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Abstract
Elevated blood pressure has been demonstrated to 
track from youth to adulthood and some have demon-
strated an association between early-life blood pres-
sure and subsequent atherosclerosis and cardiovascular 
disease. In addition, reports regarding the strength of 
tracking are inconsistent and the modifiable risk factors 
that affect the trajectory of blood pressure from youth 
to adulthood remain unclear. This paper comprehen-
sively evaluated the existing classifications of youth 
hypertension and the current trends of youth hyperten-
sion. Further, evidence for the consequences of hyper-
tension in youth has been comprehensively evaluated. 
Importantly, a review of the studies examining tracking 
from youth to adulthood has been performed and a 
number of studies investigating the factors affecting 
tracking has also been investigated. The overall consid-
eration of this body of literature highlights the vital im-
portance of identifying hypertension in youth to prevent 
complications in adulthood. Adiposity is regarded to be  
a factor affecting the progression of hypertension from 
youth to adulthood yet there is little evidence available 
for other modifiable factors. It is apparent that further 
research is necessary within this field in order to create 
effective preventative strategies to target youth hyper-

tension.
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Core tip: Elevated blood pressure in youth predicts 
adult hypertension and end-stage organ damage but 
most youth with elevated blood pressure are left undi-
agnosed. In this review, we examine current classifica-
tions of youth blood pressure, recent trends in youth 
blood pressure, the adult consequences of elevated 
youth blood pressure, and lifestyle factors associated 
with improved blood pressure status from youth to 
adulthood. We show that identification of youth with 
elevated blood pressure may prove effective in prevent-
ing associated adult complications and that youth with 
elevated blood pressure may benefit most from inter-
ventions aimed at improvements to adiposity between 
youth and adulthood.
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INTRODUCTION
It has been established that atherosclerosis begins at an 
early age and progresses silently throughout the life span 
before clinical complications such as myocardial infarc-
tion, stroke, and peripheral vascular disease present[1]. 
Substantial evidence supports the role of  elevated blood 
pressure levels (including hypertension and prehyper-
tension) as an important contributor to cardiovascular 
disease in adults and as such, has received increasing in-
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terest as the target of  consensus statements for pediatric 
screening and treatment[2]. The basis of  these documents 
is that prevention, and treatment, of  elevated blood pres-
sure beginning in childhood or adolescence (from age 
5-year to 18-year, herein termed youth) may reduce the 
lifetime risk of  atherosclerotic cardiovascular disease. In 
this review, we summarize the epidemiology of  youth 
hypertension and provide an overview of  important find-
ings from studies on blood pressure that span youth to 
adulthood.

CLASSIFICATION OF YOUTH BLOOD 
PRESSURE LEVELS
A number of  criteria and definitions have been proposed 
for the classification of  blood pressure levels in youth; 
albeit mostly for use among North American popula-
tions[3-5]. The most widely accepted standard is that de-
vised by the National High blood Pressure Education 
Program (NHBPEP) in 1987 and revised in their fourth 
report in 2004[4,6,7]. This classification defines high blood 
pressure on the basis of  age, sex and height percentiles. 
Prehypertension, signifying blood pressure only margin-
ally elevated above normal levels, is defined as systolic or 
diastolic blood pressure between the 90th and 95th age-, 
sex-, and height- specific percentiles and hypertension is 
defined as systolic or diastolic blood pressure between the 
age-, sex- and height- specific 95th and 100th percentiles. 
Elevated blood pressures must be confirmed on repeated 
visits. However, the NHBPEP scale may be poorly appli-
cable both as a population-screening tool and for applica-
tion to the clinical setting due to its complex design. For 
example, the NHBPEP classification contains over 950 
critical values [i.e., 7 height percentiles, 2 measures (systolic 
and diastolic blood pressure), 17 age-groups (1-17 years), 
for males and females, each for prehypertension and hy-
pertension], compared with simplified classifications that 
have been subsequently proposed by Kaelber et al[8] and 
Mitchell et al[9] that are based on the NHBPEP cut-points 
but contain only 64 and 10 critical values respectively. 
Using data from the Cardiovascular Risk in Young Finns 
Study that collected data from participants when aged 
3-18 years and followed them up more than 20 years 
later, Aatola et al[10] compared the predictive utility of  the 
NHBPEP classification of  elevated youth blood pressure 
with the two simplified versions proposed by Kaelber et 
al[8] and Mitchell et al[9]. They concluded that the simpli-
fied classifications, which only account for combinations 
of  age and sex but not height, had similar predictive util-
ity for pulse wave velocity measured in adulthood than 
the NHBPEP classification, which considers age, sex 
and height percentiles. Therefore, the simplified defini-
tions, if  proven to show similar predictive utility for other 
outcomes, would largely overcome the complexity of  
the NHBPEP classification as a potential barrier to its 
implementation in the clinical and population-based set-
tings. As with classifications of  blood pressure in adult-
hood, the cut-point definitions used to denote someone 

of  apparent increased risk, although practical, do not 
acknowledge that there is a continuous relationship be-
tween youth blood pressure levels and adult end-organ 
damage[11-13].

In the diagnosis of  paediatric hypertension it is also 
important to consider alternate secondary causes, particu-
larly if  blood pressure values are excessively high. Sec-
ondary hypertension is more common in childhood than 
adulthood and can be attributable to conditions such 
as phaechromocytoma, bronchopulmonary dysplasia, 
coarctation of  the aorta, renal artery stenosis and other 
renal abnormalities. Nevertheless, estimates of  secondary 
hypertension prevalence in youth are still relatively lower 
than combined essential hypertension and prehyperten-
sion in childhood and this review will only consider the 
latter[14].

TRENDS IN YOUTH BLOOD PRESSURE
Though not all available data are concordant[15-19], the 
prevalence of  elevated blood pressure in youth appears 
to be increasing[20-25]. The increasing trend in pediatric 
prehypertension and hypertension is widely attributed to 
the childhood obesity epidemic[26-31]. Though the world-
wide prevalence of  elevated blood pressure in youth 
is unknown, the most recent data from the nationally 
representative United Kingdom National Health and Ex-
amination Survey suggested a 27% increase in elevated 
blood pressure (prehypertension or hypertension) among 
youth from 1999-2008[28]. These data indicated that 
among youth aged 8-17 years 10% were prehypertensive 
and 3.7% were hypertensive[30]. These values are probably 
underestimates of  the true prevalence of  pediatric pre-
hypertension and hypertension due to misclassification 
and under diagnosis[27,32-37]. Upon examination of  medical 
records from 507 youth, Hansen et al[36] illustrated these 
inconsistencies by showing that despite adequate exami-
nation, more than 74% of  those who satisfied the criteria 
for hypertension had no diagnosis. The reasons for this 
were speculated to include poor clinician knowledge of  
the existing guidelines and cut-points, and lack of  aware-
ness of  the patient’s previous readings. We hypothesize 
that the complexities of  the NHBPEP classification 
probably added to the poor clinician knowledge and that 
blood pressure measurements were likely secondary to 
the primary reason for the patient’s clinic attendance.

IMPORTANCE OF IDENTIFYING YOUTH 
HYPERTENSION
Formerly, the presence of  elevated blood pressure in 
youth was considered to be benign unless related to sec-
ondary causes. However, there is now sound evidence 
showing that high blood pressure in youth indicates 
higher likelihood of  hypertension as an adult[38]. Addi-
tional research has indicated that pathological changes, 
such as markers of  atherosclerosis and changes in left 
ventricular morphology, measured concurrently or in 
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adulthood, are associated with elevated youth blood pres-
sure[10-13,39-55]. These changes are largely asymptomatic and 
are detectable prior to signs of  end-organ damage such 
as nephropathy and retinopathy. Two of  these studies, 
the Pathobiological Determinants of  Atherosclerosis 
in Youth (PDAY) study[41,56,57] and the Bogalusa Heart 
Study[39,47-50] have shown autopsy evidence of  accelerated 
atherosclerosis among children and adolescents with in-
dicators of  elevated blood pressure measured both post 
mortem (PDAY) and ante mortem (Bogalusa). In addi-
tion, elevated pulse pressure in youth has been associated 
with adverse changes in left ventricular morphology in 
youth and increased atherosclerosis in adulthood[11,45]. 
Most importantly, a recent study indicated that levels 
of  carotid intima-media thickness (CIMT), a preclinical 
marker of  atherosclerosis, is similar among those that 
normalize their elevated blood pressure in the time be-
tween youth and adulthood to those who did not have 
elevated blood pressure in youth or adulthood[58,59]. This 
reversal has not been demonstrated to the same extent in 
those who normalize their blood pressure during adult-
hood and thus confirms the importance of  identifying 
elevated blood pressure in youth[41].

The link between elevated blood pressure and prema-
ture mortality (all-cause and cardiovascular) in adulthood 
is well documented[60]. Predictably, it is hypothesized that 
elevated blood pressure in youth is associated with pre-
mature mortality from cardiovascular disease although 
only one study was found to have examined this associa-
tion[29]. This recent publication showed a relationship 
between youth hypertension and premature mortality 
from endogenous causes[29]. Interestingly, some have also 
reported a higher incidence of  specific cardiovascular 
diseases, primarily stroke, in adolescence and early adult-
hood in association with essential hypertension[61]. 

TRACKING OF BLOOD PRESSURE FROM 
YOUTH TO ADULTHOOD
Tracking is a term used in epidemiological research to 
refer to the ability of  an individual to maintain their ap-
proximate blood pressure rank relative to the rest of  a 
cohort over a period of  time[62-64]. The primary aim of  
tracking investigations is to determine the extent to which 
future blood pressure elevations can be identified from 
blood pressure measurements in youth. If  these studies 
demonstrate significant tracking they have the potential 
to inform clinical practice, particularly regarding primary 
prevention in youth. 

Tracking of  blood pressure from youth to adulthood 
has been investigated in a number of  longitudinal studies 
and has been the focus of  two systematic reviews with 
meta-analysis. Chen et al[38] conducted a systematic review 
and meta-analysis that included 50 cohort studies. Studies 
were selected on the basis of  a sample size > 50, report-
ing of  tracking correlation coefficients, baseline ages < 
18 years and publication in English, Chinese or Japanese. 
Mean tracking coefficients were 0.38 for systolic blood 

pressure and 0.28 for diastolic blood pressure. Tracking 
was show to be stronger among males compared with 
females for both systolic blood pressure and diastolic 
blood pressure. Toschke et al[65] produced a meta-analysis 
from 29 studies and presented similar findings to that 
of  Chen. Their results showed a mean correlation coef-
ficient of  0.37 for systolic blood pressure and 0.31 for 
diastolic blood pressure. However, both papers included 
results from tracking studies within youth. Overall, these 
two reviews and several studies[66-71] concluded that the 
strength of  tracking merits population-based prevention 
aimed at decreasing elevated blood pressure in children, 
and regular blood pressure screening in an attempt to 
identify those youth at risk of  developing elevated levels 
in adulthood and whom may benefit from early detec-
tion. However, some did not agree with these recommen-
dations[72-74]. Woelk[75] published a review indicating that 
tracking was too weak to justify blood pressure screening 
in youth. They emphasized the need for studies with a 
longer follow-up period, increased numbers of  blood 
pressure observations and using a statistical model that 
does not infer linearity. While methodological concerns 
play an important role in the degree to which blood pres-
sure measures track, these studies do not consider that 
some of  the inherent loss of  tracking could be as a direct 
result of  individuals enacting changes to their lifestyle 
during the period of  observation that may place them on 
a different trajectory[62,76]. 

FACTORS AFFECTING TRACKING OF 
BLOOD PRESSURE FROM YOUTH TO 
ADULTHOOD 
There are several factors hypothesized to modify the 
tracking of  blood pressure from youth to adulthood al-
though few studies have investigated them, particularly 
as they relate to modifiable factors. However, in the 
absence of  long-term clinical trials of  blood pressure 
interventions, these results are particularly important as 
they could identify potential lifestyle-related targets for 
primary prevention strategies to lower blood pressure or 
maintain a healthy blood pressure at a population level 
or resolve an elevated blood pressure at an individual 
level[62]. 

The predominance of  literature investigating modifi-
able risk factors has focused on the association between 
single measurements in youth, such as body mass index 
(BMI), and their association with adult blood pressure 
measurements. Nevertheless, a small number of  studies 
were identified that demonstrate how a change in risk fac-
tor levels from youth to adulthood are related to changes 
in blood pressure trajectory. These studies have primarily 
focused on adiposity and are outlined in Table 1. 

For adiposity, the most comprehensive data were from 
Juhola et al[59] that used data from four large prospec-
tive studies (the Muscatine, Bogalusa, Young Finns and 
CDAH studies). They examined change in BMI z-score 
between youth and adulthood in respect to the youth-
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consumption, hormonal contraceptive use and socioeco-
nomic status. There is significant cross-sectional research 
to suggest that these factors in youth are significantly 
associated with blood pressure levels in adulthood. Nev-
ertheless, further study is necessary to determine how 
changes in these factors affect blood pressure tracking. 

PATHOBIOLOGICAL MECHANISMS OF 
OBESITY AND ELEVATED BP IN YOUTH
Though the association of  excess adiposity levels on 
blood pressure values from youth to adulthood has been 
well documented, the exact mechanism of  this relation-
ship remains uncertain. Adiposity is proposed to affect 
youth BP levels through a number of  processes includ-
ing; the renin-angiotensin system, hormonal changes and 
pro-inflammatory changes to the endothelium[81]. Al-
though closely related, youth elevated BP and youth obe-
sity is also known to have independent effects on the ear-
ly development and progression of  atherosclerosis[11,82,83].  
Raitakari et al[11] reported a significant association between 
youth BMI and adult CIMT and systolic BP and adult 
CIMT in univariable models. However, the effect of  
both BMI and systolic BP were somewhat attenuated 
in a multivariable model of  risk factor load and CIMT, 
though both remained independent predictors. These 
data suggest that part of  the effect of  youth BMI and BP 
in the development of  atherosclerosis is from a common 
pathway. It has been shown that the presence of  multiple 
risk factors accelerates atherosclerosis development in the 
young, but the effect appears mostly additive rather than 
synergistic[39]. And though it has been shown that blood 
lipids interact with BMI such that among those children 
who are overweight or obese having an adverse lipid level 
substantially increases risk of  developing a high CIMT in 
adulthood whereas normal weight children with adverse 
blood lipids do not have increased risk[84], the same has 
not been shown for BP[84]. Though it appears that both 
youth BMI and BP are independently contributing to 
adult markers of  atherosclerosis, more data are needed 
to fully determine whether the presence of  these risk 
factors in youth are working synergistically in increasing 
cardiovascular risk.

adult blood pressure groups of  control (normal blood 
pressure as a youth and adult), resolution (elevated blood 
pressure in youth but not as an adult), incident (normal 
blood pressure in youth but elevated in adulthood), and 
persistent (elevated blood pressure in both youth and 
adulthood). This revealed that those in the incident and 
persistent hypertension groups had increased their BMI 
z-score relative to those that resolved their hypertensive 
status or those in the control group. Moreover, those that 
resolved their elevated blood pressure status has a greater 
mean decrease in their BMI z-score compared with the 
control group. This illustrates that adiposity, measured us-
ing BMI, has a significant affect on blood pressure tracking 
from youth to adulthood. Dekkers et al[77], Klumbiene et 
al[71], Lauer et al[78] and Macedo et al[79] had similar findings 
in relation to BMI change. Yong et al[72], Macedo et al[79], 
Lauer et al[78] and Lambrechtsen et al[80] also demonstrated 
an association between weight change and blood pressure 
trajectory change from youth to adulthood. 

Lauer et al[78] additionally examined skin fold thick-
ness, waist circumference and bone density and demon-
strated that resolution of  hypertensive blood pressure or 
the maintenance of  low blood pressure in youth was as-
sociated with lesser skin fold thickness and waist circum-
ference and lesser bone age. 

Lambrechtsen et al[80] further demonstrated that 
change in physical fitness was related to change in blood 
pressure tracking from youth to adulthood. The results 
of  logistic regression to predict a rise in blood pres-
sure quartile revealed odd’s ratios were higher for mod-
els accounting for weight change (OR = 1.05, 95%CI: 
1.03-1.07) or physical fitness (OR = 1.04, 95%CI: 
1.01-1.07) in addition to baseline blood pressure alone 
(OR = 0.94, 95%CI: 0.89-0.96). This revealed the utility 
of  these factors in predicting future blood pressure status 
and also indicates their potential for further research into 
prevention and risk reduction. 

Overall, there is little research to indicate how changes 
in modifiable factors impact tracking of  blood pressure 
levels from youth to adulthood, particularly those that 
may lead to improved blood pressure status. However, 
there are a number of  other modifiable factors that are 
likely to influence blood pressure tracking. These include; 
diet, physical activity, muscular fitness, smoking, alcohol 
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  Ref. Study Location No. Factors

  Juhola et al[59] i3C Consortium Finland, Australia, United States 4210 Adiposity (BMI)
  Dekkers et al[77] Not specified United States   745 Adiposity (BMI)
  Klumbiene et al[71] The Longitudinal Study of Juvenile 

Hypertension in Lithuania
Lithuania   505 Adiposity (BMI, weight)

  Lambrechtsen et al[80] Odense Schoolchild Study Denmark 1369 Adiposity (weight), physical fitness
  Macedo et al[79] Not specified Portugal   222 Adiposity (BMI, weight)
  Yong et al[72] The Dormont High School Study United States   202 Adiposity (weight)
  Lauer et al[78] The Muscatine Study United States 2165 Adiposity (weight, BMI, skin fold 

thickness and waist circumference), 
bone density

Table 1  Summary of studies investigating modifiable factors affecting blood pressure tracking from childhood to adulthood1

1Studies sorted by publication year (latest to earliest). BMI: Body mass index; i3C Consortium: International Childhood Cardiovascular Cohort Consortium.
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sure. Pediatrics 2009; 123: e972-e974 [PMID: 19414519 DOI: 
10.1542/peds.2008-2680]

9 Mitchell CK, Theriot JA, Sayat JG, Muchant DG, Franco SM. 
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hypertension. J Paediatr Child Health 2011; 47: 22-26 [PMID: 
20973861 DOI: 10.1111/j.1440-1754.2010.01885.x]

10 Aatola H, Magnussen CG, Koivistoinen T, Hutri-Kähönen N, 
Juonala M, Viikari JS, Lehtimäki T, Raitakari OT, Kähönen M. 
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and high adult arterial stiffness. Pediatrics 2013; 132: e70-e76 
[PMID: 23753088 DOI: 10.1542/peds.2012-3426]

11 Raitakari OT, Juonala M, Kähönen M, Taittonen L, Laitin-
en T, Mäki-Torkko N, Järvisalo MJ, Uhari M, Jokinen E, 
Rönnemaa T, Akerblom HK, Viikari JS. Cardiovascular risk 
factors in childhood and carotid artery intima-media thick-
ness in adulthood: the Cardiovascular Risk in Young Finns 
Study. JAMA 2003; 290: 2277-2283 [PMID: 14600186 DOI: 
10.1001/jama.290.17.2277]

12 Hartiala O, Magnussen CG, Kajander S, Knuuti J, Ukkonen 
H, Saraste A, Rinta-Kiikka I, Kainulainen S, Kähönen M, 
Hutri-Kähönen N, Laitinen T, Lehtimäki T, Viikari JS, Har-
tiala J, Juonala M, Raitakari OT. Adolescence risk factors 
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Cardiol 2012; 60: 1364-1370 [PMID: 22981553 DOI: 10.1016/
j.jacc.2012.05.045]

13 Aatola H, Hutri-Kähönen N, Juonala M, Viikari JS, Hulk-
konen J, Laitinen T, Taittonen L, Lehtimäki T, Raitakari OT, 
Kähönen M. Lifetime risk factors and arterial pulse wave 
velocity in adulthood: the cardiovascular risk in young Finns 
study. Hypertension 2010; 55: 806-811 [PMID: 20083727 DOI: 
10.1161/hypertensionaha.109.145102]

14 Gupta-Malhotra M, Banker A, Shete S, Hashmi SS, Tyson JE, 
Barratt MS, Hecht JT, Milewicz DM, Boerwinkle E. Essential 
Hypertension vs. Secondary Hypertension Among Children. 
Am J Hypertens 2014; Epub ahead of print [PMID: 24842390 
DOI: 10.1093/ajh/hpu083]

15 Kouda K, Nakamura H, Nishio N, Fujita Y, Takeuchi H, Iki 
M. Trends in body mass index, blood pressure, and serum 
lipids in Japanese children: Iwata population-based annual 
screening (1993-2008). J Epidemiol 2010; 20: 212-218 [PMID: 
20208399 DOI: 10.2188/jea.JE20090079]

16 Watkins D, McCarron P, Murray L, Cran G, Boreham C, 
Robson P, McGartland C, Davey Smith G, Savage M. Trends 
in blood pressure over 10 years in adolescents: analyses 
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Hearts project. BMJ 2004; 329: 139 [PMID: 15226191 DOI: 
10.1136/bmj.38149.510139.7C]

17 Khang YH, Lynch JW. Exploring determinants of secular 
decreases in childhood blood pressure and hypertension. 
Circulation 2011; 124: 397-405 [PMID: 21730305 DOI: 10.1161/
circulationaha.110.014399]

18 Chiolero A, Paradis G, Madeleine G, Hanley JA, Paccaud F, 
Bovet P. Discordant secular trends in elevated blood pres-
sure and obesity in children and adolescents in a rapidly 
developing country. Circulation 2009; 119: 558-565 [PMID: 
19153270 DOI: 10.1161/circulationaha.108.796276]

19 Freedman DS, Goodman A, Contreras OA, DasMahapatra P, 
Srinivasan SR, Berenson GS. Secular trends in BMI and blood 
pressure among children and adolescents: the Bogalusa 
Heart Study. Pediatrics 2012; 130: e159-e166 [PMID: 22665416 
DOI: 10.1542/peds.2011-3302]

20 Falkner B. Hypertension in children and adolescents: epi-
demiology and natural history. Pediatr Nephrol 2010; 25: 
1219-1224 [PMID: 19421783 DOI: 10.1007/s00467-009-1200-3]

21 Muntner P, He J, Cutler JA, Wildman RP, Whelton PK. 
Trends in blood pressure among children and adolescents. 
JAMA 2004; 291: 2107-2113 [PMID: 15126439 DOI: 10.1001/

CONCLUSION
Paediatric hypertension in an increasingly important issue 
and requires greater attention and awareness in the clini-
cal and research domains. This review has entailed litera-
ture regarding the epidemiology of  youth blood pressure 
and some of  its predictive utility for end-organ damage 
both in youth and later, in adulthood. We identified that 
while tracking of  blood pressure levels from youth to 
adulthood is significant, resolution of  elevated youth 
blood pressure by adulthood can largely attenuate the risk 
of  some end-organ damage in youth - but the factors as-
sociated with resolution of  elevated youth blood pressure 
are largely unstudied. Examination of  multiple important 
modifiable factors, such as smoking, diet, socioeconomic 
status and fitness measures could provide vital informa-
tion of  significance to primary prevention guidelines and 
give clues as to changes that may precede secular declines 
in elevated blood pressure levels among youth. Further-
more, there is substantial scope for research into the util-
ity and predictive value of  other blood pressure measure-
ments such as pulse pressure, mean arterial pressure, and 
mid blood pressure. In particular, pulse pressure and mid 
blood pressure are becoming increasingly important in 
adult blood pressure research and accordingly it is antici-
pated that these measures will be of  increased interest in 
the pediatric population.
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