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Prevalence of elevated blood pressure and
association with overweight in children of
a rapidly developing country

A Chiolero1, G Madeleine2, A Gabriel2, M Burnier3, F Paccaud1 and P Bovet1,2

1Institute of Social and Preventive Medicine, University of Lausanne, Switzerland; 2Ministry of Health, Unit
for Prevention and Control of Cardiovascular Diseases, Victoria, Seychelles and 3Division of Nephrology,
University Hospital, Lausanne, Switzerland

We assessed the prevalence of elevated blood pressure
(BP) and the association with excess body weight
among a large sample of children in the Seychelles, a
middle-income rapidly developing country in the African
region. Weight, height and BP were measured in all
children of four school grades in the Seychelles (Indian
Ocean). Excess weight categories (‘overweight’ and
‘obesity’) were defined according to the criteria of the
International Obesity Task Force. Two BP readings were
obtained on one occasion. ‘Elevated BP’ was defined
based on US reference tables. Data were available in
15 612 (86%) of 18 119 eligible children aged 5–16 years
in 2002–2004. In all, 13.0% of Boys and 18.8% of girls
were overweight or obese. The prevalence of elevated

BP was 9.1% in boys and 10.1% in girls. Both systolic
and diastolic BP were strongly associated with body
mass index (BMI) in boys and in girls. In children with
‘normal weight’, ‘overweight (and not obesity)’ and
‘obesity’, respectively, proportions with elevated BP
were 7.5, 16.9 and 25.2% in boys, and 7.5, 16.1 and 33.2%
in girls. Overweight (including obesity) could account
for 18% of cases of elevated BP in boys and 26% in girls.
Further studies should examine the impact of the
relationship between BMI and elevated BP on the burden
of hypertension in the context of the epidemic of
paediatric obesity.
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Introduction

In addition to be a leading cause of the disease
burden worldwide in adults,1,2 hypertension is a
matter of concern in children as well.3 Children
with elevated blood pressure (BP) can develop target
organ damage, for example, increased carotid in-
tima-media thickness4 or ventricular hypertrophy,5

and they are also at increased risk of cardiovascular
disease in adulthood.6 Moreover, BP tracks from
childhood to adulthood.7–9 Consequently, detection
and management of elevated BP at an early age may
be an important mean for limiting the disease
burden due to hypertension.10

It is difficult to estimate the prevalence of elevated
BP in children because there is no universally
accepted definition of paediatric hypertension and
because BP physiologically relates to sex, age and

height during childhood.11 The latter factor implies
that BP cutoff values to define hypertension need to
be age-, sex- and height specific11 and prevalence
studies in children must subsequently include large
numbers of children.

Notwithstanding these limitations, several large
population-based studies have recently assessed the
prevalence of elevated BP in children in western
countries and prevalence typically ranged from 7 to
19% based on measurements taken on one visit.12–14

In contrast, few population-based studies have been
conducted in children in developing countries15–18

and several of them have relied on small sample
sizes with subsequent limited power to estimate the
prevalence of elevated BP with precision.16–18 Con-
tinuous assessment of elevated BP in children (as
well as in adults) is important in the view of
changing distribution of determinants of hyperten-
sion (e.g. nutrition, obesity) and to provide informa-
tion in regions that lack such data (e.g. developing
countries) in order to guide health-care policy and
prevention strategies.1

Childhood obesity has taken epidemic propor-
tions worldwide.19,20 Many studies have shown that
BP is associated with overweight in children.12–14,21

However, few data are available in non-western
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countries and in non-caucasian populations.15–18

Furthermore, although some studies indicated that
mean BP in children has recently increased in
parallel to the obesity epidemic,22,23 other studies
have shown that BP has decreased over time in spite
of upwards obesity trends.24,25 The question of the
strength of the relationship between BP and body
weight in children in different populations has
important implications for predicting trends in the
burden of hypertension attributable to excess body
weight, especially in the context of the extension of
the obesity epidemic worldwide.20,26

The purpose of this study was (1) to estimate the
prevalence of elevated BP in a large sample of
children of the Seychelles, a country in the African
region in which the prevalence of obesity has
recently rapidly increased,26 (2) to investigate the
relationship between BP and body mass index
(BMI), and (3) to estimate the proportion of children
with elevated BP in the population that could be
attributable to excess body weight (overweight or
obesity).

Methods

The study took place in the Republic of Seychelles,
an island state in the African region located 1800 km
east of Kenya in the Indian Ocean. The large
majority of the population is of African descent.
Seychelles has experienced rapid socioeconomic
development over the last three decades and the
national gross domestic product per capita rose in
real terms from US$ 2927 in 1980 to US$ 5239 in
2004. High levels of cardiovascular risk factors,
including hypertension, were documented in the
adult population in 1989 and 2004.27,28

Data for this study came from a school-based
national surveillance system including surveys
every year of all children attending all public and
private schools of Seychelles in four selected school
grades: kindergarten (G0), fourth (G4), seventh (G7)
and 10th year (G10) of obligatory school.26 Data were
collected during routine medical visits at school by
more than a dozen of school nurses. Nearly 100%
of children attend school with approximately 96%
attending public schools and 4% attending private
schools. This study included students examined in
2002–2004. As the same student cannot be seen
more than once every 4 years as he/she moves across
subsequent grades, the selection of a 3-year period
in this study (2002–2004) ensured that all students
could be seen only once.26

BP was measured with clinically validated oscil-
lometric automated devices (Omron M5, Omron
Healthcare Europe BV, The Netherlands).29 The
width of the cuff (paediatric, normal, large) was
adapted to the arm circumference. BP was measured
in the sitting position, after a rest of at least 5 min,
on the right arm. Two readings were obtained at a
1-min interval and the average was used to define

BP. Weight was measured using precision electronic
scales (Seca 870, Seca, Hamburg, Germany) and
height was measured with fixed stadiometers (Seca
208). School nurses were regularly trained in
measurement techniques and equipment was
checked every year for accuracy. In addition,
children of the upper grades (G4, G7 and G10) were
asked questions about their average daily walking
time to and from school (expressed in minutes per
day) and frequency of leisure physical exercise
outside of school (less than once per month;
at least once per month but less than once per
week; once per week; twice per week; three times
or more per week). The survey was approved
by the research committee of the Ministry of
Health after technical and ethical reviews. Written
consent was sought from the parents for the
participation of their children and children were
free to participate.

BMI was calculated as weight divided by
height squared (kg/m2). ‘Overweight’ and ‘obesity’
were defined using the sex- and age-specific
BMI criteria of the International Obesity Task
Force.19 The category ‘overweight’ is generally
meant to also include the category ‘obesity’,
unless specified otherwise. Z-scores and corre-
sponding percentiles of systolic and diastolic
BP were generated using US reference tables.30

‘Elevated BP’ was considered for systolic BP and/
or diastolic BP equal to or above the reference
sex-, age- and height-specific 95th percentile (i.e.
a z-score of X1.64).11

Prevalence, standard error and 95% confidence
interval (95% CI) were calculated for categories of
sex and school grade. The shape of the relationship
between BMI and BP was assessed using the LOW-
ESS method, a scatterplot smoothing technique
based on robust locally weighted regression.31

Smoothed curves were generated for systolic and
diastolic BP, according to sex and school grade.
Logistic regression was used to assess the relation-
ship between BMI categories and elevated BP. We
calculated the population attributable fraction
(PAF)32 of elevated BP cases that could be attributed
to excess body weight (overweight or obesity). CIs of
PAF were based on asymptotic approximation.33

Calculation of PAF assumes a causal relationship
between the variables of interest (body weight and
elevated BP).32 Statistical analyses were performed
with Stata 8.2.

Results

From an eligible total of 18 119 children seen in
2002–2004, data on weight, height and BP were
available in 15 612 (86%) aged 5–16 years. Table 1
shows mean BMI, systolic and diastolic BP and the
prevalence of overweight, obesity and elevated BP
by sex and school grade. Overall, 13.0% (95% CI:
12.3–13.8) of boys and 18.8% (17.9–19.6) of girls
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were either ‘overweight’ or ‘obese’. BP increased
with school grade, hence with children’s age.

Approximately one child out of 10 had elevated
BP (systolic and/or diastolic BP). Overall, the
prevalence of elevated BP was not largely different
in boys than in girls. In boys, the prevalence of
elevated BP tended to be higher in the first and last
school grades (G0, G10) than in the intermediate
grades. In the lowest grade (G0), more children (boys
and girls) had elevated diastolic BP than elevated
systolic BP. In the other grades, boys and girls
tended to have elevated systolic BP more often than
elevated diastolic BP.

Figure 1 shows smoothed curves of the relation
between systolic/diastolic BP and BMI. BP was
associated directly with BMI. The relationship was
steeper for children of higher than lower grades.
Except for children of the lowest grade (G0), the
relationship tended to flatten in the upper range
of BMI. In additional analyses stratified by height-
for-age (i.e. small, and tall children), the curves
relating BMI with BP were parallel but significantly
higher in taller than smaller children (data not
shown; available on request). This indicates that the
relationship between BP and BMI was not con-
founded by children’s height.

Table 2 illustrates the relationship between the
prevalence of elevated BP and BMI categories. In
both boys and girls, and for each school grade, the
proportions of children with elevated BP (systolic
and/or diastolic) increased sharply across categories
of BMI. Among obese children, one boy out of four
and one girl out of three had elevated BP. For
elevated systolic BP, the proportions across BMI
categories were 4.9% (4.4–5.5), 12.6% (10.2–15.4)
and 16.0% (12.4–20.3) in normal weight, overweight
and obese boys, and 4.3% (3.9–4.9), 9.6% (7.8–11.6)
and 21.9% (18.2–26.0) in girls. For elevated diastolic
BP, the proportions were 4.2% (3.8–4.8), 8.5% (6.5–
10.9) and 15.0% (11.4–19.1) in boys, and 5.0% (4.5–
5.6), 11.1% (9.2–13.2) and 23.7% (19.8–27.9) in
girls.

Table 3 indicates the odds ratios of elevated BP
(systolic and/or diastolic) in boys and in girls
associated with overweight and obesity compared
to normal weight. As elevated BP is adjusted for age,
sex and height and excess body weight is adjusted
for age and sex, the odds ratios in this table are
inherently adjusted for these variables. The associa-
tion tended to be stronger in girls than in boys, and
weaker in younger than older age (grade 0 vs grades
4, 7 and 10). Odds ratios tended to be higher for
obesity than overweight. The proportions of all
children with elevated BP that could be attributed
to excess weight (i.e. overweight and obesity) were
17% (14–21) among boys and 25% (22–29) among
girls. The attributable fraction for overweight (ex-
cluding the obese category) was 9% (6–11) among
boys and 11% (8–14) among girls. The attributable
fraction for obesity was 9% (7–11) among boys and
15% (12–17) among girls. Hence, overweight andT
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Figure 1 Smoothed curves of systolic (upper part) and diastolic BP (lower part) in relation to BMI, by sex and school grade.

Table 2 Prevalence of elevated BP among children with normal weight, overweight and obesity, by sex and school grade

Sex Grade Normal weight (%) Overweight and not obese (%) Obese (%)

Boys G0 11.0 (9.4–12.6) 14.3 (8.2–20.4) 19.3 (11.1–27.5)
G4 6.2 (5.0–7.4) 12.6 (7.7–17.5) 25.8 (18.0–33.6)
G7 3.2 (2.4–4.0) 13.1 (8.6–17.6) 25.3 (16.7–33.9)
G10 10.2 (8.6–11.8) 31.3 (23.5–39.1) 33.3 (20.6–46.0)
All 7.5 (6.9–8.1) 16.9 (14.0–19.8) 25.2 (20.7–29.7)

Girls G0 11.4 (9.8–13.0) 12.3 (7.2–17.4) 33.0 (23.2–42.8)
G4 8.1 (6.7–9.5) 18.4 (13.7–23.1) 29.3 (21.5–37.1)
G7 5.3 (4.1–6.5) 14.3 (10.4–18.2) 36.1 (27.5–44.7)
G10 5.5 (4.3–6.7) 18.0 (13.5–22.5) 34.9 (25.9–43.9)
All 7.5 (6.9–8.1) 16.1 (13.7–18.5) 33.2 (5.9–43.9)

Abbreviation: BP, blood pressure.
95% confidence interval in brackets.

Table 3 Association between elevated BP and categories of body mass index and proportions of all students with elevated BP that could
be attributable to excess body weight (‘attributable fraction’)

Sex Grade Overweight and not obese (OR) Obese (OR) Attributable fraction for overweight and obesity (%)

Boys G0 1.3 (0.8–2.3) 1.9 (1.1–3.4) 5 (1–10)
G4 2.2 (1.3–3.5) 5.2 (3.3–8.2) 21 (13–28)
G7 4.5 (2.8–7.3) 10.2 (6.0–17.2) 39 (28–49)
G10 4.0 (2.7–6.0) 4.4 (2.4–7.9) 19 (13–35)
All 2.5 (2.0–3.1) 4.1 (3.2–5.3) 18 (14–21)

Girls G0 1.1 (0.7–1.8) 3.8 (2.4–6.2) 9 (4–15)
G4 2.5 (1.8–3.6) 4.7 (3.1–7.1) 25 (17–32)
G7 3.0 (2.0–4.4) 10.1 (6.6–15.5) 37 (28–46)
G10 3.8 (2.6–5.5) 9.3 (5.9–14.5) 39 (30–47)
All 2.4 (1.9–2.9) 6.1 (4.9–7.6) 26 (22–29)

Abbreviations: BP, blood pressure; OR, odds ratio.
95% confidence intervals in brackets.
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obesity could account for an approximately same
number of children with elevated BP. These attribu-
table fractions tended to be lower in the youngest
boys and girls (G0), consistent with the slightly
lower odds ratio relating elevated BP to excess body
weight in this age category.

In additional analyses performed in children of
grades G4, G7 and G10 (for which data on physical
exercise were available), elevated BP was associated
with low frequency of physical exercise at leisure
time and low walking time to/from school, inde-
pendently of BMI categories (data not shown).
However, the odds ratios for elevated BP with body
weight categories reported in Table 3 were virtually
identical upon inclusion of the physical exercise
variables into the logistic regression models. These
findings indicate that the considered physical
exercise variables did not confound the association
between excess weight categories and elevated BP.

Discussion

We found that both systolic BP and diastolic BP were
strongly associated with BMI, independently of sex,
age and height, in children of the Seychelles. Over-
weight and obesity could account for approximately
one-fifth of all children with elevated BP. These
findings in a middle-income country of the African
region emphasize the role of excess body weight in
children as a possible important determinant of
hypertension in rapidly developing countries.

Comparison of the prevalence of elevated BP with
other studies is limited due to differences in the
procedures used for BP measurement across studies.
Table 4 shows results of recent large population-
based studies reporting the prevalence of elevated
BP (using the US criteria) based on BP measured on
one visit. Prevalence of elevated BP in Seychelles
seemed to be similar to findings in developed
countries such as Canada13 or Italy.14 The prevalence
of elevated BP was however lower in Seychelles

than in the USA, possibly consistent with the larger
prevalence of overweight in the latter than in the
former.12 Inversely, the prevalence of elevated BP
was higher in Seychelles than in urban South
Africa, possibly consistent with a higher prevalence
of paediatric overweight in Seychelles than in South
Africa.18

Many studies have documented an association
between BP and body weight in children and
adolescents of western countries.12–14,21 In American
children, BMI was associated with systolic and
diastolic BP, irrespective of sex, ethnic group or
age.34 In a recent large study of paediatric patients,
an association was found for systolic and diastolic
BP in all age groups, including in children aged less
than 6 years.35 Other studies indicate that BMI was
associated more strongly with systolic BP than
diastolic BP.12,13 In a representative sample of youths
aged 9, 13 and 16 years of Québec (Canada) in which
the prevalence of excess body weight was 22–25%
(based on BMI X85th percentile, the US reference
tables), the prevalence of ‘high normal’ or ‘elevated’
systolic BP (i.e. BP X90th percentile, the US
reference tables) was 12–30% in boys and 14–19%
in girls, whereas the prevalence of ‘high normal’ or
‘elevated diastolic’ BP was o1% in both boys and
girls.13 In preschool American children, 19% of
obese children had elevated BP vs 7.0% of the non-
obese and the association between BP and BMI was
stronger in non-obese than obese children.36 The
latter finding is consistent with our observation that
the relation between BMI and BP flattened in the
upper tail of the BMI distribution. Surprisingly, an
inverse relationship between BMI and diastolic BP
was recently reported in American adolescents.37

Few population-based data on the relation
between BP and BMI are available in children in
developing countries. In the Ashanti region of
Ghana, BP was measured in 1277 children and
adolescents aged 8–16 years.17 Similarly to our
results, a strong association was found between BP
and BMI. In 118 children in Cameroon, BP was

Table 4 Comparison of the prevalence of elevated BP in children in Seychelles and in selected countries

Country Sample Year Age (year) N Mean BMI or prevalence of
overweight a,b

Prevalence of elevated BP

Pakistanc15 National 1990–94 5–14 5641 Boys/girls: 15.2/15.3 kg/m2 Boys/girls: 15.8%/8.7%
Canadad13 Province of

Quebec
1999 9, 13, 16 3589 9/13/16 years: 9%/9%/8%a 9/13/16 years: 7%/13%/17%

South-Africae18 Regional (urban),
Elisras

2000 6–13 1884 Boys/girls: 1–3%/1–5%a Boys/girls: 1–6/3–11%

USAf12 City of Houston 2002 13.571.7 5102 20.0%a 19.4%
Italyg14 Province of Milan 2003–04 6–11 2416 Boys/girls: 24.7%/29.3%b 8.8%
Seychellesh National 2002–04 5–16 15 612 Boys/girls: 13.0%/18.8%b Boys/Girls: 9.1%/10.1%

Abbreviations: BMI, body mass index; BP, blood pressure.
Criteria for overweight definition: a‘overweight’ category according to CDC (i.e. BMIX95th percentile for age and sex); b‘overweight’ category
according to IOTF (based on age- and sex-specific BMI values).
For all studies, elevated BP was based on the US reference data.11 BP was measured on one single visit in all studies.
Method for BP measurement: cmercury sphygmomanometer; mean of two readings. doscillometric device; mean of the last two of three readings;
eoscillometric device, mean of three readings; foscillometric device, mean of three readings; gmercury sphygmomanometer, one reading;
hoscillometric device, mean of two readings.
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higher in urban than rural boys and the latter tended
to have higher BMI.16 Interestingly, in the largest
study performed on children of a developing
country, BP was higher in Pakistani (5–14 years
old; N¼ 5641) than American children (5–14 years
old; N¼ 4756), despite lower BMI in the former than
the latter (Table 4).15 Both systolic BP and diastolic
BP increased with BMI in these Pakistani children.
In urban South African children aged 6–13 years,
children with higher BMI had higher BP.18

We found a larger prevalence of elevated BP in
younger than older children. Possible explanations
can include a larger reaction alert in the former than
the latter (i.e. white-coat effect) or a measurement
bias with the automated device (e.g. smaller vs
larger arms). More generally, thresholds for elevated
BP are based on data collected in North American
children11 and may not necessarily apply to other
populations. The validity of such normative data
has not been assessed critically between popula-
tions and no other normative data have been
commonly used so far.

Our population-based study design allowed us to
estimate that approximately one-fifth of all children
with elevated BP could be attributable to excess
weight. We did not find other estimates of PAFs in
children in the literature. However, in adults, the
proportion of hypertension in a population that could
be attributed to overweight or obesity (BMI X25 kg/
m2) ranged from 11% (Italy) to 28% (USA).38,39

Our study has some limitations. First, BP was
measured on one single visit, whereas hypertension
should be based on readings taken on several
visits.11 In two studies that assessed BP on several
days in children, measurement of BP on two14 or
three different visits12 more than halved the pre-
valence of elevated BP, a phenomenon also well
known in adults.40,41 Most other epidemiological
studies of children BP also relied on readings taken
on a single occasion.13,15,33,35 Second, because of
the scarcity of data linking BP in children and
subsequent disease outcomes, the definition of
‘elevated BP’ largely relies on arbitrary normative
values. The most frequently used reference values
are derived from American children examined in
the 1980s, that is before the epidemic of over-
weight.11 These US reference data have the advan-
tage to be adjusted for sex, age and height, which are
the main known physiological determinants of BP in
children.11 Admittedly, generalization of such re-
ference BP values to other populations is disputable,
particularly if children’s height-for-age is different.
This caveat may bias our prevalence estimate of
elevated BP but it is unlikely to have biased our
findings on the relationship between BP and BMI.
Third, our data were cross-sectional and the causal
relationship between BMI and BP cannot be firmly
established. However, the benefits of weight loss for
BP reduction in children have been shown in both
cohort studies and trials.3 It was recently shown in
a population-based study that children who were

overweight at the age of 5 years and had normal
weight at the age of 14 years had similar mean BP at
the age of 14 years as compared to those with normal
weight at both ages.42 Finally, some factors not
considered in this study, such as heart rate, family
history of hypertension, birth weight or nutrition
factors, could bias or modify the relationship
between BMI and BP. Interestingly, our odds ratios
relating BMI to elevated BP remained virtually
identical upon adjustment for physical exercise
variables.

The substantial prevalence of children with
elevated BP emphasizes the need to consider
appropriate screening and treatment programs of
hypertension as early as in childhood.11 Our find-
ings further call for programs and policies to limit
sedentary behaviours and promote physical activity
and healthy nutrition among all children.42,43 More
generally, the association between overweight and
elevated BP in children might announce an in-
creased burden of hypertension-related diseases as
the obesity epidemic further escalates. Prevention of
cardiovascular risk factors as early as in childhood –
also called primordial prevention – may be an
important strategy to prevent non-communicable
diseases in a life course perspective,10 particularly
in settings with scarce resources and limited health
care capacity.
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Abbreviation: BP, blood pressure.

Elevated blood pressure and overweight in children
A Chiolero et al

125

Journal of Human Hypertension



support to the study came from the University
of Lausanne (Switzerland), the Rotary Club (Sey-
chelles) and the World Health Organization. We are
grateful to the health nurses for their dedication to
the school health program and to the Ministry of
Health and the Ministry of Education of the
Republic of Seychelles for continued support to
research related to non-communicable diseases.

References

1 World Health Organization. The World Health Report:
2002: Reducing risks, promoting healthy life. World
Health Organisation: Geneva, 2002.

2 Lawes CM, Vander Hoorn S, Law MR, Elliott P,
MacMahon S, Rodgers A. Blood pressure and the
global burden of disease 2000. Part II: estimates of
attributable burden. J Hypertens 2006; 24: 423–430.

3 Sorof J, Daniels S. Obesity hypertension in children.
Hypertension 2002; 40: 441–447.

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

5 Sorof JM, Turner J, Martin DS, Garcia K, Garami Z,
Alexandrov AV et al. Cardiovascular risk factors and
sequelae in hypertensive children identified by referral
versus school-based screening. Hypertension 2004; 43:
214–218.

6 Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH.
Long-term morbidity and mortality of overweight
adolescents. A follow-up of the Harvard Growth Study
of 1922–1935. N Engl J Med 1992; 327: 1350–1355.

7 Bao W, Threefoot SA, Srinivasan SR, Berenson GS.
Essential hypertension predicted by tracking of
elevated blood pressure from childhood to adulthood:
the Bogalusa Heart Study. Am J Hypertens 1995; 8:
657–665.

8 Berenson GS, Srinivasan SR, Bao W, Newman III WP,
Tracy RE, Wattigney WA. Association between multi-
ple cardiovascular risk factors and atherosclerosis in
children and young adults. The Bogalusa Heart Study.
N Engl J Med 1998; 338: 1650–1656.

9 Fuentes RM, Notkola IL, Shemeikka S, Tuomilehto J,
Nissinen A. Tracking of systolic blood pressure during
childhood: a 15-year follow-up population-based fa-
mily study in eastern Finland. J Hypertens 2002; 20:
195–202.

10 Labarthe DR. Prevention of cardiovascular risk factors
in the first place. Prev Med 1999; 29: S72–S78.

11 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(2 Suppl
4th Report): S555–S576.

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

13 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.

14 Genovesi S, Giussani M, Pieruzzi F, Vigorita F, Arcovio
C, Cavuto S et al. 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.

15 Jafar TH, Islam M, Poulter N, Hatcher J, Schmid CH,
Levey AS et al. Children in South Asia have higher
body mass-adjusted blood pressure levels than white
children in the United States: a comparative study.
Circulation 2005; 111: 1291–1297.

16 Proctor MH, Moore LL, Singer MR, Hood MY,
Nguyen US, Ellison RC. Risk profiles for non-
communicable diseases in rural and urban school-
children in the Republic of Cameroon. Ethn Dis 1996;
6: 235–243.

17 Agyemang C, Redekop WK, Owusu-Dabo E, Bruijn-
zeels MA. Blood pressure patterns in rural, semi-urban
and urban children in the Ashanti region of Ghana,
West Africa. BMC Public Health 2005; 5: 114.

18 Monyeki KD, Kemper HC, Makgae PJ. The association
of fat patterning with blood pressure in rural South
African children: the Ellisras Longitudinal Growth and
Health Study. Int J Epidemiol 2006; 35: 114–120.

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

20 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): S4–S104.

21 Ebbeling CB, Pawlak DB, Ludwig DS. Childhood
obesity: public-health crisis, common sense cure.
Lancet 2002; 360: 473–482.

22 Ford ES, Mokdad AH, Ajani UA. Trends in risk factors
for cardiovascular disease among children and adoles-
cents in the United States. Pediatrics 2004; 114:
1534–1544.

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

24 Gidding SS, Bao W, Srinivasan SR, Berenson GS.
Effects of secular trends in obesity on coronary risk
factors in children: the Bogalusa Heart Study. J Pediatr
1995; 127: 868–874.

25 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.

26 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.

27 Bovet P, Shamlaye C, Kitua A, Riesen WF, Paccaud F,
Darioli R. High prevalence of cardiovascular risk
factors in the Seychelles (Indian Ocean). Arterioscler
Thromb 1991; 11: 1730–1736.

28 Bovet P, Shamlaye C, Gabriel A, Riesen W, Paccaud F.
Prevalence of cardiovascular risk factors in a middle-
income country and estimated cost of a treatment
strategy. BMC Public Health 2006; 6: 9.

29 El Assaad MA, Topouchian JA, Asmar RG. Evaluation
of two devices for self-measurement of blood pressure
according to the international protocol: the Omron
M5-I and the Omron 705IT. Blood Press Monit 2003; 8:
127–133.

Elevated blood pressure and overweight in children
A Chiolero et al

126

Journal of Human Hypertension



30 Kuczmarski RJ, Ogden CL, Grummer-Strawn LM,
Flegal KM, Guo SS, Wei R et al. CDC growth charts:
United States. Adv Data 2000; 314: 1–27.

31 Cleveland WS. Robust locally weighted regression
and smoothing scatterplots. J Am Stat Ass 1979; 74:
829–836.

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

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

34 Rosner B, Prineas R, Daniels SR, Loggie J. Blood
pressure differences between blacks and whites in
relation to body size among US children and adoles-
cents. Am J Epidemiol 2000; 151: 1007–1019.

35 Falkner B, Gidding SS, Ramirez-Garnica G, Wiltrout
SA, West D, Rappaport EB. The relationship of body
mass index and blood pressure in primary care
pediatric patients. J Pediatr 2006; 148: 195–200.

36 He Q, Ding ZY, Fong DY, Karlberg J. Blood pressure is
associated with body mass index in both normal and
obese children. Hypertension 2000; 36: 165–170.

37 Stettler N, Sugiyama T, Xie D, Graham-Maar RC, Inoue
K. Lower diastolic blood pressure is associated with
higher body mass index in a representative sample
of US adolescents: a cross-sectional study [Abstract].
Circulation 2006; 113: e301.

38 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.

39 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.

40 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.

41 Mamun AA, Lawlor DA, O’Callaghan MJ, Williams
GM, Najman JM. Effect of body mass index changes
between ages 5 and 14 on blood pressure at age 14:
findings from a birth cohort study. Hypertension 2005;
45: 1083–1087.

42 Williams CL, Hayman LL, Daniels SR, Robinson TN,
Steinberger J, Paridon S et al. Cardiovascular health in
childhood. A statement for health professionals from
the Committee on Atherosclerosis, Hypertension, and
Obesity in the Young (AHOY) of the Council on
Cardiovascular Disease in the Young, American Heart
Association. Circulation 2002; 106: 143–160.

43 Daniels SR, Arnett DK, Eckel RH, Gidding SS, Hayman
LL, Kumanyika S et al. Overweight in children and
adolescents: pathophysiology, consequences, preven-
tion, and treatment. Circulation 2005; 111: 1999–2012.

Elevated blood pressure and overweight in children
A Chiolero et al

127

Journal of Human Hypertension


