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ABSTRACT

Background: Type 2 diabetes (T2D) is a growing health concern among adolescents, driven by rising obesity rates. Early
identification of prediabetes, particularly impaired fasting glucose (IFG), can guide interventions to reduce long-term risks.
Despite the global burden of diabetes, limited data exist on Saudi adolescents, a population experiencing high rates of obesity.
Objective: To determine the prevalence and associated factors for IFG in a representative sample of Saudi adolescents.
Methods: We conducted a cross-sectional analysis on a subgroup of participants from the national Jeeluna study (2011-2012),
which sampled adolescents aged 10-19 years from all 13 regions of Saudi Arabia. Anthropometric measurements, fasting plasma
glucose levels, and lifestyle data were collected. Dysglycemia (IFG or diabetes) was defined using American Diabetes Association
(ADA) criteria. A logistic regression analysis was conducted to identify factors associated with dysglycemia.

Results: The study included 5,421 participants (50.8% females; mean =+ SD age was 15.9 & 1.8 years). Prevalence of dysglycemia was 4.8%
(IFG: 4.1%; diabetes: 0.7%). Dysglycemia was more prevalent in obese adolescents (8.2%) compared to overweight (4.8%) and nonobese/
nonoverweight peers (4.1%), p <0.0001. Regional differences were noted with the highest prevalence in Mecca (6.1%). Compared with
nondysglycemic patients, those who were dysglycemic had higher proportion of individuals consuming fast food meals per week (p =
0.03), body mass index (BMI) (p <0.0001), tri-ponderal mass (TMI) (p <0.001), waist-to-height ratio (p =0.001) and systolic BP
(p <0.001) and lower triglycerides (p <0.0001). Factors independently associated with dysglycemia included systolic BP (OR =1.03;
95% CI 1.01-1.04, p <0.0001), triglyceride levels (OR =1.60; 95% CI 1.27-2.00, p <0.0001) and geographical region (Mecca OR =1.54,
95% CI 1.07-196, Riyadh OR =0.61,95% CI 0.42-0.89, p <0.001, compared with other regions combinedly).

Conclusion: Our study highlights the prevalence of dysglycemia (4.8%) among Saudi adolescents, particularly in those with
obesity. Risk factors included higher BMI and increased fast food consumption. Notably, regional differences were observed, with
Mecca reporting the highest prevalence. Our findings underscore the need for targeted interventions in obesity, focusing on
promoting healthy lifestyles and early screening for T2D in this vulnerable population.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
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1 | Introduction

Type 2 diabetes (T2D) is a growing health concern worldwide with
obesity, increased adiposity, and insulin resistance playing an
important role in its development [1]. While T2D was previously
considered a disease of adulthood, increasing rates of T2D are
occurring in older children and adolescents, paralleling the rise of
obesity rates in this population [2-4]. Increased adiposity, especially
central adiposity, leads to insulin resistance with ensuing hyperin-
sulinism to maintain normoglycemia [1, 5, 6]. However, with per-
sistent or worsening insulin resistance associated with b-cell
dysfunction, dysglycemia or impaired glucose tolerance develops
over time with the risk of further progression to diabetes [7-10].

Therefore, current guidelines suggest screening overweight or
obese children for prediabetes or T2D every 3 years using fasting
glucose levels, hemoglobin Alc or an oral glucose tolerance test
[11-13]. This allows for early identification and intervention to
mitigate the detrimental effects of abnormal glucose metabolism,
hyperinsulinism and insulin resistance. Measuring fasting glu-
cose levels is an easy and simple test, it requires one blood sam-
ple, and has a higher reproducibility compared to the oral glucose
tolerance test [14]. Evaluating for impaired fasting glucose (IFG)
by measuring a fasting plasma glucose level may help in identi-
fying adolescents with insulin resistance [15].

Saudi Arabia, like many other countries, suffers from high rates
of overweight and obesity in its population, with more than 50%
of the population being either overweight or obese [16]. Accord-
ing to the World Health Survey conducted in 2019 by the Saudi
Ministry of Health, the prevalence of overweight was 38% and the
prevalence of obesity was 20% [17]. Additionally, Saudi Arabia is
among the top five countries in the Middle East and North Africa
region with regards to the prevalence of diabetes, with a preva-
lence of 18.7% [18]. The Saudi population is mainly composed of
young adults with a median population age of 30 years, and
adolescents constitute a significant proportion of the Saudi pop-
ulation [19]. Studies that have evaluated the prevalence of over-
weight and obesity among Saudi children and adolescents have
reported prevalence rates that range between 20% and 30%
[20-22]. In view of the high rates of overweight and obesity,
evaluating the prevalence of pre-diabetes in Saudi adolescents
is essential to understand their risks and needs.

Jeeluna study was a national cross-sectional population-based
study conducted during 2011 and 2012 that focused on Saudi
adolescent needs and health status [23]. Enrolled participants
from the Jeeluna cohort were from all 13 regions of Saudi Arabia,
therefore, this cohort adequately represents the Saudi adolescent
population at the time of the study. As part of the Jeeluna study,
participants who consented to having a blood sample drawn,
were tested for metabolic markers including fasting plasma glu-
cose levels [23].

The aim of the current study is to determine the prevalence of
IFG in a subgroup of Jeeluna participants who had fasting
plasma glucose levels available. Additionally, we evaluate the
association of several risk factors and lifestyle habits with the
occurrence of IFG. The tri-ponderal mass index (TMI) has
recently emerged as an anthropometric measure to estimate adi-
posity in children and adolescents [24, 25]. TMI is calculated as
weight divided by height cubed and may offer a better reflection

of adiposity in the growing child, compared to the body mass
index (BMI). TMI correlates well with total adiposity measured
by dual-energy X-ray absorptiometry scans in older children and
adolescents [24, 25], and correlates well with waist-to-height
ratio, a surrogate marker of visceral adiposity [26, 27]. Given
the emerging role of TMI as a surrogate marker of adiposity in
the pediatric population, we included it among the risk factors
that we evaluated, in order to determine its association with IFG,
in addition the other traditional anthropometric markers such as
BMI and waist-to-height ratio.

We believe that understanding the prevalence of IFG and its
associated risk factors will allow early identification and inter-
vention in Saudi adolescents with an increased risk of developing
pre-diabetes.

2 | Materials and Methods

Our study includes a subgroup of adolescents that participated in
the national Jeeluna study, that was conducted during the years
2011 and 2012. Jeeluna was a population-based field study, that
included adolescents between the ages of 10 to 19 years who
attended intermediate and secondary schools from Saudi Ara-
bia’s 13 geographical regions. Its aim was to assess the needs of
Saudi adolescents, with a holistic focus on health and its biopsy-
chosocial factors.

2.1 | Study Design

Jeeluna is a cross-sectional study that employed a multi-stage, strat-
ified, cluster random sampling to recruit adolescents; the sampling
technique commensurates with student population per region and
district, gender, and grade level. The detailed methodology of the
Jeeluna study has been published previously [23, 28]. The Saudi
Ministry of Health provided a comprehensive list of all schools,
both public and private, which was used as a sampling frame. A
computer-based random sampling technique was used to select
schools and classes within the schools at random. Written informed
consent was obtained from students and their parents with an opt-
out option for drawing blood. The procedures of the study were all
in line with the standards of the Helsinki Declaration. Approval
was obtained from the Institutional Review Board and the Ethics
Committee at the King Abdullah International Medical Research
Center (KAIMRC), ethics approval number (RC08-092).

2.2 | Study Population

We included Saudi participants of Jeeluna who had a fasting
serum glucose result available, aged 10 years and above and still
enrolled in the school system. We excluded those who self-
reported having diabetes or any other chronic disease. We also
excluded participants with missing height or weight values.

2.3 | Data Collection

The main data components collected for the Jeeluna study com-
prised anthropometric measurements, self-administered ques-
tionnaires encompassing various domains, and blood samples
for those who consented for different laboratory measures.
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Detailed information regarding the collected data variables have
been previously published [23, 28].

2.4 | Demographics and Baseline Characteristics

Data regarding demographics, psycho-social factors, dietary
habits, physical activity, screen use, sleeping habits, and smoking
were captured by a self-administered questionnaire.

2.5 | Anthropometric Measurements

Weight was measured using an electronic scale (OmronSC100
digital scale, USA). Weight values were rounded to the nearest
tenth of a kilogram and height values were rounded to the near-
est 0.5cm. The BMI was calculated using by dividing the weight
in kilograms by the square of the height measured in meters. BMI
was then classified based on the Center for Disease Control and
Prevention (CDC) BMI charts for each gender [29, 30]. Partici-
pants were classified into 3 groups: underweight/normal if their
BMI was less than the 85th percentile for age and gender, over-
weight if their BMI was between the 85th and 95th percentile,
and obese if their BMI was above the 95th percentile.

The TMI, which has been described as a marker of adiposity in
adolescents [25], was calculated by dividing the weight in kilo-
grams by the height cubed measured in meters.

Waist-to-height ratio was calculated by dividing the waist cir-
cumference in centimeters by the height measured in cen-
timeters. A waist-to-height ratio of less than 0.5 was considered
as normal, while a ratio of 0.5 or greater was considered abnor-
mal and taken to reflect central adiposity [31, 32].

2.6 | Blood Pressure (BP)

An electronic BP measuring device was used (Omrin M2, Nether-
lands). Two BP readings were taken on the upper right arm, a few
minutes apart. The average systolic and diastolic BP were
captured.

2.7 | Laboratory Investigations

Participants who consented to blood samples had two samples
drawn. Samples were cooled and transported to the main hospital
laboratory. Serum gel separator tubes were used for chemistry
tests. They were left for an hour for a clot to form then underwent
centrifugation for 10-15min at 3000 rounds/min in order to
extract the serum. An automated chemistry analyzer (Architect
¢16000; Abbott, USA) performed the chemistry tests.

2.8 | Definitions of Glycemia

Based on the American Diabetes Association (ADA), IFG is
defined as a fasting glucose level of 5.6 to 6.9 mmol/L [33].
According to guidance from the World Health Organization
(WHO), IFG is defined as a fasting glucose level between 6.1
and 6.9 mmol/L [34]. Both ADA and WHO classify a fasting
plasma glucose level of 7mmol/L as diagnostic for diabetes mel-
litus [33, 34]. We defined dysglycemia as adolescents with either
IFG or fasting plasma glucose levels in the diabetes range. We
elected to implement the ADA criteria for the purpose of our

study, as they have a higher sensitivity for detecting IFG com-
pared to the WHO criteria, therefore allowing for earlier pick-up
and intervention. The use of the term dysglycemia will refer to
participants with IFG or fasting glucose levels in the diabetes
range, based on the ADA criteria, unless otherwise specified.

2.9 | Statistical Analysis

Continuous variables were initially tested for normality using the
Shapiro-Wilks test and were accordingly expressed as means
(SD) or medians (IQR) and compared using the t-test or non-
para-metric Mann—-Whitney test. Categorical variables were
expressed as frequencies (%) and compared using the y2 test.
Data were considered for imputation if their missing data were
20% or less. However, none of the included factors had more than
3% missing data. We conducted a binary logistic regression anal-
ysis to identify factors associated with dysglycemia using the
Complex Sample module of the IBM SPSS software (Version
28, IBM Corp, NY, USA) to adjust for complex sampling design.
The final multivariate model included significant factors found in
the univariate analysis. All tests were two-sided and a p-value <
0.05 was considered statistically significant.

3 | Results
3.1 | Baseline Characteristics of Study Participants

A total of 5421 participants were included in this study, out of
which 2753 participants (50.80%) were females. The mean age of
participants was 15.9 (£+1.8) years, with a median of 16 years
(interquartile range 14 to 17 years). Most participants were
between the ages of 14 and 17 years (n=3646, 67.30%), with
621 (11.50%) participants aged 10 to 13 years and 1154 (21.30%)
participants older than 18 years. Most of the participants were
from the Riyadh region, followed by the Mecca region. With
regards to BMI, there were 772 (14.20%) participants in the over-
weight category and 834 (15.40%) participants in the obese cate-
gory (Table 1).

3.2 | Prevalence of Dysglycemia Among the Study
Cohort

The prevalence of fasting glucose levels in the diabetes range
among all participants of the cohort was 0.7% (n = 38). The prev-
alence of IFG was variable based on the diagnostic criteria used.
When applying the ADA diagnostic criteria, the prevalence of
IFG was 4.1% (224/5421), compared to 0.9% (51/5421) when
using the WHO diagnostic criteria (Table 2). The overall preva-
lence of dysglycemia based on the ADA criteria was 4.8%
(262/5421).

With regards to the prevalence of dysglycemia by region, Mecca
region had the highest prevalence (82/1340, 6.10%), followed by
Riyadh region (61/1546, 4.0%). The prevalence of dysglycemia by
gender was slightly higher in males (134/2668, 5.0%) compared to
females (128/2753, 4.6%). The prevalence of dysglycemia was
higher in participants with obesity (68/834, 8.2%). (Table 3)

Based on BMI category (nonobese/nonoverweight, overweight,
obese), the prevalence of IFG was 4.1%, 4.8%, and 8.2%,
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TABLE 1 | Baseline characteristics of study participants.
Characteristics N (%)
Age (years)

10-13 621 (11.5)

14-17 3646 (67.3)

18 or older 1154 (21.3)
Gender

Female 2753 (50.8)

Male 2668 (49.2)
BMI category

Nonobese, nonoverweight 3811(70.3)

Overweight 772(14.2)

Obese 834(15.4)
Waist-to-height ratio

<0.5 3764 (69.9)

>0.5 1621(30.1)
Region

Riyadh region 1546 (28.5)

Mecca region 1340(24.7)

Other regions 2539(46.9)

Note: N, Number of dysglycemia cases.

respectively. (Table 3) When combining both overweight and
obese groups, the prevalence of IFG was 6.5% (105/1606).

3.3 | Characteristics of Adolescents With
Dysglycemia Compared to Those Without
Dysglycemia

Table 4 describes the characteristics of adolescents with dysgly-
cemia compared to adolescents with normal fasting glucose.
These include baseline characteristics, psychosocial factors
such as parents’ level of education, relationship with parents,
and academic performance, in addition to dietary habits, sleeping
habits, and physical activity.

Table 5 compares both groups of adolescents with regards to
anthropometric measures such as BMI and TMI, and with
regards to components of the metabolic syndrome such as
abdominal obesity as reflected by waist-to-height ratio, BP, and
lipid profile.

3.4 | Multivariate Analysis for Factors Associated
With Dysglycemia

The univariate logistic analysis for factors associated with dysgly-
cemia, diagnosed based on the ADA criteria, demonstrated a
significant association between anthropometric measures and
dysglycemia. There was a 3%—4% increased likelihood of dysgly-
cemia with increasing BMI and TMI values, and more than 6
folds with increasing waist-to-height ratio. However, these

TABLE 2 |
and WHO diagnostic criteria.

Distribution of adolescents glycemia status based on ADA

ADA WHO
Classification N (%) N (%)
Normal 5159 (95.2) 5332 (98.4)
Impaired fasting glucose 224 (4.1) 51 (0.9)
Diabetes 38 (0.7) 38 (0.7)
Total 5421(100) 5421 (100)

Note: N, Number of dysglycemia cases.
Abbreviations: ADA, American Diabetes Association; WHO, World
Health Organization.

TABLE 3 |
anthropometric characteristics.

Prevalence of dysglycemia by sociodemographic and

Prevalence

Characteristic Sample size N N (%)
Age category, years

10-13 years 621 36(5.8)

14-17 years 3646 174 (4.8)

>18 years 1154 52(4.5)
Gender

Female 2753 128 (4.6)

Male 2668 134(5.0)
BMI Category

Nonobese, 3811 157(4.1)

nonoverweight

Overweight 772 37(4.8)

Obese 834 68(8.2)
Waist-to-height ratio

<0.5 167 (4.4%) 3764

>0.5 95(5.9%) 1621
Region

Riyadh region 1546 61(4.0)

Mecca region 1340 82(6.1)

Other regions 2539 119 (4.7)

Note: N, Number of dysglycemia cases.

associations were no longer statistically significant in the multi-
variate model. We ran the multivariate logistic regression analy-
sis with BMI, TMI, and waist-to-height ratio as categorical
variables instead of continuous variables with similar results.

We then performed the multivariate logistic regression analysis
with dysglycemia, defined as per WHO diagnostic criteria, as the
dependent variable. There was a statistically significant increased
likelihood of dysglycemia with increasing BMI. However, the
association between TMI and waist-to-height ratio with dysgly-
cemia was not statistically significant.
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TABLE 4 | Characteristics of adolescents with dysglycemia compared to those without dysglycemia (categorical variables).

Characteristics Dysglycemia N (%) No dysglycemia N (%) P
Age category, years
10-13 36(13.7) 585(11.3) 0.460
14-17 174(66.4) 3472(67.3)
>18 52(19.8) 1102 (21.4)
Gender
Female 128(48.9) 2625 (50.9) 0.730
Male 134(51.1) 2534(49.0)
BMI category
Nonobese, nonoverweight 157(59.9) 3654(70.9) < 0.0001
Overweight 37(14.1) 735(14.3)
Obese 68 (26.0) 766 (14.9)
Waist-to-height ratio
<0.5 167(63.7) 3597(70.2) 0.026
>0.5 95(36.3) 1526(29.8)
Region
Riyadh 61(23.3) 1485(28.7) 0.023
Mecca 82(31.3) 1258 (24.4)
Other 119 (45.4) 2420 (46.9)
Psychosocial factors
Education level of father
Illiterate 19 (7.3) 323(6.4) 0.400
Elementary to secondary school 142 (54. 8%) 2645 (52.7)
education
Tertiary 64(24.7) 1473(29.4)
Unknown 34(13.1) 574(11.4)
Education level of mother
Tlliterate 26 (10.0) 768 (15.3) 0.135
Elementary to secondary school 146 (56.4) 2724 (54.3)
education
Tertiary 65 (25.1) 1128 (22.5)
Unknown 22 (8.5) 401 (8.0)
Monthly income
Low 66 (25.6) 1238 (24.8) 0.453
Average 40 (15.5) 650 (13.0)
High 48 (18.6) 862 (17.3)
Unknown 104 (40.3) 2242 (44.9)
Relationship with father
Good 226 (88.6) 5148 (83.8) 0.042
Not good 29 (11.4) 801 (16.2)
Relationship with mother
Good 245 (95.7) 4619 (92.6) 0.061
(Continues)
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TABLE 4 | (Continued)

Characteristics Dysglycemia N (%) No dysglycemia N (%) P
Not good 11 (4.3%) 370 (7.4%)

Academic performance

Good to excellent 239 (92.6) 4678 (93.2) 0.182

Not good 11 (4.3) 261 (5.2)

Unknown 8(3.1) 83 (1.7)

Dietary habits

Eating breakfast
Yes 193 (74.2) 3743 (74.2) 0.985
No 67 (25.8) 1303 (25.8)

Main meals per day
No main meal 7 (2.7) 167 (3.3) 0.815
1-2 109 (41.9) 2047 (40.7)
>3 144 (55.4) 2821 (56.0)

Snacks per day
No snack 21 (8.0) 421 (8.4) 0.726
1-2 182 (69.7) 3405 (67.6)
>3 58 (22.2) 1208 (24.0)

Fruits per day
Not daily 158 (60.8) 3258 (64.5) 0.434
1-2 75 (28.8) 1286 (25.5)
>3 27 (10.4) 508 (10.1)

Vegetables per day
Not daily 119 (45.6%) 2330 (46.1) 0.844
1-2 124 (47.5%) 2333 (46.2)
>3 18 (6.9%) 391 (7.7)

Carbonated beverages per day
Once or more per day 173 (66.3) 3064 (60.7) 0.070
No or not daily 88 (33.7) 1986 (39.3)

Energy drinks per day
Once or more day 62 (23.8) 1113 (22.1) 0.524
No or not daily 199 (76.2) 3929 (77.9)

Milk consumption per day
Once or more per day 122 (47.1) 2213 (44.1) 0.350
No or not daily 137 (52.9) 2800 (55.9)

Fast food meals days per week
None 68 (26.4) 1043 (20.8) 0.034
1-2 102 (39.5) 2353 (47.0)
>3 88 (34.1) 1610 (32.2)

Currently on a diet for weight loss
Yes 42 (16.3) 718 (14.5) 0.428

(Continues)
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TABLE 4 | (Continued)
Characteristics Dysglycemia N (%) No dysglycemia N (%) P
No 216 (83.7) 4236 (85.5)
Previously on a diet for weight loss
Yes 79 (30.5) 1246 (25.1) 0.054
No 180 (69.5) 3709 (74.9)
Activities
Days of exercising 30 min or more during the previous week
None 118 (45.4) 2303 (46.0) 0.738
1-2 75 (28.8) 1342 (26.8)
>3 67 (25.8) 1365 (27.2)
Physical activity at school
Yes 80 (41.0) 1702 (43.5) 0.501
No 115 (59.0) 2213 (56.5)
Daily hours spent watching TV
<1 102 (39.2) 1623 (32.4) 0.022
>1 158 (60.8) 3390 (67.6)
Daily hours spent playing video games
<1 189 (72.4) 3853 (76.4) 0.140
>1 72 (27.6) 1190 (23.6)
Sleeping habits
Weeknight sleep hours
<8 148 (57.8) 2899 (58.1) 0.937
>8 108 (42.2) 2094 (41.9)
Weekend sleep hours
<8 110 (43.5) 2088 (41.7) 0.580
>8 143 (56.5) 2917 (58.3)
Afternoon nap days per week
<2 108 (42.4) 1976 (39.5) 0.359
>3 days or more 147 (57.6) 3030 (60.0)
Smoking
Yes 51 (19.7) 885 (17.6) 0.391
No 208 (80.3) 4142 (82.4)

Note: N, Number of dysglycemia cases.
Abbreviation: BMI, body mass index.

Of note, we calculated the variance inflation factor and correlation
matrix to investigate the multicollinearity of BMI, TMI and waist-
to-height ratio. None of these tests were statistically significant.

In the multivariate logistic regression analysis model, factors inde-
pendently associated with dysglycemia included systolic BP [odds
ratio (OR)=1.03; 95%CI 1.01-1.04, p <0.0001], triglyceride levels
(OR=1.60;95%CI 1.27-2.00, p <0.0001), and geographical region
(Mecca OR=1.54, 95%CI 1.07-196, Riyadh OR=0.61,95%CI
0.42-0.89, p <0.001, compared with other regions combinedly)
(Table 6).

4 | Discussion

Based on the results of this subgroup analysis of 5421 adolescents
of the Jeeluna cohort, the prevalence of abnormal glucose metab-
olism in Saudi adolescents was 4.8%; 4.1% had fasting plasma
glucose levels falling within the IFG category and 0.7% had fast-
ing plasma glucose levels within the diabetes range. The preva-
lence of dysglycemia was similar in both genders, and as
expected, dysglycemia was most prevalent among obese adoles-
cents (8.2%). Systolic BP and triglyceride levels were both associ-
ated with dysglycemia.
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TABLE 5 |

Characteristics of adolescents with dysglycemia compared to those without dysglycemia (continuous variables).

No dysglycemia

Dysglycemia
Characteristics Median (IQR) Median (IQR) p
Age (years) 16.00 16.00 0.281
(14.00-17.00) (14.00-17.00)
BMI (kg/m?) 22.62 21.34 < 0.0001
(18.66-27.80) (18.44-25.32)
TMI (kg/m®) 14.2 13.4 < 0.0001
(11.8-17.6) (11.6-15.9)
Waist-to-height ratio 0.46 0.45 0.001
(0.41-0.54) (0.40-0.51)
Systolic BP (mmHg) 124 120 < 0.0001
(116-132) (112-128)
Diastolic BP (mmHg) 70 69 0.352
(64-76) (63-76)
LDL-C (mmol/L) 2.38 2.41 0.845
(1.99-2.77) (2.04-2.83)
HDL-C (mmol/L) 1.25 1.27 0.282
(1.08-1.44) (1.11-1.47)
Triglycerides (mmol/L) 0.82 0.77 < 0.0001
(0.62-1.26) (0.60-1.03)

Abbreviations: BMI, body mass index; BP, blood pressure; HDL-C, high-density lipoprotein; IQR, interquartile range; LDL-C, low-density lipoprotein; SD,

standard deviation; TMI, tri-ponderal mass index.

TABLE 6 | Univariate and multivariate logistic regression analysis for factors associated with dysglycemia.
Univariate analysis Multivariate analysis

Factor OR (95% CI) p-Value OR (95% CI) p-Value
BMI 1.03 (1.02-1.05) <0.0001 0.99 (0.93-1.08) 0.981
TMI 1.04 (1.01-1.06) 0.002 1.02 (0.91-1.13) 0.821
Waist-to-height ratio 6.25 (1.89-20.62) 0.003 1.38 (0.31-6.11) 0.671
Systolic blood pressure 1.03 (1.02-1.04) <0.0001 1.03 (1.01-1.04) <0.0001
Triglyceride (mmol/L) 1.77 (1.46-2.16) < 0.0001 1.60 (1.27-2.00) <0.0001
Geographical region — 0.024 — 0.001

Mecca 1.33 (0.99-1.77)
Riyadh 0.84 (0.61-1.15)
Other 1

— 1.45 (1.07-1.96) —
— 0.61 (0.42-0.89) —
_ 1 _

Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; TMI, tri-ponderal mass index.

The prevalence of dysglycemia was the highest among adoles-
cents from Mecca region, followed by Riyadh region. Both Mecca
and Riyadh regions are among the most populated regions in
Saudi Arabia. Additionally, Mecca, Jeddah, and Riyadh, Saudi
Arabia’s largest cities, are in these two regions. The higher prev-
alence observed in these areas may be attributed to greater
urbanization, which is often associated with more sedentary life-
styles and unhealthy dietary habits. Factors such as high traffic
congestion, reduced walkability, limited opportunities for physi-
cal activity, and easier access to fast food may contribute to the

elevated rates of glucose dysregulation among adolescents living
in these regions. Furthermore, the Mecca region is characterized
by a diverse mix of ethnicities and racial backgrounds, which
may contribute to varying genetic predispositions to insulin resis-
tance and glucose dysregulation.

The prevalence of prediabetes in adolescents and young adults
reported in different studies is variable, depending on the param-
eter used for the diagnosis of prediabetes such as fasting glucose
level, oral glucose tolerance test or HbAlc level. With regards to
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abnormal glucose metabolism based on fasting plasma glucose
levels specifically, the prevalence of IFG in our study is slightly
lower than the prevalence of IFG in Saudi children and adoles-
cents reported by Alrubeaan (4.1% vs 6.1%) [35]. The study con-
ducted by Alrubeaan was a population-based study that included
children and adolescents from across the 13 regions of Saudi
Arabia between the years 2007 and 2009 [35]. Based on data
from the National Health and Nutrition Examination Survey
that assessed 2606 adolescents in the United States between the
years 2005 and 2016, the prevalence of IFG in this population was
much higher, affecting 11.1% [36]. The reported prevalence of
IFG in other studies was variable, with a prevalence of up to
19% in a small study involving 192 aboriginal youth [37]. Inter-
estingly, a population-based cross-sectional study that involved
Chinese children and adolescents reported an overall prevalence
of 2.6% for IFG, but the prevalence of IFG differed between
ethnic groups [38]. The prevalence of IFG was the lowest in in
Kazakhs at 0.6%, despite having the highest prevalence of over-
weight/obesity at 40.8% [38]. The prevalence of IFG in the other
two ethnic groups, the Hans and the Uyghurs, were 4.6% and
3.3%, respectively, with overweight/obesity prevalence of 17.7%
in the Hans and 7.1% in the Uyghurs [38]. These results suggest
that ethnicity plays a significant role in insulin resistance and in
the predisposition to develop T2D.

When determining the prevalence of dysglycemia in overweight/
obese adolescents, we found that the prevalence of dysglycemia
was 6.5% in this group, with a prevalence of 8.2% in the obese
group and 4.8% in the overweight group. Several studies have
focused on the prevalence of IFG in the higher-risk adolescents
with overweight/obesity, with the reported prevalence of IFG
ranging from 3.2% to 6.9% [39-41]. In our study, dysglycemia
was associated with higher systolic BP readings and higher tri-
glyceride levels, both components of the metabolic syndrome
with insulin resistance as a common underlying contributing
factor. Similarly, IFG was associated with higher systolic BP
and higher triglycerides in a cross-sectional study that included
2150 Danish children and adolescents, where the prevalence of
IFG was 14.1% in overweight/obese participants and 4.3% in
those with normal weight [42].

Interestingly, anthropometric indices, which included BMI, TMI,
and waist-to-height ratio, lost significance in multivariate mod-
els. This finding may be explained by the influence of potential
confounders and by methodological factors. These indices are
highly interrelated and may exhibit multicollinearity, leading
to attenuation of their individual effects when entered simulta-
neously into the model. However, this explanation is less likely
since test of collinearity were not statistically significant. Other
metabolic and lifestyle variable, such as physical activity level,
dietary habits, and socioeconomic factors, may partially mediate
or confound the relationship between adiposity and dysglycemia.
It is also possible that the inclusion of overlapping measures of
body composition reduced the independent explanatory power of
each anthropometric index in predicting glucose dysregulation.

The prevalence of IFG in this subgroup of Saudi adolescents
varied based on the fasting plasma glucose cut-off level applied,
with a prevalence of 4.1% when applying ADA criteria and 0.9%
when applying WHO criteria. This variation in prevalence of IFG
is expected, as the fasting plasma glucose cut-off level used by the
WHO is higher than that used by the ADA. A cross-sectional,

nationwide registry study that included 32,907 and 2726 obese
children and adolescents from Germany and Sweden, respec-
tively, reported the prevalence of IFG according to ADA and
WHO criteria [43]. The prevalence of IFG in the German cohort
was 5.7% based on ADA criteria and 1.1% based on WHO criteria
[43]. In the Swedish cohort, the prevalence of IFG was 17.1% and
3.9%, according to ADA and WHO criteria, respectively [43].

The prevalence of IFG in a population may vary over time. The
Tehran Lipid and Glucose Study, a population-based study,
reported the prevalence of IFG between the years 1999 and
2005, and the years 2011 and 2014 at 7% and 16.6%, respectively,
[44]. This increase was accompanied by an increase in the preva-
lence of both central and general obesity [44]. Data from the
Korean National Health and Nutrition Examination Study also
demonstrated an increase in IFG prevalence among adolescents
[45]. The prevalence of IFG was 5.39% during the years 2007
through 2009 and increased to 11.66% during the years 2016
through 2018 [45]. Furthermore, in a cohort of 3980 middle
school students, IFG persisted or progressed to T2D in almost
half of the children with initial IFG over a 2-year follow up period
[46]. Moreover, adolescents with higher fasting plasma glucose
levels may be at higher risk of developing T2D as adults [47, 48].
Therefore, understanding the burden of IFG in an adolescent
population and monitoring its progression over time is of para-
mount importance. The prevalence of IFG in the adolescent pop-
ulation is an important factor to consider when designing policies
and allocating resources. Adolescent population data should
guide policymakers to develop strategies and programs that
will enhance adolescent health and well-being, by promoting
healthy dietary choices, encouraging physical activity, and limit-
ing easy access to calorie-dense foods and beverages and those
with high sugar content.

The major strength of our study is that it reports findings from a
representative sample of Saudi adolescents from all 13 regions of
the country. Participants from the Jeeluna cohort were selected
based on computer-generated random sampling in a multi-stage,
stratified, and cluster sampling manner, to ensure adequate
representation of the Saudi adolescent population. The student
population per district, region, and grade level were all consid-
ered. Additionally, students from both public and private schools
were included. Moreover, this sub analysis included a large sam-
ple size, consisting of more than 5400 adolescents. Over the last
decade, there has been a deterioration in healthy lifestyle habits.
Sedentary behavior and screen time have increased with the
widespread use of smartphones and social media. Easy access
to highly dense caloric food has also increased with the availabil-
ity of delivery applications and services. Additionally, during the
COVID-19 pandemic, there was an increased in the prevalence of
overweight and obesity in children and adolescents, with increas-
ing weight and BMI reported by various studies [49-51]. More-
over, the COVID-19 lockdowns may have led to the long-term
adoption of unhealthy dietary habits [52]. The Jeeluna study was
conducted during 2011 and 2012, prior to the application of the
previously mentioned practices. This may be considered as both a
strength, as our results reflect the rates of IFG during a time
where adolescents were “healthier,” and as a limitation, because
the generalizability of our findings to adolescents of the post-
pandemic era may be restricted. We suspect that the prevalence
of IFG in our population may have increased over the last decade
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secondary to the adoption of unhealthy lifestyle habits. Further
studies are needed to assess the current prevalence and contrib-
uting factors of IFG among Saudi adolescents, considering the
evolving lifestyle and environmental changes of the past decade.

Another limitation of our study lies within the limitations of
fasting plasma glucose levels as a test. While fasting plasma glu-
cose levels have reasonable agreement between visits [14], the
concordance rate of IFG in children and adolescents is low when
a fasting plasma glucose level is repeated [53]. Additionally, fast-
ing plasma glucose correlates weakly with HbAlc levels and 2-h
plasma glucose levels during an oral glucose tolerance test [54].
However, in youth with diabetes and clearly abnormal glucose
metabolism, fasting plasma glucose has good repetitiveness and
correlates well with HbAlc and with the 2-h post-prandial glu-
cose [53-55]. Another caveat to using fasting plasma glucose is
that it may miss adolescents with impaired glucose tolerance.
Brar et al. [56] evaluated the ability of fasting plasma glucose,
HbA1c levels and the combination of both to detect diabetes and
prediabetes in a group of obese adolescents. The sensitivity of
fasting plasma glucose to detect diabetes or prediabetes was
75% [56]. However, the combination of HbAlc and fasting
plasma glucose improved sensitivity to 95.8% [56]. Further
research is required to understand the best screening modality
to apply for the identification of abnormal glucose metabolism in
population-based screening of children and adolescents.

Our study’s cross-sectional design limits the ability to establish
causal relationships between lifestyle factors and IFG. While the
findings highlight important associations, longitudinal studies
are needed to track changes in glucose regulation over time
and to identify predictors of progression from normal glucose
levels to prediabetes and diabetes. Future epidemiological
research should aim to capture the full spectrum of glucose dys-
regulation to better inform prevention and intervention strategies
among Saudi adolescents.

5 | Conclusion

Our study highlights the prevalence of abnormal glucose metab-
olism in a large cohort of Saudi adolescents, which was 4.8%.
Abnormal glucose metabolism was associated with systolic BP
and triglyceride levels. IFG may be an early marker of insulin
resistance, therefore, understanding the prevalence of IFG and
identifying adolescents with IFG is essential to guide health poli-
cies and to develop appropriate health promotion programs
among this population.
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