5% of the sample had been following an
unhealthy diet that is low in vegetables and fruits and
high in fats. A higher snack frequency of more than
twice per day was observed in 33% of the sample, of
which 72.2% preferred unhealthy crisps, sweets, and
carbonated beverages. A total of 63% were skipping
meals, and a significant relationship with increases in
BMI mean was proven in those who often skip meals
by a p value of 0.019. An additional harmful dietary
habit that was found to be significantly associated with
a higher BMI mean is emotional eating (excessive
consumption of food in response to stressful periods
such as anxiety, depression, etc.), proven by a p value
of 0.009.

In our sample, 76.8% of our sample was found to
be spending more than 3 hours each day watching tel-
evision. A sedentary lifestyle has long been recognised
to have a negative impact on weight; one study showed
that the prevalence of obesity increased by 2% with
each hour spent watching television per day [18 in 5].
This is corroborated by another study that uncovered
an inversely proportional relationship between the du-
ration spent in physical activity and the time spent en-
gaging in sedentary habits, such as watching television
and playing video games (9). Similarly, 68.9% of our
sample led a sedentary lifestyle (Fig. 1). By definition,
34.4% of the children in our study were reported to
rarely ever engage in physical activity prompting cardi-
ovascular effort, and another 34.5% who occasionally,

Causative Factors of Obesity

B Affected

Unhealthy Diet B Not Affected

Sedentary
Lifestyle

Vitamin D
deficiency

Hypothyroidism

Growth Hormone
Deficiency

Syndromic

Figure 1. Percentage of causative factors among obese children

The rate of physical activity among obese children

More than 3x A Week
Never Exercise

Once or Twice Per Week

Exercise
1

Figure 2. Rate of physical activity among obese children

between 1-2 times per week, might engage in similar
exercises. Therefore, lifestyle factors such as diet and
level of activity are strongly believed to significantly
impact the prevalence of obesity in children (Fig. 2).

Endocrinopathy

The mechanism by which hypothyroidism relates
to obesity is still controversial; some studies claim that
elevations in thyroid stimulating hormone (TSH) is
an adaptive response in an attempt to prevent further
weight gain by increasing the metabolic rate. Some
argue it is a biological indicator of resistance and
thereby may play a role in lipid and glucose metabo-
lism while others reinforce that most of the weight
gain seen in hypothyroidism is in actuality a result of
salt and water retention and is therefore not related to
fat content (2). Regardless, hypothyroidism was found
to be a prevalent morbidity among obese children in
our study, constituting a total of 23% of our sample.
Additionally, 15% of the total sample size were also
diagnosed with growth hormone deficiency. Growth
hormone induces lipolysis and promotes preferential
oxidation of lipids and protein synthesis, and therefore
the relationship between its deficiency and the devel-
opment of obesity is clearly understood. Although
less than 1% of our sample suffered from Cushing
syndrome, up to 7.3% were found to be taking glu-
cocorticoids. Glucocorticoids raise the fatty acid con-
tent in circulation through hydrolysis of circulating
triglycerides, increasing their availability for ectopic
fat deposition on liver, muscle, and central adipocytes.
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They also promote preadipocyte conversion to mature
adipocytes, causing hyperplasia of the adipose tissue,
and express an acute anti-lipolytic effect on the ma-
ture adipocytes.

Vitamin D Deficiency

It is postulated that activated vitamin D (1,25-Di-
hydroxycholecalciferol) may play a role in the mobili-
sation of free fatty acids from adipose tissue as well as
in the metabolism of adipocytes. However, the exact
mechanism by which this occurs remains unclear (10).
A study in the United States demonstrated that in-
creases in Body Mass Index was associated with lower
levels of vitamin D (11). This is similar to the findings
of our study, in which 63% of our total sample was
diagnosed with vitamin D deficiency.

Precocious Puberty

Adipose tissue is not only a depot to store excess
energy in the form of fat, but also an endocrine organ
that secretes bioactive peptides known as adipokines,
which play an important role in the regulation of the
reproductive axis. Adipose tissue reserves can influ-
ence the timing of the onset of puberty and the abil-
ity to maintain reproductive function. This explains
why overweight and obese girls are shown to develop
breasts about a year earlier than their normal-weight
equivalents (12). A study carried by the University
of Bologna, Italy showed a higher prevalence of 17%
in precocious puberty within a population that was
highly prevalent (74%) in overweight/obesity when
compared to the control group, of which only 1.9% ex-
pressed precocious puberty. Additionally, isolated signs
of accelerated pubertal development such as thelarche,
pubic hair, and advanced bone age were present at a
prevalence of 41% (13). In this study, Precocious Pu-
berty was found at a prevalence of 10.6% of all over-

weight/obese children.
Syndromic Disorders
Syndromes are almost always considered in cases

of childhood obesity, especially when morbid and re-

sistant to diet and exercise. Obesity is a component of

several syndromic disorders, some of which are Prad-
er-Willi and Bardet-Biedl, both presenting with other
congenital manifestations alongside obesity. The prev-
alence of syndromic disorders as a cause for obesity in
this study was up to 8%, of which the most common
was Trisomy 21, found at a prevalence of 2.6% in our
sample of overweight/obese children. Weight gain in
this particular group is mostly attributed to the impli-
cations of this syndrome on a child’s capacity to carry
out a normal lifestyle. Physical characteristics such as
short stature and hypotonicity and health concerns like
congenital cardiac pathology all limit a child’s ability
to live with an activity level similar to his or her peers

(14).
Medical consequences

One study outlined an 8.5 fold increase in clini-
cally recognisable hypertension in adolescents who suf-
fered from obesity in comparison to lean adolescents
(15). This is in keeping with our findings, as we present
a significant direct relationship between an increase in
the BMI mean and the development of Hypertension
(p=0.001). Another cardiovascular risk factor found in
association with obesity is Insulin Independent Diabe-
tes Mellitus, which has become increasingly observed
in children, and was found at a prevalence of 3.3% in
our study. Obstructive Sleep Apnoea (OSA) is char-
acterised by a prolonged obstruction of the upper air-
way during sleep disturbing sleeping patterns and may
manifest with increased daytime sleepiness, hyperten-
sion, and neurobehavioural disturbances (16). Addi-
tionally, insuflicient sleep may in turn lead to weight
gain as proposed by one study, where it elaborated the
association with pathologically elevated levels of ghre-
lin and decreased levels of leptin augmenting the ap-
petite (17). OSA was found to be among 14.6% of the
population, with a significant relationship to obesity at
a p value of 0.0001.

Another similar relationship was found between
obesity and prevalence of Gastro-oesophageal reflux
disease (GERD) at a p value of 0.05, where it was
prevalent by 22%. A fatty infiltration of the liver in
absence of alcohol intake constitutes Non-Alcoholic
Fatty Liver Disease (NAFLD), which has become
the most common cause of cirrhosis in children of the
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Complications of Obesity
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Figure 3. Percentage of each complication among obese chil-
dren

United States in parallel to the increase in frequency of
obesity (2). Thankfully, it was among the lowest preva-
lence in our study at 2%. For further demonstration
please refer to Figure 3.

Psychosocial impact

A review that was conducted to investigate the re-
lationship between psychiatric health and obesity con-
cluded that overweight/obese children are more likely
to suffer from depression, anxiety, low self-esteem,
social withdrawal and behavioural abnormalities when
compared to their healthy weight peers (18). This is
strengthened by our findings of social withdrawal in
12% of the sample, and another 23.3% exhibiting ag-

gressive behaviour.

Conclusion

Environmental factors were found to be the most
predominant and most significant cause. The major-
ity of children were found to be leading a sedentary
lifestyle, following an unhealthy diet that is low in
nutritional value yet high in caloric content as well
as exhibit harmful dietary habits such skipping meals
and emotional eating, which were found as significant
contributors to the development of obesity. The most
prevalent consequence over all were psychosocial and
behavioural abnormalities, and among medical com-
plications, gastro-oesophageal reflux and obstructive
sleep apnoea were the most common. However, preco-

cious puberty, type 2 diabetes, and hypertension were
also found in obese children at a considerable rate.

Recommendation

Efforts should be directed at preventing child-
hood obesity by targeting modifiable causative factors
like physical activity and dietary habits in addition
to optimising nonmodifiable factors such as endo-
crinopathies. This can be done by raising community
health awareness of the serious complications resulting

from childhood obesity.
Study Limitations

The study included a small number of subjects,
only 151 children, and therefore cannot be used to
generalise conclusions but can be taken into consid-
eration when reviewing multiple studies from different
geographical areas.
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