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Abstract

Background and Objectives: Metabolic syndrome is a constellation of several risk aspects that considered to be the leading cause of
cardiovascular disease and type 2 diabetes mellitus. Globally, the prevalence of metabolic syndrome was extremely high. As a result,
this study was initiated to clarify the prevalence of metabolic syndrome among young adult females aged between 18 to 25 years old

who were attending at Umm Al-Qura University.

Materials and Methods: A total of 120 participants was included in this cross-sectional study. The data was collected through
an online questionnaire regarding their demographic and socioeconomic states, lifestyle characteristics, menstrual cycle, and

measurement that necessary to identify metabolic syndrome.

Results: Out of 120 students 22.5% was classified as overweight,12.5% were obese. The total prevalence of metabolic syndrome
was 2.5% (n = 3). Metabolic syndrome was significantly associated with waist circumference (p-value = 0.005), total cholesterol
(p-value = 0.03), low-density lipoprotein (p-value = 0.02), fasting blood sugar (p-value = < 0.0001). where the most frequent
observed component of metabolic syndrome was high body mass index (25%), followed by hypertension (15.8%), low high-density
lipoprotein (7.5%), high fasting blood sugar (7.5%).

Conclusion: This study shows the prevalence of metabolic syndrome among female students at Umm Al- Qura University, which is
nearly 2.5%. This result is considered very low since only three participants have been diagnosed with this syndrome in our study

based on the national cholesterol education program - adult treatment panel I1I criteria.
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Introduction

Metabolic Syndrome (MetS), is considered as a global dilemma.
The International Diabetes Federation (IDF) states that nearly
25% of the worldwide population has MetS [1]. MetS is defined
as a cluster of multiple factors that may elevate the chance of
having Cardiovascular Diseases (CVD) and other health issues
such as Type 2 Diabetes Mellitus (T2DM) and Stroke [2]. During

2015, the morbidity rates of CVD and T2DM increased significantly
to three-fold and five-fold [1]. Furthermore, the presence of these
chronic diseases will lead to an increase in mortality’s conditions.
The initial discovery of MetS was in the twentieth century. In 1923,
MetS was firstly recognized by Kylin, who illustrated the following
health problems: high uric acid level, blood pressure and blood

glucose [3]. During 1988, MetS had renamed as syndrome X [4].
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Five studies were conducted in Saudi Arabia to estimate the
prevalence of MetS cases in different regions. In 2012, Bayameen.,
et al. (2018) have been assessed the prevalence of MetS among
the primary health care who works at King Fahad Armed Forces
Hospital in Jeddah. His study was focused on recruiting participants
from both genders with age 19 years and above. The used of both
NCEP-ATPIII and IDF criteria have shown that the prevalence
of MetS was around 40.6% [5]. However, the prevalence of MetS
based on the NCEP-ATPIII was 41.3% while it was 54.3% according
to IDF standards as shown in Table 1 [5]. Moreover, his study has
highlighted the correlation between MetS and age, obesity, and DM

[5].

Prevalence %
41.3%
54.3%

Metabolic Syndrome Criteria
NCEP-ATPIII
IDF

Table 1: Prevalence of metabolic syndrome using NCEP-ATPIII
and IDF standards adapted from [5].

Another study has been conducted by Al-Rubeaan., et al. (2018)
which aims to study the prevalence of MetS among men and
women in the 13 regions from 2007 to 2009. As in Bayameen., et
al. (2018) study, Al- Rubeaan,, et al. (2018) have also used NCEP-
ATPIII and IDF criteria to assess the included participants aged 18
and above. His research findings have highlighted the prevalence
of MetS based on NCEP-ATPIII standard was 39.8% (29.2% in
females and 34.4% in males), while the IDF standard was 31.6%
(35.4% in females and 45.0% in males). This means that MetS were
more observed among men and elderly [6]. Moreover, his research
has shown the predominant aspects of MetS were the low level of
HDL and abdominal obesity [6]. Moreover, his research has shown
the predominant aspects of MetS were the low level of HDL and

abdominal obesity.

A meta-analysis study has been conducted by Shin and Jee
(2020) to investigate the prevalence of MetS in GCCs between
2003 to 2019. His study has found that the pooled evaluation of the
prevalence rate of MetS in GCCs was 0.28. Moreover, the prevalence
of MetS in each country as following: 0.28% in Saudi Arabia, 0.39%
in the UAE, 0.22% in Kuwait, 0.25% in Oman and 0.26% in Qatar

[7].
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The prevalence of MetS has been investigated in Al-Dawadmi
and Shaqra Regions in Saudi Arabia by [8]. However, his study has
aimed to examine the correlation between the MetS and DM, heart
diseases and vitamin D deficiency among young males and females
adolescents aged 13 to 20 years old. The study’s findings have
shown that there is a strong relationship between these aspects
and MetS. Despite the participants’ age, nearly 50% of obese people
had observed to have DM and CVD [8].

In 2010, a cross-sectional study was conducted in Riyadh to
assess the prevalence of MetS among 2850 Saudi adult, aged 18-55
years old [9]. Therefore, the prevalence in this study was 35.5%

and the predominant factor was low HDL [9].

Since there are limited studies that considered the prevalence
of MetS in Makkah province. Besides that, there are limited studies
that focus on this issue among women in different age groups.
Therefore, this study will investigate the prevalence of MetS among
young adult females aged between 18-25 years old at Umm Al-

Qura University.

The chance to develop CVD and T2DM has increased specifically
with age and among those who are obese or inactive people. Thus,
this study aims to determine the prevalence of MetS components
using NCEP-ATPIII criteria among young adult females aged
between 18 to 25 years old who are attending at Umm Al-Qura

University.

Material and Methods
Subject and study design

A cross-sectional study was conducted at Umm Al-Qura
University, Mecca, Saudi Arabia, from November 2019 to April
2020. The sample population of this study was 120 female students
aged 18-25 years old, who were recruited consecutively following
their response to the study advertisement. In this study, pregnant

and lactation women were excluded.

Metabolic characteristics

Each participant in this study was informed to sign a consent
and was able to withdraw from the study. Participants were invited
to complete an online questionnaire regarding their demographic
characteristics, personal information, family income, educational

level, lifestyle characteristics, exercise, smoking, nutrition and
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menstrual cycle. BP was measured for all participant using
(Automatic digital blood Co, China). FBS was also determined
using (ACCU- CHEK Instant, India). Also, Waist Circumference (WC)
measured by using meter tape and Hight (cm) by (beams body
scale-detecto, USA). Moreover, In body 570 (Chungcheongnam-do,
Korea) was applied to assess several parameters including Weight
(Kg), Height (cm), Muscle Fat, Body Mass Index (BMI), Percent
Body Fat (PBF), Segmental Lean, Visceral Fat Level and Total Body
Water (TBW) (Liter).

Lab investigations

To determine the FBS, participants were instructed to fast
for at least 8 hours then 2.5ml of blood was collected in a plain
tube to evaluate serum total Cholesterol, TG, HDL, and Low-
Density Lipoprotein (LDL). All reagents and kits were supplied by
Human International Co. (Germany). The analysis was conducted
using the Fully Automated Humastar-200 (Human Diagnostics
International Co, Germany) according to the standard protocols

and manufacturer’s guidelines.

Statistical analysis

Statistical analysis was conducted on SPSS software version 25
(NY, USA). The Kolmogorov-Smirnov test for normality and Levene
test for homogeneity were performed for continuous data that were
expressed either as mean + standard deviation (SD) or median with
the interquartile range (IQR: 25" - 75 percentiles) depending on
data normality. Ordinal and discontinuous data were presented as
numbers and percentages, and cross-tabulation followed by Chi-
square (x2) test was used for frequency analysis. One-way ANOVA
or Kruskal- Wallis was used to compare more than two groups
according to data normality and, based on variance equality,
either Tukey’s HSD or Games-Howell post-hoc tests were applied
to compare between groups. P < 0.05 was considered statistically

significant.

Ethical approval

This study was approved by the research ethics committee at

the Faculty of Applied Medical Sciences, Umm Al-Qura University.

Results

A total of 120 female students participated in this study with the
Mean # SD of age 20.7 + 1.4 years, 55.5 * 14.8 for body weight (Kg)
and 156.4 * 15.6 for height (cm), as shown in Table 2.
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Characteristics Mean (x SD)
Age (years) 20.7+14
Systolic Pressure (mmHg) 120.2 £ 14.3
Diastolic Pressure (mmHg) 784 +9.1
Fasting Blood Sugar (mg/dL) 90.6 +8.9
Wight (Kg) 55.5+14.8
Height (cm) 156.4 £ 15.6
Body Mass Index (Kg/cm?) 22.6+5.8
Waist Circumference (cm) 75.6 £12.2
Triglyceride (mg/dL) 84.1+9.3
Total Cholesterol (mg/dL) 147.5+10.9
High-density lipoprotein (mg/dL) 56.1+5.2
Low-density lipoprotein (mg/dL) 89.2+10.6

Table 2: General characteristics and descriptive analysis of

metabolic syndrome.

Blood pressure

Nineteen students (15.8%) had hypertension among whom
10% (n = 12) were exclusively systolic hypertensive (> 140 mmHg),
3.3% (n = 4) were solely diastolic hypertensive (> 90 mmHg) and
the remaining 2.5% (n = 3) had simultaneous systolic and diastolic

hypertension, as shown in Figure 1.

Estimation of the blood pressure

12%

10%

8%

6%

4%

H =

0%
Systolic Diastolic Systolic Distolic
Hypertension — Hypertension — Hypertension

Figure 1: Estimation of the blood pressure.

Fasting blood sugar

Nine of the students (7.5%) had high FBS (109.9 + 7.6 mg/dL)
and the glucose levels were significantly higher than those who
were normoglycemic (89 + 7 mg/dL; P < 0.0001). The majority
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of the students with high FBS (n = 6; 5%) had normal BMI, were
normotensive (n = 7; 5.8%) and had normal WC (n = 8; 6.7%) as
well as all none of them had either low HDL or high TG levels, as

shown in Table 3.

Parameters Prevalence %

Normal BMI 5% 6
Normal BP 5.8% 7
Normal WC 6.7% 8

Table 3: Correlation between BMI, BP and WC in the participants
with high FBS (> 100mg/dl).

Keywords: Fasting blood sugar (FBS), Body mass index (BMI),

Wiaist circumference (WC), and Number (n).

Body composition

The majority of students (n = 63; 52.5%) were classified as
normal weight according to their BMI, whereas 27 students
(22.5%) were underweight, and the remaining 30 students were
equally classified as overweight or obese [n=15 (12.5%)/group],

as shown in Figure 2.

Participant's BMI distribution

® Normal Weight = Underweight

Overweight Obese

Figure 2: Participant’s BMI distribution.

Lipid profile

Nine of the students (7.5%) also had low serum concentrations
of HDL (< 50 mg/dL). While there was no significant difference in
the concentrations of TG between the low and normal HDL groups
(86.4 + 7.7 and 83.9 * 9.4 mg/dL, respectively), the LDL (105.2
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20.8vs.87.9 + 8.1 mg/dL; P = 0.02), total cholesterol (161.1 + 23.1
vs. 146.4 + 8.6 mg/dL; p = 0.03) and WC (97.4 + 18.7 vs. 73.8 + 9.7
cm; P = 0.005) were significantly higher in the low HDL group as

shown in Figure 3.

Mean +SD of serum concentrations of metabolic
parameters and WC in HDL low and normal

groups
200
150 I
100
‘o
0
Triglyceride Low Density Waist Cholesterole
(mg/dL) Lipoprotein Circumference  (mg/dL)
(mg/dL) (cm)

B Low HDL (mg/dL) Normal HDL (mg/dL)

Figure 3: Mean * SD of serum concentrations of metabolic

parameters and WC in HDL low and normal groups.

Overall prevalence of metabolic syndrome

The prevalence of MetS was low among the targeted population
and only three female students (2.5%) had three or more of the
NCPE-ATP III criteria.

Discussion
Metabolic syndrome association factors

Since the oil discovery in the last century, the financial state of
Saudi Arabia has flourished significantly [10]. As a result of this
development, the citizen’s socioeconomic status has been improved
as well as food availability [11]. Moreover, these changes have been
reflected on people’s lifestyle, their food preferences, and their
dietary patterns [12]. For instance, people have become physically
inactive and prefer to consume fast food (i.e. pizza, fried food, and
sweets) instead of fruits and vegetables. In order to mitigate this
shift, Saudi Arabia has developed a 2030 vision, which aims to
improve healthcare services and increase public health awareness
regarding their way of living [13]. Therefore, this study aimed to
determine the prevalence of MetS component among female aged
between 18-25 years who is attending at Umm Al-Qura University

to prevent metabolic disease complications.
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The range of MetS cases across the world is varied from less than
10% to nearly up to 84% [14,15]. For example, the prevalence of
MetS among adult women in Nepal was 22.5%, Brazilian university
students were 1.7%, the UAE was 6.8% [16-18]. This variation
may result from different factors such as people’s characteristics
(i.e. age, gender, and ethnicity) as well as their living environment
[14,15]. Moreover, the prevalence of MetS in this study was low
among the target population, and only three females with a
percentage of 2.5 had three or more of the NCEP-ATP III criteria.
The result of this study agreed with those of Abolfotouh, Al-Alwan.,
et al. (2012), which was conducted in Riyadh city in Saudi Arabia,
in terms of sample size, participant’s age, as well as the prevalence
of MetS was nearly 1.7% [19]. However, the prevalence of MetS
in King Saud University (KSU) in Riyadh city was high, which was
approximately 39% compared to our study [20].

This study indicates the most common factors of MetS which are
arranged as the following: high BMI (25%), hypertension (15.8%),
low HDL (7.5%), and high FBS (7.5%). However, the most popular
aspect in Jakarta was central obesity (84.1%), and in Brazil was
high TAG (23%) [17,21]. The majority of the participants, which
were approximately 84%, had normal BP. Meanwhile, only 16%
of them were diagnosed with hypertension. However, most of the
participants had systolic hypertension (3.3%). Furthermore, our
study highlights that there is a significant association between
HDL, total cholesterol, LDL, TG, WC levels, and MetS. On the other
hand, the participants who had normal HDL levels had lower levels
of total cholesterol, LDL, TG, and WC.

Metabolic syndrome from gene prospective

Considerable improvement has been made over the last decade
in recognition of hereditary risk factors that are related to several
traits of MetS [22]. According to the Genome-Wide Association
Study (GWAS), there is a relationship between genetic variants
and MetS components [23]. As a result, numerous mutations have
been discovered for particular traits [22]. In addition, genetic
studies, which include family and twin studies, were afforded the
initial proof for the heritability and co-occurrence of the metabolic
characters. Moreover, the heritability of each MetS trait may exceed
50% [22].

The Superoxide Dismutase 2 (SOD2) (rs4880) gene is found

on chromosome 625, and the most common Single Nucleotide
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Polymorphism (SNP) was in Alal6Val [24]. This changes the amino
acid at position 16 from valine (Val) to alanine (Ala) and may
develop CVD in diabetic women [24]. Also, another study shows
that in the SOD2 gene, the polymorphism of Alal6Val may be a risk
factor for diabetes among Japanese Americans [24,25]. Moreover,
one locus was found in the intron region of C50rf67 (rs3936511)
protein that closely correlated to T2DM, HDL, and TG levels [26].
In addition, the SNPs in the transcription factor 7-like 2 (TCF7L2)
(rs7903146) gene showed the strongest relation to T2DM among
the Saudi adult population [27].

The predominance of fatness has been developed promptly all
over the world [22]. Also, the total body mass of fat is determined
by calories from the consumption of nutrients and energy
expenses, which in turn are linked with genetic aspects [22]. As a
result, recognizing the obesity-responsible genes will play a crucial

role in MetS.

The link between Leptin (LEP) gene, which is produced by fatty
cells, and its receptor (LEPR) leads to the inhibition of the appetite
[28]. However, the presence of any mutation in LEP and its receptor
may directly link with the occurrence of obesity [22]. Furthermore,
changes in the Lipoprotein Lipase (LPL) gene not only directly
elevate TG level but also lead to an increase in the potential risk of
developing CVD [29].

Fat mass- and obesity-associated gene (FTO) promotes food
intake [28]. In addition, Melanocortin 4 Receptor gene (MC4R)
is bound with the alpha-melanocyte-stimulating hormone that
leading to stimulates appetite [28]. However, FTO (rs3751812)
and MC4R (rs571213) genes are the key SNPs correlated to
the risk of obesity among the UAE population [30]. Moreover,
another study shows that FTO (rs9939609 and rs17817449) gene
polymorphisms have a strong association with fatness among
the Brazilian population [30]. Also, the FTO (rs1558902 and
rs1421085) gene and Secretogranin III (SCG3) (rs3764220) gene
are related to subcutaneous fat and obesity [31]. On the other
hand, the myotubularin-related protein 9 (MTMR9) (rs2293855)
gene was associated with high BP and obesity [32].

In Saudi Arabia, one study shows that there are six genetic
variants correlated with increasing the risk of hypertension [33].

However, statistically, approximately four of them are related
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to hypertension. In Taiwan, there is a study conducted in 2017
shows that Actin Filament Associated Protein 1 like 2 (AFAP1L2)
(rs1106475) gene associated with Systolic Blood Pressure (SBP)
[34].

Recommendation

Firstly, it is recommended to increase the participants’ number
as well as include both genders. Also, the research should include
participants from the 13 managerial regions of Saudi Arabia to
provide relevant data about MetS. This will help to increase the
internal and external validity of the study. Finally, itis recommended
to perform health promotion sessions to the entire population to
emphasize the importance of having a healthy lifestyle on their
health.

Conclusion

To conclude this study, the prevalence of MetS is extremely low
among the targeted population. According to NCEP-ATPIII criteria,
only three students (2.5%) had three or more of the following
risk factors: abdominal obesity, hypertension, hyperglycemia, and
abnormal lipid profile (i.e. high LDL, TG, and Low HDL levels).
Consequently, the diagnosed students may have significant risks of

developing CVD and T2DM, which in turn may lead to stroke.

o o)

J
b 4 b 4
Approval of questionnaire.docx

Research Pproposal.

SCAN ME

A link containing the questionnaire of this study:

https://drive.google.com/open?id=1Ulc_wKm2n46IlqrwxFCYH-
8vNivnieisakPV HcdWHsDQQ
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