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Abstract:
Introduction: Hypertension is one of the most common, well-documented and potentially
reversible risk factors of cardiovascular incidents in the adult population. However, studies
are much scarcer when it comes to children. With the obesity epidemic on the rise around the
world, clinicians must try and ensure the best possible care is given to the patients in order to
avoid potential unfavourable outcomes.
Aim of the Study: This study aims to evaluate and summarise current knowledge regarding
arterial hypertension in the paediatric population, especially emerging trends, causes, risk
factors, and long-term outcomes and outline possible future avenues of research.
Materials and Methods: A systemic search of currently available literature was conducted
through databases such as PubMed, Google Scholar, ResearchGate, and the Cochrane Library
using combinations of keywords such as “paediatric hypertension,” “ treatment,” “screening,”
“epidemiology,” and “complications.” The current guidelines by associations around the
world, such as the American Academy of Pediatrics (AAP), European Society of
Hypertension (ESH) and the Canadian Cardiovascular Society (CCS) were also reviewed.

Conclusions: Arterial hypertension has emerged as a condition of growing prevalence within
the paediatric population. Research indicates that it is prevalent among individuals with a
Body Mass Index (BMI) equal to or exceeding 25. Furthermore, the potential complications
associated with this condition are numerous, and prompt diagnosis alongside effective
treatment, through lifestyle modifications or pharmacotherapy, is essential to mitigate these
risks. Nonetheless, numerous avenues for further research remain available to enhance
understanding and treatment strategies of paediatric hypertension.
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Introduction
Hypertension is one of the most common, well-documented and potentially reversible

risk factors of cardiovascular incidents in the adult population. However, good quality studies
are much scarcer when it comes to the paediatric population. With the prevalence of obesity
on the rise around the world, clinicians must try and ensure the best possible care is given to
children to avoid potential unfavourable outcomes. This review aims to summarize the
available knowledge regarding paediatric HTN, including its many causes, possible
complications and treatments. We focus on the latest guidelines from the American Academy
of Paediatrics, European Society of Hypertension and Canadian Cardiovascular Society, as
well as the latest research and recent epidemiological studies. Lastly, we outline avenues and
topics that require conducting further research in the future.

The definitions of Arterial Hypertension
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The international consensus is that HTN should be defined as ABP of or above the 95th
percentile. However, the guidelines differ when it comes to normative tables required for
arterial blood pressure (ABP) assessment. In all cases, these tables are scaled using the age,
height and sex of the child. However, this is where the similarities end. ESH recommends
using normative tables up to the 16th year of the child's life and only then switching to
constant ABP values, similar to those used in the adult population. On the other hand, the
AAP recommends using scaled tables up to the age of 13. In its most recent 2017 guidelines,
the AAP excluded children with a BMI above the 95th percentile when creating the normative
ABP values. This will most likely lead to a significantly increased diagnosis rate, although at
the cost of lower specificity; however, the exact result of this change remains to be seen. [1-4]
This change was demonstrated by Dong et al. in their 2018 study where they compared the
diagnosis rate using the updated 2017 AAP diagnosis criteria and the previous one from the
2004 AAP’s fourth report in a group of 50 336 children. Using the 2017 diagnosis criteria of
HTN in this group, 16.7% of children aged 6-12 and 7.9% of those aged 13-17 had HTN in
contrast to 10.8% and 6.3%, respectively, when using the previous criteria. [55]

In a 2022 consensus document on HTN by European Cardiology associations, HTN is
further divided into subgroups depending on the patients' ABP values: stage 1 and stage 2
HTN. Stage 1 HTN is defined as ABP equal to or greater than the 95th percentile but lower
than the 99th percentile + 5mmHg. Stage 2 HTN is defined as ABP equal to or greater than
99th percentile + 5 mmHg. [4]

Another important aspect of abnormal ABP is Elevated Blood Pressure (EBP),
previously referred to as prehypertension (pre-HTN), with the new term being introduced in
the 2017 AAP guidelines. It is diagnosed in patients with ABP values in the 90th to 94th
percentile range. Similarly to established HTN, it’s not an occurrence that can be ignored, and
it requires as much clinical attention. [4]
Furthermore, when discussing HTN, there are several distinct subtypes and phenomena
concerning HTN that clinicians must remember. These include: White Coat Syndrome (WCS),
Masked HTN (MHTN), Isolated Systolic HTN (ISH), Isolated Diastolic HTN (IDH), and
Pseudohypertension.

White Coat Syndrome (WCS) is a phenomenon which takes its name from the
characteristic medical white coat. It occurs when solely the fact of being in a medical facility
or the presence of a medical professional causes an increase in the adrenergic system's activity,
which in turn results in a rise in ABP, taking it outside the recommended range. [9]

Masked HTN (MHTN) is a situation opposite to that of WCS. Contrary to WCS,
where ABP is increased when measured by a medical professional, in MHTN, it is elevated in
ambulatory ABP measurements (ABPM) but normal when measured in a medical facility [7]

Isolated Systolic HTN (ISH), defined as elevated DBP with SBP in the normal range,
was initially believed to be a spurious, benign condition in children, caused by exaggerated
pressure amplification in healthy, tall, physically active men. However, further research into
this topic has shown otherwise and has demonstrated an association between ISH and
increased central and brachial SBP, suggesting that these patients may be at an increased
cardiovascular risk. Research also shows that isolated systolic HTN may be a very early step
in the clinical development of HTN, although further research is required regarding the
evolution of the condition, best course of treatment and the patients' prognosis. [73-76]

Isolated Diastolic HTN (IDH), defined as elevated DBP with SBP in the
normal range. Although many studies have shown it to be artifactual and benign, new
evidence in the adult population presents a likely association with greater cardiovascular risk.
Furthermore, the Framingham Heart Study suggests that IDH is likely a precursor of HTN as
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well as a good predictor of future coronary heart disease events, contradicting the theory of it
being a benign condition. Children suffering from IDH are typically female, younger, leaner
and have a higher resting heart rate. Further long-term follow-up research in the paediatric
population is required to better understand the pathogenesis, progression and long-term
outlook in children’s IDH. [73,77, 78]

Pseudohypertension is a condition where ABP is elevated in an indirect assessment
using a sphygmomanometer and within normal range once measured intra-arterially. Its
pathogenesis is often associated with the stiffening of the arteries. It is most commonly
reported in elderly patients; however, it can also present itself in children, although
considerably rarely. One such case was reported by Narasimhan et al., where
pseudohypertension presented itself in a 5-year-old child with Williams syndrome. [73, 79]
Epidemiology of Paediatric Hypertension

Over the years, the number of children and adolescents suffering from HTN and EBP
has significantly increased. As reported by Song et al., over the last two decades, a relative
increase of 75% to 79% has occurred. [5] In various studies, it has been reported that between
2.7% and 11.2% of children globally suffer from HTN [6, 13]. However, it must be noted that
in many conducted studies, the prevalence of HTN decreased with each additional ABP
measurement that was carried out. In their meta-analysis, Song et al. concluded the mean
number to be 4%. However, it is important to note that the reported prevalence changes
relatively to the patient's age, from 4.32% in the age group of 6 years old, peaking at 14 years
with a value of 7.89% and later lowering to 3.28% at the age of 19 years. [5] However, it is
also important to note that the increase in these values may be affected by significant
underdiagnosing. As reported by Hansen et al. in their study on HTN underdiagnosis, of all
the children included, only 26% of those suffering from HTN had a proper diagnosis in their
medical records. [8]

The change in diagnosis criteria brought about by the 2017 AAP guidelines was
certain to increase the frequency of HTN diagnosis in children. This problem was studied by
Sharma et al. in their 2018 study of 15647 children. The initial HTN prevalence of 11.8%
when using the previous guidelines increased to 14.2% when the new guidelines were applied.
They also noticed that a total of 5.8% of included children were impacted by the change,
either by diagnosing HTN or moving to a more advanced stage. Those affected by the change
were more likely to be overweight or obese, with higher weight-for-age scores, waist
circumference and BMI. It is estimated that due to the change of the diagnosis criteria,
approximately 795,000 children in the US have been reclassified as having HTN. [70, 83]
The prevalence of HTN varies depending on age, with a steep increase being reported around
the age of 13-14 years old, when children begin to reach puberty. Secondary HTN is the more
frequent type of paediatric HTN up until the age of 13-14 years old, with the biggest disparity
visible in those below 6 years old. In younger children (<12 years old), secondary HTN can
constitute up to 70-85% of all HTN cases in that age group. However, as the children grow
older (≥12 years old), those numbers change in favour of primary HTN, with it being said to
constitute 85-95% of HTN cases. [5, 27, 63, 85]

When it comes to MHTN, as reported by Chung et al. it has a prevalence of
approximately 10.4% in the general paediatric population. However, in patients with various
comorbidities, this number is further increased. [7]

Research such as the Enigma study in the UK and the National Health and Nutrition
Examination has shown that ISH affects between 2% and 8% of the population. However,
most of these studies included only or predominantly the adult population, and thus, definitive
conclusions regarding its prevalence in children shouldn’t be drawn. [76
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IDH has previously been reported to affect between 0.7-4.5% of generally healthy
children. In their 2021 study, which included 17,362 American children, Alsaeed et al.
calculated the prevalence of IDH to be 1.9%. (95% CI 1.5-2.2) [77]
Blood Pressure measurements

As described in the available guidelines, to properly measure the patient's ABP, they
should be placed in a quiet environment, remaining calmly in a sitting position for a few
minutes before the measurement is taken. When taking the measurement, the patient should
be sitting comfortably, legs uncrossed and feet on the floor, their arm supported in front of
them at heart level. Using an appropriate size cuff is not a detail that can be neglected; its
bladder length should be 80-100% of the circumference of the arm, and the width should be at
least 40% of the distance between the acromion and the olecranon. Likewise, the
circumference should be measured in the middle between the acromion and the olecranon. [1-
4] As shown by multiple publications, a too-small cuff will result in falsely elevated ABP
values, while one that is too big will measure ABP results that are lower than the actual ABP
value. [10, 11] Once a cuff of appropriate size has been selected, it should be placed on an
unclothed arm about 3cm above the popliteal fossa. The measurement, preferably using an
aneroid sphygmomanometer, should be taken 3 times in intervals of about 1-2 minutes each,
especially if the first reading measures above the 90th percentile; after that, the first value
should be discarded, and the remaining values averaged. As shown by Bovet et al., this should
be done in order to reduce the amount of false positive measurements. [14] It is important to
note that during a child's first visit, during which an ABP is measured, the measurement
should be taken on both arms and one leg to rule out potential coarctation of the aorta. [4,26]
There is a consensus that the best way of taking the measurement is by the auscultatory
technique using an adequately calibrated aneroid sphygmomanometer. [1-4] In their study,
Duncombe et al. concluded that oscillometric devices, on average, return a measurement 2.53
mmHg higher than their mercury counterparts. However, they also discovered that
oscillometric sphygmomanometers that “passed” validation protocols by organizations such
as the “European Hypertension Society, International Protocol” or “Association for the
Advancement of Medical Instrumentation” returned results of only 1.76 mmHg higher than
mercury sphygmomanometers. Because of that, they concluded that verified oscillometric
sphygmomanometers can be used as a substitute for aneroid sphygmomanometers for the
initial ABP screening in the paediatric population. [12]
Diagnosis of Arterial Hypertension

The guidelines emphasize the importance of precise history and physical examination
when suspecting HTN. Some of the key points to ascertain include: the family history of HTN,
comorbidities, the child’s birth weight and gestational age, environmental factors such as
smoking (as well as second hand smoking) and diet, physical activity, and possible symptoms
including, but not limited to headaches, vertigo, chest pain or epistaxis. [1-4]

In order to diagnose a patient with HTN or EBP, a singular instance of ABP above the
cutoff point of 95th and 90th percentile, respectively, is not sufficient. The required number of
independent measurements differs in various sources. De Simone et al. recommend two
separate visits, while Sun et al. report that measurements during three individual visits are
required. They report that measuring ABP during three separate visits results in a decrease of
77.7% in potential HTN prevalence. Unfortunately, this requirement may result in a lack of
follow-up and potentially lead to a greatly delayed diagnosis and development of
complications. In the case of stage 2 HTN or organ damage, only one abnormal ABP
measurement is required. [4, 13]
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It is also recommended that all potential HTN diagnoses be further confirmed via
ABPM to negate the possibility of measurement falsification by WCS. [1-4, 15]

Clinicians must also remember that when suspecting the monogenic nature of HTN,
the diagnosis process should begin by carrying out a serum electrolyte test (most importantly
sodium and potassium cations), as well as renin and aldosterone levels. However, a definitive
diagnosis can only be made after genetic testing has been conducted. [30, 80-82]
Blood pressure screening in the paediatric population

As recommended by the AAP guidelines, ABP measurements should be carried out in
all children over the age of 3 during every appointment with a medical professional. As
aforementioned, these results should be checked against an appropriate normative table. In a
2022 statement from the American Heart Association, Flynn et al. conclude that consistent
with the 2017 AAP guidelines, they recommend ABPM to be used in order to confirm the
diagnosis before starting pharmacotherapy. [84] Measuring ABP in children younger than 3 is
usually not recommended unless HTN risk factors are present. The AAP guidelines outline
these as: a history of prematurity (<32 week’s gestation, small for gestational age or other
neonatal complications requiring intensive care), congenital heart disease (repaired or
unrepaired), recurrent urinary tract infections, haematuria or proteinuria, known renal disease
or urologic malformations, family history of renal disease, solid organ transplant, malignancy
or bone marrow transplant, treatment with drugs known to raise ABP, systemic illnesses such
as neurofibromatosis, tuberous sclerosis or sickle cell disease which are associated with HTN,
evidence of elevated intracranial pressure. In children with CKD, regular APBM checks are
suggested if secondary causes of HTN are suspected or present. [1, 26, 27] All acquired
measurements should be compared to the normative percentile tables standarded by sex, age
and height. [1, 26, 27] This has been and, in all likelihood, will continue to be the go-to
procedure for many years. However, it is a task that bears a high probability of human error,
especially taking into consideration the high number of patients and the limited time for each
one of them. Fortunately, nowadays, along with the progress of technology, numerous
websites and applications exist, for example, websites such as “mdcalc.com” and
“jakicentyl.pl”, which allow clinicians to quickly and without error ascertain the exact
percentile of the patient's ABP.

As aforementioned, ABPM remains a key clinical tool in the management of
hypertensive patients. In the case of patients with WCS, further ABPM monitoring is vital, as
demonstrated by Miyashita et al. in their study. Of all the patients included, during the follow-
up, 61% progressed to either ambulatory HTN (23% of patients) or ambulatory EBP (38% of
patients). [9] However, even in the case of seemingly normotensive patients, clinicians must
remain vigilant. As concluded by Seeman et al., when a child presents with prehypertension, a
positive family history of HTN, obesity, chronic kidney disease (CKD), diabetes or
obstructive sleep apnoea syndrome, regular ABPM checks should be performed regularly due
to a potential for MHTN. [16]

It is worth noting that in the 2020 recommendation statement on screening for high
blood pressure in children and adolescents by the US Preventative Services Task Force, it was
concluded that there is insufficient evidence to unambiguously recommend HTN screening as
the balance of benefits and harms couldn’t be determined. However, AAP, in its 2017
guidelines, recommends regular ABP screening in children between the ages of 3 and 18 years
old. [1, 63]
Primary Hypertension and its Risk Factors

Primary HTN can be defined as HTN in which no singular causative factor can be
determined. As mentioned before, the prevalence of primary HTN in the paediatric population
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is rising across all age groups. In his review study, Prof. Litwin describes primary HTN as a
complex issue with numerous pathophysiological mechanisms and risk factors. Most notably,
the factors included in the revised version of the Page’s mosaic, such as salt sensitivity and
salt resistance, autonomic nervous system abnormalities, disturbed body composition
(predominantly excessive visceral adipose tissue), hyperkinetic function of the left ventricle,
vascular remodelling, metabolic abnormalities (predominantly hyperinsulinemia and insulin
resistance), immune abnormalities and intestinal dysbiosis are considered to be of vital
importance in the development of this disease. He proposes that factors such as age and
perinatal factors (for example, preterm birth or neonates small for gestational age) should also
be included in the next revision of the mosaic for childhood HTN. However, a detailed review
of the pathophysiology of primary HTN is beyond the scope of this review. [18]

In the face of the worldwide obesity epidemic, the most frequent and most important
risk factor of HTN is excessive fat tissue. Over the last decades, there has been a substantial
increase in the prevalence of overweight and obesity worldwide. Among children and
adolescents, the global age-standardised prevalence of obesity increased from 0.7% in girls
and 0.9% in boys in 1975 to 5.6% and 7.8%, respectively, in 2016. [19] According to the data
collected by the WHO, in the year 2022, over 390 million children and adolescents worldwide
were overweight (BMI ≥ 25), of which 160 million were obese (BM I≥ 30). [20] This rise is
often correlated with the increasing frequency of primary hypertension among children, as
high BMI and especially excessive amounts of adipose tissue have been linked to
hypertension. Many researchers reported that as the patient's BMI increases, so does the
prevalence of hypertension. This correlation can be observed in all age groups, even in those
as young as 2 years old. [21-24, 54] Ji et al. conclude that puberty is a vital moment for HTN
development, and appropriately controlling the BMI then will significantly reduce the risk for
HTN. Many methods, such as BMI, skin fold calipers and fat mass measured using
bioimpedance, have been developed for the purpose of estimating and tracking obesity and
adipose tissue contents, with BMI being the one most widely used. However, as reported by
Drozdz et al., fat mass estimated using bioimpedance analysis is superior to BMI for tracking
the amount of adipose tissue as it better correlates with ABP. [23]

In their study, Levy et al. identified tobacco exposure (both primary and secondary) as
an additional risk factor associated with elevated ambulatory blood pressure (ABP). Their
analysis included a cohort of 8,520 children with a mean age of 13.1 years, with 51% of
participants being male. Children with documented tobacco exposure demonstrated a 1.31-
fold increased likelihood of elevated ABP (95% CI: 1.06–1.61). [50]

As reported by Belfort et al., another factor associated with paediatric HTN is a rapid
increase in weight for length in the first 6 months of the child's life, as it correlates to an
increase in the child's adipose tissue content. This association was pronounced the strongest,
especially in children who were in the lowest quartile of weight at birth of those included in
the study. [51]

Affiliation with different ethnic groups has also been proven to impact patients' ABP
values. An analysis by Dekkers et al. conducted on 745 young participants revealed that
children who identified as Black had significantly higher SBP and DBP values when
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compared to those who identified as White (P<0.01). In boys, these differences became
apparent upon reaching adolescence, whereas in girls, they were evident earlier in childhood.
The authors have also concluded that these differences could not be attributed to differences
in adiposity or height. [65]

Furthermore, many gene loci that increase the risk of developing HTN have been
identified. According to studies, these include, but are not limited to, single-nucleotide
polymorphisms in CACNB2(3′) rs1813353, ULK4 (rs3774372), ZNF831 (rs6015450), and
ZNF652 (rs12940887) genes. [67]
Secondary Hypertension

Secondary HTN can be defined as a clinical situation in which a tangible cause for the
HTN can be identified. Once thought of as the main type of paediatric HTN, nowadays,
secondary HTN is being overtaken by primary HTN when it comes to prevalence. However,
despite this change, in the youngest of patients, especially those under the age of 6, it is still
secondary HTN that is the main cause of HTN and must be ruled out when a young patient
presents themselves with HTN. [53]

Many diseases can lead to the development of secondary HTN, with the most common
ones being renal diseases, coarctation of the aorta (CoA) and reno-vascular diseases. In
children up to the age of 6 years old, renal disease and CoA are the most frequent causes,
whereas in those aged 6 to 10 years, renal parenchymal disease is the leading etiology. The
most common reno-vascular causes of secondary HTN include renal artery stenosis,
fibromuscular dysplasia, arteritides, extrinsic compression of a renal artery, renal artery
dissection or infarction, radiation fibrosis, and obstruction from the aortic endovascular graft.
Less commonly, secondary HTN may be caused by genetic arteriopathies, such as Williams-
Beuren Syndrome (WBS), caused by a deletion located on the long arm of the 7th
chromosome. This mutation causes the loss of function of the elastin gene, leading to
supravalvular aortic stenosis, stenosis of pulmonary artery branches, supravalvular pulmonary
stenosis, and stenosis of other vascular territories, including the thoracic or abdominal aorta,
renal arteries, intracranial arteries, and potentially others, ultimately leading to systemic HTN.
Other less prevalent causes of secondary HTN include systemic arteritis, renal tumours, and
various endocrine and neurological disorders. [26, 27]

Chronic kidney disease, mainly congenital anomalies of the kidneys and urinary tract,
is the most common cause of secondary HTN in children. As reported by Taha et al., patients
with decreased kidney size, proteinuria, additional kidney anomalies and chronic kidney
disease are more likely to develop HTN. Additionally, HTN further increases the risk of CKD.
[28]

There are reports that Wilms tumour (WT), one of the most prevalent kidney tumours
in the paediatric population, can both directly and indirectly result in secondary HTN. As
described by Hsiao et al. WT often presents with HTN, which resolves after nephrectomy.
However, due to a reduction in nephron mass, combined with potential additional nephrotoxic
effects of therapies and radiotherapy, HTN may develop. They also report that WT survivors
frequently suffer from MHTN, which would make additional ABPM measurements beneficial
for these patients. [29]

One of the rarer causes of secondary HTN is monogenic HTN [30]. Monogenic HTN
is a group of diseases in which a mutation of a single gene (usually inherited in an autosomal
dominant way) disrupts the renal or adrenal physiological mechanisms of ABP regulation.
They can be divided into two groups: kidney-dependent (with low, normal or excessive
aldosterone levels) and kidney-independent (adrenergic or sympathetic excess or disorders of
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vascular smooth muscle). Many of these mutations result in increased renal sodium retention,
leading to total body volume expansion, which in turn results in the suppression of renin
levels. Possible monogenic disorders which can lead to HTN include, but are not limited to:
Liddle syndrome, type 2 pseudohypoaldosteronism (Gordon’s syndrome), familial
hyperaldosteronism, and congenital adrenal hyperplasia due to 11-beta-hydroxylase
deficiency, apparent mineralocorticoid excess, Bilginturan syndrome, as well as
pheochromocytomas and paragangliomas caused by hereditary syndromes such as MEN2A
and VHL syndrome. In all instances when the genetic cause of HTN is suspected, family
history is a vital part of the investigation, as it will likely be present in close family members.
Clinicians should also remember that when a very young child presents with HTN, a
monogenic mutation could be the underlying cause. They should also be suspected in children
in whom more common causes of HTN have not been identified, especially in children who
present with electrolyte abnormalities, such as hyper- or hypokalaemia, metabolic acidosis or
alkalosis. In these rare conditions, a precise diagnosis is crucial, as treatment strategies are
specific and differ depending on the causative condition. [30, 80-82]
Treatment

Research has shown that children with EBP or HTN are more likely to suffer from
EBP or HTN once they reach adulthood. As reported by Kelly et al., participants had their
ABP measurements taken in childhood and followed up 20 years later. For tracking of ABP
into adulthood, they calculated the Spearman correlation coefficients for SBP to be 0.31 (P
<0.001) and 0.16 (P < 0.001) for DBP. On the 20-year follow-up, those with elevated ABP in
childhood had a higher risk of elevated ABP in adulthood, when compared to normotensive
children (RR(95%CI, 1.35 (1.18-1.55)); red <0.001; PAF (95% CI, 10.2% (3-18%))) However,
they also report that adopting a healthy lifestyle potentially lowers the risk of HTN tracking
into adulthood. [46] Because of that, instances of elevated ABP in children should not be
ignored, as any potential delay can result in more complications in the future.
In their research, Kaelber et al. have proven that up to 48% of cases of paediatric HTN and
70% of cases of EBP will resolve themselves without intervention. [25] A similar problem is
touched upon by Juhola et al. In their research, encompassing 4210 participants, they report
that out of all children with elevated ABP, only about 40% will be able to avoid elevated ABP
in adulthood. [66] It is an important discovery; however, despite that, clinicians cannot allow
children with HTN to go untreated. There is a consensus among medical societies and their
guidelines that the first-line treatment of HTN in children, especially those without end-organ
damage, should be non-pharmacological interventions, predominantly in the form of lifestyle
changes. These include various recommendations, for example, weight reduction and, more
importantly, fat tissue mass reduction, dietary changes and an increase in the patient's physical
activity frequency and intensity, a reduction of sedentary time, cessation of smoking, and a
reduction of alcohol consumption. This intervention should last no less than 6 months. [1-4,
26]

Several studies have demonstrated that reductions in BMI or adipose tissue are
associated with significant reductions in ABP. However, as described by MacLean et al.,
weight loss causes changes in adipose tissue that predispose it to store ingested energy. This
mechanism, aimed at restoring the body's initial weight, can result in rebound weight gain.
[31] In their 2014 review and meta-analysis, Cai et al. concluded that “obesity prevention
programs have a moderate effect on reducing BP, and those targeting both diet and physical
activity seem to be more effective”. They calculated the mean reduction of SBP to be -
1.64mmHG and DBP -1.44mmHg. [49] In patients with severe obesity or those failing to
reach established weight goals, pharmacotherapy can be introduced. Drugs such as
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semaglutide, liraglutide, metformin, sibutramine, and orlistat have been proven to exert a
positive effect on BMI in the paediatric population, however, as Mead et al. have concluded in
their metanalysis, further research on the topic is required due to poor quality of the available
trials and lacking drug registrations in paediatric populations. [59-61]

Increasing the weekly amount of physical activity has been proven to exert a
beneficial effect on ABP. Anaerobic exercises, performed in the amount of 3 to 5 sessions per
week, for 30 to 60 minutes per session, are recommended. Studies have demonstrated that
such a regimen effectively reduces cardiovascular risk and is associated with lower SBP
values. Mark et al. report a dose-response relation between physical activity and both SBP and
DBP values. Furthermore, as described by Gidding et al. in their study of 663 youths with an
active lifestyle, children who engaged in regular physical activity had lower SBP values, as
well as reduced concentrations of low-density lipoprotein (LDL) cholesterol. Further evidence
for the importance of physical activity in paediatric obesity is provided by Cao et al. in their
systemic review and meta-analysis of 8 trials involving 197 total participants with obesity and
metabolic syndrome. They demonstrated that aerobic exercise alone can have a positive effect
on patients’ lipid profiles, as well as SBP values (standardised mean difference -6.90; 95% CI
-10.46 - -3.35; p<0.01), BMI and waist circumference. However, it should be noted that
children diagnosed with stage 2 HTN should refrain from participating in high-static sports
(e.g., lifting, boxing and wrestling) until their ABP values are within the normal range, even in
the absence of end-organ damage such as left ventricular hypertrophy. [1, 47, 48, 52, 53]

Another vital aspect of lifestyle changes are dietary modifications. Reports suggest
that a DASH (Dietary Approach to Stop Hypertension) diet, fitting the patients' caloric needs,
is the most beneficial. The DASH diet is rich in fresh fruits and vegetables, low-fat dairy,
whole grains and lean protein sources. Additionally, a restriction of dietary salt by reducing or
eliminating foods such as chips or French fries and highly processed products in which
sodium chloride contents tend to be especially high is proven to be beneficial. In its 2017
guidelines, the AAP recommends that daily sodium intake be kept below 2300 mg/day.
Furthermore, a limitation of added dietary sugars is recommended. Most commonly found in
foods most popular with the paediatric populace, such as sweets and sugar-sweetened
beverages, they can significantly increase the daily caloric intake, resulting in weight gain and
excessive accumulation of adipose tissue. [1, 26]

Smoking is a known cardiovascular risk factor, as well as being proven to be a
modifiable risk factor for developing HTN. With the substantial rise in the popularity of e-
cigarettes, alternative forms of combustible tobacco (such as heat-not-burn cigarettes) and
smokeless tobacco among the youth, clinicians must be ready to counteract this situation. [37]
Every patient, especially those suffering from HTN or having other cardiovascular risk factors,
should be advised to quit smoking and then adequately supported in their efforts. At first, the
patient should be assessed for the symptoms of nicotine dependency, and they should be given
the Fagerstrom questionnaire to assess the strength of their addiction. It is recommended that
interventions aimed at the cessation of smoking be carried out according to the “five A’s”
approach. It consists of: Ask, Advise, Assess, Assist and Arrange. A recommended first-line
treatment option, besides counselling, is nicotine replacement therapy in the form of patches,
gum, or nasal spray. Second-line pharmacological options include drugs such as bupropion
and varenicline. Their effectiveness has been proven in the adult population; however, in
children, only small-scale randomised control trials are available and have yielded mixed
results regarding their effectiveness. The specifics of interventions aimed at the cessation of
smoking are beyond the scope of this review. [32-34]
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Patients suffering from HTN should be recommended to limit alcohol consumption.
As described by Algharably et al. in their review paper, even low to moderate daily alcohol
intake (10-20g of pure ethanol, which corresponds to one to two drinks, 125- 250ml of wine,
250- 500ml of beer or 40- 80ml of vodka) results in an increased risk of HTN. What is more,
keeping abstinence associated with SBP and DBP lowering by 3.3 and 2.0 mmHg respectively.
[35] This correlation is highly dose-dependent; the higher the initial alcohol consumption was,
the greater the possible reduction in BP. A meta-analysis of 36 trials with a total of 2865 adult
participants, conducted by Roerecke et al., has shown that in those who initially consumed 6
or more units of alcohol per day SBP and DBP has lowered by 5.50 mmHg (95% CI -6.70 to -
4.30) and 3.97 mmHg (95% CI -4.70 to -3.25) respectively once they reduced their alcohol
intake by 50% or more. At the same time, in people who initially consumed two units of
alcohol per day or less, no significant reduction in ABP was reported. [36]

If the patient additionally presents with dyslipidaemia, it should be treated without
delay, as it further increases the patient's CVD risk. Therapy goals should be established
based on the patient’s CVD risk category, and the treatment should begin by implementing
lifestyle modifications similar to those listed above. The diet should be rich in fibre from
sources such as fresh fruits, vegetables and whole grains, as well as polyunsaturated and
monounsaturated fats due to their positive impact on cardiovascular health. Conversely, the
intake of saturated and trans fats should be minimised. Patients should be advised to engage in
regular, daily physical activity. In the case of obese and overweight patients, weight reduction
should also be recommended and actively encouraged. If, through lifestyle modification alone,
the patient does not achieve the desired therapeutic goals, pharmacological treatment may be
considered. Agents such as statins, ezetimibe, bile acid sequestrants, and fibric acid
derivatives have been shown to be effective in managing dyslipidemia. [43-45] A
comprehensive report on pharmacotherapy of paediatric dyslipidaemia, including specific
treatment targets, falls outside the scope of this review.

Research conducted in the adult population has shown that insufficient sleep duration
and poor sleep quality increase cardiovascular morbidity and can lead to an increase in ABP
values. Because of that, patients suffering from HTN should be advised regarding sleep
hygiene and other possible treatments to reduce CVD risk. Relatively common conditions,
such as obstructive sleep apnoea, can lead to impaired sleep quality and have been shown to
contribute to the development of hypertension. In these patients, therapeutic interventions
such as nasal continuous positive airway pressure therapy (nCPAP) or targeted causal
treatment can be implemented. A comprehensive report on this topic lies beyond the scope of
this review. [38-42]

In patients without end-organ damage, pharmacotherapy should be recommended if
the introduced lifestyle changes do not yield the desired results, or in case of symptomatic
HTN, organ damage, diabetes, CKD, left ventricular hypertrophy or stage 2 HTN without
modifiable risk factors. Unfortunately, research regarding the efficacy, safety and long-term
results of anti-HTN pharmacotherapy in children is limited, and so much of the knowledge
must be transferred from research carried out in adult populations. Pharmacotherapy of HTN
in children should begin with angiotensin receptor blockers (ARB), angiotensin-converting
enzyme (ACE) inhibitors, dihydropyridine calcium channel blockers, and diuretics should be
used as first-line treatment options, there is no evidence available that would single out one of
these as the best first choice. Therapy should begin with the lowest effective dose, which then
can be gradually up-titrated if the therapy goals are not reached and the patient's tolerance of
treatment is good. Alternatively, if the ABP target is not reached, therapy can be switched to a
different drug, or an additional drug from a different class can be introduced. The authors of
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the guidelines unanimously agree that a stepped-care approach is advised. A network meta-
analysis conducted by Burello et al., which included 13 studies with a total of 2378 patients,
indicates that ACE inhibitors (such as lisinopril and enalapril) and ARBs (such as losartan)
could potentially be the best choice in paediatric HTN treatment. However, as the authors
themselves acknowledge, the amount of available data is limited and, due to heterogeneity,
small sample sizes and short follow-up time of existing randomized control trials, reaching
definitive conclusions would require carrying out additional trials. [1-4, 26, 58, 62]

In the case of patients diagnosed with stage 2 HTN or coinciding organ damage,
diabetes, CKD, or ventricular hypertrophy, treatment should begin with the simultaneous
implementation of pharmacotherapy and lifestyle modifications. [26, 58] If the patient
presents with acute symptoms, such as headaches, altered mental status, or papilledema,
urgent evaluation and treatment should take place. If secondary HTN is diagnosed, a key part
of treatment is treating the underlying condition leading to HTN. Chaturvedi et al. conducted
a meta-analysis regarding pharmacological interventions in hypertensive children. They
analysed 21 trials with a total number of 3454 participants. Not insignificant reductions in
ABP in comparison to the placebo group were reported for all included pharmaceutical agents:
angiotensin receptor blockers (candesartan and high-dose telmisartan), beta-blockers
(metoprolol), beta blocker and thiazide diuretic dual therapy (bisoprolol +
hydrochlorothiazide), and calcium channel blockers (extended-release felodipine). They
calculated mean values by which different pharmaceutical compounds affected the ABP
measurements, with high-dose telmisartan exerting the biggest impact, lowering the SBP by -
8.50 (95% CI; -13.79 - -3.21). Many agents proved capable of reducing SBP values but did
not have a significant effect on DBP values. Unfortunately, as the authors themselves have
stated, there is a significant lack of data regarding antihypertensive drugs in the paediatric
population (with the biggest amount of data available regarding candesartan), and much of the
data included in this meta-analysis was low-quality evidence. [57] Furthermore, there is also a
noticeable lack of long-term studies regarding the safety of HTN pharmacological agents in
children. In the short term, all aforementioned pharmacological groups appear safe for use.
Contraindications to their usage are the same as in the adult population, for example,
pregnancy in the case of ACE inhibitors and angiotensin receptor blockers.

Based on available research regarding FGF23 and its function and interaction with the
renin-angiotensin-aldosterone axis, in their 2020 study, Chrysaidou et al. theorise that in the
case of HTN secondary to CKD, FGF23 may be a new therapeutic target for HTN treatment.
[27]

Treatment of patients suffering from monogenic HTN is widely dependent on the
specific mutation and syndrome they suffer from. Such an approach is crucial to enhancing
patient outcomes. Because of that, as mentioned before, a swift, specific diagnosis is of vital
importance. Due to pathogenesis being most commonly associated with increased sodium
reabsorption, thiazide diuretics and aldosterone antagonists are some of the most common
routes of pharmacotherapy. However, in Geller syndrome, for example, aldosterone
antagonists should not be prescribed as they lead to symptom exacerbation. [30, 80-82]

The guidelines suggest that the goal of the treatment should be lowering the patient's
ABP below the 90th percentile for age and height, as organ damage can occur even in children
with ABP values between the 90th and 94th percentile. According to ESH, consistent with adult
guidelines, in children aged 16 and above, the first goal of treatment should be lowering the
patient’s ABP to <130/85 mmHg, with the ultimate goal of lowering it to <120/75 mmHg.
However, in the case of children suffering from CKD, lowering the ABP values beneath the
50th percentile is recommended. [1-4, 26]
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After implementing lifestyle modifications, the follow-up visits should take place
every 3-6 months. In the case of patients undergoing antihypertensive pharmacotherapy,
examinations every 4-8 weeks are recommended. In the case of patients who demonstrated
WCE, follow-up using ABPM is recommended. [1-3]
Complications

Childhood HTN is one of the strongest predictors of HTN in adulthood (P<0.0001), as
well as being a substantial, well-proven, but also potentially reversible risk factor of
cardiovascular events, avoiding, or introducing incorrect treatment risks the development of
complications in the form of target organ damage (TOD), most notably impacting the heart,
kidneys and the vascular bed. These include left ventricular hypertrophy (LVH), increased left
ventricular mass index (LVMI), increased pulse wave velocity (PWV), and increased carotid
intima-media thickness (cIMT). [65, 68]

Assessment of hypertension-mediated organ damage is vital in arranging the correct
clinical management as well as assessing the potential patient outcome. The main measurable
markers of TOD include assessment of the left ventricular mass, carotid intima-media
thickness, arterial stiffness (assessed using pulse wave velocity), and assessment of
microcirculation. Clinicians must remember that the recorded values must be checked against
referential values normative for age and sex. As summarized by Pac et al., the main methods
currently used to assess TOD include the estimation of left ventricular mass index (LVMI)
using Echocardiography, ECG, examination of the eye fundus, evaluation of kidney function
and microalbuminuria. Furthermore, measuring cIMT using ultrasonography and PWV is
recommended. [72] Results of a study conducted by Sorof et al. suggest that 24h-SBP
measurements are crucial for the assessment of children with HTN as they correlate more
strongly with TOD, such as LVMI (r=0.43, P=0.008). [69] Another study by the same authors
suggests that SBP correlates with LVH more strongly than DBP; thus, in order to avoid this
possible complication, SBP normalization should be prioritized, even if DBP values are
within normal range. [74]

In a meta-analysis of 38 studies, including a total of 3609 children, Chung et al. have
found a non-insignificant association between ambulatory HTN and these pathologies. When
compared to normotensive children, the risk of TOD was: LVH – 4.69 (odds ratio(95% CI,
2.69-8.19)), LVMI – 5.13 g/m2.7 (pooled difference (95% CI, 3.78-.49)), PWV – 0.04mm
(pooled difference, 0.39m/s (95% CI, 0.2-0.58)) and cIMT (pooled difference, (95% CI, 0.02-
0.05)). Furthermore, they concluded that when compared to non-hypertensive children,
hypertensive children may have a higher risk of future cardiovascular diseases and mortality.
[64, 67] It is also worth noting that in many children, TOD is already present at the time of
HTN diagnosis. A study by Litwin et al., which included 72 children with newly diagnosed
HTN, left ventricular mass > 95th percentile was present in 41.6% of patients and cIMT >2
SDS of normal values in 38.8% of patients. They also report that left ventricular mass and
arterial injury, estimated using markers such as AproteinA1, AproteinB and C-reactive protein,
correlate with SBP values, biochemical and perinatal cardiovascular risk factors. [68]

A study by Juhola et al. with a 23-year follow-up has shown that patients with elevated
ABP in childhood have an increased risk of atherosclerosis (estimated using cIMT) once they
reach adulthood. However, it has also shown that normalising ABP values allows to mitigate
that risk, with the risk of having cIMT ≥ 90 th percentile being 0.66 (relative risk( 95% CI
(0.50-0.88))) when compared to those who had elevated ABP values both in childhood and
adulthood. In those with persistently elevated ABP, the risk of cIMT ≥ 90 th percentile when
compared to normotensive individuals is significantly increased 1.82 (relative risk (95% CI,
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(1.47-2.38))). They also report that of those with elevated ABP in childhood, only 40% were
able to avoid HTN in adulthood. [66]

Obrycki et al., in their study “Hemodynamic Patterns and Target Organ Damage in
Adolescents With Ambulatory Prehypertension”, have shown that patients with EBP have the
same cardiovascular adaptations as those with HTN, with cIMT being significantly higher in
both groups when compared to normotensive patients (P<0.001). Similarly, hemodynamic
patterns and LVMI (P<0.001) in EBP patients were higher than in those with normal ABP.
They conclude that considering these adaptations, EBP patients, similarly to HTN patients,
may also have an increased risk of cardiovascular events. [71]

Increased risk of cardiovascular events due to HTN can lead to potentially lead to
serious, life-threatening events. Kupferman et al., in their review paper, suggest that it may be
associated with an increased risk of childhood stroke; however, further research is needed to
confirm this link. [17]

Clinicians should also remember that in patients with monogenic HTN, due to a
typically early onset of the disease, complications are more common and can be identified in
even younger patients. [80]
Areas for Further Research

In recent years, as the topic of paediatric hypertension has gained traction in the
medical community, more and more research has been done on the subject. Unfortunately, as
scientific research on the paediatric population is much scarcer, much of the knowledge has to
be imported from studies done exclusively in the adult population. Further research of areas
such as pathogenesis of HTN, its evolution and risk factors, as well as predisposing gene
mutations, could potentially lead to positive developments in the management of paediatric
HTN. We believe that future work should concentrate on carrying out epidemiological
research regarding the prevalence of HTN and all of its subtypes across differing age groups
and paediatric populations to combat the problem of underdiagnosing and improve the
screening process for HTN. Further research regarding screening for HTN should be
conducted to definitively determine the long-term balance of benefits and harms to
unambiguously determine the appropriate procedure. Specific research should be conducted
regarding different subtypes of HTN, such as MHTN, ISH, and IDH, to determine their
significance, predisposing factors, long-term outcomes, and appropriate management. To the
best of our knowledge, there are no randomized controlled trials on the topic of MHTN
treatment in children. ESH and AAP also do not address the issue of MHTN treatment.
Seeman et al. recommend that lifestyle modifications be carried out in the case of children
with MHTN who are obese or overweight, consume too much sodium and do not have
sufficient physical exercise. Furthermore, they recommend pharmacotherapy be implemented
in all children with MHTN if they have HTN-mediated organ damage, secondary HTN,
diabetes or symptomatic HTN.

We also believe that studies regarding possible complications of HTN and its long-
term outcomes both in childhood as well as later on in adulthood should take place. Lastly, we
believe large randomised control trials should be carried out regarding the efficacy of
treatment and safety of individual pharmacotherapeutics in children. In our opinion, all these
aforementioned points are vital for the benefit of children worldwide.

Conclusions
Due to its increasing prevalence, the significance of HTN in the paediatric population

is rising exponentially, especially considering its many possible complications if the condition
is left unnoticed or untreated. Many new studies have been conducted in recent years,



16

emphasising the problem and shedding new light on it. However, as aforementioned, much of
the knowledge is transferred from studies carried out exclusively in adults, and those in
children are still lacking. Many more venues requiring further research and development
remain to enhance the care available for children and prevent long-lasting, possibly
debilitating complications both during childhood as well as later in their adult life.
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