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Hypertension: Background and Importance



History of blood pressure measurement

1733 Reverend Stephen Hales 

records the first blood pressure 

measurement on a horse

1905 Dr. Nikolai Korotkoff introduced the 

auscultatory method and discovered the 

difference between systolic blood 

pressure and diastolic blood pressure

1976 Dinamap 825 introduced. 

The first commercially available 

oscillometric blood pressure 

device. 



Types of blood pressure measurements

Method of Measurement

• Auscultatory

• Oscillometric

• Intra-arterial

(Invasive)

Location of Measurement

• Office BP

• Home BP

• ABPM



Regulation of Blood Pressure

•       =          x CO

SVR

Blood Pressure

Sympathetic stimulation:
Epinephrine

Norepinephrine

SVRBP



Regulation of Blood Pressure

•       =          x 
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Lots more to the story



Neurohormonal Control of Blood Pressure



Chronic Hypertension

• Sustained hypertension requires participation by the 

kidney, which normally responds to hypertension by 

eliminating sodium and water

• In established hypertension, both increased blood volume 

and increased peripheral vascular resistance contribute to 

the increase in blood pressure



Sobering facts about hypertension (HTN)

• Hypertension is the number one reason adults see a 
physician

• More than one in three adults has hypertension

• The treatment of hypertension is the most effective 
intervention in reducing CV risk 

• Inadequately treated hypertension is the #1 
attributable risk for death worldwide



One Million Adults, 61 Prospective Studies

Ischemic Heart Disease Mortality Stroke Mortality

Hypertension and Mortality: IHD and CVA mortality
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Hypertension and DALY: CVD, CVA, CKD 

Forouzananfar JAMA. 2017;317(2):165-182



Timeline of HTN Studies

Frontiers in cardiovascular medicine, 3, 3.



Frontiers in cardiovascular medicine, 3, 3.

Timeline of HTN Studies



Frontiers in cardiovascular medicine, 3, 3.

Timeline of HTN Studies



Timeline of Hypertension Guidelines

Adult Guidelines 

JNC 1 JNC 2> > > > > > >JNC 5JNC 4JNC 3 JNC 6 JNC 7 >

JNC 8 –ish

ASH >AHA/ ACC >AHA/ ACC



New Adult Clinical Practice Guidelines

Jones, et.al. Hypertension. 2025 PMID: 40811516



What is Hypertension?

• Thresholds
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BP classification

Jones, et.al. Hypertension. 2025 PMID: 40811516



Children are NOT little adults!



Blood pressure increases gradually during childhood
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90th Percentile Systolic Values (Various heights)
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One size does NOT fit all



• Before 1977, no accepted normative data
Adult definitions used (> 140/90 for all ages)

• 1977:  1st Task Force Report
Normative data for children available

HTN defined as ≥95th percentile for age and gender

• 1987: 2nd Task Force Report
Additional data for over 70,000 children

• 1996: Task Force Update
Incorporation of height percentiles to BP norms

• 2004: 4th Working Group Report
Introduced “pre-hypertensive” category at ≥ 90th percentile

• 2017: AAP Clinical Practice Guidelines

History of Pediatric Hypertension Guidelines



Timeline of Hypertension Guidelines

JNC 1 JNC 2> > > > > > >JNC 5JNC 4JNC 3 JNC 6 JNC 7 >JNC 8 –ish

1st Task Force 2nd Task Force Task Force Update 4th Working Group Report

Adult Guidelines 

Pediatric Guidelines 

AAP CPG

>AHA/ ACC



Clinical Practice Guidelines

Flynn et al, Pediatrics 2017; 140:e20171904 PMID: 28827377



90th Percentile Systolic Values (various heights)
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Elevated BP: Systolic Values (various heights)
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90th Percentile Systolic Values (various heights)
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KAS 3: Diagnosis of Hypertension

Trained health care professionals in the office 

setting should make a diagnosis of HTN if a 

child or adolescent has auscultatory confirmed 

BP readings ≥ 95th percentile* on 3 different 

visits *(or ≥ 130/80 in children >13 years)

Flynn (2017) Pediatrics PMID: 28827377 



Blood pressure values for Ages 1+

Median BP

Elevated BP

Stage 1 HTN

Stage 2 HTN

Flynn (2017) Pediatrics PMID: 28827377 



Blood Pressure Classification

• In young children, blood pressure thresholds are based 

on population norms (and thus percentiles)

• Teens >13 years old have static BP thresholds

HTN Classification Children Aged 1-12 years(%ile) Anyone ≥ 13 years old (mmHg)

Stage 2 Hypertension
≥95th + 12mmHg 

or ≥140/90 (lower)
≥140/90

Stage 1 Hypertension
≥95th to <95th + 12mmHg 

or 130/80 to 139/89 (lower)

130-139

80-89

Elevated Blood Pressure
≥90th or ≥120/80 mmHg (lower) 

to <95th 

120-129

<80

Normotensive <90th <120/<80



Office BP Measurement

Jones, et.al. Hypertension. 2025 PMID: 40811516



KAS 1: BP Measurement Frequency 

Flynn (2017) Pediatrics PMID: 28827377 



BP Measurement & Classification (Figure 3)

Flynn (2017) Pediatrics PMID: 28827377 



Hypertension Evaluation in Youth

Evaluation of youth with hypertension is focused on 3 main 

areas:

1. Search for an identifiable cause of hypertension

2. Search for signs of hypertensive target organ damage

3. Search for OTHER cardiovascular risk factors



Physical Exam

• BP in both arms

• Funduscopic

• Thyroid

• Cardiovascular - Auscultation, 

Carotids, Pulses

• Pulmonary

• Abdomen - Bruits, AAA, masses

• Extremities

• Neurological



Laboratory Tests

• Routine
ECG (in adults only)
Urinalysis
Blood Glucose
Hematocrit, potassium, calcium, creatinine 

(or eGFR)
Lipid profile 
Optional: Urine albumin excretion or 

albumin/creatinine ratio

• More extensive testing not generally 
indicated unless BP control not 
obtained or secondary HTN 
suspected



Identifiable Causes of Hypertension

▪ Renovascular disease

▪ Primary aldosteronism

▪ Sleep apnea

▪ Chronic kidney disease

▪ Drug-induced or related causes

▪ Chronic steroid therapy and Cushing’s syndrome

▪ Thyroid or parathyroid 

▪ Rare Monogenic inherited causes (Liddle, Gordon, AME, GRA, etc) 

▪ Coarctation of the aorta

▪ Pheochromocytoma



Hypertensive Target Organ Damage (TOD)

Hypertension

Stroke & Dementia CVD

Retinopathy PVD Nephropathy



Adult versus childhood HTN: Comparables

Adult Hypertension

• Leading cause of cardiovascular 

morbidity and mortality 

• Leading Cause of Stroke and 

dementia in elderly

• Leading cause of advancing CKD and 

ESKD 

• Leading cause of vasculopathy (PVD)

• Major cause of impotence and ED

Pediatric Hypertension

• LVH in many children. Early MACE in 

young adults with AHOY

• Neurocognitive alterations and 

changes in cerebral blood flow

• Youth with HTN & CKD progress much 

faster than normotensive children

• Alterations in PWV evident in AHOY

• Not studied in children and unlikely



Home BP Monitoring

Journal of the American College of Cardiology 71.19 (2018)



Patient Evaluation & Management by BP Level

Flynn et al, Pediatrics 2017; 140:e20171904



Combining Clinic and ABPM Status

Office BP

NL HTN

ABPM

NL Normal
White

Coat

HTN Masked HTN



Target-Organ Abnormalities in Children with Primary Hypertension

• LVH is the most studied target-organ damage.

• Also Identified
• Subtle neurocognitive changes

• Alterations in pulse wave velocity

• Altered cerebral blood flow



• Left ventricular hypertrophy

• Many studies have shown that LVH occurs commonly in hypertensive 

children:

Zahka, 1981: LV mass 45% greater in teens with mild HTN compared to 

normotensives

Daniels, 1990: 38% of teens with BP >90th percentile had LV mass >95th 

percentile

Hanevold, 2004: 30% of patients from IPHA centers had LVH

Brady, 2008: 41% LVH prevalence at initial evaluation for HTN

Hypertensive TOD in Children



• Increased carotid IMT

• Lande et al, Hypertension. 2006: Study of 28 children who underwent 

echocardiograms, ABPM and carotid US

• Carotid US also done in age- and BMI-matched controls

Median cIMT of hypertensive subjects was greater than that of matched controls 

(0.67 vs 0.63 mm; P=0.045)

cIMT was correlated with ambulatory BP parameters, especially daytime SBP 

index

LV mass index did not correlate with cIMT

Study suggests that cIMT is increased in childhood primary hypertension, 

independent of the effects of obesity

Hypertensive TOD in Children



Despite TOD, linking childhood HTN to cardiovascular 

mortality requires a leap of faith



USPTF states “no recommendation possible” 

• I Recommendation (insufficient data)

“The benefits and harms of screening for 

high BP in children and adolescents are 

uncertain, and the balance of the benefits 

and harm cannot be determined”

Krist JAMA 2020



USPTF is not asking the correct question…

Pediatric 

HTN

Adult CV 

Mortality
???

“paper or plastic?” 



???

???

???

???

???

Linking childhood HTN to cardiovascular mortality 

requires a small leap of faith

Pediatric 

HTN

Adult CV 

Mortality

???

Adult HTN

Microalbuminuria

Metabolic Syndrome

Increased cIMT

Increased LVMI



Age-Specific Global Prevalence of Childhood Hypertension 

from 2000-2024

JAMA Pediatrics Published online July 28, 2025



BP tracking from childhood to adulthood

Allen Am J Hypertension 2021



Childhood BP predicts adult hypertension

• I3C Consortium data

Urbina Hypertension (2019)
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Childhood BP predicts adult hypertension

• Fels Longitudinal Study

Sun Pediatrics (2007)

Boys Girls



Major Cardiovascular Events among hypertensive children

• Population based retrospective study of Canadian children

Robinson 2024 JAMA Peds



Major Cardiovascular Events among hypertensive children

• Population based retrospective study of Canadian children

Robinson 2024 JAMA Peds



Elevated BP in childhood → Adult CV Risk

Elevated BP in childhood or adolescence 

was significantly associated with 

intermediate CVD markers (high PWV, 

high cIMT, and LVH) in adulthood

   Elevated BP in childhood or adolescence, 

but normal BP in adulthood, did not have 

a significantly increased risk

Yang Hypertension 2020; 75:948-955.



Benefits of Lowering BP in Adults

Average Percent Reduction

Stroke incidence 35-40%

Myocardial infarction 25-50%

Heart Failure 50%



Treatment of hypertension in children & 

adolescents



KAS 20: Lifestyle Interventions

At the time of diagnosis of elevated BP or HTN 

in a child or adolescent, clinicians should 

provide advice on the DASH diet and 

recommend moderate to vigorous activity at 

least 3 to 5 days per week (30-60 minutes per 

session) to help reduce BP.

Flynn (2017) Pediatrics PMID: 28827377 



Dietary Modification: First line therapy

• Limited dietary salt

• High in fresh fruits 

• High in fresh vegetables

• High in low-fat dairy

• High in fiber

• Above all: 

     Avoid excess weight gain



Lifestyle Modification



Pharmacologic management of Primary HTN

• Start with the ABCD

• ACEi/ARB

 

• CCB

• Diuretics

• Everything Else

• β-blockers

E



Clinical management of chronic hypertension

1. Therapeutic lifestyle initiatives

2. Start A-C-D* (Consider special populations)

3. Add until on all 3 (A-C-D)

4. Add a β blocker (A-B-C-D)

5. If resistant hypertension, move on to other (E) options

1. BP still uncontrolled on adequate doses of at least 3 

antihypertensives (including a diuretic)

2. Beyond ABCD…we’ll see what Dr. Flynn has to say next!



Key Action Statement 23

•Children or adolescents with 
both CKD and HTN should be 
treated to lower 24-hour MAP 
to <50th percentile by ABPM 

Flynn et al. Pediatrics 2017 PMID: 28827377



Benefits of BP lowering in children with CKD

• Both the ESCAPE trial in Europe and the CKiD cohort 

study in USA have shown that intensive BP control can 

slow the progression of chronic kidney disease in children 

and young adults

• BP management in CKD is beyond the scope of today’s 

lecture, but if you are interested, we have fellowship spots 

open now!



Lots of antihypertensives out there…

Class Drug (Trade Name)

Usual Dose 

Range

mg/Day

Usual Daily 

Frequency*

Thiazide diuretics chlorothiazide (Diuril) 125–500 1–2

chlorthalidone (generic) 12.5–25 1

hydrochlorothiazide (Microzide, HydroDIURIL†) 12.5–50 1

polythiazide (Renese) 2–4 1

indapamide (Lozol†) 1.25–2.5 1

metolazone (Mykrox) 0.5–1.0 1

metolazone (Zaroxolyn) 2.5–5 1

Loop diuretics bumetanide (Bumex†) 0.5–2 2

furosemide (Lasix†) 20–80 2

torsemide (Demadex†) 2.5–10 1

Potassium-sparing diuretics amiloride (Midamor†) 5–10 1–2

triamterene (Dyrenium) 50–100 1–2

Aldosterone receptor blockers eplerenone (Inspra) 50–100 1

spironolactone (Aldactone†) 25–50 1

BBs atenolol (Tenormin†) 25–100 1

betaxolol (Kerlone†) 5–20 1

bisoprolol (Zebeta†) 2.5–10 1

metoprolol (Lopressor†) 50–100 1–2

metoprolol extended release (Toprol XL) 50–100 1

nadolol (Corgard†) 40–120 1

propranolol (Inderal†) 40–160 2

propranolol long-acting (Inderal LA†) 60–180 1

timolol (Blocadren†) 20–40 2

BBs with intrinsic sympathomimetic activity acebutolol (Sectral†) 200–800 2

penbutolol (Levatol) 10–40 1

pindolol (generic) 10–40 2

Combined alpha- and BBs carvedilol (Coreg) 12.5–50 2

labetalol (Normodyne, Trandate†) 200–800 2

ACEIs benazepril (Lotensin†) 10–40 1

25–100 2

5–40 1–2

10–40 1

10–40 1

7.5–30 1

4–8 1

10–80 1

2.5–20 1

1–4 1

8–32 1

400–800 1–2

150–300 1

25–100 1–2

20–40 1

20–80 1

80–320 1–2

—nondihydropyridines 180–420 1

120–540 1

80–320 2

120–480 1–2

120–360 1

—dihydropyridines 2.5–10 1

2.5–20 1

2.5–10 2

60–120 2

-acting (Adalat CC, Procardia XL) 30–60 1

10–40 1

-1 blockers 1–16 1

2–20 2–3

1–20 1–2

-2 agonists & centrally acting drugs 0.1–0.8 2

-TTS) 0.1–0.3 1 wkly

250–1,000 2

0.1–0.25 1

0.5–2 1

25–100 2

2.5–80 1–2



BP Lowering effect of pharmacology

71Wang The Lancet, 2025.



Fixed dose combinations, when feasible
Combinations Fixed Dose examples

ARB-Diuretic Irbesartan/HCTZ

Losartan/HCTZ

Telmisartan/HCTZ

Valsartan/HCTZ

ACEi-Diuretic Captopril/HCTZ

Enalapril/HCTZ

Lisinopril/HCTZ

Moexipril/HCTZ

ACEi-CCB Benazepril/Amlodipine

Trandolapril/Verapamil

ARB-CCB Amlodipine/Olmesartan

Amlodipine/Valsartan

Amlodipine/Telmisartan

B-blocker-Diuretic Atenolol/chlorthalidone

Metoprolol/HCTZ

Propranolol/HCTZ

ARB-ACEi Telmisartan/Ramipril (DON’T USE)

Centrally acting agents-Diuretics Clonidine/Chlorthalidone

Triple Drug Combo Examples

CCB-ARB-Diuretic Amlodipine/Valsartan/HCTZ

Amlodipine/Olmesartan/HCTZ

CCB-DRI-Diuretic Amlodipine/Aliskirin/HCTZ



Newer classes of therapeutics

• SGLT-2 inhibitors

Empaglifozin, Canaglifozin, Dapaglifozin

Direct diuretic action & weight loss

• GLP-1 agonists

Semaglutide, Tirzepatide, Dulaglutide, Liraglutide

Direct vasodilation, RAAS inhibition, Natriuresis, Sympathetics

• Bariatric surgery



Hypertension in Youth: Similarities

• Same biology

• Salt sensitivity

• Chronic Kidney disease

• Cardiovascular damage and risk

•  LVH

•  PWV

•  MACE data



Hypertension in Youth: Differences

• Much fewer patients (subjects) to study compared to adult 

trials.

• Especially true when only considering “resistant hypertension” 

• Kids don’t have the same immediate risk that adults do

• No study will show HARD outcomes in pediatric hypertension

• Horizon for injury is too far

• Studies will HAVE to rely on surrogate BP outcomes

• We do have longitudinal showing link between childhood 

hypertension and adult hypertension



Conclusions

• Alterations in the definition of hypertension in youth have changed 

the fundamental epidemiology of the disorder

• Historically  (140/90): Most had secondary hypertension 

• Modern (%ile based): Most have primary (essential) hypertension

• Rising prevalence of hypertension in youth makes this population 

especially important to screen and treat

• Established data show clear tracking of childhood blood pressure 

abnormalities into adulthood

• Emerging data show early MACE among young adults with a 

history of childhood onset hypertension 
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