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Timeline of Hypertension
• ~80 years ago, hypertension was considered an “essential malady” 

and not a treatable condition. 

• President Franklin D. Roosevelt was given a clean bill of health by his 

physician even when his BP was recorded as ~220/120 mmHg. 

• The first anti-hypertensives were thiazide diuretics and introduced in 

late 1950s. 

• Throughout 1960’s there was debate on whether HTN needed to be 

treated or was a natural part of the ageing process. 

• First multicenter VA cooperative study established treating DBP (<90 

mmHg) reduced CV events 1967 and 1970. 

• 1991 SHEP (Systolic Hypertension in Elderly Program) showed 

benefit of treating SBP over 160mmHg with chlorthalidone / atenolol

Saklayen M et al. Frontiers in Cardiovascular Medicine 2016



Incidence of Cardiovascular Events by Blood 
Pressure Category:  

9% vs 1% 13% vs 5%

Optimal: BP <120/80 mmHg

Normal: BP 120-129/80-84 mmHg 

High Normal: BP 130-139/85-89 mmHg 



BP <120/80 mmHg 



Effect of 10 mmHg reduction in SBP:

Long-Term SBP Time in Range and CVD in Patients with HTN: 
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Definition and Classification of Blood Pressure

Blood Pressure Category SBP DBP

Normal < 120 mmHg and < 80 mmHg

Elevated 120 to 129 mmHg and < 80 mmHg

Stage 1 Hypertension 130 to 139 mmHg or 80 to 89 mmHg

Stage 2 Hypertension ≥ 140 mmHg or ≥ 90 mmHg

COR
RECOMMENDATION
S

1

In adults, BP should 
be categorized as 
normal, elevated, or 
stage 1 or stage 2 
hypertension to 
prevent and treat 
high BP.

Abbreviations: BP indicates blood pressure; DBP, diastolic blood pressure; and SBP, systolic blood pressure.
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Hypertension
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Best Practices for Accurate 

In-Office Blood Pressure Measurement

Avoid caffeine, 
exercise, and smoking 
for at least 30 minutes 
before.

Use a BP device that has been 
validated for accuracy 
(validatebp.org).

Use the correct cuff 
size on a bare arm.

The patient’s arm 
should be supported 
at heart level.

Take 2 or more BP 
measurements at 
least 1-minute apart.

Patient should be 
relaxed, sitting in a 
chair (feet flat, legs 
uncrossed, and back 
supported) for at least 5 
minutes. BP measurement should 

be done in a 
temperature-controlled 
room.

Neither patient nor 
clinician should talk 
during the rest or 
measurement. No use of 
phones.

COR RECOMMENDATIONS

1

When diagnosing and 
managing high BP in adults, 
standardized methods are 
recommended for the 
accurate measurement and 
documentation of in-office 
BP.

2a

When measuring in-office BP 
in adults, it is reasonable to 
use the oscillometric method 
with an automated device 
over the auscultatory 
method.

Abbreviation: BP indicates blood pressure.
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Essential Laboratory Tests/Procedures:

Routine Diagnostic Studies 

• Complete blood count

• Serum sodium, potassium, 
calcium

• Serum creatinine with estimation 
of GFR

• Lipid profile

• Fasting blood glucose or 
Hemoglobin A1c

• Thyroid-stimulating hormone

• Urinalysis

• Urine albumin to creatinine ratio; 
urine protein to creatinine ratio

• Electrocardiogram

Class 1A: 

Annual 

Testing

*Screen for 

secondary 

causes when 

appropriate
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From Clinic to Home: Blood Pressure Monitoring

COR RECOMMENDATIONS

1

In adults with suspected hypertension, 
out-of-office BP measurements by either 
ABPM or HBPM are recommended to 
confirm the diagnosis of hypertension.

1

In adults who are taking antihypertensive 
medication, HBPM is recommended for 
monitoring the titration of BP-lowering 
medication, along with co-interventions 
such as patient education, telehealth 
counseling, and clinical interventions.

3: 
No 

Benefit

In adults, the use of cuffless BP devices is 
not recommended for the diagnosis or 
management of high BP. 

Corresponding Ambulatory and Home Blood Values 
Measurement to Office Values

Office 
(mmHg)

HBPM 
(mmHg

)

Daytime 
ABPM 

(mmHg)

Nightime 
ABPM 

(mmHg)

24-Hour 
ABPM 

(mmHg)

120/80 120/80 120/80 100/65 115/75

130/80 130/80 130/80 110/65 125/75

140/90 135/85 135/85 120/70 130/80

160/100 145/90 145/90 140/85 145/90
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www.validatebp.org
Omron

A&D Medical 

Homedics 
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White-coat and Masked Hypertension

• White-coat hypertension: BP is high in the office setting 

and normal or elevated outside of the office setting

• Masked hypertension: BP is high outside of the office 

setting and normal or elevated in the office setting

• ABPM is preferred for excluding white-coat and masked 

hypertension among individuals not taking 

antihypertensives.

• Adults with in-office BP ≥160/100 mmHg should be 

promptly started on antihypertensives
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Ambulatory BP Monitoring

Indications for Ambulatory Blood 

Pressure Monitoring:

• Suspected whitecoat hypertension 

and discrepant readings between 

home and clinic. 

•Episodic hypotension 

•Monitoring treatment 

•Suspected overtreatment with 

resultant iatrogenic hypotension 

24-hour ambulatory BP:

• Mean 24-hour BP >135/ 85 mmHg

• Mean daytime BP >140/90 mmHg

• Mean nighttime BP >125/75 mmHg
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Hypertension Causes, from Lifestyle to Genetics 

Dietary Intake Factors

• Higher sodium 
intake

• Lower potassium 
intake

• Lower calcium/ 
magnesium intake

• Lower diet quality 
(lower intake of 
fruits/ vegetables, 
plant proteins, 
fiber)

• Alcohol intake

Non-Dietary Factors

• Genetics variants

• Overweight/obesity

• Lower physical 
activity/fitness

• Sleep disturbances 
(related to 
duration, quality, 
regularity and/or 
disordered 
breathing)

• Psychosocial 
stressors

• Air pollution
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Secondary Forms of Hypertension & Screening: 

Cause Preval-

ence
Testing

OSA 25-50% Sleep study

CKD 14% Renal panel/

Renal US

Hyper-

aldosteronism 

5-25% AAR >20-30

Renin<1/Aldo >10

Renovascular 

Hypertension

0.1-5% Renal US

Abdominal CTA 

Hypo/Hyper-

Thyroid

<1% TSH/T3/FT4

Pheochromo-

cytoma

<0.6% 24-hour urine + 

plasma 

metanephrines

Cushing

Syndrome

0.1% Overnight 1 mg 

dexamethasone 

suppression 

Aortic 

Coarctation

0.1% Echocardiogram, CTA 

Chest

Hyperpara-

thyroidism

rare Ca/PTH
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Blood pressure management: 

Lifestyle and psychosocial approaches

OVERWEIGHT 
OR OBESE

WITH OR WITHOUT HTNWITH OR WITHOUT HTN
WITH OR 

WITHOUT HTN

DietWeight Alcohol Exercise and Stress

Class 1
Weight loss 
goal ≥5%

Each ↓ 1Kg, BP 
↓1/1 mmHg

Class 1
Na+ intake 

<2.3 g/d

Ideally, <1.5 g/d

Class 1
Heart-healthy 
eating pattern 

(i.e., DASH)

Class 2a
Salt substitutes

K+ based
*

Class 1
Moderate 
dietary K+ 

intake
3.5-5 g/d

*

Class 1
Alcohol

Abstinence
or

≤1 drink/d  
≤2 drinks/d  

Class 1
Structured 

exercise 
program

(Aerobics and/or 
Resistance)

Class 2b 
Stress reduction
(i.e., meditation, 

yoga)

*Monitor potassium in those at risk for hyperkalemia
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Abbreviations: BP indicates blook pressure; DASH, Dietary Approaches to Stop Hypertension diet Kg, kilograms; and HTN, hypertension.



Effects of Non-Pharmacologic Therapy
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Use of Risk Based Thresholds for Initiation of BP Treatment 

Average BP ≥140/90 mm Hg?

Average BP ≥ 130/80 mmHg +
History of CVD, CHF, Stroke 

Start anti-hypertensive 

medications to reduce Primary 
ASCVD risk 

COR 1

Start anti-hypertensive 

medications for secondary ASCVD 
Prevention

COR 1

Average BP ≥ 130/80 mmHg +
History of DM, CKD, PREVENT ≥ 7.5% 

Start anti-hypertensive 

medications for primary  
ASCVD Prevention 

COR 1

Start anti-hypertensive 

medications for primary ASCVD 
prevention after 3-6 months of 

lifestyle modification

COR 1

Yes

Yes

Yes

Blood 
Pressure

Abbreviations: BP indicates blood pressure; CHD, coronary heart disease; CKD, chronic kidney disease; CVD, cardiovascular disease; 
DBP, diastolic blood pressure; HF, heart failure; PREVENT, Predicting Risk of CVD EVENTs; and SBP, systolic blood pressure. 
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Average BP ≥ 130/80 mmHg +
No other risk factors, PREVENT <7.5%

Yes

No

No

No
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Initial Medication Selection for Treatment of Primary HTN

COR RECOMMENDATIONS

1
For adults initiating antihypertensive drug therapy, thiazide-type diuretics, long-acting 
dihydropyridine CCBs, and ACEi or ARBs are recommended as first-line therapy to prevent CVD.

Thiazide 
type 

diuretic

Long 
acting 

DHP-CCB

ACEi ARB

Abbreviations: ACEi indicates Angiotensin Converting Enzyme inhibitors; ARB, Angiotensin Receptor Blocker; 
CVD, cardiovascular disease; and LA DHP-CCB, Dihydropyridine Calcium Channel Blocker.
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OR

Ex: HCTZ, Chlorthalidone, Indapamide
SE: ↓Na, ↓K ↓Mg, ↑  glucose, ↑ uric 
acid, AKI, dehydration, cramping, 
dizziness, ↑urination 
Favor: edema 

Ex: Lisinopril, Enalapril, Benazepril
SE: Cough (10-20%), angioedema, 
↑K, ↑ Cr
Favor: CHF/T2D/Proteinuria/CKD    

Ex: Amlodipine, Felodipine, Nifedipine
SE: peripheral swelling/edema 
Favor: Angina, Raynaud’s/Vasospasm, ESRD 

Ex: Losartan, Valsartan, Irbesartan, 
Olmesartan, Telmisartan, Candesartan
SE: ↑K, ↑ Cr, angioedema
Favor: CHF/T2D/Proteinuria/CKD    
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Alternative Blood Pressure Agents: 

Class Agents Considerations: 

CCB non-dihydropyridine Diltiazem

Verapamil 

Avoid: with BB/HFrEF. 

SE: constipation

Diuretics – aldosterone 

antagonists

Spironolactone

Eplerenone 

Avoid: ↑K, CKDIV

SE: gynecomastia

Diuretics – potassium sparing Amiloride 

Triamterene

Not effective monotherapy. Use with 

thiazide diuretics.

Beta-blockers 

Cardio-selective

Atenolol* 

Bisoprolol 

Metoprolol Tart/Succ

First line in pts with 

arrhythmia/CAD/CHF/AAA. 

Preferred in patients with reactive airway 

disease (RAD).

Beta-blockers 

Non-selective 

(avoid in pts with RAD) 

Nadolol*/Propranolol 

Carvedilol/Labetalol 

N – AF/PVC

P – anxiety/POTS

C – varices/CHF

L – pregnancy 

Alpha-1 blockers Doxazosin/Prazosin SE: orthostatic hypotension 

Centrally acting Clonidine SE: rebound hypertension

Direct vasodilators Hydralazine

Minoxidil 

SE: ↑Na/H20 retention, reflex tachycardia

H – SLE, M – ↑hair, pericardial effusion    

*Aldosterone synthase inhibitors + dual endothelin receptor antagonists will be discussed later.
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Choice of initial monotherapy vs combination drug therapy

Don’t combine ACEi, ARBs 
and/or renin inhibitors.

Initiation of two 1st line 
agents 

of different classes. 

Ideally, in a single pill 
combination to improve 

adherence.

Initiation of a single 1st line agent is 
reasonable. 

Dosing titration and sequential addition 
of other agents as needed.

Stage 1 HTN*
Class 2a

Stage 2 HTN*
Class 1

Any stage HTN
Class 3: Harm

SBP 130-139 mmHg
DBP 80-89 mmHg

SBP ≥140 mmHg
DBP ≥90 mmHg

Some high-risk patients 
with stage 1 HTN.

Abbreviations: ACEi indicates Angiotensin Converting Enzyme inhibitors; ARB, Angiotensin Receptor Blocker; and HTN, hypertension.
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Single combo pill + once daily 

dosing to improve adherence.   

Class I

*50% of patients are 

not compliant with BP 

medications after 1 

year. 
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Blood Pressure Goals for Patient with HTN: 

Abbreviations: ASCVD indicates atherosclerotic cardiovascular disease; BP, blood pressure; DBP, diastolic blood pressure; 
HTN, hypertension; PREVENT, Predicting Risk of CVD EVENTs; and SBP, systolic blood pressure. 
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Hypertension Management in Patients with DM: 

Abbreviations: ACEi indicates Converting Enzyme inhibitors; ARB, Angiotensin Receptor Blocker; BP, blood pressure; CV, cardiovascular; CCB, Calcium Channel Blocker; DBP, 
diastolic blood pressure; DM, diabetes mellitus; T2D, type two diabetes mellitus; and SBP, systolic blood pressure.
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Hypertension Management with Obesity + Cardio-Kidney Metabolic 

Syndrome (CKMS): 
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Weight Loss Associated with GLP1-RAs: 

5 5

14.9
13.6

22.5
24.2

11.2
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Wilding, John PH, et al. "Once-weekly semaglutide in adults with overweight or obesity." NEJM (2021).

Jastreboff, Ania M., et al. "Tirzepatide once weekly for the treatment of obesity."NEJM. 387.3 (2022): 205-216.

Bonora, Enzo, et al. "Effect of dulaglutide 3.0 and 4.5 mg on weight in patients with type 2 diabetes: exploratory analyses of AWARD‐11." Diabetes, Obesity and Metabolism 23.10

Davies, Melanie J., et al. "Efficacy of liraglutide for weight loss among patients with type 2 diabetes: the SCALE diabetes randomized clinical trial." Jama 314.7 (2015): 

Weight Loss with GLP-1 Receptor Agonists:

*FDA approved
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│

• 17,604 patients with CVD and BMI ≥ 27 

• Randomized to Semaglutide 2.4 mg/week or placebo 

20% RRR

19% 

RRR

Lincoff AM. Et al., N Engl J Med 2023 

19% RRR
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Lincoff AM. Et al., N Engl J Med 2023 
Lincoff AM. Et al., N Engl J Med 2023 

Lincoff AM. Et al., N Engl J Med 2023 

Lincoff AM. Et al., N Engl J Med 2023 

Lincoff AM. Et al., N Engl J Med 2023 

Lincoff AM. Et al., N Engl J Med 2023 
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Hypertension and Pregnancy

 n  v   als   th h  ertens on  ho are  lann ng a  regnanc  or 
 ecome  regnant

Pregnant  n  v   als

 a etalol an  
e ten e  release 
n  e    ne are 
 re erre 

to m n m  e  etal r s  
an  treat h  ertens on

Class 1

 ho l   e co nsele  
a o t the  ene ts o 
lo   ose  81mg/ a   
as  r n to re  ce the 
r s  o   reeclam s a 
an   ts se  elae

Class 1

 ho l      e treate  
  th atenolol  AC    
ARBs    rect ren n 

 nh   tors  
n tro r ss  e  or  RAs 
to avo    etal harm 

Class  : Harm

  th  BP ≥1 0 mmHg 
or DBP ≥ 110 mm Hg 
con rme  on re eat 
meas rement   th n 
15 m n tes  lo er BP 
to  1 0/ 110 mm Hg 
  th n 30  0 m n tes 
to  revent a verse 

events 
Class 1

  th Chron c 
h  ertens on 

treat to ach eve BP 
 140/90 mm Hg to 

 revent maternal an  
 er natal mor    t  an  

mortal t  
Class 1 

A  rev a ons  ACEi indicates Angiotensin Conver ng Enzyme inhibitors  ARB, Angiotensin Receptor Blocker  BP, blood pressure  
DBP, diastolic blood pressure  HTN, hypertension  MRA, mineralocor coid receptor antagonist  SBP, systolic blood pressure  and T , 

treatment 
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Hypertension Management in Pregnancy: 
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Management of Resistant Hypertension

Management of Resistant Hypertension

Resistant Hypertension
• Office BP ≥ 1 0/80 on ≥   antihypertensives (ACEi/ARB + CCB + thiazide 

diuretic) 
• Office BP < 1 0/80 but requires ≥ 4 antihypertensives

Workup and Address Potential Causes
• Exclude pseudoresistance (ambulatory BPs, medication adherence)
• Review and remove interfering medications
• Screen for secondary causes (primary aldosteronism, OSA, renal 

parenchymal disease and renovascular disease, etc.)
Class 1

Add MRA
In adults with uncontrolled 
resistant hypertension despite 
optimal treatment with first-line 

antihypertensive therapy and with 
an eGFR of ≥45 ml/min/1 7  m2

Class 1

Adding an alternative second 
line agent is reasonable to 
control BP:

• Amiloride
• Beta Blocker
• Alpha Blocker

Contraindications 
or Intolerant of MRA? • Central sympatholytic 

drug 
• Dual endothelin 

receptor antagonist 

• Direct vasodilator

YesNo
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• ↑ Renal sympathetic activation leads to 

1) ↑ renin release 

 2) ↑ Na+ absorption 

 3) ↑ renal vascular resistance   

• Resulting in elevated blood pressure. 

• Results in 5-10 mmHg ↓ at 2-3 months.

• Consider in patients with resistant 

hypertension + BP ≥ 140/90 mmHg + 

eGFR ≥ 40 (Class 2b). 

• Contraindications: secondary 

hypertension, orthostatic hypotension, 

pregnancy, FMD, or renal artery 

abnormality. 

Renal Denervation: FDA Approved 2023  

Renal Denervation: FDA Approved 2023  
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➢ Aprocitentan (Tryvio) 2024 

➢ Novel class BP agent.  

➢ Endothelin-1 Receptor 

Antagonist. 

➢ PRECISION 3 Study:              

4-6mmHg SBP decrease vs 

placebo. 

➢ Dose: 12.5 mg PO daily

➢ SE: fluid retention/edema (9%), 

anemia, ↓ sperm count.  

➢ Avoid in severe hepatic/renal 

impairment.  

Novel Blood Pressure Reducing Agents: 

Novel Blood Pressure Reducing Agents: 
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➢ Approved May 2026

➢ Dose: 2 or 1 mg daily

➢ BaxHTN Study → 

   ↓ 10-15 mmHg SBP  

➢ SE: hyperkalemia, 

hyponatremia, 

dizziness, headache, 

muscle spasm. 
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Patients Scheduled for Surgical Procedures: 

Patients Scheduled for Surgical Procedures: 
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Severe Hypertension and Hypertensive Emergencies: 

Ex: ADCHF, pulmonary edema, PRES, encephalopathy, retinal hemorrhage, 

papilledema, intracranial hemorrhage, ischemic stroke, ACS, AKI, aortic dissection
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Summary: 

• Optimal BP <120/80 mmHg with gradual ↑ in CVD risk both 
above and below this threshold (↑20% CVD for every ↑10 

mmHg SBP).  

• BP >130/80 mmHg + CVD, CHF, CVA, T2D, CKD, or  Prevent 

≥7.5% - start antihypertensive therapy. 

• BP >130/80 mmHg + no RF + Prevent <7.5% - trial of lifestyle 
modification/weight loss for 3-6 months. 

• BP >140/90 mmHg initiate pharmacologic therapy 

• First line agents – thiazide diuretics, CCB, ACE/ARB. 

• Individualize therapy to patient comorbidities and risk.

• Consider secondary work up in patients with early onset or 

resistant hypertension or electrolyte abnormalities.  

• Avoid/minimize side effects to increase patient compliance.  
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Thank you! 
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