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Antihypertensive Agents 
 
 

I. Diuretics 
• MOA: Diuretics increase urine volume à decrease blood volume à decrease blood pressure. 

 

A. Thiazide Diuretics: Hydrochlorothiazide (HCTZ) 
 

• Thiazide diuretics block Na/H2O 
reabsorption in distal tubule, which 
accounts for approx. 5-10% of 
Na/H2O reabsorption by the 
nephron.  

 

B. Loop Diuretics: Furosemide (Lasix) 
 

• Loop diuretics block Na/H2O 
reabsorption in the ascending Loop 
of Henle, which accounts for 20-25% 
of Na/H2O reabsorption by the 
nephron.  

 

• When CrCl < 30 ml/min, Loop 
diuretics are indicated, since thiazide 
diuretics are not effective in renally 
impaired patients.  

 

C. Potassium-Sparing Diuretics (K-Sparing 
Diuretics): Triamterene (Dyrenium) and Spironolactone (Aldactone) 

 
 

D. Side Effects of Thiazide and Loop Diuretics 
 

(1) Hypokalemia 
 

• Hypokalemia may be prevented or treated 
with the following options: 
 

(a) K-Sparing Diuretics à Example: Dyazide 
(HCTZ + Triamterene)  
 

(b) KCl Supplements à Example: K-Dur 20 
mEq / 40 mEq SR tablets 
 

(2) Hypomagnesemia  
 

• Hypomagnesemia may be prevented or 
treated with magnesium supplementation.  
 

Examples: Magnesium Oxide 400 mg tablets 
and Slo-Mag 84 mg SR tablets 
 

(3) Hypocalcemia with Loop Diuretics  
 

• Note: Thiazides are calcium-sparing.  
• Hypocalcemia may be prevented or treated 

with calcium supplementation.  
• Example: TUMS (calcium carbonate) 800-

1000 mg PO daily.  

 



 
II. Beta Blockers 

 

A. Selective Beta-1 Blockers: Metoprolol (Lopressor, Toprol XL) 
 

• Selective beta-1 blockers are also called “cardioselective” beta blockers.  
 

B. Non-Selective Beta Blocker: Propranolol (Inderal) 
 

• Avoid propranolol in patients with COPD/asthma, since propranolol blocks beta-2 receptors 
in the airways and competes with albuterol (beta-2 agonist) for beta-2 receptor sites. 
 

• Propranolol also blocks beta-2 receptors in the liver à blocks glycogenolysis à prevents 
glucose replacement in diabetics during hypoglycemic episodes.  

 

• During hypoglycemic episodes, epinephrine (Epi) is released into the bloodstream by 
the adrenal medulla to stimulate beta-2 receptors in the liver to initiate 
glycogenolysis. Non-selective beta-blockers block glycogenolysis and prevent 
glucose replacement during hypoglycemic episodes in diabetics.  

 

• Cautionary Note: All beta blockers (i.e., selective and non-selective) will mask the 
signs and symptoms of hypoglycemia in diabetics.   

 
 
 
 
 
 
 
 
 
 
 
 
 
III. Alpha-1 Blockers: Terazosin (Hytrin) 

 

• Terazosin blocks alpha-1 receptors on blood vessels à vasodilation à decreases BP. 
 

• Side Effect: orthostatic hypotension à vertigo à syncope 
 

• Terazosin is dosed once daily at bedtime (QHS) to prevent orthostatic hypotension.  
 
IV. Alpha-Beta Blockers: Labetalol (Trandate) 
 

• Labetalol (Trandate) à blocks alpha-1 receptors and blocks beta-1 & beta-2 receptors.   
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V. ACE-Inhibitors (ACEi): Lisinopril (Zestril, Prinivil)  
 

• Side Effects: (1) hyperkalemia, (2) cough, and (3) angioedema.  
 

• Caution: ACEi’s are contraindicated in pregnancy.  
 
 
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VI. Angiotensin-II Receptor Blockers (ARB): Losartan (Cozaar) 
 

• Side Effects: (1) hyperkalemia  
  (2) cough 
  (3) angioedema  
 

Note: The incidence of cough and angioedema is 
significantly less frequent with ARB’s than with ACEi’s.  

 

• When switching from an ACEi to an ARB due to cough or 
angioedema, allow a 6-week washout period before 
starting an ARB.  

 

• Caution: ARB’s and ACEi’s are contraindicated in 
pregnancy.  
 

 
 
 
 
 
 



 
 
VII. Centrally-Acting Alpha-2 Agonists: Clonidine (Catapres) 

 
• Clonidine stimulates presynaptic alpha-2 

receptors in the cardiac and vasomotor centers 
à decreases NE release à decreases 
sympathetic outflow to the heart (decreases HR, 
conduction velocity, force of contraction) and 
blood vessels (i.e., vasodilation) à decreases 
blood pressure.  
 

• Side Effect: sedation / drowsiness 
 

 
 
 
 
 
 
 
 
 
 

 
 
VIII. Direct-Acting Vasodilators: Hydralazine (Apresoline) 
 

• Hydralazine is a 3rd or 4th-line agent in the stepped-care treatment of hypertension, since 
direct-acting vasodilators are very potent vasodilators.  
 

• Side Effects: reflex tachycardia and Na/H2O retention.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MEDULLA OBLONGATA 
ARAS 

(consciousness) 
Cardiac 
Center 

Respiratory 
Center 

Vasomotor 
Center 

Ñ
fruptake

NE ÉEmoA in

Hydralazine Pff lator
see

I B EEfetfI.fiEE i
Trinin ptors

dosterone

Madame



 
 
 

IX. Calcium Channel Blockers (CCB) 
 

A. Dihydropyridines: Nifedipine (Procardia) 
 

• Nifedipine blocks calcium influx into 
vascular smooth muscle à 
vasodilation à decrease blood 
pressure.  
 

• Nifedipine may cause reflex 
tachycardia (+++) in response to 
baroreceptor stimulation in the aortic 
bodies and carotid sinuses.  
 

B. Non-Dihydropyridines: Diltiazem (Cardizem) 
and Verapamil (Calan) 
 

• Non-dihydropyridine CCB’s à block 
calcium influx into cardiac muscle à 
decrease myocardial contractility à 
decrease blood pressure 
 

• Non-dihydropyridine CCB’s à block 
calcium influx into nodal tissue à decrease 
HR (SA node) and decrease conduction velocity (AV node) à decrease blood pressure 

 

• Since non-dihydropyridine CCB’s inhibit nodal tissue, they may also be used to treat 
atrial fibrillation and SVT (supraventricular tachycardia).  

 
• Verapamil should be used with caution in patients with heart failure since it may reduce 

contractility in an already “weakened heart.”  
 
• Nifedipine has the greatest  

potency (+++) for vasodilation 
and reflex tachycardia.  

 

• Verapamil has the greatest 
potency (+++) for AV blocking 
effect and causing a negative 
inotropic effect (i.e., 
decreased contractility) on 
the heart.  

 
 
 
 
 
 
 

EFFECTS Nifedipine 
(Procardia) 

Diltiazem 
(Cardizem) 

Verapamil 
(Calan) 

Vasodilation (+++) (+) (+/-) 
Reflex 
Tachycardia (+++) (+) 0 

Negative 
Inotropic 0 (+) (+++) 
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INITIAL&TREATMENT&RECOMMENDATIONS&
•! In!the!absence!of!specific!compelling!indications:!ACE7I!or!ARB,!CCB,!and!thiazide!diuretic.!!
•! General!non7black!population,!including!those!with!diabetes,!initial!pharm!treatment!should!

include:!ACE7I!or!ARB,!CCB,!and!thiazide!diuretic.!
•! General!black!population,!initial!treatment!should!include:!CCB!and!thiazide!diuretic.!!
•! All!patients!with!CKD!and!HTN,!initial!tx!should!include:!ACE7I!or!ARB!!!improve!kidney!outcomes!
•! In!all!hypertensive!patients,!if!goal!BP!is!not!reached!within!a!month!of!initiating!treatment,!!

increase!the!dose!of!the!initial!drug!OR!add!a!2nd!drug!from!a!different!class.!!
!
!

Hypertension guideline update: A new guideline for a new era

JAAPA Journal of the American Academy of Physician Assistants www.JAAPA.com 17

guideline that relied exclusively on evidence from 
 randomized controlled trials and was limited in scope. 
In 2013, the NHLBI announced it would discontinue 
developing clinical guidelines, including those in prog-
ress.5 The JNC 8 writing group declined partnership 
with the American College of Cardiology (ACC) and 
the American Heart Association (AHA) and published 
its report in the Journal of the American Medical Asso-
ciation in 2014.6

To address the lack of a comprehensive hypertension 
guideline that might incorporate additional forms of 
evidence beyond that from randomized controlled trials, 
and because new data were available, the ACC and AHA 
sponsored development of a new guideline for the pre-
vention, detection, evaluation, and management of high 
BP in adults.7 Compared with its JNC predecessors, this 
guideline used a new methodology and evidence review 
approach intended to provide clinicians with useful, 
comprehensive evidence-based recommendations. Evi-
dence was drawn primarily from randomized controlled 
trials but also included consideration of meta-analyses 
of randomized controlled trials, systematic reviews, 
nonrandomized studies, cohort studies, and expert 
opinion.

For the fi rst time, the ACC/AHA Task Force on Clini-
cal Practice Guidelines excluded members with relevant 
relationships with industry, to avoid real or perceived 

bias. The task force included representative experts from 
diverse backgrounds, perspectives, scopes of practice, 
and interests: physicians, a pharmacist, a nurse, a physi-
cian assistant, epidemiologists, public health experts, and 
two lay persons; with representatives from the American 
Academy of PAs, American College of Preventative 
Medicine, American Geriatric Society, American Phar-
macists Association, American Society of Hypertension, 
Association of Black Cardiologists, National Medical 
Association, and Preventive Cardiovascular Nurses Asso-
ciation.

The task force was assisted by an independent evidence 
review committee consisting of methodologists, epide-
miologists, biostatisticians, and clinicians. The evidence 
review committee systematically surveyed and assessed 
evidence to address key clinical questions for review by 
the task force. Using this approach, the 2017 guideline 
is the most current, comprehensive, and collaborative 
guideline for the prevention, detection, evaluation, and 
management of hypertension.

NEW RECOMMENDATIONS FOR HYPERTENSION
BP classifi cation A log-linear relationship exists between 
BP and increased CVD risk.8,9 BP classifi cation is useful 
for clinical management and population health initia-
tives. The 2017 guideline classifi es BP into four catego-
ries: normal, elevated, and stages 1 and 2 hypertension.7

Table 1 compares the current classifi cation to the JNC 
7 taxonomy. Classifi cation is based on two or more 
correctly measured BP readings obtained on two or more 
occasions.

The greatest departures from the JNC 7 are the elimina-
tion of prehypertension, the addition of a new defi nition 
for elevated BP, and the reclassifi cation of the stages of 
hypertension. Reclassifying a systolic BP of 130 to 139 
mm Hg or diastolic BP of 80 to 89 mm Hg as stage 1 
hypertension instead of prehypertension increases aware-
ness of the CVD risk associated with these BP ranges. 
Earlier recognition of CVD risk can promote intensifi ed 
lifestyle modifi cation and earlier intensive pharmacologic 
treatment.

Key points

 Hypertension affects about one-third of US adults.
 The estimated direct and indirect cost of treating 

hypertension was $46.4 billion in 2011 and is estimated 
to be $274 billion by 2030.

 The most recent hypertension guideline reclassifies 
BP stages and refines hypertension treatment 
goals.

 Accurate diagnosis and evidence-based treatment can 
reduce cardiovascular events and associated disability 
and death in patients with hypertension.

 TABLE 1. Comparing BP classifi cations4,7

If the patient’s systolic and diastolic BPs fall into different categories, classify the patient’s hypertension according to the 
highest category.

Systolic BP (mm Hg) Diastolic BP (mm Hg) 2017 guideline JNC 7

<120 <80 Normal Normal

120-129 <80 Elevated
Prehypertension

130-139 80-89 Stage 1 hypertension

140-159 90-99
Stage 2 hypertension

Stage 1 hypertension

≥160 ≥100 Stage 2 hypertension
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BP treatment The foundation of BP treatment is non-
pharmacologic intervention. Weight loss is indicated to 
reduce BP in adults who are overweight or obese.7 Increased 
physical activity with a structured exercise program is 
recommended for adults with elevated BP or hypertension.7 
In addition, a diet such as the Dietary Approaches to Stop 
Hypertension eating plan, reduced intake of dietary sodium, 
enhanced intake of dietary potassium (unless contraindi-

cated), and moderation in alcohol intake are recommended 
as nonpharmacologic therapies for the treatment of elevated 
BP and hypertension (Table 2).7

Nonpharmacologic therapy is the preferred therapy 
for adults classifi ed with elevated BP.7 This also should 
be the fi rst-line therapy in patients with stage 1 hyperten-
sion who are not at elevated CVD risk (that is, those 
without coronary heart disease, heart failure, stroke, or 
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Promote optimal
lifestyle habits

(Class I)

Nonpharmacologic
therapy
(Class I)

Nonpharmacologic
therapy &

BP-lowering medication†
(Class I)

Clinical atherosclerotic 
CVD or estimated 10–y CVD

risk ≥10%*

No

No

Reassess in
3–6 mo
(Class I)

Assess &
optimize

adherence to
therapy

(Class IIb)

Consider
intensification

of therapy
(Class IIb)

Reassess in
1 mo

(Class I)

BP goal met

Yes

Yes

BP thresholds & recommendations for treatment & follow-up

Elevated BP
(BP 120–129/<80

mm Hg)

Normal BP
(BP <120/80

mm Hg)

Stage 1 hypertension
(BP 130–139/80–89

mm Hg)

Stage 2 hypertension
(BP ≥140/90 mm Hg)

Nonpharmacologic
therapy
(Class I)

Nonpharmacologic
therapy &

BP-lowering medication
(Class I)

Reassess in
1–3 y

(Class IIa)

Reassess in
3–6 mo
(Class I)

Reassess in
3–6 mo
(Class I)

FIGURE 1. BP thresholds and recommendations for treatment and follow-up7

* Using the ACC/AHA pooled cohort equations. Patients with diabetes or chronic kidney disease are automatically placed in the 
high-risk category. For initiation of renin-angiotensin system inhibitor or diuretic therapy, assess blood tests for electrolytes and 
renal function 2 to 4 weeks after initiating therapy.
† Consider initiating pharmacologic therapy for stage 2 hypertension with two antihypertensive agents of different classes. Patients 
with stage 2 hypertension and BP ≥ 160/100 mm Hg should be promptly treated, carefully monitored, and subject to upward 
medication dose adjustment as necessary to control BP. Reassessment includes measuring BP, detecting orthostatic hypotension 
in selected patients (older adults or those with postural symptoms), identifying white-coat hypertension or white-coat effect, 
documenting adherence, monitoring response to therapy, reinforcing the importance of adherence, reinforcing the importance of 
treatment, and assisting with treatment to achieve BP target.

OR discontinue 1ˢᵗ
drugandselect a
drugfroma different
class MOA
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Primary Agents

  Usual Dose, Daily 
Class Drug Range Frequency Comments  
  (mg per day)*  

• Chlorthalidone preferred based on prolonged
   half-life and proven trial reduction of CVD
• Monitor for hyponatremia and hypokalemia, uric
   acid and calcium levels.
• Use with caution in patients with history of acute
   gout unless patient is on uric acid-lowering therapy.

• Do not use in combination with ARBs or direct
   renin inhibitor
• Increased risk of hyperkalemia, especially in
   patients with CKD or in those on K+ supplements
   or K+-sparing drugs 
• May cause acute renal failure in patients with
   severe bilateral renal artery stenosis
• Do not use if history of angioedema with ACE
   inhibitors.
• Avoid in pregnancy

• Do not use in combination with ACE inhibitors or
   direct renin inhibitor
• Increased risk of hyperkalemia in CKD or in those
   on K+ supplements or K+-sparing drugs
• May cause acute renal failure in patients with
   severe bilateral renal artery stenosis
• Do not use if history of angioedema with ARBs.
   Patients with a history of angioedema with an
   ACEI can receive an ARB beginning 6 weeks after
   ACEI discontinued. 
• Avoid in pregnancy

• Avoid use in patients with HFrEF; amlodipine or
   felodipine may be used if required
• Associated with dose-related pedal edema, which
   is more common in women than men

• Avoid routine use with beta blockers due to
   increased risk of bradycardia and heart block
• Do not use in patients with HFrEF
• Drug interactions with diltiazem and verapamil
   (CYP3A4 major substrate and moderate inhibitor)

1
1
1
1

1 or 2
2 or 3
1 or 2

1
1

1 or 2
1

1 or 2
1 or 2

1

1
1

1 or 2
1

1 or 2
1
1
1

1
1
2
1
1
1

2
1
3

1 or 2
1 (in the 
evening)

12.5–25
25–50

1.25–2.5
2.5–10

10–40
12.5–150

5–40
10–40
10–40
7.5–30
4–16

10–80
2.5–10

1–4

40–80
8–32

600–800
150–300
50–100
20–40
20–80

80–320

2.5–10
5–10
5–10
5–20

60–120
30–90

180–360
120–480

40-80
120–480
100–480

Chlorthalidone
Hydrochlorothiazide
Indapamide
Metolazone

Benazepril
Captopril
Enalapril
Fosinopril
Lisinopril
Moexipril
Perindopril
Quinapril
Ramipril
Trandolapril

Azilsartan
Candesartan
Eprosartan
Irbesartan
Losartan
Olmesartan
Telmisartan
Valsartan

Amlodipine
Felodipine
Isradipine
Nicardipine SR
Nifedipine LA
Nisoldipine

Diltiazem SR
Diltiazem ER
Verapamil IR
Verapamil SR
Verapamil-delayed 
onset ER (various 
forms)

Thiazide or
thiazide-type
diuretics

ACE Inhibitors

ARBs

CCB—
dihydropyridines

CCB—
nondihydropyridines

Table is continued in the next two pages

Oral Antihypertensive Drugs (1 of 3)
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Secondary Agents

  Usual Dose, Daily 
Class Drug Range Frequency Comments  
  (mg per day)*  

• Preferred diuretics in patients with symptomatic
   HF. Preferred over thiazides in patients with
   moderate-to-severe CKD (e.g., GFR <30 mL/min)

• Monotherapy agents minimally effective
   antihypertensives
• Combination therapy of potassium sparing
   diuretic with a thiazide can be considered in
   patients with hypokalemia on thiazide
   monotherapy
• Avoid in patients with significant CKD (e.g.,
   GFR <45 mL/min) 

• Preferred agents in primary aldosteronism and
   resistant hypertension
• Spironolactone associated with greater risk of
   gynecomastia and impotence compared to
   eplerenone
• Common add-on therapy in resistant hypertension
• Avoid use with K+ supplements, other K+-sparing
   diuretics or significant renal dysfunction
• Eplerenone often requires twice daily dosing for
   adequate BP lowering

• Beta blockers are not recommended as first-line
   agents unless the patient has IHD or HF
• Preferred in patients with bronchospastic airway
   disease requiring a beta blocker
• Bisoprolol and metoprolol succinate preferred in
   patients with HFrEF
• Avoid abrupt cessation

• Induces nitric oxide-induced vasodilation
• Avoid abrupt cessation

• Avoid in patients with reactive airways disease
• Avoid abrupt cessation

• Generally avoid, especially in patients with IHD or HF
• Avoid abrupt cessation

2
2
1

1 or 2
1 or 2

12

1

12
1
1
2
1

1

1
2
1

2
1
1
2

0.5–4
20–80
5–10

5–10
50–100

50–100

25–100

25–100
5–20

2.5–10
100–400
50–200

5–40

40–120
160–480
80–320

200–800
2.5–10
10–40
10–60

Bumetanide
Furosemide
Torsemide

Amiloride
Triamterene

Eplerenone

Spironolactone

Atenolol
Betaxolol
Bisorolol
Metoprolol tartrate
Metoprolol
succinate

Nebivolol

Nadolol
Propranolol IR
Propranolol LA

Acebutolol
Carteolol
Penbutolol
Pindolol

Diuretics—loop

Diuretics—
potassium sparing

Diuretics—
aldosterone 
antagonists

Beta blockers—
cardioselective

Beta blockers—
cardioselective 
and vasodilatory

Beta blockers—
noncardioselective

Beta blockers—
intrinsic
sympathomimetic 
activity Table is continued in the next page

Oral Antihypertensive Drugs (2 of 3)
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Secondary Agents (continued from previous page)

  Usual Dose, Daily 
Class Drug Range Frequency Comments 
  (mg per day)*  

• Carvedilol preferred in patients with HFrEF
• Avoid abrupt cessation

• Do not use in combination with ACE inhibitors
   or ARBs 
• Aliskiren is very long acting
• Increased risk of hyperkalemia in CKD or in those
   on K+ supplements or K+ sparing drugs
• May cause acute renal failure in patients with
   severe bilateral renal artery stenosis
• Avoid in pregnancy

• Associated with orthostatic hypotension,
   especially in older adults
• May consider as second-line agent in patients
   with concomitant BPH

• Generally reserved as last-line due to significant
   CNS adverse effects, especially in older adults
• Avoid abrupt discontinuation of clonidine, which
   may induce hypertensive crisis; clonidine must be
   tapered to avoid rebound hypertension

• Associated with sodium and water retention and
   reflex tachycardia; use with a diuretic and bet
   a blocker
• Hydralazine associated with drug-induced lupus- 
   like syndrome at higher doses
• Minoxidil associated with hirsutism and requires
   a loop diuretic. Can induce pericardial effusion

2

1
2

1

1
2 or 3
1 or 2

2
1 weekly

2
1

2 or 3
1 -3

12.5–50
20–80

200–800

150–300

1–8
2–20
1–20

0.1–0.8
0.1–0.3

250–1000
0.5–2

250-200
5–100

Carvedilol
Carvedilol
phosphate

Labetalol

Aliskiren

Doxazosin
Prazosin
Terazosin

Clonidine oral
Clonidine patch
Methyldopa
Guanfacine

Hydralazine
Minoxidil

Beta blockers—
combined
alpha- and 
beta-receptor
 

Direct renin 
inhibitor

Alpha-1 blockers

Central alpha1-
agonist and other 
centrally acting 
drugs

Direct vasodilators

Oral Antihypertensive Drugs (3 of 3)

*Dosages may vary from those listed in the FDA approved labeling (available at http://dailymed.nlm.nih.gov/dailymed/index.cfm). 
Adapted with permission from Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report. JAMA. 2003; 289:2560-72
Table 18
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Interdependent and Interacting Factors in Blood Pressure Regulation 
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