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Prevalence of hypertension in schoolchildren based on
repeated measurements and association with overweight
Arnaud Chiolero?, Frangois Cachat®, Michel Burnier®, Fred Paccaud® and

Pascal Bovet?

Objective Most studies assess the prevalence of
hypertension in pediatric populations based on blood
pressure (BP) readings taken on a single visit. We
determined the prevalence of hypertension measured on up
to three visits in a Swiss pediatric population and examined
the association between hypertension and overweight and
selected other factors.

Methods Anthropometric data and BP were measured in
all children of the sixth school grade of the Vaud canton
(Switzerland) in 2005-2006. ‘Elevated BP’ was defined
according to sex-specific, age-specific and height-specific
US reference data. BP was measured on up to two
additional visits in children with elevated BP.
‘Hypertension’ was defined as ‘elevated BP’ on all three
visits.

Results Out of 6873 children, 5207 (76%) participated
[2621 boys, 2586 girls; mean (SD) age, 12.3 (0.5) yearsl.
The prevalence of elevated BP was 11.4, 3.8 and 2.2% on
first, second and thirds visits, respectively; hence 2.2% had
hypertension. Among hypertensive children, 81% had
isolated systolic hypertension. Hypertension was
associated with excess body weight, elevated heart rate and
parents’ history of hypertension. Of the children, 16.1% of

Introduction

Hypertension is a leading cause of the burden of disease
worldwide [1]. Most prevention and control strategies
target adults [2]. Blood pressure (BP) in children, how-
ever, tends to track from childhood into adulthood [3],
and prevention and control of elevated BP in children
might be an important strategy for limiting the global
disease burden due to hypertension [4]. The develop-
ment of such a strategy, however, requires more evi-
dence on the link between BP and its associated
factors in children of different populations, particularly
in a context of a raging epidemic of pediatric obesity
[5,6].

No outcome-based definition of hypertension in children
is available. Instead, the most widely used cut-off values
for defining elevated BP are based on BP percentiles
specific for sex, age, and height determined in American
children in the 1970s and 1980s (i.e. before the obesity
epidemic) [7,8]. Owing to a large variability in repeated
BP readings, the diagnosis of hypertension in adults
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boys and 12.4% of girls were overweight or obese (CDC
criteria, body mass index > 85th percentile). Thirty-seven
percent of cases of hypertension could be attributed to
overweight or obesity.

Conclusions The proportion of children with elevated BP
based on one visit was five times higher than based on three
measurements taken at few-week intervals. Our data re-
emphasize the need for prevention and control of
overweight in children to curb the global hypertension
burden. J Hypertens 25:2209-2217 © 2007 Wolters Kluwer
Health | Lippincott Williams & Wilkins.
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should be based on repeated BP measurements made
on several visits [9,10]. It was recently recommended
that, similarly to adults, hypertension in children is
defined if the BP is clevated on at least three separate
occasions [7].

Few studies have assessed the prevalence of elevated BP
in children populations based on measurements
obtained on more than one visit [11-16]. We are aware
of only two recent population-based studies that have
estimated the prevalence of hypertension in children
based on measurements taken at three separate visits and
using the current US reference cut-off values [14,15].
Both studies were carried out among schoolchildren of
Houston, Texas, USA, and the prevalence of elevated BP
was more than halved based on the third visit versus the
first visit [15]. To our knowledge, the prevalence of
hypertension based on at least three sets of BP readings
is unknown in other pediatric populations, and the
prevalence of sustained hypertension in child popu-
lations is therefore largely unknown.
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In the present study, we estimated the prevalence of
hypertension in all schoolchildren of one school grade in
one region of Switzerland (the canton of Vaud) based on
readings obtained on up to three separate visits. In
addition, we assessed the relationship between hyperten-
sion and excess body weight and other characteristics of
the children and their parents.

Method

The study took place between September 2005 and May
2006 in the canton of Vaud, Switzerland [17]. The canton
of Vaud is located in the west, French-speaking part of
Switzerland and accounts for 9% of the total 7.5 million
population of Switzerland. Children attend school up to
the ninth grade, with 96% in public schools. In this
survey, all children of the sixth grade of the public schools
were invited to participate. The survey was approved by
the ethical research committee of the Faculty of Biology
and Medicine, University of Lausanne. Consent was
sought from directors of all schools. Signed consent of
one of the parents and of the child were obtained.

Measurements were performed in a quiet and tempered
room by trained clinical officers at the initial visit. Weight
and height were measured with precision electronic
scales (at 0.1kg) and fixed stadiometers (at 0.1cm).
Children were measured without shoes and in light
garments. The mid-arm circumference was measured
and the cuff width adapted accordingly (i.e. pediatric
or normal cuff for a mid-arm circumference of 17.0-
21.9cm or 22.0-32.0cm, respectively). At each visit,
three measurements of BP and of heart rate were taken
on the right arm at 1-min intervals after a rest of at least
3 min, in a seated position. Readings were obtained with a
clinically validated oscillometric device (Omron M6;
Omron Healthcare Europe BV, Hoofddorp, The Nether-
lands) [18]. Each device was checked for accuracy by
comparing BP values obtained with a mercury sphygmo-
manometer using a Y tube connected to the automated
device [19].

‘Elevated BP’ was defined according to the American
reference data [7], which are generally considered the
best available standard. Children with ‘elevated BP’
based on the last two BP readings at one visit had a
second set of three readings measured at a separate visit
1-2 weeks later. Children who still had ‘elevated BP’
based on the last two readings on that second visit had a
third set of three readings measured another 1-2 weeks
later. Measurements at the second and third visits were
performed by school nurses, who had been trained on the
standardized BP measurement methods and using the
same BP measurement devices.

Parents were asked to complete a mailed structured
questionnaire about their educational level, nationality,
and hypertension status. Parents’ educational level was

based on the highest degree completed by the mother or
the father (primary, secondary, tertiary educational level).
Nationality was considered as Swiss if at least one of the
parents reported Swiss nationality. Parents were con-
sidered to have hypertension if they reported to have
been ever told by a physician or a health professional that
they had elevated BP.

The body mass index (BMI) was calculated as weight
divided by the height squared (kg/mz). ‘No excess
weight’, ‘overweight’, and ‘obesity’ were defined respect-
ively for a BMI less than the 85th percentile, between the
85th and 94th percentiles, and of at least the 95th
percentile of the US reference data, which are often used
to define excess body weight in children [20]. Based on
these US percentiles, we also calculated BMI categories
(percentiles < 25, 25-74, 75-84, 85-94, and >95). In
addition, we have also indicated ‘overweight’ and
‘obesity’ along the sex-specific and age-specific BMI
criteria of the International Obesity Task Force [5] for
the sake of comparison with studies that have used
these criteria.

‘Elevated BP’ was based on the American reference data
[7], which have been determined in American children
examined in the 1970s and 1980s (i.e. before the obesity
epidemic) [8]. ‘Elevated BP’ is defined for systolic or
diastolic BP equal to or greater than the 95th sex-specific,
age-specific and height-specific percentiles of these
American normative data (or, equivalently, for a Z-score
of this sex-specific, age-specific and height-specific distri-
bution of BP >1.64). Sex-specific and age-specific per-
centiles of height — which are needed to assess elevated
BP — were similarly derived from the Centers for Disease
Control and Prevention (CDC) growth charts. ‘Hyper-
tension’ was considered for children who had ‘elevated
BP’ at all three visits based on the average of the last two
of the three BP readings.

The prevalence and standard error were estimated for
boys and girls. The difference in mean BP or mean heart
rate between visits was evaluated using a paired 7-test
(two visits) or analysis of variance (three visits). The
shape of the relationship between the BMI and BP
was assessed using the LOWESS method, a scatterplot
smoothing technique based on robust locally weighted
regression [21]. Smoothed curves were generated for both
systolic and diastolic BP. Logistic models were fitted to
assess the association between ‘hypertension’ and various
characteristics: BMI categories and tertiles of heart rate at
the first visit of the children as well as educational level,
nationality, and history of hypertension of the parents.
We calculated the proportion of all hypertensive children
that could be attributed to overweight or obesity (CDC
criteria), the population attributable fraction [22].
Confidence intervals of the population attributable
fraction were based on asymptotic approximation [23].

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Hypertension in schoolchildren Chiolero et al. 2211
Table 1 Characteristics of the participants
Boys Girls All
n 2621 2586 5207
Age (years), mean (SD) [rangel 12.3 (0.5) 12.3 (0.5) 12.3 (0.5)
[10.1-14.9] [10.3-14.8] [10.1-14.9]
BMI (kg/mQ), mean (SD) [range] 18.6 (2.9) 18.7 (3.1) 18.7 (3.0)
[11.3-36.3] [12.4-39.5] [11.3-39.5]
IOTF BMI categories (%), mean (SE)
No excess weight 85.0 (0.7) 87.6 (0.6) 86.3 (0.5)
Overweight (not obese) 13.3 (0.7) 10.7 (0.6) 12.0 (0.5)
Obesity 1.8 (0.3) 1.7 (0.3) 1.7 (0.2)
CDC BMI categories (%), mean (SE)
No excess weight (< 85th percentile) 83.9 (0.7) 87.6 (0.6) 85.7 (0.5)
Overweight (85—-94th percentile) 11.8 (0.6) 9.4 (0.6) 10.6 (0.4)
Obesity (> 95th percentile) 4.2 (0.4) 3.0 (0.3) 3.6 (0.3)
Parents’ education (%), mean (SE)
Tertiary 33.5 (0.9) 33.4 (0.9) 33.4 (0.6)
Secondary 48.6 (1.0) 47.8 (1.0) 48.2 (0.7)
Primary 10.3 (0.6) 10.9 (0.6) 10.6 (0.4)
Other/unknown 7.7 (0.5) 7.9 (0.5) 7.8 (0.4)
Parents’ nationality (%), mean (SE)
At least one parent is a Swiss national 75.2 (0.9) 74.8 (0.9) 75.0 (0.6)
No parent is a Swiss national 24.8 (0.9) 25.2 (0.9) 25.0 (0.6)
Parents with elevated blood pressure (%), mean (SE)
None 76.6 (0.9) 76.2 (0.9) 76.4 (0.7)
Father 13.5 (0.7) 13.5 (0.7) 13.5 (0.5)
Mother 8.0 (0.6) 8.4 (0.6) 8.2 (0.4)
Both 2.0 (0.3) 1.8 (0.3) 1.9 (0.2)

BMI, body mass index; CDC, Centers for Disease Control and Prevention [20]; IOTF, International Obesity Task Force [5]; SD, standard deviation; SE, standard error.

Calculation of the population attributable fraction
assumes a causal relationship between the variables of
interest (body weight and hypertension) [22]. Statistical
analyses were performed with Stata 8.2 (StataCorp LP,
College Station, Texas, USA).

Results

All public schools of the canton of Vaud agreed to
participate. Of the 6873 eligible children, 5207 were
examined (participation rate, 76%).

Table 1 presents selected characteristics of the partici-
pants. Overweight was found in 15.0% (0.7) of boys and
12.4% (0.6) of girls (the overweight category includes the
obesity category). Some associations are important to
note (results not appearing in Table 1). Overweight (also
including obesity; CDC criteria) was inversely associated
with parents’ educational level: the proportions of chil-
dren who were overweight (including obesity) was 24.3%

(1.8), 15.0% (0.7) and 9.8% (0.7) for parents with primary,
secondary and tertiary educational levels, respectively
(P<0.001). Children whose parents were not Swiss
nationals were more frequently overweight or obese
compared with children who had at least one Swiss parent
(22.7% (1.2) versus 11.3% (0.5); P<0.001). The mean
heart rate increased throughout BMI categories; respect-
ively, 82.7 per min (0.2), 83.4 per min (0.5) and 84.2 per
min (0.9) in lean, overweight (not obese), and obese
children (trend, P=0.048).

Table 2 presents the prevalence of ‘elevated BP’ at each
of the three visits (based on the average of the last two of
three BP readings). The figures were similar in boys and
in girls. The prevalence of elevated BP decreased mark-
edly over repeated visits. Among children with elevated
BP, most of them had isolated systolic elevated BP;
respectively, 84, 84, and 81% at the first, second, and
third visits. Very few children had elevated diastolic BP.

Table 2 Mean blood pressure (BP) and prevalence of elevated BP at the first, second, and third visits

Systolic BP (mmHg), Diastolic BP (mmHg), Elevated systolic Elevated diastolic Elevated BP
Sex Visit n mean (SD) mean (SD) BP (%), (SE) BP (%), (SE) (%), (SE)
Boys First 2621 113.1 (10.0) 65.2 (7.1) 9.9 (0.6) 1.4 (0.2) 10.5 (0.6)
Second 249 123.0 (9.5) 68.7 (7.8) 3.7 (0.4) 0.7 (0.2) 4.0 (0.4)
Third 100 127.5 (10.5) 72.2 (8.8) 2.2 (0.3) 0.5 (0.1) 2.3 (0.3)
Girls First 2586 112.6 (9.8) 66.4 (7.0) 11.9 (0.6) 2.3 (0.3) 12.4 (0.6
Second 293 120.3 (9.0) 69.9 (7.2) 3.5 (0.4) 0.6 (0.1) 3.7 (0.4)
Third 91 125.4 (8.3) 72.2 (7.0) 2.0 (0.3) 0.3 (0.1) 2.0 (0.3)
All First 5207 112.9 (9.9) 65.8 (7.1) 10.9 (0.4) 1.8 (0.2) 11.4 (0.4)
Second 542 121.5 (9.3) 69.3 (7.5) 3.6 (0.3) 0.6 (0.1) 3.8 (0.3)
Third 191 126.5 (9.6) 72.2 (7.9) 2.1 (0.2) 0.4 (0.1) 2.2 (0.2)

‘Elevated BP’ is defined according to American reference data [7]. SD, standard deviation; SE, standard error.
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Among children whose BP was measured on two
occasions (7 =524), the mean BP (SD) was 131.0 (6.6)/
74.7 (6.8) mmHg at the first visit and 121.5 (9.3)/69.3
(7.5) mmHg at the second visit (P < 0.001 for difference
with fist visit). The mean heart rate was, respectively,
88.5 (13.2) per min and 84.9 (12.6) per min (P <0.001
for difference with first visit). Among children whose
BP was measured on three occasions (z=191), the BP
was 132.5 (7.8)/75.8 (7.3) mmHg at the first visit, 131.5
(6.2)/73.9 (7.1) mmHg at the second visit, and 126.5 (9.6)/
72.2 (7.9) mmHg at the third visit (P < 0.01 for a differ-
ence between visits). The mean heart rate was, respect-
ively, 88.5 (13.1) per min, 87.4 (14.1) per min and 87.4
(14.1) per min (P < 0.01 for a difference between visits).

Figure 1 shows the smoothed curves of the relationship
between BP and BMI in all children. Both systolic BP and
diastolic BP were associated directly and in a graded
manner with the BMI.

Figure 2 shows the prevalence of elevated BP at each visit
by the BMI percentile categories in all children. Elevated
BP was increasingly frequent across categories of BMI
percentiles (using CDC criteria).

Table 3 presents the univariate and multivariate associ-
ations between hypertension and selected characteristics
of the children and of the parents. The prevalence
of hypertension was associated with children’s BMI
and heart rate. The mean heart rate was 82.7 per min
(0.2) in normotensive children and 90.3 per min

(1.3) in hypertensive children (P < 0.001). Childrens’
hypertension was associated with parent’s history of
hypertension (in particular, paternal history of hyper-
tension) but not with parents’ educational level or
nationality. The proportions of all children with hyper-
tension that could be attributable to overweight or
obesity (CDC criteria) were 37% overall (95% confi-
dence interval, 24-48), 40% (95% confidence interval,
26-52) in boys and 34% (95% confidence interval,
21-44) in girls.

Fig. 2
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Prevalence of elevated blood pressure (BP) by categories of body-
mass index (BMI) percentile [using Centers for Disease Control (CDC)
criteria] and the number of separate visits on which elevated BP was
estimated. Number of children in each BMI category indicated in
parentheses.
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Table 3 Factors associated with hypertension in children
Normal blood Crude odds ratio Adjusted™ odds ratio
pressure Hypertension  (95% confidence P (95% confidence
n n interval) value interval) P value
Body mass index categories No excess weight (< 85th percentile) 4401 64 1 1
(CDC) Overweight (85—-94th percentile) 533 21 2.7 (1.6-4.5) <0.001 2.7 (1.5-5.0) 0.001
Obesity (> 95th percentile) 160 28 12.0 (7.56-19.3) < 0.001 16.2 (9.1-28.9) <0.001
Heart rate at the first visit < 77.5 per min 1672 21 1 1
77.5-86.9 per min 1715 25 1.2 (0.6-2.1) 0.62 1.1 (0.6-2.3) 0.73
>87.0 per min 1707 67 3.1 (1.9-5.1) < 0.001 3.4 (1.9-6.2) <0.001
Parents’ educational level Tertiary 1711 30 1 1
Secondary 2453 56 1.3 (0.8-2.0) 0.25 1.0 (0.6-1.7) 0.91
Primary 536 15 1.6 (0.9-3.0) 0.14 1.8 (0.8-4.2) 0.17
Parents’ nationality Swiss 3513 75 1 1
Foreign 1171 25 1.0 (0.6-1.6) 1.00 0.6 (0.3-1.1) 0.09
Parents with hypertension None 3197 53 1 1
Father 549 25 2.7 (1.7-4.5) < 0.001 2.4 (1.4-4.2) 0.001
Mother 333 16 2.9 (1.6-5.1) <0.001 1.7 (0.9-3.4) 0.13
Both 77 4 3.1 (1.1-8.9) 0.032 2.3 (0.8-7.1) 0.14

Hypertension is defined for elevated blood pressure on three visits. CDC, Centers of Disease Control [20]. * Adjustment for age, sex, and other variables in the table.

Discussion

The prevalence of hypertension based on three sets of
triplicate BP readings was 2.2% in a large sample of Swiss
children of the sixth grade (mean age, 12 years).
Most children with hypertension had isolated systolic
hypertension (ISH). The prevalence of ‘elevated BP’
decreased by approximately five times between the first
and the third visits at few-week intervals. Hypertension
was associated with children’s excess weight, children’s
heart rate, and parents’ history of hypertension, but not
with parents’ educational level and nationality. One-third
of all children with hypertension could be accounted for
by excess body weight.

The strengths of the study are the large sample size, the
population-based study design, as well as a fair participa-
tion rate, which ensure that the results are representative
of the general population. Clinical officers and school
nurses were trained to perform standardized BP measure-
ment and a clinically validated automated BP device was
used, which confers a good level of accuracy and validity
of the BP measurements. On the other hand, the study
had some limitations. First, BP was not re-assessed in
children with normal BP at the first visit. This may lead to
some underestimation of the prevalence of hypertension
if some of the children had low BP at that initial visit but
high usual BP (i.e. masked hypertension). Only a few
studies have so far assessed the prevalence of masked
hypertension in children [24]. Masked hypertension
could be a precursor of persistent hypertension and is
more frequent among overweight youths [24], and could
therefore be a potential issue in the context of the world-
wide obesity epidemic [5]. Second, parents’ data on
hypertension status were self-reported. Both accuracy
and validity of this information are limited, and this is
likely to weaken the association with high BP among
their children. School nurses reported occasional cases of
children with excess weight who declined participation

[17]. The prevalence of overweight/obesity may there-
fore be underestimated, and the population attributable
fraction of hypertension related to excess weight may be
correspondingly underestimated. Finally, a low BMI may
relate in some instances to eating disorders (e.g. malnu-
trition or anorexia nervosa). We did not have the necess-
ary additional information to identify such conditions but
BP is typically low in adolescents with anorexia nervosa

[25].

The population attributable fraction assumes causality
between exposure (overweight) and outcome (hyperten-
sion) [22]. This cross-sectional study does not provide
direct argument for this, but reverse causation is unlikely.
Furthermore, our estimates have been adjusted for sev-
eral potentially confounding variables.

Our finding of one-third of hypertension cases due to
excess body weight in Swiss children is higher than
figures (18% in boys and 25% in girls) found in a large
study of school children in the Seychelles islands (African
region) based on duplicate BP readings on one single
occasion [26,27]. In adults, the proportion of hypertension
attributable to overweight or obesity (BMI >25kg/m?)
has been found to range from 11 to 28% [28,29]. In the
Framingham, Heart Study, up to 60% of cases of hyper-
tension could account for a BMI of at least 23 kg/m2 [30].

Other studies also showed a substantial decrease of BP in
children when measures were repeated on different
occasions. In 1979, in 10 641 US children in Dallas
[12], the prevalence of elevated BP was 8.9% at the first
visit. At a third visit some days later, only 1.2% had
systolic hypertension and 0.4% had diastolic hyperten-
sion. In the Muscatine Study [11], out of 6662 children,
13% had elevated BP at the initial screening visit
while less than 1% had persistent elevated BP based
on repeated measurements taken on separated occasions.
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hyperactivity leads to a hyperdynamic hemodynamic
state and may contribute to the pathogenesis of ISH:
obese children with isolated systolic BP had increased
heart rate and BP variability [14]. We also found that
obese children had a higher resting heart rate and that
children with hypertension had a higher resting heart
rate, independently of BMI. The association between
elevated BP and resting heart rate might also reflect a
white-coat phenomenon [39]. The occurrence of a white
coat effect in our study, however, might have been
minimized by the facts that BP was measured with an
automated device out of the physician’s office [40,41] and
BP was measured by nurses rather than doctors [42].

The large difference in the prevalence of diastolic and
systolic hypertension raises concerns about the validity of
cut-off values used to define childhood hypertension.
Sorof et al. [14,15] found that, in population-based studies
of US children, less than 5% of children had elevated
diastolic BP at the first visit while more than 10% of
children had elevated systolic BP. Similarly, the preva-
lence of isolated diastolic hypertension was less than 1%
in a population-based study of children in Canada [37].
Should we conclude that since the 1970s—1980s, diastolic
BP has decreased while systolic BP has increased? Trend
studies do not seem to confirm such secular changes in BP
[8,43—45]. Furthermore, the dominance of ISH in child-
hood is difficult to reconcile with the observation that
isolated diastolic hypertension is more prevalent than
ISH in young adults [46]. As BP tends to track while
children get older [4], one would expect ISH to be the
dominant type of hypertension in young adulthood.
These nonconsistent findings may also reflect changes
in BP measurement methods and devices used for BP
measurement, or a changing relation between elevated
BP and overweight in the context of the obesity epidemic

[8].

One could argue that cut-off BP values to assess hyper-
tension among children should be based on distributions
found in the target populations; for example, in view of
possibly higher systolic BP among European than US
children [47]. Such cut-off values have been proposed for
children in Italy [48] and in the United Kingdom [49].
This issue, however, raises several fundamental epide-
miological questions. Compared with ‘universal’ norms,
population-specific distributions might have higher
internal validity but they would have lower external
validity [50].

In addition, it is probable that the definition of elevated
BP in children should depend on height — in addition to
age and sex — so that data-sets to generate population-
specific distributions will need to include very large
numbers of children to account for the many age-specific,
sex-specific and height-specific strata (the US data
included 63 227 American children aged 1-17 years
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surveyed in the 1970s and 1980s [7]). Another issue in
defining hypertension in children is the need to account
for secular trends in the prevalence of overweight in
children and their effect on BP over time. American
norms are based on data collected largely before the
obesity epidemic. Overall, and in contrast to adults,
few prospective studies or trials have linked BP among
children with cardiovascular disease outcomes. Pending
conclusive evidence, it may be useful to use the American
pediatric reference data, which does not necessarily
exclude a concomitant use of population-specific norms.

As BP was measured with an oscillometric device, the
diastolic BP might have been underestimated. We did,
however, use a device from a leading company in the area
that was clinically validated in adults [17]. Furthermore,
we checked all devices for accuracy by comparing BP
values obtained with a mercury sphygmomanometer
using a Y tube connected to the automated device:
auscultatory and oscillometric readings for systolic BP
as well as diastolic BP were comparable.

Our findings have several implications. First, they further
emphasize the need for measuring BP on several separ-
ated visits before ascertaining the diagnosis of hyperten-
ston. Such an approach is clearly needed for children as it
was already shown for adults [9]. Just as for adults,
however, the clinical significance of transiently elevated
BP among children should also be researched.

A second implication is related to screening of elevated
BP among children. Figures provided by this study show
limited robustness of measurement BP measured on one
visit to predict sustained elevated BP and a low preva-
lence of sustained elevated BP in the studied population.
Hence, systematic screening based on BP readings on a
single visit is likely to mislabel as hypertensive a sub-
stantial number of children, with the potential harm
associated with wrong labeling and unneeded comp-
lementary investigations. Hence, universal screening
for elevated BP in children may not be advisable, at least
in populations with low prevalence of hypertension,
bearing in mind the important resources needed for
screening programs and the uncertainty on long-term
consequences of childhood BP [3,7]. On the other hand,
systematic BP screening may provide a welcome oppor-
tunity for health education related to healthy lifestyle and
nutrition. This entry point may be particularly relevant in
the context of the impending obesity epidemic.

Owing to the higher prevalence of elevated BP among
overweight children, a screening strategy limited to those
overweight could be suggested. Weight reduction, how-
ever, which is the primary therapeutic goal for obesity-
related hypertension [7], is advised in obese children
irrespective of BP level [6] — and screening of hyperten-
sion among obese children might further stigmatize these
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children. Further studies should evaluate the pros and
cons of different BP screening strategies targeting all
children or specific subgroups. More generally, our data
re-emphasize the need for prevention of overweight in
children as a means to curb the global hypertension
burden.

Acknowledgement

The authors thank Dr Virgile Woringer, head of the
‘Service de la santé des écoles de Lausanne’, Monique
Grand, head nurse of the ‘Service de la santé des écoles
de Lausanne’, Dr Eric Masserey, head of the ‘Office des
écoles en santé (ODES)’, and Monique Archambault,
head nurse of the ‘Office des écoles en santé (ODES)’, for
their support in the organization of the study. They thank
all the school nurses for their commitment in the study.
The study was funded by a grant from the Swiss National
Science Foundation (No 3200B0-109999/1).

There are no conflicts of interest.

References

1

Lawes CM, Vander Hoorn S, Law MR, Elliott P, MacMahon S, Rodgers A.
Blood pressure and the global burden of disease 2000. Part 1: estimates of
blood pressure levels. J Hypertens 2006; 24:413-422.

Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. The Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure: the JNC 7 report. JAMA 2003; 289:2560-2572.
Labarthe DR. Prevention of cardiovascular risk factors in the first place.
Prev Med 1999; 29:S72-S78.

Fuentes RM, Notkola IL, Shemeikka S, Tuomilehto J, Nissinen A. Tracking of
systolic blood pressure during childhood: a 15-year follow-up population-
based family study in eastern Finland. J Hypertens 2002; 20:195—

202.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard
definition for child overweight and obesity worldwide: international survey.
BMJ 2000; 320:1240—-1243.

Whitlock EP, Williams SB, Gold R, Smith PR, Shipman SA. Screening and
interventions for childhood overweight: a summary of evidence for the US
Preventive Services Task Force. Pediatrics 2005; 116:e125-e144.
National High Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents. The fourth report on the
diagnosis, evaluation, and treatment of high blood pressure in children and
adolescents. Pediatrics 2004; 114(Suppl 2):S555-S576.

Chiolero A, Bovet P, Paradis G, Paccaud F. Has blood pressure increased
in children in response to the obesity epidemic? Pediatrics 2007;
119:544-553.

Bovet P, Gervasoni JP, Ross AG, Mkamba M, Mtasiwa DM, Lengeler C, et
al. Assessing the prevalence of hypertension in populations: are we doing it
right? J Hypertens 2003; 21:509-517.

Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, et al.
Recommendations for blood pressure measurement in humans and
experimental animals: part 1: blood pressure measurement in humans.
Circulation 2005; 111:697-716.

Rames LK, Clarke WR, Connor WE, Reiter MA, Lauer RM. Normal blood
pressure and the evaluation of sustained blood pressure elevation in
childhood: the Muscatine study. Pediatrics 1978; 61:245-251.

Fixler DE, Laird WP, Fitzgerald V, Stead S, Adams R. Hypertension
screening in schools: results of the Dallas study. Pedlatrics 1979; 63:32—
36.

Adrogué HE, Sinaiko AR. Prevalence of hypertension in junior high school-
aged children: effect of new recommendations in the 1996 Updated Task
Force Report. Am J Hypertens 2001; 14:412-414.

Sorof JM, Poffenbarger T, Franco K, Bernard L, Portman RJ. Isolated
systolic hypertension, obesity, and hyperkinetic hemodynamic states in
children. J Pediatr 2002; 140:660—-666.

Sorof JM, Lai D, Turner J, Poffenbarger T, Portman RJ. Overweight,
ethnicity, and the prevalence of hypertension in school-aged children.
Pediatrics 2004; 113:475-482.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Genovesi S, Giussani M, Pieruzzi F, Vigorita F, Arcovio C, Cavuto S, Stella
A. Results of blood pressure screening in a population of school-aged
children in the province of Milan: role of overweight. J Hypertens 2005;
23:493-497.

Lasserre AM, Chiolero A, Cachat F, Bovet P. Overweight in 12-year old
Swiss children and associations with behaviors of the children and
characteristics of the parents. Obesity 2007; in press.

Topouchian JA, El Assaad MA, Orobinskaia LV, El Feghali RN, Asmar RG.
Validation of two automatic devices for self-measurement of blood pressure
according to the International Protocol of the European Society of
Hypertension: the Omron M6 (HEM-7001-E) and the Omron R7

(HEM 637-IT). Blood Press Monit 2006; 11:165-171.

Chiolero A, Gervasoni JP, Rwebogora A, Balampama M, Paccaud F,
Bovet P. Difference in blood pressure readings with mercury and
automated devices: impact on hypertension prevalence estimates in Dar es
Salaam, Tanzania. Eur J Epidemiol 2006; 21:427-433.

Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei
Z, et al. 2000 CDC Growth charts for the United States: methods and
development. Vital Health Stat 11 2002; 246:1-190.

Cleveland WS. Robust locally weighted regression and smoothing
scatterplots. J Am Stat Assoc 1979; 74:829-836.

Rockhill B, Newman B, Weinberg C. Use and misuse of population
attributable fractions. Am J Public Health 1998; 88:15-19.

Greenland S, Drescher K. Maximum likelihood estimation of the attributable
fraction from logistic models. Biometrics 1993; 49:865-872.

Lurbe E, Torro |, Alvarez V, Nawrot T, Paya R, Redon J, Staessen JA.
Prevalence, persistence, and clinical significance of masked hypertension
in youth. Hypertension 2005; 45:493-498.

Misra M, Aggarwal A, Miller KK, Aimazan C, Worley M, Soyka LA, et al.
Effects of anorexia nervosa on clinical, hematologic, biochemical, and bone
density parameters in community-dwelling adolescent girls. Pediatrics
2004; 114:1574-1583.

Bovet P, Chiolero A, Madeleine G, Gedeon A, Stettler N. Marked increase
in the prevalence of obesity in children of the Seychelles (Indian Ocean),
1998-2004. Int J Pediatr Obes 2006; 1:120-128.

Chiolero A, Madeleine G, Gabriel A, Burnier M, Paccaud F, Bovet P.
Prevalence of elevated blood pressure and association with overweight in
children of a rapidly developing country. J Hum Hypertens 2007;21:120—
127.

Geleijnse JM, Kok FJ, Grobbee DE. Impact of dietary and lifestyle factors on
the prevalence of hypertension in western populations. Eur J Public Health
2004; 14:235-239.

Wilson PW, D’Agostino RB, Sullivan L, Parise H, Kannel WB. Overweight
and obesity as determinants of cardiovascular risk: the Framingham
experience. Arch Intern Med 2002; 162:1867-1872.

Garrison RJ, Kannel WB, Stokes J 3rd, Castelli WP. Incidence and
precursors of hypertension in young adults: the Framingham Offspring
Study. Prev Med 1987; 16:235-251.

Lobstein T, Baur L, Uauy R, IASO International Obesity TaskForce. Obesity
in children and young people: a crisis in public health. Obes Rev 2004; 5
(Suppl 1):4-104.

Antikainen RL, Moltchanov VA, Chukwuma C Sr, Kuulasmaa KA, Marques-
Vidal PM, Sans S, et al., WHO MONICA Project. Trends in the prevalence,
awareness, treatment and control of hypertension: the WHO MONICA
Project. Eur J Cardiovasc Prev Rehabil 2006; 13:13-29.

Bovet P, Gervasoni JP, Ross AG, Mkamba M, Mtasiwa DM, Lengeler C,
et al. Assessing the prevalence of hypertension in populations: are we
doing it right? J Hypertens 2003; 21:509-517.

de Simone G, Mureddu GF, Greco R, Scalfi L, Del Puente AE, Franzese A,
et al. Relations of left ventricular geometry and function to body
composition in children with high casual blood pressure. Hypertension
1997; 30 (3 Pt 1):377-382.

Jourdan C, Wuhl E, Litwin M, Fahr K, Trelewicz J, Jobs K, et al. Normative
values for intima-media thickness and distensibility of large arteries in
healthy adolescents. J Hypertens 2005; 23:1707-1715.

Lande MB, Carson NL, Roy J, Meagher CC. Effects of childhood primary
hypertension on carotid intima media thickness: a matched controlled
study. Hypertension 2006; 48:40—-44.

Paradis G, Lambert M, O’Loughlin J, Lavallee C, Aubin J, Delvin E, et al.
Blood pressure and adiposity in children and adolescents. Circulation
2004; 110:1832-1838.

Franklin SS. Systolic hypertension. It's time to take control. Am J Hypertens
2004; 17:49S-54S.

Parati G, Mancia G. Assessing the white-coat effect: which blood pressure
measurement should be considered? J Hypertens 2006; 24:29-31.
Gerin W, Marion RM, Friedman R, James GD, Bovbjerg DH, Pickering TG.
How should we measure blood pressure in the doctor’s office? Blood
Press Monit 2001; 6:257-262.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Hypertension in schoolchildren Chiolero et al. 2217

41 Myers MG, Valdivieso MA. Use of an automated blood pressure recording
device, the BpTRU, to reduce the ‘white coat effect’ in routine practice.
Am J Hypertens 2003; 16:494-497.

42 Campbell NR, Culleton BW, McKay DW. Misclassification of blood
pressure by usual measurement in ambulatory physician practices. Am J
Hypertens 2005; 18:1522-1527.

43 Luepker RV, Jacobs DR, Prineas RJ, Sinaiko AR. Secular trends of blood
pressure and body size in a multiethnic adolescent population: 1986 to
1996. J Pediatr 1999; 134:668-674.

44  Muntner P, He J, Cutler JA, Wildman RP, Whelton PK. Trends in blood
pressure among children and adolescents. JAMA 2004;291:2107-2113.

45 Watkins D, McCarron P, Murray L, Cran G, Boreham C, Robson P, et al.
Trends in blood pressure over 10 years in adolescents: analyses of cross
sectional surveys in the Northern Ireland Young Hearts project. BMJ 2004;
329:139.

46 Franklin SS, Pio JR, Wong DN, Larson MG, Leip EP, Vasan RS, Levy D.
Predictors of new-onset diastolic and systolic hypertension. The
Framingham Heart Study. Circulation 2005; 111:1121-1127.

47 de Man SA, Andre JL, Bachmann H, Grobbee DE, Ibsen KK, Laaser U, et al.
Blood pressure in childhood: pooled findings of six European studies.

J Hypertens 1991; 9:109-114.

48 Menghetti E, Virdis R, Strambi M, Patriarca V, Riccioni MA, Fossali E,
Spagnolo A. Blood pressure in childhood and adolescence: the Italian
normal standards. Study Group on Hypertension’ of the ltalian Society of
Pediatrics’. J Hypertens 1999; 17:1363-1372.

49 Jackson LV, Thalange NK, Cole TJ. Blood pressure centiles for Great
Britain. Arch Dis Child 2007; 92:298-303.

50 Genovesi S, Giussani M, Pieruzzia F, Stella A. Reply [letter]. J Hypertens
2005; 23:1607.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



	Prevalence of hypertension in schoolchildren based on repeated measurements and association with™overweight
	Introduction
	Method
	Results
	Discussion
	Acknowledgement

	References

