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Abstract

Background: Significant linear trends indicate that rising adolescent obesity rates will increase the prevalence of meta-
bolic syndrome (MetS) and associated health risks. We aimed to initially determine the prevalence of MetS among ado-
lescents (aged 13-16 yr) with obesity in the South Al Batinah governorate in Oman (n=3404) based on data collected in
2024. Then to predict the risk factors of MetS criteria based on health-related fitness (HRF) components to identify the
most significant risk factors among them (n= 512, with BMlile% =95%).

Methods: A cross-sectional study was performed to determine the MetS prevalence. MetS criteria and HRF components
were measured to examine key risk factors. Then, the predictive value of HRF variables for MetS incidence was assessed
using multiple regression analysis.

Results: The descriptive results from screening adolescents with obesity indicated that 10.7% of them exhibited MetS.
A notable correlation between fast blood glucose (FBG) and cardiorespiratory fitness; CRF (1=0.28, P=0.001), waist
circumference; WC (r=0.39, P<0.0001), and BMI (r=0.46, P<0.0001) were revealed. There was a robust correlation
between blood pressure; BP and CRF (1=0.19, P=0.025), WC (+r=0.24, P=0.007), and BMI (r=0.43, P<0.0001). Multiple
regression analysis showed a significant model for the high FBG prediction using the HRF variables, while the models
predicted for BP were not significant.

Conclusion: Significant correlation between HRF level and MetS criteria revealed that field-based tests HRF compo-
nents, can be used to recognize MetS criteria among adolescents with obesity.

Keywords: Metabolic syndrome; Muscle strength; Cardiovascular fitness; Body mass index; Adolescent; Oman; Health-
related fitness

Introduction
One of the significant challenges of the 21* cen- Metabolic Syndrome (MetS), as a cluster of condi-
tury is non-communicable diseases (NCDs), the tions, significantly increase the burden of chronic

leading cause of global mortality. Among these,
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NCDs (1). It involves multiple risk factors associ-
ated with cardiovascular disease (CVD) and diabe-
tes. These factors include abnormal blood glucose,
elevated blood pressure, high triglyceride levels,
low high-density lipoprotein (HDL), cholesterol
levels, and obesity particularly, central adiposity in-
dicated by waist circumference. If an individual
has at least three out of these five risk factors, can
be diagnosed with MetS (2,3).

The International Diabetes Federation has re-
cently defined MetS in children and adolescents,
as having an increased waist circumference (ab-
dominal obesity) as a critical component, along
with two or more other criteria (clinical or labora-
tory), such as low HDL, cholesterol, high blood
pressure, elevated triglycerides, and high blood
glucose level (4).

Metabolic Syndrome (MetS) affects approximately
30% of the global population, significantly in-
creasing the risk of morbidity and mortality. In
Omanis adults, the prevalence of MetS is around
23.6% (5). There is an increase in the prevalence
of risk factors associated with the diagnosis of
MetS (6). Projections indicated that Oman in 2030
will be among first fifty countries with the highest
prevalence of obesity, with a thirty-three ranking
globally and among the first tenth countries in the
Middle East with the highest prevalence of obesity
in children aged 5-19 (7).

Similarly, hypertension and raised total cholesterol
prevalence in Oman were reported at 33% and
36%, respectively, which current trends suggest
substantial increases in the proportion of the pop-
ulation meeting MetS criteria, placing the popula-
tion at greater risk for chronic diseases and prem-
ature death (7). On the other hand, another factor
as an essential health indicator is health-related fit-
ness (HRF) level, which predicts morbidity and
mortality for cardiovascular, metabolic, and NCDs
in life (8). In addition, results of a study on Omani
primary school children aged (9-10) yr showed
that boys and girls with obesity had worse perfor-
mance than children of average weight in running,
agility, endurance and most physical fitness
measures, which indicates that they will be more
likely to develop NCDs in future (9).
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Improving health-related fitness components, in-
cluding cardiorespiratory fitness (CRF), muscle
strength (MS) and muscle endurance (ME), and
body composition, is a way to highlight health im-
provement (10). Therefore, we aimed to initially
evaluate the prevalence of MetS criteria among ad-
olescents (13-16 yr) with obesity in the South Al
Batinah governorate by measuring waist circum-
ference (WC), blood pressure (BP), and fast blood
glucose (FBG), secondly, to predict the most risk
factors of MetS based on health-related fitness
components (body composition, cardiorespiratory
fitness, muscular strength, muscular endurance,
and flexibility) among target population. This
study hopes to open a view to having better edu-
cational health programs for children and adoles-
cents with obesity in Oman.

Methods

Study design and sampling

This study took place in South Al Batinah Gover-
norate, Oman, with a population of 536,724
(2024). The target group was adolescents aged 13-
16 yr (N=12,056). Using multi-stage cluster sam-
pling, 512 students with obesity were selected
from 3,404 adolescents in eleven second-cycle
schools. Participants were chosen based on a BMI
percentile of 95% or greater. Exclusion criteria
were genetic disorders, medical conditions, or cut-
rent medication use (11). Subsequently, 135 ado-
lescents with high WC and BMI%ile =95 were
screened for MetS criteria and the high-risk factors
based on HRF components measurements.

MetS Criteria

BP was measured using standard method. Blood
pressures were measured in sitting position after a
5-min rest. Each participant had 3 measurements
of blood pressure recorded at 1-min intervals; the
average of all readings was used for analysis. FBG
level was collected after a 12-hour fast on morning
time. The healthcare professionals performed
samples’ analysis, using standard enzymatic meth-
ods (12). A direct measurement method with an
automatic analyzer (LABOSPECTO008, Hitachi
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High-Technologies Corporation, Japan) was used
to measure high-density lipoprotein cholesterol

(13).

Health-related Fitness Components

First, BMI was calculated by dividing body mass
(kg) by height in meters squared (m”. CRF was
evaluated using the 20-meter Shuttle Run test
(Beep Shuttle Advanced Rev:3.2) program. The
Beep Shuttle program was used to estimate VOamay
(ml/kg/min) (14), Muscular endurance (ab-
dominal) or core strength was assessed using the
Curl-ups test (13). Flexibility in the back was as-
sessed by the sit-and-reach test. Muscle strength
(upper extremity) was assessed using the hand grip
strength test with a Smedley-type handheld dyna-
mometer (Takei models TKK 5410, measured to
the nearest 0.1 kg) (13).

Statistical analysis

Descriptive statistics, including means, standard
deviation (SD), and 95% confidence intervals
(95% CI) values used to determine the MetS prev-
alence. The normality tests (Kolmogorov-
Smirnov) followed a normal distribution (P>0.05).
Pearson correlation and multiple regression used
to predict the most risk factors of MetS based on
HRF components. Analyses were performed us-
ing IBM SPSS (v27) and GraphPad Prism (v9.0.1).
Group means were compared using an independ-
ent samples £test. The P-values less than 0.05 were
considered as significant.

Inclusion/ Exclusion Criteria
The participants of this study were selected from
the second-school students of South Al Batinah

Governorate, Oman, whose age were between the
13 and 16 yr old. All students with a BMI greater
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than the 95" percentile were included. However,
students with recent musculoskeletal injuries, ge-
netic disorders, medical conditions, or those cut-
rently using medication were not included in the
assessment. This approach ensures that the assess-
ment results are not influenced by factors unre-
lated to BMI. Meanwhile, the nutrition and physi-
cal activity level were not assessed in this study, as
the primary focus was on identifying predictive
risk factors of MetS based on health-related fitness
components.

FE'thical considerations

Ethics approval was obtained from the Ethics
Unit at Sultan Idris Education University
(UPSI/PPPI/PYK/ETIKAM)/2024-0262-01).

Results

MetS Prevalence

A multi-stage cluster sampling screened 512 stu-
dents with obesity (192 girls; 320 boys) from 3404
adolescents based on BMI%ile= 95%. Screening
by WC (280 cm for girls; 90 cm= for boys)
showed 135 adolescents (54 girls, 76 boys) in the
high WC category. Approximately 2/3 had the
high BP and FBG (Table S1). According to the In-
ternational Diabetes Federation, MetS in children
(10-16 yr) requires central adiposity (Z90™) and
two of the following: TG = 150 mg/dl, HDL < 40
mg/dl, systolic BP =130 mmHg or diastolic
BP = 85 mmHg, FBG = 100 mg/dl, or type 2 dia-
betes (15). Thus, 10.7% of obese adolescents (13-
16 yr) in South Al Batinah, Oman, had MetS (Fig.
1). Only 23% of adolescents with obesity who had
two tisk factors (BMI =95 percentile, high WC)
did not meet any MetS criteria (Table S2).

Available at:  http://ijph.tums.ac.ir



http://ijph.tums.ac.ir/

Salim et al.: The Prevalence and Predictive Risk Factors of Metabolic Syndrome ...

Suoth Albatina Omanis students
(13 - 16 yrs; N= 12056 students)

O

Second- cycle schools
(from 11 schools; N=3404 students)

Screening by:
High BMI > 95% (N =512)

Screening selected samples by:
High Waist circumference (N= 135)

M

Screening of further MetS criteria from N=135
High Blood pressure (N = 71)
High Fast blood glucose (N= 88)

<

MetS (High WC, High BP and High FBG
(N=155)

<

Prevelance of MetS (>2 criteria) in the South
Al Batinah governorate in Oman (10.7 %)

Fig. 1: The schematic presentation of MetS prevalence statistics

Table 1 shows the descriptive data (Mean = SD) HRF components analysis by independent sample
of MetS components (n=135) by gender. t-test showed significant differences (P<0.0001)
ANOVA showed no significant differences in between boys and girls (Fig. 2).

MetS criteria between boys and girls (P<0.05).
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Table 1: Descriptive Data of MetS ctitetia of the adolescents with obesity based on gender (Mean £ SD)

Gender No. of partici- Mean Difference
pants P-value
Total =135
Systolic BP (mmHg) Girl 57 135.96 11.32 0.43
Boy 78 134.59 8.65
Diastolic BP (mmHg) Gitl 57 84.46 6.95 0.36
Boy 78 85.67 7.68
FBG (mmol/L) Girl 57 5.83 0.80 0.44
Boy 78 571 0.96
50 *kkkk k¢ ok ok K % k% ok ok K = Girls
Ea Boys
40
a)
0 30-
S
S
@ 20+
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=
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Fig. 2: Comparison of HRF components based on gender (*** P-value <0.0001)

Predictive of MetS Risk factors Based on HRF
Demographic characteristics and the descriptive
data of HRF components and MetS criteria by
gender are shown in Tables S4- S6. Pearson anal-
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ysis (Table 2) revealed significant correlations be-
tween various HRF components (CRF, MS, ME,
flexibility) and MetS criteria (P<0.05). WC posi-
tively correlated with systolic BP (r=0.236), dias-
tolic BP (1=0.336), and FBG (r=0.391).

Available at:
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Table 2: The Pearson’s correlation coefficients between HRF components and MetS criteria (N=135)

First variable Second variable

WwC Systolic BP

(cm) Diastolic BP
FBG
CRF

Muscle strength

Muscular endurance

Flexibility
BMI
FBG Systolic BP
(mmHg) Diastolic BP
CRF

Muscle strength
Muscular endurance
Flexibility
Body composition
BMI
Systolic BP (mmol/L) CRF
Muscle strength
Muscular endurance
Flexibility
Body composition
BMI
Diastolic BP CRF
(mmol/L) Muscle strength
Muscular endurance
Flexibility
Body composition
BMI
Sig. *P<0.05; **P<0.01; ***P<(.001; ***P<0.0001

Pearson correlation (r) Sig.
P-value
0.236%** 0.007
0.336%** 0.000
0.391 %8k 0.000
0.062 0.484
0.449%**x 0.000
0.223* 0.011
-0.355%4+* 0.000
0.54 5%k 0.000
0.421 k% 0.000
0.299%x* 0.001
-0.283%+* 0.001
0.127 0.151
-0.079 0.369
-0.169 0.055
0.391 k% 0.000
0.458 00k 0.000
-0.193* 0.028
0.148 0.094
-0.138 0.118
-0.034 0.698
0.236** 0.007
0.432%%4% 0.000
-0.055 0.531
0.211* 0.016
-0.075 0.398
0.012 0.894
0.336*** 0.000
0.441%801% 0.000

Correlation study was performed based on Pearson model using IBM SPSS (v27)

FBG had the strongest correlation with BMI
(t=0.458) and a negative correlation with CRF, in-
dicating higher blood glucose is linked to lower fit-
ness levels. FBG also showed moderate positive
correlations with body composition, WC, and sys-
tolic BP, indicating higher body composition and
BP are associated with higher fasting glucose lev-
els, a sign of MetS. Muscle strength had a high pos-
itive correlation with MetS criteria (P<0.05), while
muscular endurance and flexibility did not show
significant correlations.
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Modeling HRF components on MetS risk

Linear regression analysis showed that HRF varia-
bles did not significantly predict MetS criteria, ex-
cept for FBG. The model in Equation 1 explains
26.5% of the variance in FBG levels (R* = 0.265).
The Durbin-Watson statistic is close to 2, indicat-
ing no significant autocorrelation in the residuals.
The ANOVA indicates the model significantly
predicts FBG levels (F (5, 124) = 8.938, P<0.001),
confirming a good fit. In this model (Eq. 1), BMI
has a positive coefficient (B=0.0606), showing that
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higher BMI increases FBG, while CRF has a neg-
ative coefficient (B= -0.055), indicating higher
CRF reduces FBG. CRF and BMI correlations are
significant (P<0.05). Collinearity statistics suggest
multicollinearity is not a concern.

Eq. 1:

FBG= 5 -0.055 CRF + 0.016 MS + 0.018 ME -
0.009 Flexibility + 0.066 BMI (R=0.515, p
<0.0001)

For blood pressure, Equations 2 and 3 were calcu-
lated for systolic and diastolic BP, respectively.
Although the models are statistically significant,
the constants and coefficients were not. These
models predicted BP with up to 33% precision (R*
= 0.33). Weight significantly affects systolic BP
(P<0.05).

Eq.2:

Systolic BP= 3.698 -0.035 CRF + 0.185 MS -
0.317 ME + 0.141 Flexibility + 0.25 Weight +
0.026 BMI -0.193 WC (R=0.515, <0.0001)

For diastolic BP, only flexibility and weight signif-
icantly affect diastolic BP (P<0.05), despite unex-
pected negative correlations between BMI, WC,
and diastolic BP.

Eq.3:

Diastolic BP= -128.035 +0.29 CRF + 0.138 MS
-0.322 ME + 0.203 Flexibility + 0.203 Weight -
0.2 BMI -0.058 WC (R=0.579, P<0.0001)

Discussion

The multi-stage cluster sampling in South Al Bati-
nah, Oman, found 10.7% prevalence of MetS in
adolescents aged 13-16. A Similar study among
714 in-school children in Oman found 12.3%
overweight, 16.3% obesity, and 21.4% central obe-
sity (16). A study in Brazil on overweight and
obese adolescents (10-19 yr) showed a 9.6% MetS
prevalence (17), comparable to our findings. A
systematic review reported MetS prevalence in ad-
olescents ranged from 2.9% in East Asia to 6.7%
in high-income English-speaking countries, while
9.8% in UAE (18), aligning with our study.

The correlation between HRF components and
MetS criteria revealed a positive association be-
tween WC and systolic/diastolic BP, FBG, muscle
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strength, muscular endurance, and BMI. An in-
verse relationship was found between WC and
flexibility, suggesting increased WC reduces flexi-
bility. Similar studies in Germany indicated that
greater BMI and WC were linked to higher pos-
tural SBP, though WC's impact lessened after ad-
justing for BMI. These results support the com-
plex interplay between these variables (19).

Our study found that FBG negatively correlates
with CRF, indicating that higher FBG levels are
linked to decreased CRF. Similar findings in adults
show low CRF is associated with early abnormal
glucose metabolism and insulin resistance, critical
factors in the development of MetS due to skeletal
muscle's role in glucose use (20). This may be re-
lated to reduce mitochondrial oxidative capacity,
leading to intramuscular lipid accumulation and in-
sulin resistance. As the largest insulin-responsive
tissue, skeletal muscle is crucial for glucose use,
and its insulin resistance is key to metabolic issues
related to obesity and inactivity, contributing to
MetS (21).

Both systolic and diastolic BP positively correlated
with WC and BMLI. Systolic BP also negatively cot-
relates with CRF, suggesting higher BP is linked to
lower fitness in this study. Endurance training
leads to reductions in systemic vascular resistance,
sympathetic nervous system activity, and plasma
renin activity. Therefore, reduction of BP and in-
sulin resistance, as well as, the improvement of
liver and kidney functions might be associated in
the improvement of CRF (22). In Brazil, CRF
moderates the relationship between body fat per-
centage and BP in children and adolescents (23).
Our study indicates CRF and ME reduce systolic
BP, thus lowering MetS risk, though this effect
was not seen for diastolic BP. Unexpectedly, WC
negatively affected both systolic and diastolic BP,
differing from studies in Iraqi adults (24), and
other populations where WC positively correlated
with BP (25-27).

Different correlations in our study may result from
selecting adolescents with obesity, high WC, and
BMI. While WC and BP show a clear positive as-
sociation in adults, this relationship is less con-
sistent in children, especially in younger and lower
socioeconomic groups. More research is needed to
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clarify WC's utility as a screening tool for elevated
BP in pediatric populations. The relevant study
highlighted that microvascular dysfunction associ-
ated with obesity is multifactorial and complex, in-
volving several interacting mechanisms (28). In
that a key contributing factor was the imbalance
between the vasodilatory action of nitric oxide and
the vasoconstrictive effect of endothelin-1.

In fact, the causes of microvascular dysfunction
related to obesity are intricate and involve various
factors. One factor contributing to this condition
is the disruption between the vasodilatory effects
of nitric oxide and the vasoconstrictive influence
of endothelin-1. Moreover, adipokines produced
by visceral fat are linked to the disruption of insu-
lin-mediated vasodilation and the elevation of
blood pressure (25). Additionally, both proinflam-
matory and anti-inflammatory adipokines have
been acknowledged for their roles in the onset of
microvascular dysfunction. These processes to-
gether likely play a significant role in the emer-
gence of microvascular dysfunction associated
with obesity. Understanding these diverse path-
ways is essential for creating targeted strategies to
reduce microvascular issues linked to obesity (28).
However, BP is primarily influenced by cardiovas-
cular factors like heart rate, blood volume, and at-
terial resistance, which do not significantly affect
muscle strength. Muscle strength and endurance
are influenced by muscle fiber composition, neural
activation, and metabolic pathways (206). Brazilian
studies show that children and adolescents with
low CRF and abdominal resistance have a higher
prevalence of metabolic risk (29), supporting our
findings.

Although a study finding revealed a significant
positive correlation between reduced flexibility
and metabolic syndrome in a community-based
geriatric population, in which the association re-
mained consistent even after adjusting for poten-
tial confounding factors such as age, gender, body
composition, and functionality measurements
(30), no association was found between flexibility
and metabolic risk in current study on adolescents.
On the other hand, the relationship between BMI
and flexibility, has been the subject of several stud-
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ies. Interestingly, non-significant results were con-
sistently found across multiple studies, aligning
with previous research indicating no significant
difference in hamstring and lower back flexibility
between obese and non-obese adults. Possible ex-
planations for this incongruity may include gender
and maturational state differences. Notably, re-
gardless of gender, the relationship between in-
person BMI and flexibility scores tended to be in-
verse. Consequently, it appears that a person's
body mass does not have a significant impact on
their flexibility (31).

The study underscores the importance of evaluat-
ing physical fitness, especially CRF and abdominal
resistance in managing and preventing MetS.
Overall, these findings highlight the importance of
addressing components of HRF in managing and
preventing MetS, emphasizing the need for com-
prehensive fitness programs that target muscle
strength, endurance, flexibility, and cardiorespira-
tory fitness.

Rather than valuable findings of the current study
powered in the randomized controlled cross-sec-
tional study on teenage students, it is imperative to
admit several limitations. The utilization of a
cross-sectional design restricts the ability to estab-
lish causal relationships due to the absence of lon-
gitudinal data. Furthermore, the absence of
chronic disease data in the survey may have influ-
enced the assessment of physical fitness. Addition-
ally, the findings are constrained to Omani’s ado-
lescents between 13-16 yr old, thereby limiting
their generalizability to other age groups and de-
mographic characteristics. Moreover, the study did
not explore variances within age groups. To ad-
dress these limitations, future research should
consider using a longitudinal design and include
participants from various age groups or specific
populations to provide a more thorough under-
standing of the topic.

Conclusion
During 2023-2024, 10.7% of adolescent students

with obesity in northern Oman, exhibited MetS.
Significant correlations were identified between
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MetS criteria and HRF components, particularly
muscle strength and blood pressure, though no in-
dividual correlation exceeded 50%. While multi-
regression analysis linked MetS with HRF compo-
nents, low R? values (<0.7) and high P-values
(>0.05) indicated limited precision. Overall, HRF
components are closely associated with MetS, sug-
gesting that enhancing HRF through targeted
physical activity could reduce MetS prevalence.
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