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Cardiovascular disease (CVD) is the main cause of death in
virtually all industrialized countries (1). It is universally

accepted that systemic hypertension is a distinct risk factor for
CVDs, especially for coronary artery disease (2,3).

The importance of hypertension in the pediatric population
has not been as well appreciated as it has been in adults. This
may be due to the much lower prevalence of hypertension in
children. Nevertheless, hypertension is an important clinical
problem in pediatrics, and the approach to its management dif-
fers from that in adults in several major respects (4,5).

Pediatric hypertension is a field of increasing interest and
importance. Early identification of children at risk for hyper-
tension, proper evaluation and appropriate management are
important to prevent the serious, long-term complications
associated with the condition (6-9).

Tunisia is now facing the epidemiological transition phe-
nomenon (10), with an increase in chronic, noncommuni-
cable diseases such as diabetes, cancer and hypertension
(11,12). There are no data available on the CVD risk profile
for children, although it is well known that risk factor devel-
opment takes place during childhood (13,14). Lacking valid
data, we undertook an epidemiological survey to obtain infor-
mation concerning the distribution of hypertension and
other CVD risk factors in children and teenagers in Sousse,
Tunisia.

The aim of the survey was to establish the prevalence of
hypertension, the percentile distribution of blood pressure, and
the inter-relationships between hypertension and other CVD
risk factors among school children, with the goal to help pro-
mote healthy lifestyles early in life.
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BACKGROUND: Pediatric hypertension is a field of increasing
interest and importance. Early identification of children at risk for
hypertension is important to prevent the serious, long-term complica-
tions associated with the condition. In Tunisia, there are no data
available on the cardiovascular disease risk profile, such as hyperten-
sion, in the population of children.
OBJECTIVE: To establish the prevalence of hypertension, the per-
centile distribution of blood pressure and the inter-relationships
between hypertension and other cardiovascular disease risk factors
among school children.
METHODS: An epidemiological survey was conducted based on a rep-
resentative sample of 1569 urban school children in Sousse, Tunisia.
RESULTS: The prevalence of arterial hypertension was 9.6%, with
no significant difference between boys (9.2%) and girls (9.9%). The
prevalence of systolic and diastolic hypertension was 6.4% and 4.5%,
respectively. In both boys and girls, systolic pressure had a highly sig-
nificant positive correlation with height (boys: r=0.33, P<0.001; girls:
r=0.08, P=0.02), weight (boys: r=0.47, P≤0.001; girls: r=0.35,
P<0.001) and triglyceride concentrations (boys: r=0.13, P<0.001;
girls: r=0.10, P=0.006). Among boys, a positive correlation was found
between systolic blood pressure and age (r=0.12, P=0.001) and,
among girls, a negative correlation was found (r=–0.12, P=0.001).
CONCLUSION: This information will be used to help launch a
regional program of heart health promotion in schools.
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Épidémiologie de l’hypertension artérielle chez
des enfants d'âge scolaire, à Sousse, en Tunisie

CONTEXTE : L’hypertension artérielle (HA) chez les enfants est un
domaine qui suscite de plus en plus d’intérêt et qui gagne en importance.
Le repérage précoce des enfants prédisposés à l’HA est important pour
prévenir les complications graves, liées à long terme à la maladie. Il
n’existe pas, en Tunisie, de données sur les risques de maladies
cardiovasculaires, par exemple l’hypertension artérielle, chez les enfants. 
OBJECTIF : Établir la prévalence de l’HA, la distribution en percentiles
de la pression artérielle et les liens réciproques entre l’hypertension et les
autres facteurs de risque de maladies cardiovasculaires chez les enfants
d’âge scolaire.
MÉTHODE : Une enquête épidémiologique a été menée auprès d’un
échantillon représentatif d’enfants (n=1569) d’âge scolaire, en milieu
urbain, à Sousse, en Tunisie.
RÉSULTATS : La prévalence de l’HA a été établie à 9,6 %, sans
différence significative entre les garçons (9,2 %) et les filles (9,9 %). Pour
ce qui est de la prévalence de l’HA systolique et de l’HA diastolique, elle
était de 6,4 % et de 4,5 % respectivement. La pression systolique était en
forte corrélation positive avec la taille (garçons : r=0,33, P<0,001; filles :
r=0,08, P=0,02), le poids (garçons : r=0,47, P≤0,001; filles : r=0,35,
P<0,001) et le taux de triglycérides (garçons : r=0,13, P<0,001; filles :
r=0,10, P=0,006), et ce, tant chez les garçons que chez les filles. Enfin, une
corrélation a été observée entre la pression artérielle systolique et l’âge
(r=0,12, P=0,001), corrélation positive chez les garçons et négative chez
les filles (r=–0,12, P=0,001).  
CONCLUSION : Les données recueillies aideront à élaborer un
programme régional de promotion de la santé du cœur dans les écoles.
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METHODS
Study design and sampling method
The studied population was composed of school children aged
13 to 19 years, in colleges and public secondary schools in the
urban region of Sousse during the 1998/1999 school year. A cross-
sectional study was carried out on a representative sample of these
pupils, which were recruited in randomly selected cluster samples
(the first cluster was comprised of randomly selected establish-
ments and the second cluster was comprised of randomly selected
classes within these establishments). The sample size calculation
was based on the estimation of an unknown prevalence (50%
assumed) with a precision of ±2.5% and a confidence level of 95%.
The required sample size was 1600 children. The total population
of school children aged between 13 and 19 years was 7975.

Data collection
General information: All participants completed a questionnaire
on their family history of CVDs (eg, hypertension) and their
lifestyle characteristics (eg, smoking, usual physical activity and
dietary intake).
Anthropometric measurements: Research technicians measured
body weight to the nearest 0.1 kg using a standard beam balance
scale with participants barefoot and wearing light indoor clothing.
Body height was measured to the nearest 0.5 cm. Body mass index
(BMI) was defined as the ratio of body weight to body height
squared, expressed in kg/m2. Obesity was defined according to the
published standards by the International Obesity Task Force (15).
Arterial blood pressure: Due to the risk of observational bias, an
electronic system was used to measure blood pressure. The repro-
ducibility of measures and the precision of the device have previ-
ously been demonstrated (16,17). After 10 min of rest, blood
pressure was measured using an appropriate cuff size on the right
arm while in a sitting position. Blood pressure was measured again
after 15 min of rest, and the average was used in the analysis.
Blood lipids analysis: Participants had to fast 12 h before their blood
was taken. A breakfast was served thereafter. The blood samples were
taken by a trained nurse, who had experience with a pediatric popu-
lation. Five millilitres of blood were collected in a tube containing
1 mg/mL EDTA, and then rapidly centrifuged. Plasma concentra-
tions of high density lipoprotein (HDL) cholesterol were measured
after precipitation of apolipoprotein B-containing lipoproteins using
the phosphotungstate-magnesium chloride method (Roche
Diagnostics, USA), and concentrations of low density lipoprotein
cholesterol were calculated using Friedewald’s formula (18). Lipid
and lipoprotein concentrations were expressed in mmol/L. The
analyses were performed at Medical Policlinic, a clinical chemistry
laboratory at the University of Lausanne, Lausanne, Switzerland.

Definition of high blood pressure
The observations of systolic and diastolic blood pressure were sta-
tistically analyzed for various percentiles (fifth, 10th, 25th, 50th,
75th, 90th, 95th and 99th percentiles). To define high blood

pressure (higher than the 95th percentile according to age and
sex) and severe hypertension (higher than the 99th percentile
according to age and sex), the criteria used were similar to those of
the Second Task Force on Blood Pressure Control in Children (19).
All of these values were based on the age and sex of the children.

Statistical analysis
The data were further analyzed by using the Student’s t test for
unpaired values between boys and girls, as well as between different
binary groups. ANOVA was used for mean differences between
more than two groups. The correlation coefficients of systolic and
diastolic pressure and of either of these with other quantitatively
measured variables were studied. Multivariate logistic regression
analysis was used to identify independent predictors of hypertension
in the studied population. All statistical analyses were conducted by
using the statistical package SPSS (version 10.0, SPSS Inc, USA).

Ethical considerations
Because of the young age of the target population, the present
study was undertaken with caution and with respect for the rights
and the integrity of people. Authorization was requested from the
Tunisian Ministry of National Education, teachers, the directors of
schools and from the parents of selected children. Parents were free
to refuse their child’s participation; however, this was extremely
rare (only five individuals refused to participate).

RESULTS
Among the 1569 sampled children (748 boys and 821 girls),
biological measurements were obtained from 1497 children,
for a global participation rate of 95.4%.

Table 1 gives the sample size, and the number of examined
children by age and sex.

The various percentile curves of systolic and diastolic pres-
sures are shown in Figures 1 and 2. Boys had significantly higher

TABLE 1
Distribution by age and sex of 1569 examined school children in Sousse, Tunisia 

13 years 14 years 15 years 16 years 17 years 18 years 19 years Total sampled,
Sex of age, n (%) of age, n (%) of age, n (%) of age, n (%) of age, n (%) of age, n (%) of age, n (%) n (%)

Boys 204 (27.3) 103 (13.8) 91 (12.2) 197 (26.3) 92 (12.3) 30 (4.0) 31 (4.1) 748 (100.0)

Girls 233 (28.4) 77 (9.4) 118 (14.4) 228 (27.8) 109 (13.3) 41 (5.0) 15 (1.8) 821 (100.0)

Total 437 (27.8) 180 (11.5) 209 (13.3) 425 (27.1) 201 (12.8) 71 (4.5) 46 (2.9) 1569 (100.0)
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Figure 1) Age-specific percentiles (fifth, 10th, 25th, 50th, 75th, 90th
and 95th percentiles in ascending order) of systolic blood pressure
measurements in urban school children in Sousse, Tunisia
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systolic blood pressure than those found in girls within the 16-,
17- and 18-year-old age groups. The diastolic pressures were
significantly higher in girls within the 13- and 14-year-old age
groups (Table 2).

Table 3 shows the values of the 90th percentile for systolic
blood pressure and diastolic blood pressure distributed by age
and sex.

The prevalence of arterial hypertension was 9.6%, with no
significant difference between boys (9.2%) and girls (9.9%).
The prevalences of systolic and diastolic hypertension were
6.4% and 4.5%, respectively.

Among both boys and girls, the study of systolic blood pres-
sure means in the different quartiles of BMI, HDL concentrations
and triglyceride concentrations showed a significant regular pro-
gression from the first to the fourth quartiles (P<0.0001). The
study of diastolic blood pressure means in the different quartiles
of BMI, HDL concentrations and triglyceride concentrations
showed a regular significant increase from the first to the fourth
quartiles only for BMI among girls (P=0.03).

In both boys and girls, systolic pressure had a highly signifi-
cant positive correlation with height (boys: r=0.33, P<0.001;
girls: r=0.08, P=0.02), weight (boys: r=0.47, P≤0.001; girls:
r=0.35, P<0.001) and triglyceride concentrations (boys:
r=0.13, P<0.001; girls: r=0.10, P=0.006). Among boys, a posi-
tive correlation was found between systolic blood pressure and
age (r=0.12, P=0.001) and, among girls, a negative correlation
was found (r=–0.12, P=0.001).

High blood pressure in girls was significantly associated
with high weight, high cholesterol concentration and high
low density lipoprotein concentration (Table 4).

Triglyceride concentrations and weight of boys with high
blood pressure were significantly more than that of boys with
normal blood pressure (Table 4). In a multivariate logistic
regression analysis that included smoking status, family history
of hypertension, obesity, sex, dyslipidemia and physical inac-
tivity as categorical variables, obesity was found to be the main
independent risk factor associated with hypertension in the
studied population. The risk of hypertension was significantly
increased by 6.31-fold among obese school children compared
with nonobese school children (adjusted OR=6.31, 95% CI
4.07 to 9.79).

DISCUSSION
For an epidemiological study, a global participation rate of
95.4% (the participation rate in the present study) is highly
interesting and rarely observed. The study of hypertension and
other CVD risk factors among school children in a developing
country such as Tunisia was of a great interest for several rea-
sons. The only available data at the population level were
focused on the CVD risk profile of adults older than 20 years of
age in an urban context (11,12) or in a rural area of Tunisia
(20). There is an obvious lack of valid data on CVD risk fac-
tors among children in Tunisia and, even for clinical purposes,
we do not have national reference values for the percentile
distribution of the main CVD risk factors, such as children’s
blood pressure.

Although the prevalence of clinical hypertension is far
less in children than in adults, there is enough evidence to
suggest that the ‘roots’ of essential hypertension extend into
childhood.

Several epidemiological studies have reported on blood
pressure in children; however, there is a great variability in the
methodology and the definition of normal and high blood pres-
sure used (21,22). As in adults, blood pressure in children is
influenced by a number of environmental and genetic factors,
and there is a need for population studies to obtain normative
data on blood pressure in children. 

In the present study, the data concerning the readings of
blood pressure of a representative sample of urban school chil-
dren in Sousse, Tunisia, at different ages are presented. We
found the overall prevalence of high blood pressure to be
9.6% based on a casual reading. In other reports (23-25), the
prevalence in this same age group was found to vary from 2%
to 13%. In the same population, we have also found that the
prevalence of high blood pressure was higher, although not
significantly, in girls than in boys. Systolic blood pressure
showed a positive correlation with increased age among
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TABLE 2
Systolic and diastolic blood pressure means in 1569 school children in Sousse, Tunisia

Systolic blood pressure (mmHg), mean ± SD Diastolic blood pressure (mmHg), mean ± SD

Age (years) Boys Girls P Boys Girls P

13 117.9±12.9 120.2±12.2 0.040 68.3±7.7 75.2±34.6 0.003

14 120.2±10.7 121.4±11.4 0.475 68.4±8.1 72.1±7.8 0.003

15 121.3±10.7 119.2±10.4 0.157 71.8±24.2 70.8±8.2 0.689

16 121.0±9.6 117.6±12.2 0.002 68.9±8.4 70.1±7.5 0.145

17 121.7±7.8 117.3±8.1 <0.001 70.0±8.1 72.9±33.3 0.424

18 122.1±9.6 116.5±9.5 0.002 72.5±8.4 70.4±7.9 0.280

19 121.4±8.3 116.1±11.5 0.070 69.6±8.4 70.9±7.1 0.599
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Figure 2) Age-specific percentiles (fifth, 10th, 25th, 50th, 75th, 90th
and 95th percentiles in ascending order) of diastolic blood pressure
measurements in urban school children in Sousse, Tunisia
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boys, consistent with findings reported by several other
studies of children (26-28). The negative correlation found
between systolic blood pressure and age among girls could be
explained by the hormonal modifications related to puberty,
which starts earlier among girls than among boys. Obesity was
the main independent risk factor for hypertension in the
studied population and this has been shown in other studies of
children (29,30).

In regard to the effect of height and weight on blood pres-
sure, most cross-sectional studies of children have shown a
strong, positive correlation (29-32). In a similar study in ado-
lescents (24), a correlation was found between weight and
systolic pressure in both boys (r=0.167, P≤0.01) and girls
(r=0.112, P<0.01) (29).

In a developing country facing the epidemiological transi-
tion like Tunisia, it would seem logical that CVD prevention
should start early in life (in childhood) (30) by promoting
healthy lifestyles in schools.

Despite the potential weaknesses of the present study, such
as its cross-sectional design and the single measurement of

blood pressure, the data will help health officials adopt a
national strategy to prevent the extension of high blood
pressure in the population.
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