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Agenda

Prevalence and relevance of hypertension

Diagnosis 

Risk estimation and treatment thresholds

Lifestyle and pharmacologic management

Resistant and secondary hypertension



Significance of Hypertension
Approximately 46% of US adults have hypertension

CV risk approximately doubles for every 20/10 mmHg increase in SBP/DBP

Associated with elevated risk for coronary heart disease, heart failure, stroke, peripheral vascular disease, 
chronic kidney disease, dementia, and cognitive impairment1-3

The “rural mortality penalty”

o Cardiovascular disease mortality is significantly higher for rural residents

o 18-20% higher death rates from ischemic heart disease4

Control rates remain poor—only approximately 24% of adults with hypertension achieve control to 
<130/80 mm Hg, and among those taking antihypertensive medication, 53% remain above treatment 
goals.5,6



Barriers to 
Hypertension 
Control

Patient: Medication nonadherence, difficulty with lifestyle 
changes, low health/digital literacy, socioeconomic and 
access constraints

Provider: Treatment inertia; uncertainty in guidelines; 
limited time

Health System: Non-standardized BP measurement; lack of 
protocol-driven and team-based care; workforce shortages; 
inadequate reimbursement models

Community & Policy: Food insecurity, unsafe environments 
for exercise, transportation barriers; limited insurance 
coverage; weak nutrition policies; structural racism

Rural-Specific: Geographic isolation, difficulty recruiting 
clinicians



Accurate in-office measurement

▪ Empty bladder

▪ Correct cuff size

▪ Bare arm

▪ Arm supported at heart level

▪ No talking (patient or staff)

Jones D et al. Circulation 2025



Out-of-Office Blood Pressure Monitoring
•Home BP Monitoring (HBPM) vs. 24-hour Ambulatory BP Monitoring (ABPM)

•Use validated cuff (validatebp.org)

•Benefits:
◦ More data points enhances ability to detect a patient’s true and usual BP levels

•Recommendations:
◦ Either HBPM or ABPM to confirm the diagnosis of HTN

◦ HBPM for continued home monitoring of therapy

◦ Cuffless devices are NOT recommended due to mixed results



Stages of Hypertension



Risk estimation: ASCVD    PREVENT

ASCVD RISK ESTIMATOR

10-year risk of atherosclerotic cardiovascular 
disease (ASCVD) and lifetime ASCVD risk

Age range: 40-79

Traditional CVD risk factors

Use of Race (White, African American, Other)

Treatment threshold: >10%

PREVENT

10-year and 30-year total cardiovascular 
disease (ASCVD and HF)

Age range: 30-79

Traditional risk factors PLUS cardio-renal-
metabolic parameters: eGFR, HbA1C, and BMI

Optional inclusion of Urine Albumin-
Creatinine ratio, Social Deprivation Index (Zip 
Code)

Treatment threshold: >7.5%





First-Line 
Agents

Class Examples Comorbid 
conditions

Thiazide-like diuretics Chlorthalidone
Hydrochlorothiazide
Indapamide

ACE inhibitors Lisinopril
Benazepril
Enalapril
Ramipril

Diabetes
CKD
HFrEF

ARBs Losartan
Irbesartan
Candesartan
Olmesartan

Diabetes
CKD
HFrEF

CCB – dihydropyridine Amlodipine
Nifedipine

CAD/Angina



Initial Combination Therapy vs Stepped Care 

No RCTs directly compare initial stepped-care therapy with combination therapy

Combination therapy:
◦ Produces greater and more consistent BP reduction by targeting different mechanisms of action

◦ Reduces class-specific side effects (e.g., RAS blocker + thiazide lowers potassium abnormalities)

◦ Improves adherence, especially when delivered as a single-pill combination (SPC)7

Clinical exceptions: Some patients with stage 1 hypertension and BP near goal may achieve 
control with monotherapy

Guideline preference:
◦ Initial combination therapy recommended for stage 2 hypertension

◦ Also recommended for high-risk stage 1 patients 



Alternatives
Class Examples Comorbid conditions

CCB – non-dihydropyridine Diltiazem
Verapamil

Atrial fibrillation
Contraindicated in HFrEF

Aldosterone antagonists Eplerenone
Spironolactone
Finerenone (non-steroidal)

HFrEF
HFpEF
DM
CKD
Resistant HTN/Primary Aldosteronism

Beta blockers – cardioselective Metoprolol succinate*
Metoprolol tartrate
Bisoprolol*
Atenolol

*HFrEF 
Avoid in HFpEF unless other indications
Atrial fibrillation
CAD

Beta blockers – non-selective Nadolol
Propranolol

Tremor, anxiety, migraine

Beta blockers – cardioselective and 
vasodilatory 

Nebivolol
Carvedilol*
Labetalol

HFrEF (Carvedilol)



Others

Class Examples Comorbid conditions

Alpha-1 Blockers Doxazosin
Prazosin
Terazosin

BPH

Central alpha-2 agonist Clonidine Psychiatric 

Direct vasodilators Hydralazine HFrEF (+ nitrate)



Angiotensin-receptor Neprilysin Inhibitor (ARNI): Sacubitril-Valsartan
o First-line agent for treatment of HFrEF and some HFpEF

o Improved reduction in SBP compared to ARB8

o Demonstrated safety in CKD stage 3-59

Sodium glucose transport 2 inhibitor (SGLT2i): Empagliflozin, Dapagliflozin
o First-line agent for treatment of HFrEF and HFpEF

oModest but clinically meaningful BP reduction10

o Recommended in DM2 and CKD independent of glucose lowering to reduce CKD progression, HF, ASCVD 
risk

GLP-1 Receptor Agonists: Semaglutide, Liraglutide, Tirzepatide (GIP/GLP1)

Modest reductions in BP via weight-dependent and weight-independent mechanisms,11,12

Honorable mentions



Impact of 
lifestyle 
interventions

Intervention Goal BP ↓ (mm Hg)

Weight loss
≥5% reduction in body weight or ≥3 kg/m2 

reduction in BMI; expect ~ 1 mm Hg reduction 
per 1-kg reduction in body weight 

6–8

DASH diet
Fruits, vegetables, whole grains, low saturated 

fat
5–8

Lower sodium <2300 mg/day (ideal <1500 mg) 6–8

Salt substitute Replace regular salt with K⁺-enriched salt 5–7

Increase potassium 3500–5000 mg/day (diet preferred) ~6

Reduce alcohol ≤2 drinks/day (men), ≤1 (women) 4–6

Aerobic exercise 90–150 min/week (moderate intensity) 4–8

Resistance exercise 2–3 sessions/week 2–7

Isometric exercise Handgrip training, 3×/week 5–10

Meditation 20 min, twice daily 5–7

Breathing control Slow breathing, 15 min/day ~5

Fu J et al. J Am Heart Assoc. 2020



Potassium-based Salt Substitutes
Associated with reduction in blood pressure and significant 
reductions in stroke, MACE, and all-cause mortality with no 
increased risk of hyperkalemia13

Dual benefit of reduced sodium, increased potassium

Majority of sodium intake in the US comes from processed 
foods or dining out, so benefit of salt substitutes may be 
limited in our population

Caution with patients with CKD and use of other potassium-
sparing/increasing medications



Resistant vs Secondary Hypertension

White Coat Hypertension

Primary Aldosteronism

Renal Artery Stenosis

Obstructive Sleep Apnea



Resistant Hypertension

• Remains above goal despite adherence to 3+ 
optimally dosed medications of different 
classes 

• Based on treatment response, not cause
• Diagnosis requires exclusion 

of pseudoresistance and confirmation with 
out-of-office BP monitoring

• Consideration and workup for secondary 
hypertension 

Secondary Hypertension

• Hypertension due to potentially correctable 
underlying cause

• 5-25% of patients with hypertension
• Common causes:

o Primary aldosteronism
o Obstructive sleep apnea
o Renovascular hypertension 



White Coat Hypertension

Carries low to moderate cardiovascular (CVD) risk compared with 
normal blood pressure.
o Risk may be higher in older adults or those with already high CVD risk.

o CVD risk is lower than with sustained (true) hypertension.14,15

More likely to develop sustained hypertension later compared with 
those with normal BP.

Out-of-office BP monitoring (home or ambulatory) is recommended 
to confirm diagnosis when office BP is ≥130/80 mm Hg.

Patients with very high office BP (≥160/100 mm Hg) should likely be 
treated, as true white-coat hypertension less common at these levels.



Treatment of Resistant Hypertension

Confirm diagnosis

Exclude 
pseudoresistance

• Accurate office 
measurement

• Ambulatory BP readings

• Medication non-
adherence

Screen for secondary 
hypertension

Resistant 
Hypertension 
CONFIRMED

Replace thiazide-
like diuretic with 
Chlorthalidone or 
Indapamide

Add Spironolactone 
or Eplerenone

Add alternative 
agent (BB, non-DHP 
CCB, or central 
sympatholytics*)

Specialist referral 
(secondary causes 
or persistently 
elevated)

*Consider comorbid conditions

Adapted from Jones et al. 2025



Primary Aldosteronism
Overproduction of aldosterone leads to high blood pressure, sodium and water retention, 
potassium loss, and heart and kidney damage

Although aldosterone increases potassium loss, most patients do not have low potassium

More commonly from bilateral adrenal hyperplasia, less commonly from unilateral aldosterone 
overproduction (eg. adenoma)

5-10% of all hypertension, 20% of resistant hypertension cases

Causes more organ damage than primary hypertension at the same BP level16

Higher risk of heart failure, stroke, CAD, atrial fibrillation and kidney damage



Screening for PA

• Plasma aldosterone, renin activity, and aldosterone-to-renin ratio

• Potassium level

• Diagnosis: suppressed Renin, elevated Aldosterone, elevated ARR

Measurement:

• Potassium in normal range

• Initial screening can usually be done without stopping most medications (ie. MRA, 
ACE/ARB, diuretics)

• If results are unclear and suspicion is high, medications can be temporarily switched 
to noninterfering drugs before repeat testing

Conditions for accurate testing:



Adler, et al. (2025) JECM



Adler, et al. (2025) JECM



Renal Artery Stenosis
Narrowing of the renal artery that significantly reduces blood flow (usually >75%)

Atherosclerosis causes about 90% of cases, rarely nonatherosclerotic causes such as FMD

RAS may be present in 14%–40% of adults with hypertension, however...

Only a small percentage (0.1%–5%) causes blood flow reduction severe enough to 
cause hypertension

No overall benefit of revascularization compared with aggressive medical therapy alone for most 
patients 

Revascularization may be indicated/more effective in patients with worsening renal function, 
sudden pulmonary edema and in patients with FMD

Strong surrogate marker for systemic cardiovascular disease17



OSA and HTN
The prevalence of OSA among hypertensive patients ranges from 30% to 50%, increasing 
to 60-90% in those with resistant hypertension18

Untreated OSA confers a 2- to 3-fold increased risk of developing incident hypertension19

Standard screening questionnaires perform poorly in patients with resistant hypertension and 
CVD

CPAP utilization improves BP control and cardiovascular risk
◦ Each additional hour of nightly CPAP use correlates with incremental blood pressure reduction21

◦ Reduced CVD risk with adequate compliance (≥4 h/night) and in high-risk, symptomatic OSA 
phenotypes



Renal Denervation Therapy
Targets renal sympathetic nerves through catheter-based ablation using radiofrequency or 
ultrasound

FDA approval (2023) as an adjunctive therapy for patients with:

Uncontrolled or resistant hypertension when lifestyle changes and antihypertensive 
medications are insufficient

Patients with medication intolerance or nonadherence

Demonstrates a favorable safety profile and effectiveness, ongoing studies continue22

Confirmation of ambulatory BP, medication adherence

Referral to center with expertise/high-volume experience



Final thoughts
Knowledge is power

◦ Patients should understand the significance of hypertension and relevance in the context of their long-
term health and personal goals

◦ Understand how to identify and manage hypertension at home

Comorbidities are key
◦ Evaluate and manage hypertension in the context of patient's comorbidities.

◦ Can we optimize therapy for DM, CKD, CAD while also positively impacting HTN control?

Continued reassessment
◦ Tolerance

◦ Changing health status

◦ Anticipatory guidance in the context of weight loss



Patient Resources

  

DASH Diet Guide
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