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adequately controlling hypertension could delay approxi-
mately 35 million deaths in women and 45 million deaths 
in men over 25 years [1]. Similarly, treating obesity results 
in significant improvements in CV risk profile in adults [2, 
3]. When examining outcomes in children, measures like 
CV events or mortality are less useful when evaluating 
the effect of hypertension and obesity. However, markers 
of target organ damage (TOD) can serve as more proximal 
outcome measures showing that the effects of hyperten-
sion and obesity are not just limited to adulthood but also 
result in adverse impacts during childhood. This review’s 
primary focus will be on the impact of hypertension on chil-
dren while including the interplay of obesity. We will focus 
on recent literature detailing the current epidemiology of 
hypertension and obesity. Additionally, we will examine the 
mechanisms for TOD and the association between hyperten-
sion, obesity, and TOD. Lastly, we will describe literature 
regarding the impact of interventions on TOD and future 
research needs.

Introduction

Both hypertension and obesity are known independent risk 
factors for cardiovascular (CV) events in adulthood. A recent 
study estimates that cutting back on sodium intake and 
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Abstract
Purpose of Review  To review data regarding the association between hypertension and childhood obesity on target organ 
damage. We will also review data regarding the impact of intervening on hypertension and childhood obesity on target organ 
damage.
Recent Findings  The prevalence of hypertension and obesity are rising in children despite efforts to address these risk fac-
tors. Health disparities play a role in contributing to the rise in prevalence. Hypertension and obesity promote pro-inflam-
matory cytokines that activate the renin-angiotensin-aldosterone system and sympathetic nervous system which result in 
adverse effects on blood pressure regulation and renal function. Adverse cardiac, vascular, renal, neurocognitive, and retinal 
changes can be seen with elevated blood pressure. Recent intervention studies are few, but adequate treatment of hyperten-
sion and obesity can result in improvement in target organ damage.
Summary  Hypertension and obesity have significant impacts upon target organs. Interventions to decrease blood pressure 
and treat obesity are associated with reductions in left ventricular hypertrophy, improvement in measures of systolic and dia-
stolic function, and improvement in renal outcomes. Appropriate screening and management of these conditions can lessen 
potential future cardiovascular impact.
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Epidemiology of Hypertension and Obesity

High blood pressure (BP) is a modifiable risk factor for the 
development of atherosclerotic CV disease. Rates of ele-
vated BP and hypertension among youths have been tracked 
over several decades and have paralleled the increasing 
prevalence of childhood obesity. New diagnostic criteria 
were proposed in 2017 to establish age, sex, and height-spe-
cific percentile tables for children and to align adolescent 
(≥ 13 years) BP categories with those of adults. This enabled 
a streamlined approach to the identification of hypertension 
and to make cutoffs congruent with those in adults which 
have shown associations with CV outcomes. Despite a 
period of decreasing rates of hypertension in the early 21st 
century, rates of pediatric hypertension are on the rise with 
the prevalence of abnormal BP in adolescents to be roughly 
15%, with 2–5% of those being classified as hypertensive 
[4].

Childhood obesity remains a public health crisis and a 
key driver of cardiometabolic disease leading to atheroscle-
rotic CV disease. Rates of obesity have risen over the last 
decade, increasing from 16.9% in 2011 to almost one in five 
youths by 2020 [5]. Risk factors for obesity include age, 
non-White race, and lower family income [6]. Significant 
increases in prevalence of obesity have been seen in chil-
dren aged 2–5 years, Mexican Americans, non-Hispanic 
Blacks, and the rate of severe obesity (BMI-for-age ≥ 120% 
of the 95th percentile).

Health disparities amongst differing ethno-racial groups 
and household income are key drivers to the promotion 
of poor cardiometabolic profiles. The complex interplay 
between environmental, economic, political, and socio-
cultural influences on rates of obesity have recently been 
described [7]. Limited access to quality foods, lack of 
convenient and safe areas for exercise, and the wealth gap 
disproportionately affect minority groups. Indeed, obesity 
prevalence is highest amongst Hispanic (26.2%) and non-
Hispanic black (24.8%) children and adolescents [6]. Rates 
of high BP are also higher among Hispanic and African 
Americans [8] as well as those from lower income families 
[9].

Mechanisms of TOD from Hypertension and 
Obesity

Hypertension and obesity are well established risk fac-
tors for CV disease. Both conditions contribute to patho-
logic adaptations in cardiomyocyte architecture which can 
jeopardize the balance of oxygen supply and consumption 
leading to risk of myocardial infarction and heart failure. 
Increased afterload exerted by high BP forces myocytes to 

hypertrophy in order to reduce wall tension. This pressure-
loaded state results in concentric hypertrophy of the myo-
cardium as a compensatory mechanism that is effective in 
maintaining proper hemodynamics but eventually leads to 
cardiac dysfunction due to development of abnormal ven-
tricular wall remodeling, fibrosis, and altered coronary 
microcirculation [10]. Obesity also alters cardiomyocytes 
by exerting a volume load characterized by increased stroke 
volume and cardiac output that can lead to eccentric and 
concentric left ventricular hypertrophy (LVH) [11–13]. 
These cellular changes are mediated by complex interac-
tions between the autonomic nervous system, circulating 
hormones, inflammation, and the renal system ultimately 
leading to alterations in BP control and deleterious car-
diac remodeling (Fig. 1) [10, 11]. The concept of cardiac 
power output ([Cardiac Output * Mean Arterial Pressure] 
/ 451 = Cardiac Power Output) is typically used as an out-
come measure for patients with heart failure [14, 15] but 
can serve as a useful way to visualize the interplay between 
arterial pressure and cardiac output.

Both hypertension and obesity are chronic inflammatory 
states. The cardiac remodeling found in these conditions can 
be attributed to the activation of circulating macrophages 
which release pro-inflammatory cytokines such as TNF-
alpha and IL-6 which promote signaling through the MAP 
kinase and Nf-kB pathways [16]. In obesity, this process is 
partially mediated by progressive hypoxia inside enlarging 
adipocytes. In hypertension, oxygen supply and demand 
imbalances secondary to increased cardiac workload trig-
gers the activation of transcription factors that promote the 
pro-inflammatory macrophage phenotype [17]. Together, 
obesity and hypertension-induced activation of macro-
phages promotes release of inflammatory cytokines with 
downstream activation of the sympathetic nervous system 
and renin-angiotensin-aldosterone system (RAAS) with 
deleterious effects on BP regulation and renal function. A 
disproportionate increase in aldosterone to renin can also 
impact BP. Individuals with high aldosterone to renin ratio 
were found to have significantly higher BP compared to 
those with low aldosterone to renin ratios [18]. Further-
more, aldosterone is associated with the development of 
insulin resistance, inflammation, endothelial dysfunction, 
and arterial stiffness which could further contribute to the 
development of hypertension [19].

Leptin and adiponectin are cytokines released by adi-
pocytes that play a role in appetite regulation and insulin 
sensitivity, respectively. Leptin exerts its anorexigenic 
effects through autonomic regulation and stimulation of the 
sympathetic nervous system. Obese individuals have been 
shown to develop a resistance to leptin resulting in a chroni-
cally overstimulated sympathetic nervous system and sub-
sequent hypertension [20]. Levels of the anti-inflammatory 
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protein adiponectin are reduced in obesity [21]. Overeating 
also stimulates the sympathetic nervous system via direct 
effects of glucose and insulin on the central nervous sys-
tem. Together with the central effects of insulin and leptin, 
persistent sympathetic activation results in chronic alpha-
receptor mediated increase in peripheral vascular resistance 
that preferentially affects the renal system [22].

Association of Hypertension, Obesity, and 
TOD

The adverse physiologic changes associated with hyperten-
sion and obesity lead to subclinical markers of end-organ 
damage. The following sections detail the impact of hyper-
tension and obesity in various organ systems (Table 1).

Cardiac & Vascular

LVH and increased arterial stiffness are measurable conse-
quences of hypertension and obesity that are present even 
during the childhood years. A recent meta-analysis found 
that children with ambulatory hypertension had higher risk 
for LVH and increased left ventricular mass index (LVMI) 
compared to normotensive children [23]. Furthermore, even 
at BP levels below current thresholds for hypertension, chil-
dren show evidence of subclinical systolic and diastolic 
dysfunction [24]. Findings from a recent meta-analysis also 
support alterations in left ventricular strain and impaired 
diastolic function in children with primary hypertension 
compared to controls [25]. Children with obesity have sig-
nificantly higher prevalence of LVH and impaired diastolic 
function compared to children without obesity [26]. Chil-
dren with both overweight/obesity and elevated BP also 
demonstrated left ventricular diastolic dysfunction [27].

Table 1  Associations between hypertension and target organ damage
Organ System Outcomes
Cardiac ↑ LVH

↑ LVMI
Altered left ventricular strain
Impaired diastolic function

Vascular ↑ Carotid-femoral pulse wave velocity
↓ Aortic distensibility
↓ Aortic compliance
↑ Carotid intima-media thickness

Renal ↑ Albuminuria
↓ Glomerular filtration rate

Brain Worse neurocognitive measures
Adverse impact on memory
Worse learning measures

Eye Adverse retinal vascular changes
LVH = left ventricular hypertrophy; LVMI = left ventricular mass 
index

Fig. 1  Mechanisms of target organ damage from hypertension and obesity. Dotted arrow denotes possible effect BP = blood pressure; HR = heart 
rate; PVR = pulmonary vascular resistance; SV = stroke volume; RAAS = renin-angiotensin-aldosterone system; H2O = water; Na+ = sodium
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Notably, BP was significantly associated with all measures 
of TOD.

Neurocognition

The accumulation of CV risk factors also has neurocogni-
tive effects. The Young Finns Study assessed a cohort of 
children into adulthood and found that cumulative exposure 
to high systolic BP, elevated total cholesterol, and smok-
ing during childhood was associated with worse neurocog-
nitive measures during midlife [36]. Memory and learning 
measures were particularly affected. However, the adverse 
impact of hypertension on neurocognition can also be seen 
during early adulthood [37] and even childhood [38, 39].

Retinal

Retinal vasculature can provide an early look into the effects 
of hypertension on children. Children with systolic hyper-
tension have narrower central retinal arteriolar equivalents 
(CRAE) versus children with normal or elevated BP [40]. 
The authors also evaluated the effect of BMI on retinal 
measures and found that children with both hypertension 
and overweight/obesity had the most adverse retinal mea-
sures. Wider central retinal venular equivalents (CRVE) and 
decreased arteriolar fractal dimensions were also associated 
with higher BP. Another study evaluated CRAE and CRVE 
longitudinally over 4 years in children and found that those 
with high systolic or diastolic BP at baseline had narrower 
CRAE at follow-up [41]. The converse was also true with 
narrower CRAE at baseline predicting later development of 
higher systolic BP.

Lifecourse

The impact of pediatric hypertension extends into adulthood. 
A large cohort study of school children was followed over 
30 years in China and found that isolated diastolic hyper-
tension during childhood was associated with increased 
arterial stiffness and albuminuria during adulthood [34]. 
Additionally, the long-term burden of elevated diastolic BP 
was assessed using area under the curve (AUC) techniques 
and was found to be associated with arterial stiffness, albu-
minuria, and LVH. BP trajectories are another method of 
evaluating BP over the lifecourse. An extension of the prior 
cohort study found that individuals that had persistently 
high BP or who had an increasing BP trajectory from child-
hood into adulthood had higher risk for LVH and increased 
carotid intima-media thickness (cIMT) [42]. Overall, these 
findings show the significant impact of pediatric hyperten-
sion over the lifecourse.

Aortic pulse wave velocity (PWV) is a common mea-
surement of pulse transit time and is a marker of central 
vascular stiffness. PWV values increase with vessel stiff-
ness. Increased PWV has been shown to be a predictor 
of CV morbidity and mortality in adults [28]. Haley et al. 
evaluated 382 youth who were grouped into low- (systolic 
BP < 75th percentile), mid- (≥ 80th and < 90th percentile), 
and high-risk BP categories (≥ 90th percentile) with carotid-
femoral pulse wave velocity (cfPWV), aortic distensibil-
ity, distensibility coefficient, and aortic compliance [29]. 
Carotid-femoral PWV significantly increased across the BP 
groups, and the low-risk BP group had higher (healthier) 
values of aortic distensibility and compliance compared 
to the mid- and high-risk BP groups. BP was a significant 
independent determinant of arterial parameters along with 
age, sex, adiposity, and low density lipoprotein cholesterol. 
These findings of arterial changes are important as they 
were also independently associated with measures of car-
diac function and albuminuria. Supporting these findings of 
early vascular changes, Chung et al. found in a meta-analy-
sis that children with ambulatory hypertension had signifi-
cantly higher risk of elevated PWV and cIMT compared to 
normotensive controls [23].

There is also a relationship between vascular health and 
cardiac changes. Urbina et al. demonstrated that youths with 
high BP showed evidence of increased PWV and that arterial 
stiffness predicted cardiac diastolic dysfunction and renal 
microvascular dysfunction [29]. Cardiac systolic perfor-
mance may also be impaired in youths with increased arte-
rial stiffness [29, 30]. Similar results have been described 
in children with obesity. In a meta-analysis of over fifteen 
studies on arteriosclerosis in children and adolescents with 
obesity, all but two studies showed greater increased arterial 
stiffness in those with obesity [31].

Renal

Hypertension can adversely affect renal function. The 
presence of hypertension is associated with kidney injury 
even in the absence of pre-existing renal disease [32, 33]. 
While data are limited in children regarding the association 
between hypertension and microalbuminuria, more robust 
data is available in adults [32] and long-term cohort study 
data show associations between childhood hypertension and 
adult albuminuria [34]. A recent pediatric study examined 
children with cardiovascular risk factors (CVRFs) includ-
ing hypertension, obesity, dyslipidemia, and insulin resis-
tance and evaluated the association between the number of 
CVRFs and measures of cardiac, vascular, and renal TOD 
[35]. Children with > 2 CVRFs had significantly different 
albumin to creatinine ratio versus children with 0 CVRFs. 
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prevalence of hypertension, obesity, and LVH at follow-up 
compared to baseline measurements. LVMI as a continu-
ous measure was also significantly decreased at follow-up. 
While antihypertensive medication is an important part of 
managing hypertension, this study shows that targeted diet 
and lifestyle therapy can be an effective approach in manag-
ing hypertension and obesity in children.

Another study by Kaplinski et al. evaluated the effect 
of antihypertensive medication on TOD in children with 
hypertension [53]. While hypertension, obesity, and race 
were found to be associated with LVMI on univariate analy-
sis, obesity was the only significant predictor of LVMI on 
multivariate analysis. These results support findings of other 
studies suggesting that obesity has a significant impact on 
LVMI compared to other factors including hypertension 
[32, 54]. Of note, Kaplinski et al. also found that even when 
patients with hypertension were adequately treated, they 
still had worse subclinical LVMI and diastolic function find-
ings compared to normotensive youth. These findings are 
important because it shows that even with treatment there 
can be subclinical differences in cardiac structure and func-
tion that may increase future CV risk. Strategies incorporat-
ing TOD assessment as part of antihypertensive treatment 
titration rather than just using BP goals may help to prevent 
worsening TOD. Alternatively, more aggressive BP goals 
may be needed to prevent TOD development.

The impact of antihypertensive treatment on TOD in chil-
dren with chronic kidney disease is significant. The landmark 
study by the ESCAPE Trial Group found that intensified BP 
control with mean arterial pressure (MAP) < 50th percen-
tile resulted in decreased worsening of glomerular filtration 
rate and progression to end-stage renal disease compared to 
conventional BP control (MAP of 50-95th percentile) [55]. 
More recently, Byfield et al. performed a subset analysis 
of participants from the Chronic Kidney Disease in Chil-
dren (CKiD) study to evaluate the effect of antihypertensive 
treatment but focused on medication nonadherence in asso-
ciation with markers of TOD and ambulatory blood pres-
sure monitor (ABPM) parameters [56]. Nonadherence was 
defined as missing any doses of antihypertensive medication 
in the 7 days prior to the study visit. They found that baseline 
nonadherence was not associated with cardiac or renal TOD 
measures at follow-up. Furthermore, baseline nonadherence 
was not associated with ABPM parameters. These findings 
are unexpected given data such as from the ESCAPE Trial 
suggesting adequate BP control improves TOD measures 
[55]. However, it is possible that the measure of baseline 
nonadherence was not specific enough in this patient popu-
lation to assess true long-term nonadherence.

There have been very few recent studies published exam-
ining the effect of hypertension intervention on neurocogni-
tive outcomes. The most recent was published in 2018 by 

Effects of Intervention on TOD

Adequate treatment of hypertension can reduce measures 
of TOD such as LVH in adults [43, 44]. Similar findings 
have been shown in children with adequate hypertension 
treatment [32, 45, 46]. However, compared to the adult lit-
erature, there are relatively fewer pediatric studies examin-
ing the effects of interventions on TOD, particularly when 
compared to the number of pediatric studies examining the 
presence of TOD in hypertension. As such, this review will 
discuss some key past studies to provide context and then 
move into discussion of more recent studies. Kupferman 
et al. found that children with hypertension and LVH that 
were treated with angiotensin-converting-enzyme (ACE) 
inhibitors had significant regression in LVMI on follow-up 
echocardiograms [47]. Improving obesity can also result 
in improvements in BP. Holm et al. evaluated children 
with obesity undergoing a 12-week weight loss program 
and found that by the end of the intervention, there were 
significant improvements in both BMI and BP [48]. Over 
long-term follow-up, weight regain was accompanied by 
BP increases, particularly for diastolic BP. For even higher 
risk youth with severe obesity and type 2 diabetes melli-
tus, medical treatment alone with lifestyle and medication 
was ineffective in reducing the prevalence of elevated BP, 
but bariatric surgery greatly reduced prevalence rates [49]. 
Improvements in LVMI, diastolic function, and cardiac 
geometry are also seen in adolescents with severe obesity 
after bariatric surgery alongside the BP improvements [50]. 
BMI reduction in obese children is also associated with 
improvements in global longitudinal strain, a measure of 
systolic function [51].

Diet and lifestyle therapies are typically the first-line treat-
ment for children with elevated BP (Table 2). Genovesi et al. 
examined the effectiveness of diet and lifestyle therapies on 
children with excess weight, elevated BP, or both conditions 
[52]. They found that there was a significant decrease in the 

Table 2  Effects of intervention on target organ damage
Intervention Effects
Diet and lifestyle ↓ BP

↓ BMI
↓ LVH

Decreasing BP ↓ LVMI
Can still have altered diastolic func-
tion versus normotensive patients
Slower progression of kidney disease
Possible neurocognitive benefits

Decreasing BMI ↓ BP
↓ LVMI
Improved diastolic function
Improved cardiac geometry

BMI = body mass index; BP = blood pressure; LVH = left ventricular 
hypertrophy; LVMI = left ventricular mass index
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risk factors, and implementation science in more effectively 
bringing evidence-based care to children.
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Lande et al. who performed neurocognitive testing in hyper-
tensive versus normotensive youth at baseline and at 1 year 
follow-up [57]. The testing encompassed measures of gen-
eral intelligence, attention, memory, executive function, and 
processing speed. Patients with hypertension were treated 
with antihypertensive medication, and there was a signifi-
cant improvement in BP in the hypertensive group over 
time. When examining neurocognitive testing results, there 
was improvement in both groups over time but no signifi-
cant difference between groups leading the authors to con-
clude that the improvements in testing were likely related to 
age and improved familiarity with the tests. However, when 
looking specifically at patients who had persistent ambula-
tory hypertension at follow-up, there was lack of improve-
ment in subtests of the Rey Auditory Verbal Learning Test 
and only limited improvement in the Grooved Pegboard test 
suggesting possible effects of sustained hypertension on 
neurocognition. It is also possible that with a longer follow-
up time frame, more significant differences in neurocogni-
tion may emerge.

Research Needs and Future Directions

There are clear areas of research need for children with 
hypertension. While there have been numerous studies eval-
uating the presence of TOD in children with hypertension, 
there are comparatively fewer studies assessing the impact 
of intervention on TOD. Additionally, more longitudinal 
studies of the impact of intervention on TOD in children 
are needed including both pharmacologic and non-pharma-
cologic management of hypertension. The impact of social 
determinants of health on hypertension in children should 
also be examined as these factors have been shown to be 
associated with increased CV risk in adults and other risk 
conditions in children. Furthermore, as there is robust and 
increasing evidence of the impact of hypertension in chil-
dren, more implementation science studies are needed to 
determine the best methods of delivering effective care for 
these children.

Summary

Children with hypertension and obesity have increased risk 
for TOD in multiple organ systems. These same measures of 
TOD are associated with CV events in adults highlighting 
the importance of appropriate screening and management 
of hypertension and obesity in children. Future studies are 
needed to further assess the impact of adequate treatment on 
TOD, the influence of social determinants of health on these 
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