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Abstract
Introduction: Cardiovascular diseases have become more common in young
adults. Their emergence is due to the prevalence of cardiovascular risk factors.
The aim of this study is to determine the prevalence of cardiovascular risk
factors in a Tunisian young adult group. Material and methods: This is an
epidemiological study of 705 Tunisians volunteers, free from any cardiovascular pathology; who are recruited at the Military Hospital of Tunis. Besides
the classical cardiovascular risk factors (obesity, dyslipidemia, smoking, alcohol…), we evaluate the level of homocysteinemia and determined the C677T
mutation of the methylenetetrahydrofolate reductase (MTHFR) gene by
PCR-RFLP method. Results and conclusions: The mean age of our population is 28.25 ± 9.08 with a male majority (83.8%). We have 43.8% obese subject or overweight, 54.3% smokers and 12.9% alcoholics. The lipid profile
showed that 12.6% of the population had hypercholesterolemia and 39.5% had
hypoHDLemia, 7.9% had a high lipoprotein(a) concentration. In our study
population we found that 10.9% of subjects had an hs-CRP concentration
greater than 3 mg/L. Genotyping of the MTHFR gene revealed that 34% of
young adults had a mutated genome (CT). The results showed a significant
correlation between different factors, such as cholesterolemia and obesity. The
prevalence of these risk factors showed the severity of our young people’s
health status and imposes a change in the way of Tunisians life.
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1. Introduction
Cardiovascular disease (CVD) is the leading cause of mortality from chronic
DOI: 10.4236/jbm.2018.63001 Mar. 7, 2018
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disease. According to WHO data made in 2012, around 17.5 million deaths attributable to CVD. It is considered that 23.3 million people could die from cardiovascular events in 2030 [1]. The occurrence of CVD is mainly due to an increase in the prevalence of cardiovascular risk factors, such as smoking, sedentary lifestyle, diabetes, stress and changing dietary habits. In the recent years, the
mean age of CVD emergence has been decreased outstandingly. Indeed, the
prevalence of CVD continues to increase in young adults. In 2014, according to a
review published by Maaijwee N.A et al. [2], about 10% of all strokes occur in
people under the age of 50 years.
Since the last decades, Tunisia has gone through an epidemiological transition
phase, characterized by a decline in communicable diseases and a steady rise in
chronic diseases such as cancers, diabetes, respiratory diseases and especially
CVD [3]. Indeed, in 2014, 49% of total deaths are due to CVD [4]. The incidence
of these diseases is clearly increasing due to the aging of the Tunisian population
and exposure to certain risk factors such as smoking, hypertension, dyslipidemia
and obesity [3].

2. Material and Methods
2.1. Study Population
This study was carried out among 705 Tunisian volunteers subjects free from
any cardiovascular pathology whose mean age is 28.25 ± 9.08.
The study was approved by the ethics committee of the military hospital and
all participants gave their informed consent. The data collection was carried out
by a qualified person on the basis of a questionnaire previously established and
tested, comprising several data items.

2.2. Sampling and Determination of Biological Parameters
The blood samples were taken in the morning on fasting for the determination
of biological constants and the determination of genetic polymorphism.
The homocysteine (Hcy) harvest was collected in a tube containing EDTA and
placed in ice, thereafter it was centrifuged in 15 minutes at 3000 rpm. The total
Hcy level was determined by the Immunite® analyzer (Siemens, Germany) based
on a competitive immunoassay. While testing of total cholesterol (TC), triglycerides (TG) and HDL-c was carried out using the enzymatic colorimetric method
on the DxC800 Synchron® (Beckman Coulter, USA). The LDL-c concentration
was determined by Friedwald’s formula.
The ApoAI, ApoB, Lp (a) and hs-CRP concentration was determined using an
immunonephelometric method on a BNII® nephelometric analyzer (Siemens,
Germany).

2.3. Genetics Analysis
Genotyping of MTHFR C677T (rs1801133) polymorphism was accomplished by
polymerase chain reaction followed by restriction fragments length polymorDOI: 10.4236/jbm.2018.63001
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phism method (PCR-RFLP). Genomic DNA was isolated from peripheral blood
by the salting out method. To identify the MTHFR C677T polymorphism, a 270
bp fragment was amplified using the forward primer 5’GCCAGCCTCTCCTGA
CTGTC3’ and the reverse primer 5’AGTGGGGTGGAGGGAGCTTA3’. The
conditions of the reaction were as follows: denaturation at 94˚C for 60 seconds,
followed by 40 cycles of annealing at 65˚C for 1 minute, extension at 72˚C for 60
seconds, and a final elongation step at 72˚C for 5 minutes.
The amplified products were digested with HinfI enzyme for 12 h at least, at
37˚C. The polymorphism created a recognition site for the enzyme so that the
initial PCR product (270 bp) was cut into two fragments (160 and 110 bp) in the
presence of the 677T allele. The restriction fragments were separated by electrophoresis in 3% agarose gel and visualized by red safe staining.

2.4. Statistical Analysis
All statistical analysis were performed using SPSS software version 20.0 (SPSS
Inc, USA) for Windows (Microsoft Corporation, USA). All data were expressed
as percentages or mean ± standard deviation (SD). The quantitative variables
were compared by Student t-test, the qualitative data by the chi-square test. The
Spearman test was used to study the correlation between the different parameters studied. A p value less than 0.05 was taken as a statistically significant.

2.5. Ethic Statements
This study has already been approved by Ethic committee of Tunis military hospital. All subjects including in the study were signed an informed consent after
explaining in detail the study objectives and procedure.

3. Results
Our population consisted predominantly of young adults; the mean age is 28.25
± 9.08 with a masculine predominance. The study population characteristics are
showed in Table 1.
A significant difference was found between men and women in terms of consuming alcohol, tobacco smoking and family history of CVD. The mean values
of triglycerides, HDL-c, LDL-c, ApoA1 and ApoB were significantly different
between both genders.
• The MTHFR C677T gene Polymorphism
We studied the genetic polymorphism of the MTHFR gene and the results are
showed in Figure 1.
• High-sensitivity C-reactive protein (hs-CRP)
The subjects included in our study were assisted by hs-CRP assay to assess
cardiovascular risk. The subjects were divided into three groups according to the
hs-CRP values (Figure 2).
We have subdivided our population according to BMI into two groups (group
1: BMI ≤ 25 kg/m2, group 2: BMI > 25 kg/m2). Statistical analysis showed a sigDOI: 10.4236/jbm.2018.63001
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nificant difference in TC, TG, LDLc and ApoB values (Table 2).
In order to better understand the relationship between the different factors we
studied the Pearson correlation and the results are showed in Figure 3.
Table 1. Study population characteristics.
Characteristics
mean ± SD

Study group
n = 705

Men
n = 541

Women
N = 114

p

Age (yrs),

28.25 ± 9.08

27.3 ± 8.5

33.1 ± 8.9

<10−3

BMI (Kg/m2)

24.42 ± 3.35

24.42 ± 3.2

24.40 ± 4.1

NS

Tobacco Smoking (%)

54.3

53.8

-

-

Alcohol drinking (%)

12.9

12.9

-

-

Family history of CVD (%)

21.1

15.1

6.0

<10−3

TC (mmol/l)

3.98 ± 1.05

3.9 ± 1.01

4.1 ± 1.05

0.17

TG (mmol/l)

1.39 ± 0.7

1.58 ± 1.02

0.55 ± 0.08

<10−3

HDL-c (mmol/l)

0.978 ± 0.282

0.96 ± 2.27

1.04 ± 0.31

0.003

LDL-c (mmol/l)

2.34 ± 0.91

2.27 ± 0.91

2.68 ± 0.87

<10−3

ApoA1 (mg/l)

1.91 ± 0.27

1.15 ± 0.24

1.39 ± 0.33

<10−3

ApoB (mg/l)

0.74 ± 0.266

0.71 ± 0.21

0.32 ± 0.03

<10−3

ApoB/apoA1

0.63 ± 0.32

0.63 ± 0.22

0.67 ± 0.63

0.75

Lp(a) (mg/l)

0.11 ± 0.07

0.11 ± 0.05

0.14 ± 0.01

0.39

General parameters

Biological parameters

SD: standard deviation; BMI: body mass index; LDL-c: low density lipoprotein cholesterol; HDL-c: high
density lipoprotein cholesterol; ApoA1: Apolipoprotein A1; ApoB: Apolipoprotein B; Lp(a): Lipoprotein a;
TC: total cholesterol; TG: triglyceride.

Figure 1. Genotypes frequency of MTHFR C677T gene polymorphism.
DOI: 10.4236/jbm.2018.63001
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Figure 2. Distribution of population by hs-CRP concentration.
Table 2. Association between the different CVD risk factors.
BMI > 25

BMI ≤ 25

p

M

43.97%

56.03%

W

42.98%

57.02%

0.918
-

yes

144

237

No

164

158

yes

275

338

No

33

57

0.172
-

31.82 ± 9.564

25.49 ± 7.637

<10−3

TC (mmol/l)

4.338 ± 1.187

3.725 ± 0.842

<10−3

TG (mmol/l)

1.68 ± 1.12

1.31 ± 0.86

<10−3

HDL-c (mmol/l)

1.02 ± 0.29

0.94 ± 0.27

0.001

LDL-c (mmol/l)

2.55 ± 1.03

2.17 ± 0.77

<10−3

Lp(a) (g/l)

0.112 ± 0.116

0.119 ± 0.116

0.45

ApoA1 (g/l)

1.21 ± 0.26

1.17 ± 0.28

0.093

ApoB (g/l)

0.82 ± 0.3

0.67 ± 0.21

<10−3

Hcy (μmol/l)

12.86 ± 5.5

12.3 ± 4.93

0.15

Epidemiological parameters
Sex (%)

Tobacco Smoking (n)

Alcohol drinking (n)
Age

0.001
-

Biological parameters

p: significance; n: number; BMI: body mass index; TG: triglyceride; TC: total cholesterol; LDL-c: low density lipoprotein cholesterol; HDL-c: high density lipoprotein cholesterol; ApoA1: Apolipoprotein A1; ApoB:
Apolipoprotein B; Lp(a): Lipoprotein a; Hcy: homocycteine.

4. Discussion
• The sex
The aim of our study was to evaluate cardiovascular risk factors in 705 young
subjects that the majority of whom are male. According to the World Health
DOI: 10.4236/jbm.2018.63001
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Figure 3. Correlation between CVD risk factors.

Organization (WHO) statistics [4], men die more than women due to CVD in
Tunisia and women are more affected by obesity, while men consume more tobacco and alcohol.
• The age
The mean age of our population was 28.25 ± 9.08, they were young subjects
with no pathologies. This age group was increasingly affected by cardiovascular
risk factors. A Tunisian study [3] showed that adults aged between 35 and 44
years had a high frequency of risk factors (RF) with 41% obesity in women and
DOI: 10.4236/jbm.2018.63001
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76% smoking in men. This early manifestation of RF is due to a change in dietary habits from childhood to adolescence [5].
• Body mass index
In our study, the mean BMI varies between 19 kg/m2 and 37.8 kg/m2. These
results were similar to the study of Sozmen et al. [6] in which the mean BMI was
calculated for four countries in the Eastern Mediterranean region: Tunisia, Turkey, Syria and Palestine. The four countries showed an increased mean BMI between 1997 and 2009 for both sexes, with 28.4 kg/m2 mean value for Tunisian in
2009, this result was explained by the change in lifestyle that becomes more sedentary with a trend towards fast food.
Our results analysis showed that 43.8% of studied population was obese or
overweight. This percentage was closed to those found in the study of Uvcsek et

al. [7] in which 42% and 38% of American and Hungarian students respectively
were obese. Our result exceeded those found in China [8] and India [9] in the
same age group. However, a higher frequency was observed in Portugal [10] and
in the United States.
• Smoking and alcohol consumption
More than half of subjects in our study were smokers (54.3%), this prevalence
was considered high compared to other countries such as Saudi Arabia [11], Senegal [12] and Thailand [13]. Our results were consistent with those found by
the WHO [4] where 52% of men were smokers in 2011. Smoking is considered
to be one of the main risk factors of CVD by an inflammatory mechanism; it
participates in the initiation of atherosclerosis by increasing the oxidation of
LDL-c [14].
Our results showed that 12.9% of the subjects regularly consume alcohol, a
very low percentage compared to the Cameroonians [15] and the French [16].
Indeed, in France, more than half (52%) of young people between 15 and 24
years old regularly consume alcohol.
• Family history of CVD
In our study, 21.1% of subjects had a family history of CVD. This percentage
is low compared to other European populations. Indeed, Ineke van Dis et al. [17]
reported that in a Germany population, 36% of the subjects present familial
CVD with a risk of 30% to 60% higher than the subjects without family ATCD.
It has even been demonstrated that the earlier appearance of CVD enhance
the risk for the progeny [18] [19]. In this context, Pessinaba et al. [12] showed
that the presence of a family history of diabetes increased the risk to be diabetic
by a factor of 2.3.
• Lipid profile
The mean concentration of cholesterol in our study was in the usual range.
Among our population 12.5% had hypercholesterolemia and our result was
closed to the result found by a survey carried out in Algeria [20] in a set of subjects aged 25 and over. This percentage remains below the prevalence in Senegal
(36.3%) [12], in Thailand (60%) [13], and above the Bangladesh hypercholesteDOI: 10.4236/jbm.2018.63001
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rolemia [21] 5.8% for people aged between 35 and 44 years.
Hypercholesterolemia is one of the factors that cause endothelium dysfunction [22] and is the cause of increased oxidative stress and the creation of an inflammatory state that is responsible for impairment of the functioning of the
vascular system [23]. A lowering of cholesterol could therefore reduce the risk of
coronary diseases; in fact it had been shown that a decrease of 1 mmol/l of cholesterol could decrease by one half, one-third and one-sixth of coronary mortality [24].
Our study population comprised 11.8% of subjects with a LDL-c concentration higher than 3.4 mmol/ml. We had 39.5% of subjects with HDL-c < 1.05
mmol/L, a result consistent with that found in a population in Puerto Rico [25]
and also in a Senegalese population [12]. On the other hand, the study of Gordon-Larsen et al. [26] showed a lower frequency where 26.3% of Chinese had a
hypoHDLemia. HDLc play a protective role in CVD [22], and are known by
their anti-inflammatory, antithrombotic, antiproliferative and antioxidant properties [27].
Among our population, 24.7% had hypertriglyceridemia, and a similar result
was found in the study of Chatti et al. [28] who reported a hypertriglyceridemia
in 25.9% of unstamped workers.
Our results were also similar to a Chinese study [29] where 24.38% of a group
of Mulao had TG concentrations higher than 1.7 mmo/L. Physical inactivity and
obesity would be the cause of this metabolic disturbance. A lower frequency of
hypertriglyceridemia was found in Algeria [20] and Senegal [12]. There is a
strong association between plasma triglyceride concentration and the acceleration of the atherosclerotic process [30].
• Second-line lipid profile
The mean concentrations of ApoA and ApoB in the subjects of our study were
respectively 1.19 ± 0.27 g/l and 0.74 ± 0.26 g/l, very similar values were reported
in the study of Pan et al. [31] in normal subjects.
ApoA1 plays a protective role. It is the main constituent of HDL lipoproteins
and interacts with its receptors to ensure the reverse transport of excess cholesterol at the peripheral level [32]. Unlike ApoA1, ApoB and more precisely
ApoB100 is the main structural component of LDL particles [33]. On the other
hand, apoA1 had an anti-inflammatory and antioxidant effect [33]. Our results
showed that 37.4% of subjects had a low apoA1 concentration and 17.6% had
ApoB values above normal.
Several studies had investigated the relationship between ApoA1 and ApoB
concentrations and increased risk of CVD [34] [35]. The mean ApoB/ApoA1 ratio of our population is 0.63 ± 0.32, a similar mean had been described in the
study of Wanhua Xu et al. [36]. In this context several epidemiological studies
had shown that there was a remarkable linear relationship between this ratio and
the risk of acute myocardial infarction [37]. Indeed, a high ApoB/ApoA1 ratio is
responsible for increasing the risk of myocardial infarction by about 50% [38].
DOI: 10.4236/jbm.2018.63001
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The mean concentration of Lp (a) in our population is 0.11 g/l. An approaching value found in a China cohort study [39] with an average of 0.14 g/l in the
control group, whereas the group with acute ischemic stroke had a higher mean
(0.32 g/l).There was a positive correlation between the mean Lp (a) concentration and the occurrence of ischemic stroke or death state of coronary origin [40].
The concentration of Lp (a) higher than 0.3 g/l would be responsible for the
increased risk of acute ischemic stroke [39] and deep venous thrombosis [41]. In
our study, 7.9% of subjects had a concentration higher than 0.3 g/l. A low frequency compared to the study of Joussein-Remacle et al. [42] in which 41.7% of
subjects less than 55 years had a high Lp (a) concentration. The Copenhagen
study showed that a value of Lp (a) > 5 g/l increases the risk of myocardial infarction by 2 to 3 times [43].
Forbang et al. [44] had also showed the association between a high Lp (a)
concentration and peripheral arterial disease. Lp (a) also called LDL-like is a
combination of an Apo A covalently bonded to the surface of an ApoB main
component of LDL-c [45]. The structural similarity of ApoA with plasminogen
and the atherogenic character of ApoB mean that Lp (a) is involved in two phenomena: the atherosclerosis and the thrombosis [46] [47]. Lp (a) is also involved
in the inhibition of a growth factor (TGF-b) which leads to the proliferation of
smooth muscle cells in the intima enhancing the formation of atheroma plaques
[46].
• High-sensitivity C-reactive protein (hs-CRP)
Inflammation plays an important role in the development of atherosclerosis
and its complications [48]. Among the inflammatory markers the hs-CRP is the
most dosed marker. It is a hepatic origin protein whose concentration increased
during the inflammatory states. Several studies had shown the importance of the
hs-CRP as a risk factor independent of CVD [49] [50].
Our study population was divided into 3 risk levels according to the hs-CRP
concentration: 69.6% had a low risk of CVD, 19.6% had a moderate risk and
10.9% had a significant risk. Our results were similar to those reported in the
Japanese study of Saito et al. [51] where 10.6% of subjects had a low risk of developing CVD. The Subjects who had high hs-CRP values had another associated risk factor such as diabetes, hypertension and obesity.
• Association between the different risk factors
Our results also showed a correlation between BMI and lipids. A high mean
TC, TG and LDL-c were observed in obese or overweight people. These findings
had been reported in a study of a Turkish adult population [52], where the prevalence of dyslipidemia is significantly correlated with high BMI values.
In addition to age, Hcy is also positively correlated with other risk factors such
as dyslipidemia. High levels of Hcy were associated with hypercholesterolemia
and hypertriglyceridaemia within our study population. The results which are in
line with those found in the study of Chellak et al. [53] in 2045 military subjects,
were showed synergistic linkage of Hcy with CT and TG in the maintenance of
DOI: 10.4236/jbm.2018.63001
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atherosclerosis. Indeed abnormal concentrations of Hcy promote atherogenesis
in three ways [54]: by a direct toxic effect on the cells of the internal wall of the
arteries, by proliferation of the smooth muscle cells and by the oxidation of the
LDL-c.
The correlation results of our study confirmed that the development of atherosclerosis was due to an interaction between different risk factors. It was a
complex process that evolves slowly in which the classical and emergent risk
factors interact with each other and between the arterial walls.

5. Conclusions
The evaluation of risk factors in our study population allowed us to detect many
abnormalities that were genetic, physiological or behavioral. Despite the young
age of our subjects, the incidence of certain risk factors was high. Smoking and
overweight are the main risk factors. Indeed, more than half of the subjects included in this study are smokers; similarly 43.5% of the studied population is
overweight or obese. Abnormalities of lipid metabolism (hypertriglyceridaemia
and hypercholesterolemia) are also common and present a real health problem
in the Tunisian population.
The stress, work and routine have made people careless about their health; the
perception of risk is virtually absent. Thereby, awareness and prevention efforts
must be multiplied and involve several stakeholders: school education program,
health and media protocols.
Finally, despite efforts to prevent cardiovascular disease, the solution lies in
the person himself. The perception and awareness of the danger of some habits
may involve will and challenge.
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