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KEYWORDS Abstract Background and aims: Various lifestyle, anthropometric, socio-demographic and peri-
Childhood natal characteristics have been separately associated with elevated blood pressure in children
hypertension; and adolescents. The aim of this study was to simultaneously evaluate all potential risk factors
Lifestyle; and to identify the most dominant correlates of early adolescence hypertension in a large group
Perinatal; of school children 9—13 years old.
Socio-demographic Methods and results: A cross-sectional study with 1444 schoolchildren 9—13 years old, having full

data on lifestyle, anthropometric, socio-demographic and perinatal indices, as well as blood pres-
sure measurements. Early adolescents born large for their gestational age (LGA) (OR, 95% C.I. 0.49
(0.25—0.97)), those with higher levels of moderate to vigorous physical activity (MVPA) (OR, 95%
C.I. 0.71 (0.53—0.96)) and those of a higher socioeconomic status (SES) (OR, 95% C.I. 0.51 (0.33
—0.79)), had lower risk of hypertension, compared with their counterparts with appropriate
birth weight, low levels of PA and with low SES respectively, independently of the variables used
in the multivariate model. On the other hand, overweight and obese early adolescents (OR, 95%
C.I. 2.61 (1.88—3.62)), those with central obesity (OR, 95% C.I. 1.75 (1.12—2.73)) and those having a
hypertensive father (OR, 95% C.I. 1.93 (1.20—3.12)) had higher risk of hypertension compared
with normal weight early adolescents and those without a family history of hypertension.
Conclusions: Among the parameters examined, early adolescence abnormal body weight and
central obesity, low PA, non LGA, low SES family and family history of hypertension were found
to be independently associated with higher risk of hypertension. The identified correlates of
early adolescence hypertension can be used by public health initiatives for early detection and
management of this major public health problem, prioritizing early adolescents and families at
the highest possible risk for hypertension.
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Introduction

Hypertension in childhood and adolescence is a constantly
increasing health problem in the last decades. Prevalence
of pre-hypertension and hypertension is reported to be
around 20% in the US, 16.4% in Central Europe, and
considerably higher in southern Europe, reaching 23% in
Greece [1-3]. Hypertension in children and adolescents
usually track into adulthood and hypertensive children
have a high probability to become hypertensive adults
with high cardiovascular risk [4]. Being one of the major
risk factors for cardiovascular disease (CVD) in adults, it
may also contribute to the initiation of vascular damage
early in life [4]. Also, childhood hypertension is a risk
factor for serious heart problems like left ventricular hy-
pertrophy and congestive heart failure, which increases
the risk of cardiovascular morbidity and mortality [5].

The origin of childhood and adolescence hypertension is
multi-factorial, with various lifestyle, parental anthropo-
metric, socio-demographic and perinatal indices being
separately described as possible risk factors. Mother's
weight gain and hypertension during pregnancy [6,7], male
sex [8], family history of hypertension [9], socioeconomic
status [10], obesity [11], low physical activity [ 12], unhealthy
diet [13] and parental smoking [14] are the major risk fac-
tors separately reported to be associated with childhood
hypertension in previous studies. On the other hand, there
are several perinatal, sociodemographic and lifestyle pa-
rameters (i.e nationality, family status, type of delivery,
breastfeeding) that have been either poorly or not yet
investigated in relation to childhood and adolescence hy-
pertension. Also, there is a significant number of already
identified risk factors which are interrelated (i.e. excess
calorie intake, low physical activity and excess body
weight), making it difficult to identify the most important
factors leading to childhood and adolescence hypertension.

To better understand the etiology of this health prob-
lem and, most importantly, to design future prevention
programs in order to prevent or tackle childhood and
adolescence hypertension prioritizing the most vulnerable
population groups, it is essential to identify the most
dominant risk factors, having an independent association
with hypertension. The aim of the current study was to
simultaneously investigate the associations of a significant
number of lifestyle, anthropometric, socio-demographic
and perinatal characteristics with hypertension in child-
hood and adolescence and to point out the most dominant
correlates of hypertension in a large group of children
9—13 years old and their families.

Methods
Study population

The ‘Healthy Growth Study’ was a large cross-sectional
epidemiologic study, which was in accordance with the
Declaration of Helsinki and was approved by the Greek
Ministry of National Education and the Ethics Committee
of Harokopio University of Athens. The study was initiated

in May 2007 and completed in June 2009 and its popula-
tion comprised of 5th and 6th grade schoolchildren of 77
primary schools in the counties of Attica, Aetoloakarnania,
Thessaloniki and Iraklion. The sampling of municipalities
and schools in the present study was random, multi-stage
and stratified by the parental educational level and the
total population of pre-adolescent students, thus yielding
a representative sample of primary-school children from
the wider urban region of Athens. More specifically, the
municipalities in the county of Attica were divided into
three groups based on the average educational level of
their adult population (25—65-year-olds) that was esti-
mated from data provided by the National Statistical Ser-
vice of Greece. This procedure yielded two parental
education cut-off points that allowed us to categorize
municipalities into three categories of different socio-
economic levels (SEL), i.e. higher, medium and lower SEL.
Consequently, based on data from the National Statistical
Service of Greece, a certain number of municipalities,
proportional to the size of their pre-adolescent population
(9—14-year-olds), were randomly selected from each of
these three SEL groups. Finally, an appropriate number of
schools were randomly selected from each of these mu-
nicipalities in relation to the population of schoolchildren
registered in the fifth and sixth grades in each munici-
pality, based on data obtained from the Greek Ministry of
Education. An extended letter explaining the aims of the
present study and a consent form for taking full mea-
surements were provided to all parents or guardians
having a child in the participating schools, in accordance
with the Declaration of Helsinki 1964 and its later
amendments. Parents who agreed to the participation of
their children in the study had to sign the consent form
and provide their contact details. Signed parental consent
forms were collected for 2655 out of 4145 children (64.1%).

Assessment of blood pressure

No child was receiving blood pressure (BP) lowering drugs.
Assessment of BP was performed in the right brachial ar-
tery using a mercury sphygmomanometer after the child
was left seated and quiet for 5 min. Assessment of the mid-
upper arm circumference was performed before the blood
pressure screening and different cuff sizes were used as
appropriate. The 1st and 5th Korotkoff sound were used
for the identification of the systolic and diastolic BP level.
Two consecutive measurements were performed for each
child, with a 2-min interval and if the pressure readings
differed by more than 10 mmHg, an additional measure-
ment was carried out. Mean value from two or three
consecutive readings of SBP and DBP taken from each child
was used. BP between the 90th and 95th percentile was
characterized as “high normal” or “pre-hypertension” and
“Systolic and/or Diastolic BP” was defined as average SBP
and/or DBP > 95th percentile for gender, age and height.
Additionally BP between 95th and 99th percentile plus
5 mmHg was “stage 1 hypertension” and BP above 99th
percentile plus 5 mmHg was “stage 2 hypertension” [15].
Existence of hypertension was considered for children
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categorized as having stage 1 or stage 2 hypertension.
Children with normal or high normal blood pressure were
considered as not having hypertension.

Anthropometry

Two trained members of the research team performed all
anthropometric measurements using a standard protocol
and the same equipment, which has been extensively
described previously [16]. The International Obesity Task
Force (IOTF) cut-off points were used to categorize par-
ticipants as normal-weight, overweight or obese. The In-
ternational Diabetes Foundation criteria for children and
adolescents were used for the definition of central obesity.
In specific children > 90th percentile were considered as
being centrally obese [17]. Furthermore, one well-trained
and experienced pediatrician in each prefecture deter-
mined pubertal maturation (Tanner stage) after thorough
visual inspection of breast development in girls and genital
development in boys.

Family socio-demographic and perinatal data

Data regarding socio-demographic status, parental weight
and height and perinatal information were reported by the
parents or taken from the children’s birth certificates and
medical records provided by the parents during their
scheduled interviews. For approximately 5% of the parents
(N = 133) who were unable to attend, data were collected
via telephone interviews using standardized questionnaire
by trained members of the research team. In those cases
parents reported all necessary data using the birth certifi-
cates of their children. The information collected included:
father’s and mother’s age (grouped in tertiles), self-reported
parental weight and height from which BMI was calculated,
parental years of education (stratified into less than 9 years,
which is the duration of compulsory education in Greece
that leads to a Junior High School degree, 9—12 years of
education corresponding to having a High School degree
and >12 years of education corresponding to having a
College or a University degree), parental hypertension and
smoking, parental and child nationality, parental marital
status (two-parent families, single-parent families), mean
annual family income over the past 3 years, mother’s cur-
rent employment status and number of cars owned by the
family and household size (m?/family member). Mothers
were asked to recall the following perinatal information:
type of conception, medical history of gestational diabetes
mellitus and high blood pressure, smoking and weight
gained during pregnancy based on the classification rec-
ommended by the IOM, and parity.

The following information was taken from each child’s
birth certificate and medical record: birth date for the
estimation of the exact age of each child, birth weight and
gestational age for the classification into small for gesta-
tional age (SGA, <10th percentile), appropriate for gesta-
tional age (AGA, 10th to 89th percentile) and large for
gestational age (LGA, >90th percentile), change in weight-
for-length from birth to 6 months of age for the

classification into poor (<—1 z score), average (-1 to +1 z
score), and rapid (>+1 z score), weight gain during in-
fancy, type of delivery (normal vs. cesarean), feeding
pattern from birth to 6 months of age, i.e., breastfeeding
and age of solid food introduction.

Lifestyle factors
Dietary intake

Dietary intake data were obtained by trained dieticians
and nutritionists via morning interviews with the children
at the school-site regarding two consecutive weekdays and
one weekend day, using the 24-h recall technique. All
relevant procedures regarding dietary intake assessment
and analysis of food intake into daily energy intake, macro
and micronutrient consumption has been described in
detail previously [18]. Daily energy intake was expressed
as percentage of Estimated Energy Requirements. Sodium,
potassium and fiber intake were dichotomized by the
relevant dietary reference values (DRV’s). Fruits and veg-
etables consumption was dichotomized by daily intake of
less or more than 5. Sodium to potassium ratio was esti-
mated by the sodium and potassium daily intake and it
was dichotomized by the median.

Sleep time

Also, parents were asked to report the time their children
usually go to bed at night and wake up in the morning on
weekdays and weekend days, respectively. This informa-
tion was used for the calculation of children’s night sleep
duration.

Physical activity

Time and intensity of physical activity

Physical activities of different intensity during leisure time
was assessed using a standardized activity interview,
based on a standardized questionnaire filled out by the
participants via interviews from a member of the research
team [19]. Respondents reported the time spent on various
physical activities or organized sports on two weekdays
and one weekend day, most preferably Sunday. Details on
the procedures followed to subjectively assess children’s
physical activity levels are described elsewhere [18].

Step count

The objective assessment of children’s physical activity
was conducted via a waist-mounted pedometer (Yamax
SW-200 Digiwalker; Yamax Corporation, Tokyo, Japan) for
1 week (i.e. from Monday to Sunday) following a standard
procedure described in details previously [16].

Screen time

Children’s screen time (i.e. time spent on viewing television/
video and playing computer games) was assessed by chil-
dren’s report with regard to a usual weekday and a usual
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weekend. The mean daily screen time was calculated using
the following equation: daily screen time = [(weekday
screen time x 2.5) + weekend screen time]/7.

Statistical analyses

Normality of the data was assessed through one-sample
Kolmogorov—Smirnov tests. All continuous variables are
presented as mean values (standard deviation) and cate-
gorical variables as frequencies. Furthermore, in order to
examine the associations of perinatal, socio-demographic
and lifestyle indices with existence of hypertension, uni-
variate logistic regression analyses were performed. To test
whether the significant associations observed at a uni-
variate level were independent, multivariate logistic
regression analyses were also performed. Crude and
adjusted odds ratios (OR) with 95% confidence intervals
(CI) were computed from the univariate and the multi-
variate regression analyses, respectively. Missing values
were not filled out with any known method and in the
present analysis we used only those children that had full
data for all the variables included in the analysis. The level
of statistical significance was set at P < 0.05. The Statistical
Package for Social Sciences (SPSS Inc., Chicago, IL, USA),
version 21-0, was used for all analyses.

Results

The present study used all the available parameters
(N = 43), known to directly or indirectly relate to child-
hood and adolescence hypertension. Also a small number
of other variables (i.e. parity) were used. These variables
though never examined before in relation to childhood
and adolescence hypertension, they are considered to
affect the child’s conditions of living, like engagement in
physical activities, food availability and preferences. The
study sample comprised of 1444 early adolescents 9—13
years old who had full data of all 43 perinatal, socioeco-
nomic, anthropometric and lifestyle parameters used in
the statistical analysis. Table 1 presents the main charac-
teristics of the study participants. Their mean age was
11.12 4 0.67 years, 48.8% were boys and 25.2% and 7% were
overweight or obese respectively.

Table 2—4 present the univariate associations of peri-
natal, socio-demographic and lifestyle indices respectively
with existence of either systolic or diastolic hypertension
in early adolescents. Findings from these analyses showed
that girls (OR, 95% C.I. 1.32 (1.02—1.72)) and children with
rapid growth velocity during the first six months of their
lives (OR, 95% C.I. 1.35 (1.02—1.79) had higher risk of hy-
pertension, while LGA children had lower risk of hyper-
tension (OR, 95% C.I. 0.51 (0.28—0.92)). Early adolescents
living with one of the two parents (single-parent family)
(OR, 95% C.I. 0.58 (0.35—0.96)) and those of higher socio-
economic status (SES) (OR, 95% C.I. 0.55 (0.37—0.82)) had
lower risk of hypertension, while those whose father had
hypertension (OR, 95% C.I. 176 (1.14-2.73)) or their
mother was obese (OR, 95% C.I. 191 (1.31-2.78)) had

Table 1 Characteristics of study population.

Total sample (n = 1444)

Mean SD

Age (years) 11.12 0.67
Boys (%) 48.8
BMI (kg/m?) 19.51 3.38
Waist circumference (cm) 66.81 8.52
Weight categories

Normal-weight (%) 67.9

Overweight (%) 25.2

Obese (%) 7.0
SBP (mmHg) 112.29 12.47
DBP (mmHg) 69.75 8.64
Hypertension (%) 20.7
Tanner stage

Stage 1 (%) 33.8

Stage 2 (%) 419

Stage 3 (%) 17.9

Stage 4 (%) 54

Stage 5 (%) 1.0
Daily energy intake (kcal/day) 1971.95 500.48

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic
blood pressure.

higher hypertension risk. Also, early adolescents with
more time spent on MVPA (OR, 95% C.I. 0.68 (0.52—0.88))
and those having more steps/day (OR, 95% C.I. 0.70
(0.54—0.91)), as well as those with higher daily energy
intake (OR, 95% C.I. 0.73 (0.54—0.99)) had lower risk of
hypertension. Moreover, overweight and obese early ado-
lescents (OR, 95% C.I. 2.61 (1.88—3.62)) and those having
central obesity (OR, 95% CI. 3.58 (2.48—5.22)) had
increased risk of hypertension.

Table 5 presents the multivariate associations of those
perinatal, socio-demographic and lifestyle indices found to
be associated with hypertension at the univariate level.
The same variables were also inserted in a multivariate
analysis testing their association with existence of either
systolic or diastolic hypertension using continuous data
wherever possible (Supplemental Table 1). LGA children
(OR, 95% C.I. 0.49 (0.25—0.97)), those with higher MVPA
(OR, 95% C.I. 0.71 (0.53—0.96)) and with higher SES (OR,
95% C.I. 0.51 (0.33—0.79)) had lower risk of hypertension
independently of all the other variables used in the
multivariate model. On the other hand, overweight and
obese early adolescents (OR, 95% C.l. 2.61 (1.88—3.62)),
those with central obesity (OR, 95% C.I. 1.75 (1.12—2.73))
and those whose father was hypertensive (OR, 95% C.I. 1.93
(1.20—3.12)) had a higher risk of hypertension.

Discussion

The present study investigated simultaneously the
possible associations of 43 different perinatal, socio-
demographic, parental anthropometric and early adoles-
cents’ lifestyle characteristics with childhood hyperten-
sion. Also, the present study aimed to investigate
characteristics associated with hypertension, indepen-
dently from all tested parameters, in order to identify the
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Table 2 Logistic regression analysis for the associations between several perinatal factors (independent variables) and systolic or diastolic blood

pressure (dependent variables).

Independent variables Cases (% of total) Odds ratio (95% confidence interval) p value
Dependent Variables
SBP or DBP
Type of conception
Normal 1400 (97.0) 1.00
In vitro fertilization (IVF) 44 (3.0) 1.04 (0.49-2.21) 0.91
Gestational weight gain
Within IOM recommendation 475 (32.9) 1.00
Below IOM recommendation 513 (35.5) 0.92 (0.67—1.26) 0.59
Above IOM recommendation 456 (31.6) 1.05 (0.77—1.45) 0.76
Maternal smoking during pregnancy
No smoking 1223 (84.7) 1.00
1st trimester 29 (2.0) 1.22 (0.51—2.89) 0.65
2nd trimester 3(0.2) 7.66 (0.69—84.79) 0.10
3rd trimester 19(1.3) 1.47 (0.52—4.17) 0.47
1st trimester and 2nd trimester 9(0.6) 0.48 (0.06—3.85) 0.49
2nd trimester and 3rd trimester 18 (1.2) 0.88 (0.25—3.13) 0.85
All trimesters 143 (9.9) 0.91 (0.58—1.41) 0.67
Gender
Boys 705 (48.8) 1.00
Girls 739 (51.2) 1.32 (1.02-1.72) 0.04
High blood pressure during pregnancy
No 1359 (94.4) 1.00
Yes 47 (3.3) 1.36 (0.70—2.66) 0.37
Not known 33 (2.3) 1.04 (0.45—2.42) 0.93
Diabetes mellitus during pregnancy
No 1360 (94.5) 1.00
Yes 43 (3.0) 1.51 (0.76—2.97) 0.24
Not known 36 (2.5) 1.30 (0.60—2.79) 0.51
Gestational age (weeks)
<37 239 (16.6) 1.00
>37 1205 (83.4) 0.92 (0.65—1.30) 0.63
Parity
Uniparous 695 (48.1) 1.00
Multiparous 749 (51.9) 0.87 (0.67—1.12) 0.28
Birth weight for gestational age
Appropriate (10th—89th percentile) 1167 (80.8) 1.00
Small (<10th percentile) 165 (11.4) 1.37 (0.93—2.00) 0.11
Large (>90th percentile) 112 (7.8) 0.51 (0.28—0.92) 0.03
Type of delivery
Normal 1017 (70.5) 1.00
Cesarean 426 (29.5) 0.90 (0.68—1.20) 0.48
Weight gain in the first 6 months
Average (—1 to +1 z-score change) 837 (58.9) 1.00
Poor (<—1 z-score change) 144 (10.1) 0.70 (0.42—-1.17) 0.17
Rapid (>-+1 z-score change) 441 (31.0) 1.35 (1.02—1.79) 0.03
Breastfeeding
Not exclusive 1313 (90.9) 1.00
Exclusive 131 (9.1) 0.92 (0.58—1.46) 0.73
Time of solid food initiation
<4 months 252 (17.5) 1.00
5—6 months 952 (66.0) 1.06 (0.74—1.51) 0.75
>6 months 238 (16.5) 1.37 (0.89—2.13) 0.16

SBP: systolic blood pressure, DBP: diastolic blood pressure, IOM: Institute of Medicine.

Bold font indicates statistically significant OR (P < 0.05).

most dominant perinatal, sociodemographic and lifestyle
correlates of this health problem. Therefore, indepen-
dently from all characteristics tested, early adolescents
born LGA, more physically active and of a higher SES had
lower risk of hypertension. Also, overweight and obese
early adolescents those with central obesity and with a
hypertensive father, had higher risk of hypertension.

According to univariate models, several parameters
were separately associated with early adolescence hy-
pertension. Regarding sex, few previous studies have
shown that boys are more susceptible to hypertension
than girls, mostly attributed to higher abdominal
adiposity [8,20], which is in opposition to the present
findings. However, there are also other studies reporting
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Table 3 Logistic regression analysis for the associations between several socio-demographic factors (independent variables) and systolic or

diastolic blood pressure (dependent variables).

Independent Variables Cases (% of total) Odds ratio (95% confidence interval) p value
Dependent Variables
SBP or DBP
Age categories
9—11 years 644 (44.6) 1.00
11-13 years 800 (55.4) 0.80 (0.62—1.04) 0.09
Nationality
Greek 1204 (83.4) 1.00
Non-Greek 240 (16.6) 0.90 (0.63—1.28) 0.56
Family status
Two-parent families 1229 (90.0) 1.00
Single-parent families 145 (10.0) 0.58 (0.35—0.96) 0.03
Mother’s Age
<38 years 570 (39.6) 1.00
38—42 years 471 (32.7) 1.21 (0.89—1.64) 0.23
>42 years 399 (27.7) 1.05 (0.76—1.45) 0.79
Father’s Age
<42 years 540 (37.6) 1.00
42—46 years 453 (31.6) 0.78 (0.57—1.06) 0.11
>46 years 442 (30.8) 0.75 (0.54—1.02) 0.07
Family income (euro/year)
<12,000 315 (21.8) 1.00
12,000—30,000 735 (50.9) 0.98 (0.70—1.36) 0.88
>30,000 394 (27.3) 0.96 (0.66—1.39) 0.83
Paternal education
<9 years 345 (23.9) 1.00
9—12 years 553 (38.3) 1.09 (0.78—1.53) 0.62
>12 years 546 (37.8) 1.02 (0.73—1.44) 0.90
Maternal education
<9 years 282 (19.5) 1.00
9—12 years 564 (39.1) 0.93 (0.66—1.33) 0.70
>12 years 598 (41.4) 0.84 (0.59—-1.19) 0.32
Maternal employment status
Unemployed 454 (31.4) 1.00
Employed 990 (68.6) 1.07 (0.81-1.42) 0.63
Family cars
0 554 (38.4) 1.00
1 487 (33.7) 1.29 (0.95—-1.73) 0.10
2 363 (25.1) 0.86 (0.61—-1.22) 0.40
>3 40 (2.8) 0.61 (0.23—1.59) 0.31
Paternal hypertension
Not known/No 1334 (92.4) 1.00
Yes 110 (7.6) 1.76 (1.14-2.73) 0.01
Maternal hypertension
Not known/No 1295 (96.8) 1.00
Yes 43 (3.2) 1.82 (0.93—-3.55) 0.08
Household size (m?/family member)
<20 546 (38.7) 1.00
20-25 372 (26.4) 0.69 (0.50—0.96) 0.03
25-30 244 (17.3) 0.69 (0.47—1.01) 0.06
>30 248 (17.6) 0.55 (0.37—0.82) 0.003

SBP: systolic blood pressure, DBP: diastolic blood pressure.
Bold font indicates statistically significant OR (P < 0.05).

that the prevalence of hypertension is higher in girls than
in boys [21], which imply that girls might be at a higher
risk for hypertension. To the best of our knowledge, there
is no previous study investigating associations between
growth velocity in the first 6 months of age and child-
hood hypertension and therefore it is not easy to compare
or explain the present findings. Nevertheless, these
findings are in accordance with few published studies

showing a positive association of rapid growth in chil-
dren’s life (after the first 6 months), with childhood and
adulthood hypertension [22,23].

The positive association of paternal hypertension with
early adolescence hypertension found in the present study
has already been described [24], although it has also been
stated previously that maternal hypertension may be a
stronger risk factor than paternal hypertension. A possible
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Table 4 Logistic regression analysis for the associations between parental anthropometrics, children’s anthropometric, dietary and physical
activity indices (independent variables) and systolic or diastolic blood pressure (dependent variables).

Independent Variables Cases (% of total) 0Odds ratio (95% confidence interval) p value

Dependent Variables

SBP or DBP
Mother’s BMI
Under/Normal-weight 888 (61.7) 1.00
Overweight 389 (27.0) 1.21 (0.89—1.63) 0.22
Obese 163 (11.3) 1.91 (1.31-2.78) 0.001
Father’s BMI
Under/Normal-weight 389 (27.1) 1.00
Overweight 767 (53.5) 1.04 (0.77—1.42) 0.80
Obese 278 (19.4) 1.13 (0.77—1.66) 0.52
Maternal smoking
No 912 (63.6) 1.00
Yes 522 (36.4) 1.00 (0.76—1.31) 0.99
Paternal smoking
No 701 (51.6) 1.00
Yes 657 (48.4) 1.20 (0.92—1.57) 0.18
Early adolescent’s moderate to vigorous physical activity
<60 min per day 766 (53.0) 1.00
>60 min per day 678 (47.0) 0.68 (0.52—0.88) 0.004
Early adolescent’s organized moderate to vigorous physical activity levels
<30 min per day 979 (68.6) 1.00
>30 min per day 449 (31.4) 1.09 (0.83—1.44) 0.53
Early adolescent’s TV time
<2 h per day 722 (50.7) 1.00
>2 h per day 702 (47.3) 1.04 (0.80—1.34) 0.80
Early adolescent’s number of steps per day
<12,000 steps (girls), <13,000 (boys) 722 (50.0) 1.00
>12,000 steps (girls), >13,000 (boys) 721 (50.0) 0.70 (0.54—0.91) 0.01
Early adolescent’s sleep time
Zero tertile 396 (27.6) 1.00
1st tertile 510 (35.5) 0.95 (0.69—1.32) 0.77
2nd tertile 529 (36.9) 0.93 (0.67—1.28) 0.65
Early adolescent’s weight status
Underweight/normal-weight 976 (67.9) 1.00
Overweight/obese 462 (32.1) 3.20 (2.45—4.18) 0.00
Early adolescent’s central obesity
Normal waist circumference 1302 (90.7) 1.00
Central obesity 134 (9.3) 3.58 (2.48—5.22) 0.00
Early adolescent’s total energy intake %EER"
80—120% 848 (59.5) 1.00
<80% 145 (10.2) 1.35 (0.90—2.04) 0.15
>120% 433 (30.4) 0.73 (0.54—0.99) 0.04
Early adolescent’s sodium intake
< DRVs” 355 (24.6) 1.00
>DRVs® 1088 (75.4) 1.01 (0.74—1.35) 0.99
Early adolescent’s potassium intake
<DRVs® 597 (41.4) 1.00
>DRVs®© 846 (58.6) 0.95 (0.73—1.23) 0.67
Sodium-to- potassium ratio
Below the median 688 (47.6) 1.00
Above the median 756 (52.4) 0.80 (0.62—1.04) 0.09
Early adolescent’s fiber intake*
<DRVs 1420 (98.3) 1.00
>DRVs 24 (1.7) 0.99 (0.37—2.72) 0.99
Early adolescent’s fruits and vegetables intake
<5 fruits and vegetables per day 1297 (92.3) 1.00
>5 fruits and vegetables per day 108 (7.7) 0.86 (0.52—1.43) 0.56

SBP: systolic blood pressure, DBP: diastolic blood pressure.

Bold font indicates statistically significant OR (P < 0.05).
2 EER: Estimated Energy Requirements.
1300 mg, which is the mean dietary reference value (DRV) for age groups 7—10 and 11-14.
€ 2250 mg, which is the mean dietary reference value (DRV) for age groups 7—10 and 11—14.
419 gr/day which is the mean dietary reference value (DRV) for age groups 7—10 and 11—14.
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Table 5 Multiple logistic regression analysis for the associations between perinatal factors, socio-demographic factors, parental anthropo-
metrics, children’s anthropometric, dietary and physical activity indices (independent variables) and systolic or diastolic blood pressure

(dependent variables).

Independent Variables 0Odds ratio (95% confidence interval) p value
Dependent Variables
SBP or DBP
Gender
Boys 1.00
Girls 1.30 (0.97—1.75) 0.08
Birth weight for gestational age
Appropriate (10th-89th percentile) 1.00
Small (<10th percentile) 1.46 (0.93—2.28) 0.10
Large (>90th percentile) 0.49 (0.25—0.97) 0.04
Weight gain in the first 6 months
Average (—1 to +1 z-score change) 1.00
Poor (<—1 z-score change) 0.68 (0.39—1.18) 0.17
Rapid (>+1 z-score change) 1.04 (0.75—1.44) 0.81
Early adolescent’s weight status
Underweight/normal-weight 1.00
Overweight/obese 2.61 (1.88—3.62) 0.00
Early adolescent’s central obesity
Normal waist circumference 1.00
Central obesity 1.75 (1.12—-2.73) 0.01
Early adolescent’s moderate to vigorous physical activity
<60 min per day 1.00
>60 min per day 0.71 (0.53—0.96) 0.03
Early adolescent’s number of steps per day
<12,000 steps (girls), <13,000 (boys) 1.00
>12,000 steps (girls), >13,000 (boys) 0.92 (0.68—1.23) 0.56
Early adolescent’s total energy intake %EER
80—120% 1.00
<80% 1.18 (0.74—1.88) 0.49
>120% 0.90 (0.65—1.26) 0.55
Family status
Two-parent families 1.00
Single-parent families 0.59 (0.34—1.01) 0.06
Paternal hypertension
Not known/No 1
Yes 1.93 (1.20-3.12) 0.01
Household size (m?/family member)
<20 1.00
2025 0.68 (0.48—0.97) 0.04
25-30 0.66 (0.44—0.99) 0.04
>30 0.51 (0.33—-0.79) 0.002
Mother’s BMI
Under/Normal-weight 1.00
Overweight 1.01 (0.73—1.40) 0.97
Obese 1.39 (0.92—-2.12) 0.12

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, EER: Estimated Energy Requirements.

Bold font indicates statistically significant OR (P < 0.05).

mechanism regarding this association is that offspring of
hypertensive parents were found to have higher levels of
arterial stiffness and sympathetic system activity [25,26].
In addition, parental excess body weight has been previ-
ously associated with higher risk of childhood hyperten-
sion through genetic, biological, or environmental
influences, which is in line with the present outcome
regarding maternal obesity [27].

There are also a number of large epidemiologic studies
highlighting the positive associations of children’s over-
weight and obesity with elevated blood pressure [28,29].
The etiology of obesity-related hypertension in children
and adolescents appears to be linked to sympathetic

hyperactivity and insulin resistance, leading to alterations
in vascular reactivity and decreased sodium excretion
[30]. However, there is also an indirect relation of child-
hood hypertension with other obesity-related factors
such as presence of low-grade inflammation [31,32],
preclinical atherosclerosis [33] and habitual consumption
of food choices rich in sodium and added sugars [31,34].
Regarding LGA, it has not been previously associated with
childhood hypertension. Most published studies high-
light SGA as being positively associated with increased
levels of hypertension in children and adolescents
[35,36]. Therefore, we may hypothesize that perhaps LGA
may be more protective than SGA in relation to
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hypertension risk. However, this needs to be elucidated
in the future.

There has been no previous study investigating the
associations of living in single-parent families with child-
hood and early adolescence hypertension. However, there
are a few studies supporting the inverse association of SES
with childhood hypertension [10,37]. Children of low-SES
families are likely to have worse health outcomes, as
they are more likely engaged in unhealthy behaviors like
poor and unhealthy diet, absence of physical activities
leading to excess body weight [37]. Also, there are studies
supporting the inverse association between levels of
physical activity and childhood hypertension, also found in
the present study [12,38]. Exercise in children increases
secretion of vasodilator substances, such as nitric oxide,
leading to dilation of the blood vessels and, consequently,
reduced peripheral vascular resistance [12,39]. Also, it re-
duces catecholamine levels and increases insulin sensi-
tivity, both of which have been associated with reduced
sodium and water retention leading to lower BP [40].
Finally, high energy intake was inversely associated with
hypertension risk in the univariate model, which is not in
accordance with the previously described association of
excess body weight and hypertension; however, it is
possible that this univariate association is mediated by
other factors such as physical activity.

Results from the multivariate model showed that
among the already mentioned perinatal, socio-
demographic and lifestyle characteristics tested, those
with an independent association with early adolescence
hypertension are: non LGA, low socioeconomic status,
paternal hypertension, low physical activity, overweight or
obesity and central obesity. It is evident from the present
findings that early adolescents’ overweight and obesity, as
well as central obesity, are among the strongest correlates
of hypertension. As already mentioned, till now, several
mechanisms have been described to explain this relation.
It was reported that children with excess body weight
have sympathetic hyperactivity [11], insulin resistance,
higher levels of circulating leptin, aldosterone and
inflammation markers [41], all of which have been asso-
ciated with childhood hypertension, as well as endothelial
dysfunction [33]. Therefore, the strong association of
childhood and adolescent’s overweight and obesity with
hypertension is fully justified.

Till present a number of published studies have inves-
tigated the separate association of a number of lifestyle but
only a few perinatal and socio-demographic factors, with
childhood hypertension. Although this piece of informa-
tion has been very helpful in shaping prevention pro-
grams, there was no study assessing the most dominant
perinatal, socio-demographic and lifestyle characteristics
associated with early adolescence hypertension. The pre-
sent study highlighted among 43 different perinatal, socio-
demographic, parental anthropometric and early adoles-
cents’ lifestyle characteristics, those independently asso-
ciated with hypertension in early adolescence, pointing
out the most dominant correlates of this health problem.

Future prevention programs should take into consider-
ation all factors identified in the present study to detect
early adolescents and their families with the highest
possible risk of hypertension. Therefore, future programs
for timely prevention of early adolescence hypertension
could prioritize the most vulnerable population groups,
which are low SES families with overweight and obese
early adolescents, born non LGA, having low levels of
physical activity and with a family history of hypertension.

The present study has both strengths and limitations.
The Healthy Growth Study is a large epidemiologic study
conducted in Greek children. The main limitation was the
single-visit assessment of SBP and DBP, instead of home or
ambulatory blood pressure measurements. This was
because of the cross-sectional design of the present study
and the implementation of all measurements in school,
not allowing for the BP assessment to be conducted in a
better controlled clinical environment. Also, being a cross-
sectional study does not allow any causal associations.
Additionally, we cannot exclude the possibility of maternal
recall bias in gathering information regarding pregnancy
data. Also, this is a regionally representative study con-
ducted in Greece and use of children having full data for 43
variables made the study sample even smaller, which
prevail generalizability of the findings.

Conclusions

Among the parameters examined, early adolescents’
abnormal weight status and central obesity, low levels of
physical activity, born non LGA and coming from low SES
family with family history of hypertension, are indepen-
dent risk factors for early adolescence hypertension.
Future public health initiatives should focus on the iden-
tified correlates of early adolescence hypertension in order
to prioritize early adolescents and families at the highest
possible risk, for early detection and management of this
health problem.
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