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Highlights 

What are the main findings? 

• Hypertension is prevalent in children and, if left untreated, may contribute to prem-

ature atherosclerosis. 

• Treatment of hypertension in children is associated with improved intermediate out-

comes. 

What are the implications of the main findings? 

• Optimized screening and diagnostic algorithms for pediatric hypertension identify 

children at higher risk of premature heart disease. 

• Optimized pediatric hypertension treatment protocols may improve long term car-

diovascular outcomes. 

Abstract 

Hypertension is the leading risk factor for cardiovascular disease. Epidemiologic studies 

have demonstrated that pediatric hypertension may increase the risk of premature heart 

disease. Pediatric hypertension affects about 4% of children and clusters with other risk 

factors and social disparities in health. In addition to observed target organ damage, there 

is evidence for tracking blood pressure from childhood to adulthood. Ambulatory blood 

pressure monitoring is the recommended method for diagnosis, and echocardiography is 

used to assess target organ damage. A diagnostic workup in children depends on the age 

at presentation, severity of hypertension, diurnal pattern, evidence of target organ dam-

age, and response to treatment. Treatment follows a similar framework to adult hyperten-

sion and studies demonstrate improvement in intermediate outcomes with treatment. 

However, further studies are needed to establish benefit in hard outcomes. This review 

focuses on studies evaluating the epidemiology of pediatric hypertension and its associa-

tion with cardiovascular outcomes. Relevant domains included prevalence, blood pres-

sure tracking, and cardiovascular sequelae. To compile data for this narrative review, a 

PubMed/MEDLINE database search was performed for studies published between 1997 

and April 2026. 
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1. Introduction 

Hypertension (HTN) is an important risk factor for cardiovascular disease (CVD) and 

premature mortality worldwide [1]. Since the publication of the first report of the Task 

Force on Blood Pressure (BP) in Children in 1977 [2], a substantial body of research and 

numerous publications have identified pediatric HTN as a risk factor for premature car-

diovascular disease [3]. Epidemiologic studies suggest that the global prevalence of pedi-

atric HTN has increased over time [4]. This increasing prevalence, in addition to studies 

demonstrating that BP tracks from childhood to adulthood, highlights the importance of 

BP evaluation and management in children [5]. There is a significant focus on intermediate 

outcomes in pediatric HTN research. Target organ damage, as an intermediate outcome 

in pediatric HTN, has been the primary focus of short-term studies and includes structural 

and functional cardiovascular alterations [6–9]. The clustering of other risk factors such as 

obesity, dyslipidemia, and diabetes with pediatric HTN significantly increases cardiovas-

cular risk beyond the additive effects of individual risk factors and warrants further focus 

on evaluation and treatment of HTN in children [10]. 

This review summarizes current evidence on pediatric HTN as a cardiovascular risk 

factor, highlighting epidemiological data and long-term cardiovascular outcomes. Addi-

tionally, we discuss target organ damage, diagnostic strategies and management ap-

proaches while highlighting future research directions. It also highlights the knowledge 

gaps regarding optimal diagnostic criteria and discusses the lack of evidence for improve-

ment in hard outcomes with the treatment of HTN in children. 

2. Epidemiology 

Estimates regarding the global prevalence of pediatric HTN depend on the defini-

tions used. The American Academy of Pediatrics (AAP) defines HTN based on the 95th 

percentile for BP according to age, height, and sex. However, the AAP emphasizes the 

importance of at least three different measurements for confirmation of diagnosis. Based 

on these criteria, two recent systematic reviews report a global prevalence of 3.89–4.28% 

in children [4,11]. Using ambulatory BP monitoring in addition to clinic measurements for 

diagnosis, sustained HTN affects 6.67% of children [4]. The severity of HTN is important 

because higher stages of HTN are associated with a greater risk of CVD. Stage 2 HTN is 

less common, and its estimated global prevalence is 0.67% [11]. Globally, between 2000 

and 2020 the prevalence of pediatric HTN doubled but US-specific NHANES data suggest 

stabilization or decline in recent years (2015–2023) [12]. Geographic variation in preva-

lence is largely attributable to differences in obesity prevalence, dietary patterns, physical 

activity, and diagnostic criteria. The relationship between obesity and HTN prevalence is 

dose-dependent and specifically seen with central obesity. The prevalence of HTN in 

obese children is 16.35–18.77% versus 2.44–2.57% in children with normal BMI (8-fold in-

crease). The interaction among obesity, HTN, and social determinants of health warrants 

special attention as clustering of these risk factors poses a significant risk. The All of Us 

study, which included 219,700 participants, showed that a one-standard-deviation in-

crease in neighborhood median income was linked to a 12% reduction in the odds of un-

diagnosed HTN [13]. Multiple interconnected pathways are responsible for the relation-

ship between social determinants of health and pediatric HTN. These include chronic 

stress, epigenetic reprogramming, nutrition, and environmental exposures and their ef-

fects on sympathetic and inflammatory pathways [14]. The impact of interventions target-

ing these pathways is beyond the scope of this review; however, several promising inter-

ventions have been reported. 

Studies assessing the association between childhood BP and adult HTN have demon-

strated moderate BP tracking over time. A recent analysis of the Young Finns study 
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demonstrated that children with elevated blood pressure are at a 1.45-fold-increased risk 

of developing adult HTN [15]. This study demonstrated higher risk in children with more 

severe forms of BP abnormality. This, in addition to the higher risk of target organ damage 

and adverse cardiovascular outcomes in childhood and adulthood, highlights the im-

portance of diagnosing HTN in children [3,5]. 

The most recent statement from the United States Preventive Services Task Force in 

2020 stated that current evidence was insufficient to recommend routine screening for el-

evated BP in children [16]. One of the prominent issues raised is the limited accuracy of 

clinic BP measurement. Pediatric studies comparing triage BP measurements with stand-

ardized BP measurements obtained in pediatric HTN clinics have demonstrated poor 

agreement [17,18]. One study assessed a cohort of obese children and compared triage BP 

measurements with standardized BP measurements. This study demonstrated that there 

was a mean systolic BP difference of 8.7 mmHg (95% limits of agreement by Bland–Alt-

man analysis: −16.66, +34.07 mmHg). Overall agreement in BP classification was 57.6% 

[17]. Studies in adults have evaluated the impact of arm position and other specific factors 

on BP measurement accuracy [19,20]. These studies highlight the importance of standard-

ized BP measurement for accurate classification. Ambulatory blood pressure monitoring 

(ABPM) is the gold standard for measurement and diagnosis of HTN. When clinic BP 

measurements are combined with ABPM, four BP phenotypes can be identified. Identifi-

cation of white-coat HTN (abnormal clinic BP with normal ABPM) and masked HTN (nor-

mal clinic BP with abnormal ABPM) is helpful in risk stratification and decisions to treat 

[21]. In a study assessing otherwise healthy adolescents with clinic BP between the 75th 

and 95th percentiles, the prevalence of masked HTN and white-coat HTN were 11% and 

15%, respectively [22]. Although the prevalence of white-coat HTN among children re-

ferred for evaluation of elevated BP varies, one study assessing the cost-effectiveness of 

ABPM as the initial evaluation for children with clinic BP values in the stage 1 HTN range 

demonstrated significant cost savings [23]. On the other hand, ABPM in special high-risk 

groups with normal clinic BP demonstrated significantly improved detection of HTN in 

these populations. A systematic review demonstrated that the prevalence of masked HTN 

in children with a history of coarctation of the aorta, solid organ or stem cell transplant, 

chronic kidney disease and sickle cell disease is much higher than that of the general pe-

diatric population [24]. 

3. Long-Term Cardiovascular Outcomes 

While adult studies have demonstrated that HTN is one of the most preventable 

causes of death [1], studies directly assessing childhood BP and long-term cardiovascular 

outcomes remain limited (Table 1). The International Childhood Cardiovascular Cohort 

(i3C) Consortium published a study assessing the relationship between childhood risk 

factors including BP with long-term cardiovascular outcomes. The authors demonstrated 

that hazard ratios for fatal and non-fatal adult cardiovascular events among children with 

HTN were 2.04 and 2.31, respectively [25]. Another cohort study in Ontario, Canada, 

demonstrated that children with HTN who were followed for an average of 13.6 years 

exhibited a two-fold-higher risk of major adverse cardiovascular events compared to chil-

dren with normal BP. This translates to one additional major adverse cardiovascular event 

for 417 child-years of follow-up [3]. This study did not demonstrate a difference in cardi-

ovascular mortality. Another recent study evaluating the long-term impact of HTN and 

elevated BP diagnosed at 7 years of age demonstrated a hazard ratio for cardiovascular 

mortality of 1.40 and 1.48, respectively. This model was adjusted for childhood body mass 

index, maternal race, education, and marital status, and study site [26]. 

Adolescents with elevated blood pressure (BP) or HTN are at significantly increased 

risk of developing or maintaining HTN in adulthood. This association varies depending 
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on age at initial evaluation, the severity of BP elevation, and the duration of follow-up. A 

meta-analysis of 11 studies demonstrated that children with elevated BP have approxi-

mately a two-fold-higher risk of developing HTN as adults [27]. Another study assessing 

tracking and transition probability concluded that adolescents with HTN have a 16–44% 

chance of reverting to normal BP in adulthood [15]. Another study assessing BP tracking 

over 38 years of follow-up demonstrated that being in the highest versus the lowest child-

hood systolic BP quartile is associated with a higher risk of adult HTN (female hazard 

ratio, 3.85; male, 2.66) [28]. 

Published studies have not specifically assessed the impact of childhood HTN on life 

expectancy. Adult studies report an estimated 5 years of reduced life expectancy related 

to HTN diagnosed at 50 years of age [29]. These data, in addition to previously discussed 

data about tracking, suggest that persistent HTN from childhood into adulthood may 

have a substantial adverse impact on life expectancy, although this has not been directly 

evaluated. 

It is important to note that most studies evaluating the long-term cardiovascular out-

comes of pediatric HTN are observational in nature. Consequently, the ability to deter-

mine the independent contribution of pediatric HTN to cardiovascular outcomes is lim-

ited by potential confounding factors such as obesity, obstructive sleep apnea, and genetic 

predisposition. 

Table 1. Longitudinal studies of relationship between childhood BP and adult cardiovascular out-

come. 

Study Design Population/N Follow-up Key Finding 

i3C Consortium [25] 
Prospective cohort 

consortium 

~38,000 participants 

from 7 cohorts 
Up to 35+ years 

Combined childhood risk factor 

z-score associated with adult CV 

events; SBP z-score HR of 1.30 

(95% CI 1.14–1.47) for fatal 

events 

Ontario Cohort [3] 
Population-based 

retrospective cohort 

~25,000 

children with HTN 

diagnosis 

Mean 13.6 years 

2-fold-higher risk of MACE; 1 

additional MACE per 417 child-

years; no difference in CV death 

BP at age 7 study 

[26] 
Prospective cohort 

~37,000 

children evaluated at 

age 7 

Decades 

HR for CV mortality: 1.40 (HTN), 

1.48 (elevated BP); adjusted for 

BMI, maternal race, education 

Young Finns/Bo-

galusa (tracking)  

[28,30]  

Prospective cohort 
~3000–4000 per co-

hort 
25–38 years 

Elevated childhood BP → 1.45-

fold risk of adult HTN; highest- 

vs. lowest-SBP-quartile HR of 

2.66–3.85 

Meta-analysis [27] 
Meta-analysis of 11 

studies 

Pooled pediatric co-

horts 
Variable 

~2-fold-higher risk of adult HTN 

in children with elevated BP 

4. Cardiac Target Organ Damage in Youth 

A large number of studies have assessed cardiac target organ damage in childhood 

HTN. These studies demonstrated structural and functional cardiac alterations secondary 

to HTN. A meta-analysis of studies published between 1974 and 2021 found that children 

with ambulatory HTN have a 4.69-fold-higher risk of developing left ventricular hyper-

trophy (LVH) [31]. Another meta-analysis reported that the prevalence of LVH in children 

with untreated HTN may be as high as 30% [32]. Even though there is no direct association 

between childhood LVH and adult cardiovascular outcomes, as mentioned above several 

studies have demonstrated an association between pediatric HTN and adult CV out-

comes. In addition, multiple longitudinal studies have demonstrated an association 
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between pediatric HTN and adult LVH. The Bogalusa Heart Study demonstrated that ad-

olescent HTN is associated with adult LVH and cardiac remodeling [33]. In adult studies, 

LVH and changes in left ventricular mass and geometry are associated with a higher risk 

of mortality. Importantly, regression of LVH with treatment is associated with improved 

cardiovascular outcomes [34]. Studies in children demonstrated that LVH regression can 

be achieved with appropriate pharmacologic treatment and lifestyle intervention [35,36]. 

Given the significant overlap between obesity and HTN, studies evaluating LV remodel-

ing patterns have demonstrated a higher prevalence of eccentric hypertrophy versus con-

centric hypertrophy (19.1–24.4% versus 15.1–19.1%) [37,38]. The pathological interaction 

between obesity and HTN in addition to methodology of left ventricular mass normaliza-

tion will affect these incidences. Further studies are needed to better differentiate between 

physiologic and pathological changes in growing children [39] but consistency with find-

ings from adult studies suggests that there are pathologic changes that occur in pediatric 

HTN. Current pediatric HTN guidelines recommend obtaining an echocardiogram when 

initiating treatment for HTN. Repeat echocardiography is advised at 6–12-month intervals 

to assess for regression or progression of cardiac changes [40]. 

In addition to LVH, pediatric HTN has been associated with both diastolic dysfunction 

and subclinical systolic impairment. Meta-analyses comparing children with HTN to normo-

tensive controls demonstrate significant alterations in diastolic parameters, including reduced 

E/A ratios and elevated E/e′ values, findings consistent with early pathologic myocardial 

changes. Furthermore, global longitudinal strain—a sensitive marker of subclinical systolic 

function— has been shown to be reduced in children with HTN [6,7]. It is important to recog-

nize that pediatric HTN rarely causes overt systolic dysfunction. In a cohort of children with 

HTN-related cardiac dysfunction who achieved BP control, the majority (81%) recovered. This 

recovery was most frequent in infants (92%) [41]. This study demonstrates that hypertensive 

cardiomyopathy in childhood is often reversible when afterload is corrected. However, the 

impact of HTN on systolic function varies significantly with age. In infants, the myocardial 

response to elevated afterload is typically more pronounced but also more reversible, often 

resolving with effective BP control or correction of the underlying cause. Hypothetically, this 

difference may be related to developmental differences in myocardial structure and metabo-

lism, including higher water content, fewer mitochondria, and reduced energy reserves in in-

fants. In contrast, adolescents tend to exhibit subtler systolic impairment, which may not fully 

normalize even after afterload reduction. This may be related to progressive myocardial fibro-

sis and scarring. The detection of these abnormalities allows for risk stratification and targeted 

intervention before irreversible damage occurs. 

5. Early Vascular and Microvascular Changes and Markers 

Studies have demonstrated that childhood HTN is associated with increased carotid 

intima–media thickness, elevated pulse wave velocity, endothelial dysfunction, and ab-

normalities of the retinal microvasculature. A meta-analysis of studies including children 

with HTN diagnosed by ambulatory blood pressure monitoring demonstrated a mean 

increase in carotid intima–media thickness of 0.04 mm and pulse wave velocity of 0.39 m/s 

between the hypertensive and normotensive groups [31]. These associations were found 

to be relatively weak in this meta-analysis. However, studies have shown that changes in 

carotid intima–media thickness may be reversible with treatment [42]. Endothelial dys-

function assessed by flow-mediated dilation in the brachial artery demonstrated an atten-

uated response that was independent of obesity [43]. Children with HTN also demon-

strate significantly narrower central retinal arteriolar diameters compared to normoten-

sive peers [43]. Assessment of endothelial dysfunction using EndoPAT has yielded mixed 

results with limited utility in pediatric populations compared with other vascular assess-

ment methods [44]. The ambulatory arterial stiffness index has been shown to correlate 
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with pediatric HTN and its duration and etiology [45]. However, due to a lack of correla-

tion with the gold-standard method for measurement of arterial stiffness (pulse wave ve-

locity) the use of this methodology in pediatric practice remains limited [46]. The reported 

vascular changes in pediatric HTN are secondary to hemodynamic and biochemical stress 

on the endothelium which lead to reduced nitric oxide bioavailability and increased en-

dothelin-1. These changes contribute to sustained endothelial dysfunction and vascular 

smooth muscle proliferation. 

6. Blood Pressure Monitoring and Screening Guidelines 

Current guidelines recommend annual BP screening in all children starting at 3 years 

of age [40]. However, the United States Preventive Services Task Force (USPSTF) reported 

that current evidence is insufficient to recommend routine BP screening [16]. The USPSTF 

concluded that evidence demonstrating the benefits of screening is insufficient and the 

primary factor driving this statement was related to the lack of adequate studies to 

demonstrate that screening will reduce risk of cardiovascular disease. This discrepancy 

largely reflects differences in methodology and evidentiary thresholds used to formulate 

recommendations. The level of evidence required by the USPSTF is difficult to obtain in 

pediatric HTN research. This is due to the long interval between exposure to elevated BP 

and the development of cardiovascular outcomes. However, the AAP extrapolates from 

biologically plausible mechanisms and recommends screening. Despite this controversy, 

most pediatricians continue to screen for elevated BP. However, it is important to note 

that the AAP guideline, endorsed by the American Heart Association (AHA), emphasizes 

the importance of standardized BP measurement and recommends ambulatory blood 

pressure monitoring (ABPM) to confirm the diagnosis [21]. In addition, this statement 

suggests 24 h ABPM to assess patients at higher risk of HTN such as those with chronic 

kidney disease, coarctation of the aorta, diabetes, OSA and genetic syndromes such as 

Williams syndrome, Turner syndrome, and neurofibromatosis type 1. 

Building on these measurement strategies, the Study of High Blood Pressure in Pedi-

atrics: Adult HTN Onset in Youth (SHIP AHOY) study demonstrated a risk-based definition 

of HTN in adolescents by examining the relationship between blood pressure and target 

organ damage [47]. This study demonstrated a dose–response relationship between BP and 

target organ damage with stronger associations observed for ABPM-derived measures [48]. 

7. Management and Interventions 

Management of pediatric HTN starts with prevention. Multiple factors, as discussed 

above, are risk factors for pediatric HTN, and addressing them may delay or prevent its 

development. When HTN develops, the AAP recommends a stepwise approach to man-

agement that begins with lifestyle modifications, followed by pharmacologic therapy 

when indicated [40]. Lifestyle modification is an important part of management, and both 

dietary and behavioral factors influence BP. Management of obesity and sleep apnea is 

beneficial for controlling HTN. After a 6-month trial of non-pharmacologic therapy and 

management of comorbidities, pharmacologic treatment is typically initiated with a goal 

BP below the 90th percentile or 130/80 mmHg for children 13 years of age and older 

(whichever is lower). In children with symptomatic HTN, stage 2 HTN and comorbidities 

such as chronic kidney disease or diabetes, pharmacologic treatment is recommended in 

conjunction with lifestyle and dietary modification. More stringent BP targets are recom-

mended for children with secondary HTN or high-risk conditions such as chronic kidney 

disease [49]. Pharmacologic management typically includes angiotensin-converting en-

zyme inhibitors, angiotensin receptor blockers, long-acting calcium channel blockers, or 

diuretics. Although some data on reversal of surrogate outcomes in pediatric HTN are 
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available [35], evidence for long-term benefit is limited. Management recommendations 

in pediatric guidelines are predominantly extrapolated from adult data. 

Studies assessing guideline adherence have demonstrated poor follow-up rates. 

These studies demonstrated that follow-up rates ranged from 10% to 17% among eligible 

patients. Centers with better resources had better follow-up rates [50,51]. These findings 

underscore the need for system-level interventions to improve adherence to follow-up 

protocols and optimize long-term outcomes. To that end, adolescents transitioning to 

adulthood should be enrolled in structured transition pathways to prevent loss of care 

continuity and therapeutic inertia during this high-risk period. 

8. Future Directions 

Despite significant advances in this field, studies standardizing treatment ap-

proaches and assessing the impact of treatment on long-term outcomes are needed. Pro-

spective, longitudinal randomized studies incorporating frequent standardized BP assess-

ments and treatment interventions are needed to help establish clinically meaningful BP 

thresholds for diverse pediatric populations and determine the effect of treatment on long-

term cardiovascular outcomes. Furthermore, the contribution of potential confounders, 

including obesity and diabetes, to cardiovascular risk warrants careful evaluation. Cuf-

fless devices for continuous BP monitoring are important innovations that may improve 

diagnosis and treatment. In addition, as discussed above, barriers to the implementation 

of guideline-directed therapy need to be further evaluated. This includes, but is not lim-

ited to, studies examining healthcare disparities, access to care, treatment adherence, and 

the transition from pediatric to adult healthcare services. 

9. Conclusions 

Pediatric HTN is prevalent and is associated with target organ damage. There is in-

creasing evidence suggesting an association with cardiovascular outcomes. Timely diag-

nosis using ABPM, guided by refined screening guidelines, and comprehensive risk factor 

modification may potentially reverse early vascular injury and prevent adverse outcomes. 

Further studies can refine our approach and improve long-term cardiovascular outcomes. 
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