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Abstract: The risk factors associated with metabolic syn-
drome (Met-S) including hypertension, hyperglycemia,
central obesity, and dyslipidemia are preventable, parti-
cularly at their early stage. There are limited data avail-
able on the association between Met-S and preventable
risk factors in young adults. We randomly selected 2,010
Saudis aged 18–30 years, who applied to be recruited in
military colleges. All the procedures followed the guide-
lines of International Diabetes Federation. The results
showed that out of 2,010 subjects, 4088 were affected
with Met-S. The commonest risk factors were high blood
sugar (63.6%), high systolic and diastolic blood pressures

(63.3 and 37.3%), and high body mass index (57.5%). The
prevalence of prediabetes and diabetes were 55.2 and
8.4%, respectively. Obesity, diabetes, hypertension, and
hypertriglyceridemia were significantly associated with
Met-S. The frequency of smoking was significantly linked
with the development of Met-S. The prevalence of Met-S
was found to be significantly higher in individuals with
sedentary lifestyle. In conclusion, the results of this study
clearly indicate that military recruits, who represent healthy
young adults, are also prone to Met-S. The findings of this
study will help in designing preventive measures as well as
public awareness programs for controlling the high preva-
lence of Met-S in young adults.
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1 Introduction

Metabolic syndrome (Met-S) is a major risk factor for car-
diovascular disease (CVD) [1] and type-2 diabetes [2].
This syndrome is defined as a cluster of risk factors that
typically include central obesity, elevated blood pressure
(BP), impaired glucose metabolism, and dyslipidemia.
In recent decades, marked socioeconomic developments
in health, education, environment, and lifestyle in many
developed countries have led to a decrease in communic-
able diseases, but an increase in chronic diseases of life-
style, such as obesity, diabetes, hypertension, and other
risk factors of CVD [3]. There are multiple risk factors
associated with CVD such as behavioral factors (smoking,
diet, physical activity [PA], alcohol consumption), physio-
logical factors (blood cholesterol, hypertension, blood glu-
cose, body mass index [BMI]), and metabolic disorders [4].
However, inadequate nutrient intake and low socioeco-
nomic status are also linked with an elevated CVD risk [5,6].

Although the primary manifestations of CVD are
common in older adults, they have also been detected
in young adulthood [7,8]. Therefore, it is important to
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identify CVD risk factors in young persons with metabolic
abnormalities with high risk of progression, as almost
50% of middle-aged men have abnormal glucose toler-
ance [9]. The obesity risk factors, such as unhealthy diet,
physical inactivity, and sedentary behavior have been
observed among adolescents; however, the association
of these factors with obesity is not yet completely char-
acterized [10,11]. Adolescents performing vigorous PA
tend to consume a healthier diet and fewer unhealthy
food items [11,12]. Healthy diet, active lifestyle as well
as better cardiorespiratory fitness in adolescence have been
associated with a reduced risk of CVD [13,14]. Lifestyle inter-
ventions including dietary modifications and increased
PA play a significant role in the treatment of the obesity
and related disorders such as impaired glucose intolerance,
type 2-diabetes, and hyperlipidemia [9,11]. Increased PA in
the intervention studies has resulted in beneficial changes in
body composition, by reducing the amount of total and vis-
ceral fats, without a significant weight loss [9,11]. Many ado-
lescents do not meet the health-related recommendations for
sufficient PA, and the decline in PA has been observed from
adolescence to young adulthood [15].

In fact, by identifying persons at risk of developing CVD
and supplying early health counseling and lifestyle inter-
ventions, it could be possible to prevent later detrimental
cardio-metabolic diseases. The unhealthy change in dietary
habits, a sedentary lifestyle, and consanguineous marriages
make the young Saudi population vulnerable to Met-S. The
influence of diet, PA, and BMI on the body composition of
adolescents and young adults has been studied previously
[8,9,11]. However, there are limited data about the role of
preventable risk factors for the development of Met-S in
young adults, particularly in military personnel. Therefore,
we investigated the status of Met-S in young Saudis enrolled
for military recruitment. We specifically studied the associa-
tion between Met-S and preventable risk factors including
the body weight, PA, smoking, and dietary habits.

2 Materials and methods

This study was conducted on a total of 2,010 young Saudi
men, aged 18–30 years, who applied for recruitment to
Saudi armed forces. The study was carried out at the health
facility of the selection centers and all the selected partici-
pants individually completed a consent form. Standardized
medical observations included physical examination as
well asmeasurements related toMet-S including BP, height,
body weight, and blood biochemistry (blood glucose and
lipid profile). The complete information of each participant

was filled in a specially designed questionnaire based on
the guidelines of the World Health Organization (WHO) [3].
The study protocol was approved (REC/523, dated 21/03/2017)
by Institutional Ethical Committee.

According to the International Diabetes Federation
(IDF) definition, subjects were considered to have Met-S
if they had central obesity (defined as waist circumference
>94 cm), plus two of the following four factors. Raised fasting
plasma glucose >100mg/dL (5.6mmol/L), or previously
diagnosed type-2 diabetes; systolic BP >130mm Hg or dia-
stolic BP >85mm Hg, or treatment of previously diagnosed
hypertension; high density lipoproteins (HDL) <40mg/dL
(1.0mmol/L) or specific treatment for this lipid abnormality;
and triglycerides (TGs) level >150mg/dL (1.7mmol/L) or spe-
cific treatment for this lipid abnormality.

Prehypertension was defined as systolic BP 120–139mm
Hgor diastolic BP 80–89mmHg.Hypertensionwas defined as
systolic BP ≥140mm Hg or diastolic BP ≥90mm Hg [16]. BMI
was classified according to the WHO adult BMI classification
as normal (18.50–24.99 kg/m2), overweight (≥25–29.99 kg/m2),
and obese (≥30kg/m2) (Global Database on Body Mass Index:
BMI classification [3]).

Blood samples from each recruitment center were
transported to Prince Sultan Military Medical City for bio-
chemical analysis. Blood samples were centrifuged at
1,500×g for 15 min, at 4°C, and sera were stored for ana-
lysis. Fasting blood sugar (FBS), total cholesterol, HDL,
and TGs were analyzed using a Hitachi 902 autoanalyzer
(Roche, Mannheim, Germany).

The data were analyzed by using the statistical package
for the social sciences (SPSS) statistical package version 14
(SPSS Chicago, IL). Mean and standard deviation were cal-
culated for parametric data, whereas categorical data were
represented by number and percentage. The chi-square test
and student t-test were used for comparison between the
Met-S and without Met-S groups. Analysis of covariance
with age-adjusted means was used to evaluate the asso-
ciation between Met-S component factors and different
parameters. A two-tailed P value <0.05 was considered
as statistically significant.

3 Results

3.1 Association between demography and
Met-S

The impact of demographic characteristics including age,
education, marital status, and monthly income on the
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development of Met-S is shown in Table 1. There was a
direct association between age and Met-S. Younger sub-
jects had significantly less frequency of Met-S as com-
pared to older subjects (P < 0.001). The prevalence of
Met-S was higher in subjects with primary education
than those with secondary education (P < 0.001). Married
subjects showed high frequency of Met-S as compared to
unmarried participants (P < 0.01). Subjects coming from
large families (>15 members) had significantly higher
prevalence of Met-S (P < 0.05). Monthly income did not
show any association with Met-S (Table 1).

3.2 Association between component factors
and Met-S

We also analyzed the association between Met-S and the
individual components that are used in the triplets of
diagnosing Met-S. There was a direct relationship between
bodyweight and Met-S. Individuals with the BMI <25 kg/m2

were free from Met-S, whereas overweight (40.26%) and
obese (42.87%) subjects showed significantly high inci-
dences of Met-S (Table 2). Subjects with hypertension also
had significantly high (P < 0.001) frequency of Met-S as
compared to subjects with normal BP. There was a direct
association between FBS and Met-S. The prevalence of
Met-S was highest in diabetic subjects (42.6%) followed
by prediabetics (32.34%) as compared to subjects with
normal FBS (7.79%; Figure 2). There was a direct correlation
between TGs andMet-S, whereas an inverse correlation was
observed between HDL and Met-S. Both these associations
were statistically significant (P < 0.001) and of the same
magnitude (Table 2).

3.3 Association between smoking habits
and Met-S

Out of total 2,010 participants, only 94 (4.67%)were smo-
kers. We observed a significant association between type

Table 1: Association between Met-S and demographic
characteristics

Demographic characteristics Met-S Total, N P value

Yes No

Age (years)
≤21 283 1,165 1,448 0.000
22–26 182 331 513
>26 23 26 49
Total 488 1,522 2,010

Education (years of study)
≤14 287 1,183 1,470 0.000
15–19 199 334 533
>19 2 5 7
Total 488 1,522 2,010

Marital status
Married 31 46 77 0.003
Single 457 1,475 1,932
Divorced 0 1 1
Total 488 1,522 2,010

Members in family <18 years
≤5 287 972 1,259 0.039
6–10 153 435 588
11–15 38 103 141
>15 10 12 22
Total 488 1,522 2,010

Monthly income (Riyals)
10,000 246 731 977 0.761
11,000–20,000 195 648 843
>20,000 33 104 137
Refused to answer 14 39 53
Total 488 1,522 2,010

Table 2: Association between Met-S and its individual component
factors in subjects using the common cut-off values

Component factors Met-S Total, N P value

Yes No

BMI (kg/m2)
≤18.4 (Underweight) 0 574 574 0.000
18.5–24.9 (Normal weight) 0 281 281
25.0–29.9 (Overweight) 91 135 226
≥30.0 (Obese) 397 532 929
Total 488 1,522 2,010

Systolic BP
≤129 (Normal) 40 674 714 0.000
≥130 (High) 448 848 1,296
Total 488 1,522 2,010

Diastolic BP
≤84 (Normal) 152 1,228 1,380 0.000
>84 (High) 336 294 630
Total 488 1,522 2,010

FBS (mg/dL)
<100 (Normal) 57 674 731 0.000
100.0–125.9 (Prediabetic) 359 751 1,110
≥126 (Diabetic) 72 97 169
Total 488 1,522 2,010

TGs (mg/dL)
≤149.0 (Normal) 282 1,340 1,622 0.000
>149.0 (High) 206 182 388
Total 488 1,522 2,010

HDL (mg/dL)
≤40.0 (Low) 127 108 235 0.000
>40.0 (Normal) 361 1,414 1,775
Total 488 1,522 2,010
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of tobacco and Met-S (Figure 1). Age at start of smoking
also played an important role in the progression of Met-S, as
the current smokers showed significantly high frequency of
Met-S. Previous history of smoking resulted in significantly
high frequency of Met-S (P = 0.005), whereas an early ces-
sation of smoking significantly reduced the incidence of

Met-S (P = 0.002). Although the use of smoke-less tobacco
(SLT) was not associated with Met-S, the rate of consuming
SLT showed a significant direct association with Met-S
(P = 0.001). Passive smoking was reported by 14% subjects;
however, there was no significant association between pas-
sive smoking and Met-S (Figure 1).

Figure 1: Association between Met-S and smoking habits or use of tobacco. Values are percentage frequency of Me-S in the same category.

344  Hamoud A. Al Shehri et al.



3.4 Association between dietary habits and
Met-S

Fruit and vegetable consumptions per se were not asso-
ciated (P = 0.411 for fruits and P = 0.435 for vegetables)
with the prevalence of Met-S in subjects (Table 3). Type of
cooking oil and eating fast foods were also not associated
with Met-S in young adults (Table 3).

3.5 Association between PA and Met-S

A simple query about PA (Yes or No) did not reveal any
association between PA and Met-S (P = 0.263; Table 4).
However, a categorical breakup of data about the prefer-
ences of subjects for footing or driving for various activ-
ities including work, prayer, shopping, or combination of

these activities showed significant association between
mode of PA and Met-S (Table 4).

3.6 Association between recreational
activity and Met-S

The participants who used to be involved in recreational
activity had significantly less frequency of Met-S (P = 0.042;
Figure 2). Those who were involved in rigorous inten-
sive sports showed significantly decreased occurrence
of Met-S (P < 0.001). Moreover, the time spent is rig-
orous sporting activity also showed a significant asso-
ciation with Met-S (Figure 2). There was no significant
difference in the prevalence of Met-S among those
subjects who were involved in moderate physical
activity (MPA) compared to those who were not involved
in MPA (Figure 3). Even the regularity in MPA was not

Figure 2: Association between vigorous intensive sports and Met-S. Values are percentage frequency of Met-S in the same category.
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Table 3: Association of Met-S with feeding habits and nutrition

Feeding and nutrition Met-S Total, N

Yes No

P value

Do you eat fruits
Yes 410 1,287 1,697 0.411
No 78 235 313
Total 488 1,522 2,010

Fruits consumption (FC)/week
No fruit consumption/week 71 205 276 0.025
1.0–3.0 (Times/week) 277 974 1,251
4.0–6.0 (Times/week) 69 164 233
>6.0 (Times/week) 71 179 250
Total 488 1,522 2,010

FC/day
No fruit consumption/day 71 205 276 0.166
1.0–3.0 (Times/day) 414 1,306 1,720
4.0–6.0 (Times/day) 0 8 8
>6.0 (Times/day) 3 3 6
Total 488 1,522 2,010

Do you consume vegetables?
Yes 446 1,385 1,831 0.435
No 42 137 179
Total 488 1,522 2,010

Veg/week
No vegetable consumption 34 108 142 0.288
1.0–3.0 (Times/week) 161 541 702
4.0–6.0 (Times/week) 92 232 324
>6.0 (Times/week) 201 641 842
Total 488 1,522 2,010

Veg/day
No veg. consumption/day 42 137 179 0.992
1.0 (Once per day) 382 1,187 1,569
2.0 (Twice per day) 51 156 207
>2.0 (More times/day) 13 42 55
Total 488 1,522 2,010

Type of cooking oil
Non-user 9 38 47 0.108
Veg. oil 395 1,228 1,623
Veg. fat 0 10 10
Butter 2 0 2
Animal fat 5 6 11
Veg. oil and veg. fat 15 49 64
Veg. oil and butter 7 18 25
Veg. oil and animal fat 34 98 132
Veg. oil, veg. fat, and butter 0 3 3
Veg. oil, veg. fat, and anim. fat 2 9 11
Veg. oil, butter, and anim. fat 19 55 74
Veg. oil, veg. fat, butter, and anim. fat 0 8 8
Total 488 1,522 2,010

Eating fast food
Yes 420 1,313 1,733 0.481
No 68 209 277
Total 488 1,522 2,010

If yes eating-time?
Not eating fast food 68 209 277 0.562
Breakfast 19 43 62

(Continued)
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significantly associated with the incidence of Met-S
(Figure 3).

4 Discussion

Our results showed that demographic factors including
age, education level, marital status, and family size are
significantly associated with Met-S; however, monthly
income did not show any association with Met-S (Table 1).
All the component factors including BMI, BP, blood sugar,
TGs, and HDL showed highly significant (P < 0.001) asso-
ciation with Met-S (Table 2). A direct correlation of age with
Met-S has also been reported by previous investigators
[17,18]. Alexander et al. [19] reported that blood glucose,
diabetes and BP had a direct relationship with age and
BMI, and that prevalence of diabetes and hypertension
(components of Met-S) increased with age, which also
increased the incidence of Met-S. It has been shown that
alarming rates of some risk factors increase with age in
cases of diabetes, hypertension, and obesity, and they could
be attributed to uncontrolled hyperglycemia and reduced
PA in older individuals [8,20].

In our study on young adults, the prevalence of dia-
betes was found to be 8.40% (Table 2). According to 2014
data, more than 20% of the Saudi Arabian adult popula-
tion has diabetes while the total number of undiagnosed
cases of diabetes among adults is estimated to be more
than 1.5 million [21,22]. The projected trajectory for dia-
betes in Saudi Arabia is alarming, particularly among the

40–49 age group [21]. The increase in the incidence of
diabetes in Saudi Arabia has been attributed to changes
in cultural and socioeconomic factors, such as increase in
affluence, physical inactivity, and changes in dietary
habits with the substitution of animal products and
refined foods [23,24].

We also observed high prevalence of overweight
(11.24%) and obesity (46.21%) in our study population
(Table 2). The high rate of overweight and obesity among
adolescents is a major public health problem in Saudi
Arabia, and is growing at an alarming rate [25], which
is more prevalent in Saudi women than in men [26]. Even
high frequencies of overweight (15.5%) and obese (6%)
have been reported in Saudi schoolchildren [27]. A survey
conducted in 2015 among schoolchildren in Riyadh city
showed the overall prevalence of overweight and obesity
as 13.4 and 18.2%, respectively [28]. In a survey con-
ducted in 2013, the prevalence of obesity was higher
among Saudi women (33.5 versus 24.1%), and obesity
was strongly associated with diabetes, hypercholestero-
lemia, hypertension, marital status, and PA [29]. In a
later study, the overall prevalence of overweight and
obesity among adults visiting primary care settings in
the Southwestern Region of Saudi Arabia was found to
be 38.3 and 27.6%, respectively [30]. Mosli et al. [31]
observed that individuals in the highest income bracket
with lower levels of education have greater odds of
obesity. The prevalence of obesity among adults in Saudi
Arabia increased from 22% in 1990–1993 to 36% in 2005,
and future projections of the prevalence of adult obesity
in 2022 was estimated to be 41% in men and 78% in

Table 3: Continued

Feeding and nutrition Met-S Total, N

Yes No

P value

Lunch 32 71 103
Dinner 203 655 858
Breakfast and lunch 2 3 5
Breakfast and dinner 81 252 333
Lunch and dinner 59 213 272
Breakfast, lunch, and dinner 24 76 100
Total 488 1,522 2,010

Days/week
Not eating fast food 68 209 277 0.130
1–3 (Days/week) 270 792 1,062
4–6 (Days/week) 99 298 397
7 (Days/week) 51 223 274
Total 488 1,522 2,010
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women [32]. Thus, the prevalence of obesity found in our
study is comparable to earlier predictions. Military

recruits are now less physically fit and more massive,
with elevated body fat, highlighting the necessity for reg-
ular surveys, monitoring, and effective primary preven-
tion strategies [33]. Obesity is a progressively significant
public health problem and is considered a major risk
factor for diet-related chronic diseases including Met-S,
diabetes, hypertension, stroke, and certain forms of
cancer [34].

Although we did not observe a significant association
between intake of fruit and vegetables (F&V) and Met-S
(Table 3), it has shown beneficial effects on related ail-
ments. A study on 65,226 subjects found that daily eating
≥7 portions of F&V reduced the risk of death due to heart
disease by 31% [35]. The Physicians’Health Study, during
a follow-up of 12 years, reported 25% lower incidence of
coronary artery disease (CAD) in men who consumed >2.5
or more serving of vegetables daily, compared with those
who consumed less than one serving daily [36]. It has
been shown that diets high in fiber are significantly asso-
ciated with lower risks of CVD (stroke and CAD) [37].
Another large prospective cohort study of 84,251 women
in the Nurse’ Health Study and 42,148 men in the Health
Professionals Follow-up Study reported 30% lower risk of
CVD in people with high F&V intake (more than five ser-
ving daily) compared to those with low intake. For each
increase of one serving per day in F&V, a 4% lower risk of
coronary heart disease and 6% lower risk of ischemic
stroke were observed [38].

In this study, the mode of tobacco use was significantly
associated with Met-S (Figure 1). The global adult tobacco
survey showed that in nine Arab countries (Bahrain, Egypt,
Libya, Jordan, Kuwait, Lebanon, Palestine, Tunisia, and
Syria), the prevalence of daily tobacco use exceeds 30%
in men [39]. Water pipe smoking is increasing in young
Arabs with prevalence estimates between 6 and 34% in
age group of 13–15 years [40]. Azadbakht et al. [41] reported
that avoiding smoking and limiting alcohol could be bene-
ficial in reducing most of the metabolic risk factors in both
sexes. Cigarette smoking increases inflammation and throm-
bosis leading to oxidative stress manifestation, prothrom-
botic activity, platelet aggregation, leukocyte activation,
lipids peroxidation, and smooth muscle proliferation [42].
Nicotine affects the cardiovascular system by increasing sys-
tolic and diastolic BP, heart rate, and cardiac output [43].

We observed a significant role of PA in the develop-
ment of Met-S. A high prevalence (70%) of physical in-
activity has been reported in individuals from gulf countries
[39]. Potential influences on individual’s lifestyle were
affected by the economic transition in Saudi Arabia through
the contribution expedited by recent patterns in occupa-
tions that offered inadequate physical activities [8,44].

Table 4: Association between Met-S and PA

PA Met-S Total, N P value

Yes No

PA
Yes 433 1,377 1,810 0.263
No 55 145 200
Total 488 1,522 2,010

By foot
No footing 55 140 195 0.000
Work (footing) 5 16 21
Prayer (footing) 286 758 1,044
Shopping (footing) 6 19 25
Work and prayer (footing) 16 38 54
Work and shopping (footing) 0 5 5
Prayer and shopping
(footing)

88 462 550

Work, prayer, shopping
(footing)

32 84 116

Total 488 1,522 2,010
By car
Work (Driving) 84 351 435 0.026
Prayer (Driving) 9 16 25
Shopping (Driving) 120 298 418
Work and prayer (Driving) 2 3 5
Work and shopping (Driving) 173 574 747
Prayer and shopping
(Driving)

50 146 196

Work, prayer, shopping
(Driving)

50 134 184

Total 488 1,522 2,010
By foot/week
None 55 140 195 0.187
1–3 Days 5 20 25
4–6 Days 4 30 34
7 Days 424 1,332 1,756
Total 488 1,522 2,010

By car/week
Up to 3 days 19 63 82 0.523
4–6 Days 78 276 354
7 Days 391 1,183 1,574
Total 488 1,522 2,010

Time spent driving car/day in minutes
Up to 100min 227 731 958 0.160
101–200min 134 467 601
201–300min 89 228 317
>300min 38 96 134
Total 488 1,522 2,010

Time spent on foot/day in minutes
No footing period 55 140 195 0.293
<30min 282 883 1,165
31–60min 93 277 370
>60min 58 222 280
Total 488 1,522 2,010
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Physical inactivity is a predictor of CVD events and asso-
ciatedmortality. Sedentary lifestyle for a longer period leads
to Met-S and its components, such as increased adipose
tissue (predominantly central), reduced HDL cholesterol
and a trend towards increased TGs and glucose in geneti-
cally susceptible persons. Individuals who spendmore than
4 h/day watching television or videos or use their compu-
ters have a two-fold increased risk of Met-S compared to
those who spend less than 1 h [45].

It is important to note that many risk factors become
more damaging when they occur in combination with one
another. Most of these risk factors are avoidable and can
easily be managed by lifestyle changes. Modifiable risk
factors, including hypertension, smoking, diabetes, obe-
sity, dyslipedemia, stress, unhealthy diet, and physical
inactivity, are the major contributors to cardiovascular
morbidity and mortality. These risk factors rarely occur
alone, and instead tend to cluster in individuals [46]. The
prevalence of uncontrolled hyperglycemia was reported
to be high among Saudi diabetic patients while the associated
risk factors included older age, male gender, hypertension,
smoking, and obesity [47]. Moreover, uncontrolled hypergly-
cemia has also been directly associated with dyslipidemia

[48,49]. It has been demonstrated that five modifiable risk
factors such as cigarette smoking, overweight or obesity,
hypertension, diabetes, and dyslipidemia can be eliminated
by management [11]. The occurrence of multiple risk fac-
tors is more common, which increases the individual’s
risk of CVD from 4-fold with one risk factor to 60-fold
in the cluster of five risk factors [50]. The prevalence
of multimorbidity (two or more chronic conditions) is
increasing, due to growing incidence of chronic condi-
tions and increasing life expectancy [51]. The global
burden disease for risk profiles in Middle East and North
Africa stranded out these risk factors by order of priority:
high BP ranked as the first, followed by obesity, diabetes,
smoking, and dyslipidemia [52]. Met-S is progressive, and early
indications of disease are evident in adolescents and young
adults [53,54]. Some reports suggest that a large number of
adolescents already carry one or more risk factors for Met-S
[55,56]. Exposure toMet-S risk factors in childhood and adoles-
cence is associated with disease development in adulthood
[57,58]. Health risk behaviors tend to establish quite early
in life; identifying strategies that deter the adoption and
continuation of these health risk factors in younger adults
is essential for a long-term prevention of Met-S.

Figure 3: Association between MPA and Met-S. Values are percentage frequency of Met-S in the same category.
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In conclusion, Met-S is prevalent in young military
recruits, which is a matter of great concern. Several
demographic factors such as age, education, marital
status, and family size were significantly associated with
Met-S. The component factors of Met-S including BMI, BP,
blood sugar, TGs, and HDL showed highly significant asso-
ciation with Met-S. Most of these factors are preventable
and can be controlled by modifications in dietary habits
and PA. Although MPA was not very effective in reducing
Met-S, rigorous physical work and sport activities signifi-
cantly reduced the incidence of Met-S. These findings will
help in designing preventive measures as well as public
awareness programs for controlling the high prevalence of
Met-S in young adults.

Acknowledgements: The authors would like to thank all
the medical and paramedical staff associated with this
project for their excellent services. This project was
financially supported (Grant No. 14-MED59-63) by the
Advanced and Strategic Technologies program of King
Abdulaziz City for Science and Technology (KACST),
Saudi Arabia.

Author contributions: Conceptualization: H.A.A. and A.K.A;
data curation: H.A.A., G.B.H., A.A., A.A.A., S.G.K., S.A., and
F.S.M.; formal analysis: A.K.A., H.A.K., G.B.H., A.A., R.A.,
and N.M.O.; funding acquisition: H.A.A.; investigation:
H.A.A., A.K.A., G.B.H., A.A., A.A.A., S.G.K., S.A., and
F.S.M.; methodology: H.A.K., G.B.H., A.A., A.A.A., S.G.K.,
S.A., F.S.M., R.A., and N.M.O.; project administration:
H.A.A. and A.K.A.; resources: H.A.A., A.K.A., G.B.H., A.A.,
and A.A.A.; software: R.A. and N.M.O.; and writing– review
and editing: H.A.A., A.K.A., H.A.K., and N.M.O.

Conflict of interest: The authors declare that there are no
conflicts of interest in this work.

Data availability statement: Data requests should be
addressed to corresponding author.

References

[1] Isomaa B, Almgren P, Tuomi T, Forsen B, Lahti K, Nissen M,
et al. Cardiovascular morbidity and mortality associated with
the metabolic syndrome. Diab Care. 2001;24:683–9.

[2] Lorenzo C, Okoloise M, Williams K, Stern MP, Haffner SM. The
metabolic syndrome as predictor of type 2 diabetes: the San
Antonio heart study. Diab Care. 2003;26:3153–9.

[3] WHO, 2013. A Global Brief on Hypertension Silent Killer: Global
Public Health Crisis. World Health Organization; 2013.

Available from: http://www.who.int/cardiovascular_
diseases/publications/global_brief_hypertension/en.

[4] WHO, 2019. Prevention of cardiovascular disease. Guidelines
for assessment and management of cardiovascular risk.
Geneva: The Organization; 2004 [cited 2019 Sep 12]. Available
from: https://www.who.int/cardiovascular_diseases/
guidelines/Full%20text.pdf.

[5] Hilgenberg FE, Santos AS, Silveira EA, Cominetti C.
Cardiovascular risk factors and food consumption of cadets
from the Brazilian air force academy. Ciência Saúde Coletiva.
2016;21:1165–74.

[6] Pasiakos SM, Karl JP, Lutz LJ, Murphy NE, Margolis LM,
Rood JC, et al. Cardiometabolic risk in US army recruits
and the effects of basic combat training. PLoS One.
2012;7:e31222.

[7] Alzaabi A, AlKaabi J, Al Maskari F, Farhood AF, Ahmed LA.
Prevalence of diabetes and cardio-metabolic risk factors in
young men in the united Arab emirates: a cross sectional
national survey. Endocrinol Diab Metab. 2019;2:e00081.

[8] Gutierrez J, Alloubani A, Mari M, Alzaatreh M. Cardiovascular
disease risk factors: hypertension, diabetes mellitus and
obesity among Tabuk citizens in Saudi Arabia. Open Cardiovas
Med J. 2018;12:41–9.

[9] Al-Qawasmeh RH, Tayyem RF. Dietary and lifestyle risk factors
and metabolic syndrome: literature review. Curr Res Nutr Food
Sci Jour. 2018;6:594–608.

[10] Al-Hazzaa HM, Abahussain NA, Al-Sobayel HI, Qahwaji DM,
Musaiger AO. Physical activity, sedentary behaviors and
dietary habits among Saudi adolescents relative to age,
gender and region. Int J Behav Nurt Phys Act. 2011;8:140.

[11] Shahwan AJ, Abed Y, Desormais I, Magne J, Preux PM,
Aboyans V, et al. Epidemiology of coronary artery disease and
stroke and associated risk factors in Gaza community-
Palestine. PLoS One. 2019;14:e0211131.

[12] Borraccino A, Lemma P, Berchialla P, Cappello N, Inchley J,
Dalmasso P, et al. Italian HBSC 2010 Group. Unhealthy food
consumption in adolescence: role of sedentary behaviours and
modifiers in 11-, 13- and 15-year-old Italians. Eur J Public
Health. 2016;26:650–6.

[13] Cuenca-Garcia M, Ortega FB, Huybrechts J, Ruiz R, González-
Gross M, Ottevaere C, et al. Cardiorespiratory fitness and
dietary intake in European adolescents: the healthy lifestyle in
Europe by nutrition in adolescence study. Br J Nutr.
2012;107:1850–9.

[14] Alqarni SS. A review of prevalence of obesity in Saudi Arabia.
J Obes Eat Disord. 2016;2:2.

[15] Shennar-Golan V, Walter O. Physical activity intensity among
adolescents and association with parent–adolescent rela-
tionship and well-being. Am J Men Health. 2018;12:1530–40.

[16] Chobanian A, Bakris G, Black H, Cushman WC, Green LA,
Izzo Jr JL, et al. The seventh report of the joint national
committee on prevention, detection, evaluation, and
treatment of high blood pressure: the JNC 7 report. JAMA.
2003;290:97.

[17] Redon J, Cifkova R, Laurent S, Nilsson P, Narkiewicz K,
Erdine S, et al. The metabolic syndrome in hypertension:
European society of hypertension position statement. Sci
Counc Eur Soc Hypertens. 2008;26:1891–900.

[18] Sarah DF. Metabolic syndrome and associated factors among
out patients in kumasi metropolis. This dissertation is

350  Hamoud A. Al Shehri et al.

http://www.who.int/cardiovascular_diseases/publications/global_brief_hypertension/en
http://www.who.int/cardiovascular_diseases/publications/global_brief_hypertension/en
https://www.who.int/cardiovascular_diseases/guidelines/Full%20text.pdf
https://www.who.int/cardiovascular_diseases/guidelines/Full%20text.pdf


submitted to the University of Ghana, Legon in partial fulfill-
ment of the requirement for the award of master of public
health degree; 2017.

[19] Alexander MR, Madhur MS, Harrison DG, Dreisbach WA, Riaz K.
Hypertension: practice essentials, background and patho-
physiology. Medscape. 2017;8:29–35.

[20] Singh GM, Danaei G, Farzadfar F, Stevens GA, Woodward M,
Wormser D, et al. The age-specific quantitative effects of
metabolic risk factors on cardiovascular diseases and dia-
betes: a pooled analysis. PLoS One. 2013;8:e65174.

[21] International Diabetes Federation (IDF); 2015. Available from:
www.idf.org.

[22] Sherwani SI, Khan HA, Ekhzaimy A, Masood A, Sakharkar MK.
Significance of HbA1c test in diagnosis and prognosis of dia-
betic patients. Biomarker Insight. 2016;11:95–104.

[23] Amin TT, Al-Sultan AI, Ali A. Overweight and obesity and their
relation to dietary habits and socio-demographic characteris-
tics among male primary schoolchildren in Al-Hassa, Kingdom
of Saudi Arabia. Eur J Nutr. 2008;47:310–8.

[24] Al-Rubeaan K, Al-Manaa HA, Khoja TA, Ahmad NA, Al-
Sharqawi AH, Siddiqui K, et al. Epidemiology of abnormal
glucose metabolism in a country facing its epidemic: SAUDI-
DM study. J Diabetes. 2015;7:622–32.

[25] Habbab RM, Bhutta ZA. Prevalence and social determinants of
overweight and obesity in adolescents in Saudi Arabia: a
systematic review. Clin Obes. 2020;10:e12400.

[26] DeNicola E, Aburizaiza OS, Siddique A, Khwaja H,
Carpenter DO. Obesity and public health in the Kingdom of
Saudi Arabia. Rev Env Health. 2015;30:191–205.

[27] Alyousef SM, Alhamidi SA. Exploring the contributory factors
toward childhood obesity and being overweight in Saudi
Arabia and the gulf states. J Transcult Nurs. 2020;31:360–8.

[28] Al-Hussaini A, Bashir MS, Khormi M, AlTuraiki M, Alkhamis W,
Alrajhi M, et al. Overweight and obesity among Saudi children
and adolescents: where do we stand today? Saudi J
Gastroenterol. 2019;25:229–35.

[29] Memish ZA, El Bcheraoui C, Tuffaha M, Robinson M, Daoud F,
Jaber S, et al. Obesity and associated factors–Kingdom of
Saudi Arabia, 2013. Prev Chronic Dis. 2014;11:E174.

[30] Al-Qahtani AM. Prevalence and predictors of obesity and
overweight among adults visiting primary care settings in the
Southwestern region, Saudi Arabia. Biomed Res Int.
2019;2019:8073057.

[31] Mosli HH, Kutbi HA, Alhasan AH, Mosli RH. Understanding the
interrelationship between education, income, and obesity
among adults in Saudi Arabia. Obes Facts. 2020;13:77–85.

[32] Al-Quwaidhi AJ, Pearce MS, Critchley JA, Sobngwi E,
O’Flaherty M. Trends and future projections of the prevalence
of adult obesity in Saudi Arabia, 1992–2022. East Mediterr
Health J. 2014;20:589–95.

[33] Knapik JJ, Sharp MA, Darakjy S, Jones SB, Hauret KG, Jones BH,
et al. Temporal changes in the physical fitness of US Army
recruits. Sport Med. 2006;36:613–34.

[34] Grundy SM, Brewer HB Jr, Cleeman JI, Smith Jr SC, Lenfant C,
American Heart Association, et al. Definition of metabolic
syndrome: Report of the National Heart, Lung, and Blood
Institute/American Heart Association conference on scientific
issues related to definition. Circulation. 2004;109:433–8.

[35] Oyebode O, Gordon-Dseagu V, Walker A, Mindell JS. Fruit and
vegetable consumption and all-cause, cancer and CVD

mortality: analysis of Health Survey for England data. J Epid
Comm Health. 2014;68:856–62.

[36] Liu S, Lee IM, Ajani U, Cole SR, Buring JE, Manson JE, et al.
Intake of vegetables rich in carotenoids and risk of coronary
heart disease in men: the physicians’ health study. Int J
Epidemiol. 2001;30:130–5.

[37] Berciano S, Ordovás JM. Nutrition and cardiovascular health.
Rev Español Cardiol. 2014;67:738–47.

[38] Joshipura KJ, Ascherio A, Manson JE, Stampfer MJ, Rimm EB,
Speizer FE, et al. Fruit and vegetable intake in relation to risk of
ischemic stroke. JAMA. 1999;282:1233–9.

[39] Rahim HFA, Sibai A, Khader Y, Hwalla N, Fadhil I, Alsiyabi H,
et al. Non-communicable diseases in the Arab world. Lancet.
2014;383:356–67.

[40] Kheirallah KA, Alsulaiman JW, Mohammad HAS, Alzyoud S,
Veeranki SP, Ward KD. Waterpipe tobacco smoking
among Arab youth; a cross-country study. Ethn Dis.
2016;26:107–12.

[41] Azadbakht L, Mirmiran P, Azizi F. Dietary diversity score is
favorably associated with the metabolic syndrome in
Tehranian adults. Int J Obes. 2005;29:1361–7.

[42] Ambrose JA, Barua RS. The pathophysiology of cigarette
smoking and cardiovascular disease: an update. J Am Coll
Cardiol. 2004;43:1731–7.

[43] Filion KB, Luepker RV. Cigarette smoking and cardiovascular
disease: Lessons from Framingham. Glob Heart. 2013;8:35–41.

[44] El Bcheraoui C, Basulaiman M, Tuffaha M, Daoud F,
Robinson M, Jaber S, et al. Status of the diabetes epidemic in
the Kingdom of Saudi Arabia, 2013. Int J Public Health.
2014;59:1011–21.

[45] Alarabi F, Alswat KA. Lifestyle pattern assessment among
Taif university medical students. Brock J Educ.
2017;5:54–9.

[46] Meigs JB, D’Agostino RB, Wilson PW, Cupples LA, Nathan DM,
Singer DE. Risk variable clustering in the insulin resistance
syndrome. The Framingham offspring study. Diabetes.
1997;46:1594–600.

[47] Riaz F, Al Shaikh A, Anjum Q, Mudawi Alqahtani Y, Shahid S.
Factors related to the uncontrolled fasting blood sugar
among type 2 diabetic patients attending primary health
care center, Abha city, Saudi Arabia. Int J Clin Pract.
2021;75:e14168.

[48] Khan HA. Clinical significance of HbA1c as a marker of circu-
lating lipids in male and female type 2 diabetic patients.
Acta Diabetol. 2007;44:193–200.

[49] Khan HA, Sobki SH, Khan SA. Association between glycemic
control and serum lipids profile in type 2 diabetic patients:
HbA1c predicts dyslipidemia. Clin Exp Med. 2007;7:24–9.

[50] Wilson PW, Kannel WB, Silbershatz H, D’Agostino RB.
Clustering of metabolic factors and coronary heart disease.
Arch Intern Med. 1999;159:1104–9.

[51] Uijen AA, van de Lisdonk EH. Multimorbidity in primary care:
prevalence and trend over the last 20 years. Eur J Gen Pract.
2008;14:28–32.

[52] Forouzanfar MH, Afshin A, Alexander LT, Anderson HR,
Bhutta ZA, Biryukov S, et al. Global, regional, and national
comparative risk assessment of 79 behavioural, environ-
mental and occupational, and metabolic risks or clusters of
risks, 1990–2015: a systematic analysis for the Global Burden
of Disease Study 2015. Lancet. 2016;388:1659–724.

Preventable risk factors and metabolic syndrome  351

http://www.idf.org


[53] Bintoro BS, Fan YC, Chou CC, Chien KL, Bai CH. Metabolic
unhealthiness increases the likelihood of having metabolic
syndrome components in norm weight young adults. Int J Env
Res Pub Health. 2019;16:3258.

[54] Tobisch B, Blatniczky L, Barkai L. Cardiometabolic risk factors
and insulin resistance in obese children and adolescents:
relation to puberty. Pediatr Obes. 2013;10:37–44.

[55] Wang J, Perona JS, Schmidt-RioValle J, Chen Y, Jing J, González-
Jiménez E. Metabolic syndrome and its associated early-life
factors among Chinese and Spanish adolescents: a pilot
study. Nutrients. 2019;11:1568.

[56] Vaquero Alvarez M, Aparicio-Martinez P, Fonseca Pozo FJ, Valle
Alonso J, Blancas Sánchez IM, Romero-Saldaña MA. Sustainable
approach to the metabolic syndrome in children and its eco-
nomic burden. Int J Env Res Public Health. 2020;17:1891.

[57] Taha D, Ahmed O, Sadiq BB. The prevalence of metabolic
syndrome and cardiovascular risk factors in a group of obese
Saudi children and adolescents: a hospital-based study. Ann
Saudi Med. 2009;29:357–60.

[58] Hosseinpanah F, Asghari G, Barzin M, Ghareh S, Azizi F.
Adolescence metabolic syndrome or adiposity and early adult
metabolic syndrome. J Pediatr. 2013;163:1663–9.

352  Hamoud A. Al Shehri et al.


	1 Introduction
	2 Materials and methods
	3 Results
	3.1 Association between demography and Met-S
	3.2 Association between component factors and Met-S
	3.3 Association between smoking habits and Met-S
	3.4 Association between dietary habits and Met-S
	3.5 Association between PA and Met-S
	3.6 Association between recreational activity and Met-S

	4 Discussion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


