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Study of cardiovascular disease risk
factors among urban schoolchildren
in Sousse, Tunisia
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ABSTRACT To assess ths risk to Tunisian children of cardiovascular diseases {CVD), we undertock an
apidemiological survey of 1569 urban schoolchildren from Scusse. Prevalence rates for the following CVD
risk factors were determined: hypertension, hypercholesterolaemia and other lipid disorders, obesity and
tobacco consumption. Hypertension and hypertriglyceridaemia showed no statistically significant difference
by sex. Hypercholesterolasmia, high levels of low-density lipoprotein cholesterol and obesity were all signif-
icantly higher for girls than boys. Smoking was significantly higher among boys. The relatively low CVD risk
factor profila of Tunisian schoolchildren should be encouraged in adulthood and a schoo! heart health
programme should be established.

Etude des facteurs de risque des maladies cardiovasculaires chez des écoliers du primaire vivant
en milieu urbain & Sousse {Tunisie)

RESUME Afin d'évaluer I risque que courent les enfants tunisiens vis-a-vis des maladies cardiovascu-
laires, nous avons réalisé une enquéte épidémiologique sur 1569 écoliers vivant en milieu urbain & Sousse.
Les taux de prévalence pour les facteurs de risqua des matadies cardiovasculaires suivants ont &té
déterminés: hypertension, hypercholestérolémie et autres troubles lipidiques, obésité et consommation de
tabac. L'hypertension et I'hypertriglycéridémie ne montraiant aucune différence statistique en fonction du
sexe. L"hypercholestérolémie, les hauts niveaux de cholestérol des lipoprotéines de basse densité ot
Fobésité étaient tous considérablement plus élevés pour les filles que pour les gargons. Le tabagisme était
plus répandu chez les gargons. Lo profil des facteurs de risque des maladies cardiovasculaires relativement
bas des enfants tunisiens devrait &tre encouragé  I'age adulte et un programme scolaire de santé du coeur
devrait &tre mis an place.
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Introduction

Cardiovascular diseases (CVDs) remain the
leading cause of death and disability in
western, technologically developed econo-
mies, despite substantial decreases in mor-
tality [ /—5]. With the epidemiological tran-
sition [6], Tunisia’s adult population, not
unlike the experiences of those in industri-
alized countries, is currently facing an in-
crease in chronic noncommunicable dis-
eases (NCDs), especially CVDs {7-9].

While it is well recognized that the
atherosclerosis process underlying the de-
velopment of CVDs in adults begins early in
life, there has been a lack of data on the
distribution of the main CVD risk factors in
Tunisian school-age populations. That the
pathobiological determinants of atheroscle-
rosis intervene very early in life has been
confirmed by autopsy studies of young sol-
diers killed in battle [/0-12]. The assess-
ment of CVD risk factors in pre-adult
populations would better inform us of the
etiology of CVDs, and serve as a basis for
public health interventions to minimize the
risk of CVDs in later life [13]. Indeed, the
prevention of CVDs is increasingly shown
to be dependent on the level of exposure to
risk factors in early childhood.

The present survey was conducted on
a representative sample of urban school-
children in Sousse, Tunisia. The purpose
of the survey was to obtain information on
the distribution of CVD risk factors
among child and teen populations for use
in the design, implementation and assess-
ment of prevention programmes to pro-
mote healthy lifestyles in these groups.
Specifically, the study sought to determine
the prevalence of and relationship between
CVD risk factors such ag arterial hyper-
tension, hypercholesterolaemia and other
lipid disorders, obesity and tobacco con-
sumption.
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Methodology

Study population

The study population was composed of
children aged 13 years and 16 years, drawn
from Sousse public secondary schools. A
transversal type survey was carried out on
a representative sample of children and
teenagers. Multistage cluster sampling per-
mitted the selection of two distinct groups:
one composed of children mostly aged 13
years (age of puberty) and a second group
of mostly 16-year-old children (end of pu-
berty). A sample size of 1600 pupils (400
boys and 400 girls for each age group) was
calculated to be necessary to assess the
prevalence of the different risk factors with
a required accuracy of  3.5% and confi-
dence level of 95%.

Data collection procedures

Tobacco consumption

A self-reporting questionnaire was used to
measure tobacco consumption by frequen-
cy of smoking, age of commencement, age
of a regular use and of cessation.

Arterial pressure

To minimize observer bias, blood pressure
was measured electronically using a device
for which reproducibility and accuracy of
results have been demonstrated. A generous
armband size aided accurate measurement,
with pressure measured twice at the begin-
ning and end of examination, separated by a
rest period of at least 10 minutes. The mean
of these two measures was used for further
calculation of the percentile distribution.
Participants were defined as hypertensive if
systolic blood pressure {SBP) or diastolic
blood pressure (DBP) was outside the 95th
percentile of blood pressure distribution ac-
cording to age [ 4], the reference values for
which were obtained from a previous study
in the same population [75].
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Blood iipids analysis

Participants were required to fast for 12
hours prior to blood being taken, after
which a breakfast was provided. Blood
samples (5 mL of blood in a tube containing
EDTA 1 mg/mL) were taken by a trained
nurse with paediatric experience. Atter col-
lection they were rapidly centrifuged. The
volume of plasma was used for the enzy-
matic dosage of cholesterol, triglycerides
and lipoproteins. Hypercholesterolaemia
was defined as a total cholesterol level
greater than 5.2 mmol/L, low-density lipo-
protein (LDL) cholesterol was considered
high for values greater than 3.4 mmol/L,
high-density lipoprotein (HDL) cholesterol
was considered low for values less than 0.9
mmol/L and hypertriglyceridaemia was de-
fined as a triglycerides level greater than
1,94 mmol/L. These values are as per those
used in the United States of America for
children [16,17].

Height

Height was measured once, to the nearest
0.5 c¢m, in a standing position, without
shoes, on a floor without carpet. Partici-
pants stood with their backs against a wall,
looking straight ahead.

Weight

Weight was measured once, to the nearest
100 g. As the diurnal variation for children
is about 1 kg, all participants’ weights were
measured during the same interval of time
between 08.00 and 12.00. Balances were
calibrated in each school. Participants were
categorized as obese if their body mass in-
dex (BMI) exceeded 27 kg/m?. Overweight
was defined as a BMI exceeding 25 kg/m?.

Data analysis

Because of the substantial variation between
the growth and maturation of boys and girls,
all analyses were stratified according to gen-
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der and age. To assess the relationship be-
tween the main variables determining risk of
CVD, we analysed the data using the chi-
squared test, Student z-test and ANOVA at
the 5% significance level.

Ethical considerations

Appropriate ethical protocols were fol-
lowed. Authorization was sought and ob-
tained from the Ministry of Education and
from the participants’ schools, teachers
and parents for their participation.

Results

Of the 1569 children sampled, girls repre-
sented 52.3% and boys 47.7% of the total
sample size. All were clinically examined,
with biological data obtained for 1497 par-
ticipants (a participation rate of 95.4%).
The sample size and the humber examined
by age and sex are summarized in Table 1.

Regarding CVD risk factors (Table 2),
girls had a higher mean DBP, total choles-
terol, LDL and HDL cholesterol and BMI
than boys. Boys’ mean SBP was higher
than that of the girls.

Mean SBP and DBP increased slowly
with age as shown in Table 3, but this trend
was not statistically significant. BMI in-
creased significantly with age from 20.19
kg/m? at 13 years to 23.90 kg/m? at 19
years (Table 3). This trend was statistically
significant (ANOVA F = 14.4, P <0.0001).
Total cholesterol decreased significantly
with age from 4.25 mmol/L at 13 years to
3.80 mmol/L at 19 years (ANOVA F =
4,12, P <0.001). HDL cholesterol also de-
creased with age from 1.63 mmol/L at 13
years to 1.29 mmol/L at 19 years. This
trend was highly significant (ANOVA F =
30.9, P <0.0001).

SBP increased significantly with
weight, from 118.19 mmHg for children of
normal weight to 127.75 mmHg for over-
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weight children (£ = -12.3, P < 0.0001).
Mean DBP also increased significantly with
weight, from 70.44 mmHg for those of
normal weight to 73.52 mmHg for over-
weight children (¢ = -2.28, P = 0.023).
The prevalence of hypertension was es-
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almost the same for boys and girls alike
(9.2% and 9.9% respectively), with no sta-
tistically significant difference. However,
the prevalence of hypertension increased
significantly with weight, from 7.3% for
normal weight to 23.7% for overweight

timated at 9.6% of the study population—  children. This difference was statistically

Table 1 Distribution of participants by age and sex in urban schoolchildren,
Sousse, Tunisia

Age (years) Male Female Total
No. % No. % No. %

13 204 2727 233 28.38 437 27.85
14 103 13.77 7 9.38 180 1147
15 1l 12147 118 1437 209 13.32
16 197 26.34 228 27.77 425 27.09
17 92 12.30 109 13.28 201 1281
18 0 4.01 41 499 ra 453
19 3 4.14 15 1.83 46 293
Total 748 100 g21 100 1569 100

Table 2 Distribution of the main cardiovascular risk factors by sex in urban schoolchilldren,
Sousse, Tunisia

Sex SBP DBP BMI CHOL LDL HDL TRIGL
{(mmHg) (mmHg) (kg/m?) (mmoll) (mmolll) (mmollL) (mmolL)
Males
Mean 120.22 £9.36 2087 3.89 203 1.44 0.91
s 10.75 11.40 3.69 0.74 0.60 0.31 0.32
n 748 748 748 716 716 716 716
Females
Mean 118.84 72.23 21.77 4.30 234 1.55 0.
- 11.36 2297 3.90 0.80 0.69 0.29 0.35
n 821 821 821 781 781 781 781
Total
Mean 119.50 70.87 2134 411 220 1.50 0.9
s 11.09 18.44 3.82 0.80 067 0.30 0.34
n 1569 1569 1569 1497 1497 1497 1497

SBP = systolic blood pressure.

BM! = body mass index.

LDL = low-density lipoprotein cholesterol,
TRIGL = triglyceridss.

DBP = diasiolic biood pressure.

CHOL = cholesterol.

HDL = high-density lipoprotein cholesterol.
= standard deviation.
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significant (x* = 57.8, £ < 0.00001). The
prevalence of hypertension increased until
the age of 15 years (14.4%), decreased
thereafter (6.0%), and rose again for age
18 years (15.5%).

Hypercholesterolaemia was observed in
8.1% of the study population and was sig-
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nificantly higher for girls (12.0%) than for
boys (3.9%) (x* = 32.9, P < 0.0001). The
prevalence of hypercholesterolaemia in-
creased with weight, from 7.1% for nor-
mal weight to 14.7% for overweight
children. This difference was statistically
significant (x* = 13.6, P < 0.0001). A high

Table 3 Distribution of main cardiovascular disaase risk factors by age in urban schoolchildren,

Sousse, Tunisia
Age SBP DBP BMI CHOL LDL HDL TRIGL
(vears) (mmHg) (mmHg) (kg/m?) (mmollL} (mmoiL} {(mmol/L) (mmol/L)
13 Mean 11913 71.96 2019 218 4.25 163 0.94
s 1261 26.02 0.67 366 0.80 0.31 0.33
n 437 437 437 401 40 4N 401
14 Mean 120,74 69.95 20.85 4.04 2.6 1.56 0.95
s 11.04 8.21 383 0.74 0.52 0.28 0.44
n 180 180 180 171 171 17 1
15 Mean 120.12 7127 2167 411 220 1.51 0.90
s 10.56 17.09 4.14 0.77 0.67 028 0.26
n 209 209 209 201 201 201 201
16 Mean 119.21 69.60 21.90 4.07 225 142 0.88
s 11.19 7.98 3.69 0.78 0.64 0.27 033
n 425 425 425 416 416 416 416
17 Mean 119.31 71.58 22.15 4.01 222 1.39 0.89
5 B8.28 25.49 309 0.83 070 0.27 0.34
n 201 20 201 196 196 198 196
18 Mean 118.83 7135 21.11 404 222 1.40 0.91
s 9.93 8.16 3.49 0.92 0.73 0.31 0.30
n 71 g Fil 67 67 67 &7
19 Mean 119.68 70.03 23.90 3.80 207 129 0.95
s 9.70 7.96 472 0.78 0.70 0.29 0.37
n 45 45 46 45 45 45 45
Total Mean 119.50 70.87 21.34 4.11 219 1.50 091
s 11.09 18.44 382 0.80 0.67 0.30 0.34
n 1569 1569 1569 1497 1497 1457 1497

8BP = systolic blood pressure.

BMI = body mass index.

LDL = fow-density lipoprotsin cholesterol.
TRIGL = tnglycerides.

DEP = diastofic blood pressurs.

CHOL =

HDL = high-density lipoprotein cholestarol.
= standard deviation.

cholesterol.
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level of LDL cholesterol was observed for
3.9% of the study population, significantly
higher for girls (5.8%) than for boys
(2.0%) (* = 14.3, P < 0.0001). The prev-
alence of high LDL increased significantly
with weight, from 3.2% for normal weight
to 8.8% for overweight children (3* = 14.9,
P < 0.0001), Low levels of HDL cholester-
ol were observed in 1.2% of the study pop-
ulation with no significant difference
between girls (0.8%) and boys (1.7%). It
was also similar for normal weight (1.1%)
and overweight children (2.0%).

Hypertriglyceridaemia was observed in
1.3% of the study population, with similar
prevalence for boys (1.0%) and girls
(1.5%). However, it increased significantly
with weight, from 0.8% for normal weight
to 4.4% for overweight children (y’ = 18.6,
P < 0.0001).

Obesity (BMI > 27 kg/m?) was found in
7.7% of the study population. It was signif-
icantly higher for girls than for boys—
9.7% and 6.0 % respectively (y* = 9.02, P
= 0.011). Overweight (BMI > 25 kg/m?)
was also significantly higher in girls than
boys 17.0% and 11.1% respectively (y%* =
8.21, P = 0.0041).

Smoking was found to be habitual in
7.6% of the study population, significantly
higher for boys than for girls—14.7% and
1.1% respectively (* = 1034, P <
0.00001). The prevalence of smoking in-
creased with age for boys from 3.4% at 13
years to 32.3% at 19 years. This trend was
statistically significant (32 = 40.9, P «
0.0001).

Discussion

A global participation rate of 95.4% for an
epidemiological study is very high and rela-
tively rare. The study of cardiovascular
risk factors among schoolchildren in a de-
veloping country such as Tunisia is of great
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interest for several reasons. Until now, little
has been known about the level of risk for
urban schoolchildren in populations that are
in transition from communicable to non-
communicable diseases. The only data
available have focused on CVD risk factor
profiles of adults aged 20 years in an urban
context [8,9], and in a rural area of Tunisia
[18]. There has been a lack of data on the
prevalence of major CVD risk factors
among children in Tunisia. Assessing CVD
risk profiles earlier in life is needed for ef-
fective primordial prevention. Such data
would assist health officials to adopt a na-
tional strategy for preventing CVD risk fac-
tors in the population and also serve as a
baseline for assessing future trends in the
risk factors studied.

The study of cardiovascular risk fac-
tors among children started with the
Bogalusa Heart Study, which identified a
strong relationship between total choles-
terol and LDL cholesterol with fatty
streaks in the aorta and coronary arteries
{19-21]. Many similar studies have estab-
lished CVD risk factor profiles for chil-
dren in different societies [22-27]. Our
study showed to some extent that Tuni-
sia’s urban schoolchildren have a better
CVD risk factor profile than in Western
societies. In fact, the prevalence of smok-
ing among boys in Tunisia is lower
(14.7%) than in a similar Belgian popula-
tion (22.1%) [28]. Tunisian girls are still
less likely to smoke than girls in Western
societies, where in some countries {e.g.
Sweden), studies have shown girls report-
ing a higher prevalence of smoking than
boys [29]. In fact, with a smoking preva-
lence of 1.1%, the rate for Tunisian girls
is lower than that of any country in the
European Union [30].

The prevalence of obesity among
schoolchildren is lower in Tunisia (7.7%)
than in Belgian (15%) or the United States
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(as high as 24%) [31]. In our study, mean
total cholesterol was significantly higher in
girls (4.3 mmol/L) than in boys (3.88
mmol/L) and was lower than in a similar
Swedish population (4.4 mmol/L and 4.2
mmol/L for girls and boys respectively)
[32,33]. Mean total cholesterol was higher
for younger children than for older chil-
dren, a finding similar to observations in
many other studies [34-37].

Reports of the prevalence of hyperten-
sion from studies of children vary greatly
(from 1% to 20%) [38—40], partly because
of differences in the definition criteria
used. Some authors strongly support using
the 97.5 percentile of blood pressure distri-
bution with height [47], while others rec-
ommended the 95th percentile of blood
pressure distribution with age [74]. Using
this latter criterion, the prevalence of hy-
pertension in our study was found to be
similar for boys and girls, and estimated at
9.6%. This prevalence is low compared to

La Revue de Santé de la Méditerranéde orientale, Vol. 6, N° 5/8, 2000

the results of the studies previously cited
[38-40).

These results show to some extent that
urban schoolchildren in Tunisia remain
protected from CVD risk factors, with low
levels of lipid disorders. This profile of low
CVD risk must be maintained (by promot-
ing healthy lifestyles and reinforcing the
heatth club initiative in schools, for exam-
ple). For a rapidly developing country like
Tunisia, primary prevention is the most ef-
fective and efficient strategy for CVD con-
trol.
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