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ABSTRACT

Background: Diabetes is widely recognized as an emerging epidemic that has a growing influence on almost every
country, age group, and economy across the world. Children and adolescents have gained attention lately due
to the increasing prevalence of both types’ diabetes mellitus. Aim: To highlight the prevalence, risk factors, and
complications of both types of diabetes among Saudi children and to compare Saudi results to international results.
Methodology: This is a systematic review was carried out, including PubMed, Google Scholar, and EBSCO that
examining randomized controlled trials, observational, and experimental studies which study diabetes in children
and adolescent in Saudi Arabia. Results and Conclusion: Findings of previous studies indicate a growing prevalence
of TIDM and T2DM among children and adolescents. More attention should be paid to this catastrophe as risk
factors should be controlled as possible. Health education to mothers and caregivers of children and adolescents with
increased risk for developing diabetes mellitus should be done through health campaigns and conferences.
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INTRODUCTION

Genetic and environmental contributions lead to immune-mediated loss of beta-cell function resulting in hypergly-
cemia and life-long insulin dependence in children known as type 1 diabetes. Type 1 diabetes may be diagnosed at
nearly any age, though peaks in presentation occur between ages 5 to 7 and around puberty [1]. Type 2 diabetes mel-
litus is a metabolic disorder characterized by peripheral insulin resistance and a failure of beta cells to compensate,
leading to hyperglycemia [2]. Type 2 diabetes mellitus is estimated to occur in one in three (20% to 33%) of new
diagnoses of diabetes in children today. The rate of type 2 diabetes mellitus in children continues to rise even as the
obesity rates have plateaued in these age groups [3].

Factors contributing to insulin resistance include obesity/sedentary lifestyle, race/ethnicity, and family history. Puber-
ty is another important factor leading to the development of T2DM. A hyperglycemic clamp study showed that both
early and late responses to hyperglycemia were enhanced during puberty (leading to hyperinsulinemia). Childhood
obesity has more than doubled in children and quadrupled in adolescents in the past 30 years. A strong link between
obesity, insulin resistance, and metabolic syndrome has been reported. Bogalusa Heart Study showed that children
with parental DM had a higher Body Mass Index (BMI) and increased Systolic Blood Pressure (SBP) from childhood,
increased fasting insulin and glucose and insulin resistance index from puberty, increased Triglycerides (TGs), and
low-density lipoprotein, and decreased High-Density Lipoprotein (HDL) in adulthood [4-6].

DM is associated with serious complications, but the early diagnosis and initiation of therapy may prevent or delay
the onset of long-term complications [7]. Cataracts, retinopathy, gastroparesis, renal failure, hypertension, premature
coronary disease, peripheral vascular disease, neuropathy, and increased susceptibility to infections are complications
of diabetes in children [8].

Continuous Glucose Monitoring (CGM) has become more common in children and adolescents, and measures of
“time in range” and glucose variability are likely to be even more valuable than Hemoglobin Alc, although insurance
does not universally cover CGM and is not always desired by patients [9]. All patients and their families need com-
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prehensive education about the disease and its potential complications. Also, all diabetics should be referred to an oph-
thalmologist, nephrologist, cardiologist, and neurologist for baseline workup of their respective organ systems [10].

Aim of the Study

To highlight the prevalence, risk factors, and complications of both types of diabetes among Saudi children and to
compare Saudi results to international results.

METHODOLOGY

A systematic review was carried out, including PubMed, Google Scholar, and EBSCO using the following terms in
different combinations: diabetes in children and adolescents, childhood diabetes, diabetes in Saudi children, diabetes
in Saudi adolescents. We included all full texts randomized controlled trials, observational, and experimental studies
in the English language. The authors extracted the data, and then the author’s names, year and region of publication,
the study type, period of study, and the result were reported (Table 1).

Table 1 Author, country, year of publication, region, study type, objective, and outcomes

Author, Year, Region Study type, Objective Outcomes
A population-based study included 23 523 children Prevalence of type 1 diabetes was 10.84%, 0.45% type 2
Al-Rubeaan K. [11] to assess the prevalence of type 1 and type 2 diabetes age, male gender, obesity, urban residency, high
Saudi Arabia diabetes as well as Impaired Fasting Glucose (IFG) | family income, and presence of dyslipidemia were found to be
among children and adolescents. significant risk factors for diabetes.

The review summarizes the pediatric and adolescent| Prevalence of the disease and DKA incidence at diagnosis is

Ageel A. Alageel [12] | diabetes studies in Saudi Arabia to date and explores| hugely variable in each region. There is a lack of screening
Saudi Arabia the country-specific treatment challenges and programs and programs to increase awareness of T1D, and a
potential solutions. lack of clinical trials and multicenter research collaboration.

35,000 children and adolescents in Saudi Arabia suffer from
T1DM, which makes Saudi Arabia ranked the 8" in terms of
numbers of TIDM patients and 4™ country in the world in terms
of the incidence rate (33.5 per 100,000 individuals) of TIDM.

Robert, Asirvatham Review article aimed to discuss different aspects of
Alwin, et al. [13] Saudi | T1DM in Saudi Arabia drawing on the published
Arabia literature currently available.

A systematic search of published literature that has
Ghandoora MM [14] | addressed T1DM in pediatrics and adolescents was
Saudi Arabia carried out to shed more lights on TIDM among
Pediatrics and Adolescent patients

The number of children with TIDM in KSA is 16,100 cases. The
incidence rate is growing by 3% yearly and Saudi Arabia ranked
as 5™ in incidence rate.

The total number of cases of type 1 DM in children under
Comment the age of 12 years was 22 with an estimated prevalence of
106.7/100,000.

The year 2012 had the highest incidence rate, with 59 children
A prospective study included 372 children to and adolescents affected at an incidence rate of 25.48/100000.

describe and compare the epidemiological criteria of|  Al-Baha region had the highest number of cases constituting

children with diabetes from 2007 to 2014. 37.7 % of cases. Diabetic ketoacidosis was the first presentation
and constituted 44.2% of cases.

Al-Mendalawi M [15]
Saudi Arabia

Alghamdi AH [16] Saudi
Arabia

A cross-sectional study was conducted involving
AlBuhairan F, et al. [17] | 315 adolescent to measure the health-related quality
Saudi Arabia of life among Saudi Arabian adolescents with
T1DM

Mean HRQoL score of 64.8, Female gender, and late adolescent
age were predictors of lower HRQoL for adolescents with
T1DM.

A cross-sectional study to estimate the prevalence | The prevalence of type I diabetes among the studied adolescent
Alanazi KM, et al. [18] of type I diabetes and to describe some related girls was 5.2% with the Mean (+ SD) age was 14.08 (+ 3.4).
Saudi Arabia characteristics of cases in a sample of adolescent | All diabetic girls were Saudi. Only 25% of the cases were using
primary and secondary school girls hormonal contraception.

Statistical Analysis

No software has been utilized to analyze the data. The data was extracted based on a specific form that contains
(Author’s name, publication year, country, methodology, and results). These data were reviewed by the group mem-
bers to determine the initial findings and the modalities of performing the surgical procedure. Double revision of each
member’s outcomes was applied to ensure validity and minimize the mistakes.
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RESULTS

The search of the mentioned databases returned a total of 107 studies that were included for title screening. 69 of
them were included for abstract screening, which leads to the exclusion of 56 articles. The remaining 13 publications
full-texts were reviewed. The full-text revision leads to the exclusion of 7 studies, and 6 were enrolled for final data
extraction (Table 1).

The included studies had different study designs.
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Figure 1 Flow chart representing the study design

Al-Rubeaan K concluded that diabetes and IFG are highly prevalent in this society with the majority of the patients
being unaware of their disease, which warrants urgent adoption of early detection, treatment, and prevention programs

[11].

Ageel A. Alageel reported that; the main challenges in treating children and adolescents with diabetes in Saudi Arabia
are a lack of patient and parent awareness of T1D and its complications, poor psychosocial support, limited resources
for school support, and poor self-management techniques [12].

Robert, Asirvatham Alwin, et al. considering the increasing prevalence of TIDM in Saudi Arabia, especially in infants
and young children, the research interventions need to be significantly improved [13]. Moreover, it is critical to de-
veloping appropriate management programs for controlling T1DM and allocating health resources appropriately for
this traumatic condition.

Ghandoora MM found that; the clinical presentation at diagnosis includes polydipsia, polyuria, and weight loss with a
high incidence of DKA [14]. TIDM is commonly associated with autoimmune thyroiditis and coeliac disease. T1DM
is associated also with disturbance of lung function, hepatopathy, and vitamin D deficiency among the T1DM popula-
tion.

Alghamdi AH reported that; diabetes in children is increasing significantly in recent years, requiring more detailed
analysis of its epidemiological factors to find out any significant correlations which may help in its prevention [16].
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AlBuhairan F, et al. findings emphasize the importance of an interdisciplinary, biopsychosocial, and family-centered
care approach to adolescents with a chronic disease [17].

DISCUSSION

Few community-based surveys are looking into the prevalence of type 1 and type 2 diabetes concurrently among
children and adolescents worldwide [19,20]. Internationally, more than 96,000 children and adolescents aged less
than 15 years develop T1DM each year, and 13%-80% of them present with DKA at the time of diagnosis [21,22]. A
nationwide Saudi Arabian survey reported that the prevalence rate identified was 109.5 per 100,000 children and ado-
lescents (highest in the central region (126 cases per 100,000; mostly urban) and lowest in the Eastern region (48 cases
per 100,000; mostly rural) of Saudi Arabia) [23]. Other studies’ estimates indicated the prevalence of 586,000 children
aged less than 15 years with TIDM worldwide, with the highest percentages in Europe and North America [21,24].
Al-Rubeaan, who conducted a study in Saudi Arabia reported that (77.2%) of cases of TIDM were documented in
urban rather than rural areas (22.7%) [11]. Another Saudi study reported that the incidence of TIDM in Saudi children
was 27.5 per 100,000 and 29 per 100,000, higher than several other countries [25,26].

Regarding risk factors; a study in Riyadh among children reported that 64% were overweight or obese, 34% had a sign
of insulin-resistance such as acanthosis nigricans, 57% were found to have a family history of DM, and only 52% were
shown to have positive pancreatic antibodies. Additionally, in follow-up, 46% of the patients were managed solely on
metformin. All of these factors are likely to indicate T2D or double diabetes [27]. Also; age > 13 years revealed a ma-
jor risk factor for abnormal glucose metabolism in a previous Taiwanese study. This could be supported by the grow-
ing evidence that puberty is associated with increased insulin resistance as proved by other epidemiological studies
when looking for hyperinsulinemia in pubertal-age adolescents [28]. A study screening for diabetes in 23,523 children
6-18 years of age from 2007 to 2009 confirmed that 0.07% were known to have T2D while 4.27% were established
incidentally to have diabetes based on fasting blood glucose >125 mg/dL which were likely to be T2D based on as-
sociated findings such as for overweight, family history, and signs of metabolic syndrome. The study was limited in
that enrolled participants might not have adhered to the instructions of strict overnight fasting for the diagnostic blood
glucose test [11]. Another study reported that the male gender was also found to be a significant risk factor for this age
group. This finding contradicts the observation in other ethnicities like Taiwanese, Native American, and Jamaican,
which could either be the result of the ethnicity effect or the significantly increased prevalence of obesity among males
in this cohort [29-31].

The most commonly reported complications are retinopathy, nephropathy, neuropathy, and cardiovascular disease.
The Diabetes Control and Complications Trial (DCCT) confirmed that diabetic patients on intensive insulin therapy
had better glycemic control and significantly lower complication rates than those on conventional therapy. Intensive
therapy reduced retinopathy by 76%, microalbuminuria by 39%, and neuropathy by 60% [32]. One study found
a 65.4% correlation between DKA and inadequate glycemic control and a 68.9% correlation between hypoglyce-
mia episodes and poor glycemic control. However, hypoglycemia decreased with higher HbAlc [33]. The highest
frequencies for DKA at the presentation of TIDM are seen in Saudi Arabia (44.9%) and the United Arab Emirates
(80%) [34,35]. A cross-sectional study in Jeddah of 228 children and adolescents with T1D showed the association
of dyslipidemia (8.3%) and microalbuminuria (16.2%) with poor glycemic control while retinopathy was not related
to HbAlc (4.4%) [36]. In Saudi Arabia, a study examined 218 adults with TIDM at a large center and found a 7.3%
prevalence of the celiac disease in them [37]. A study in Riyadh demonstrated lower academic performance in T1D
patients compared to healthy students and claimed that this was due to cognitive impairment secondary to DM, but
further studies are required to confirm this finding [38]. Other studies also reported a prevalence of the celiac disease
in patients with TIDM in Saudi Arabia to be 4.8%-11.3% [39]. A study of 103 adolescents with established T1D in one
center in Riyadh showed that 54.4% had one episode of DKA, 39.8% had two episodes, and 5.8% had three episodes
[40]. A study undertaken in different regions of Saudi Arabia reported that in the southern region 10.4%, in the central
region 11.3%, and western region 11.2% of patients with T1DM possess celiac disease [41]. A meta-analysis review
of data for 26,605 patients projected a worldwide prevalence of the biopsy-proven celiac disease among T1DM to be
6%. However, an extensive variation was noted as in France it was 1.6%, in USA 4.6%-7.0%, in Italy 3.6%-6.6%, in
Sweden 9%-9.7%, and in the United Kingdom 3.3%-4.0%. This variation could be attributed to the duration of the
disease and the age at diagnosis, in addition to genetic susceptibility [42].
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CONCLUSION

Findings of previous studies indicate a growing prevalence of TIDM and T2DM among children and adolescents.
More attention should be paid to this catastrophe as risk factors should be controlled as possible. Health education
to mothers and caregivers of children and adolescents with increased risk for developing diabetes mellitus should be
done through health campaigns and conferences. Physicians should also consider screening for this age group to early
diagnose and manage these patients to limit further complications.
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