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A 56-year-old woman presents for elevated blood pressure, which was noted at a job-site
screening. She has gained 20 lb (9.1 kg) during the past 5 years and takes naproxen
sodium (at a dose of 220 mg daily) for joint pain. She has never smoked, and she
consumes one or two alcoholic drinks daily. Both of her parents received a diagnosis
of hypertension in their 50s. On examination, the blood pressure is 162/94 mm Hg
in both arms while the patient is seated and 150/96 mm Hg while the patient is standing. The body-mass index (the weight in kilograms divided by the square of the
height in meters) is 29. Her examination is notable only for abdominal obesity without
bruits or masses. The serum level of sodium is 138 mmol per liter, potassium 3.8 mmol
per liter, calcium 9.4 mg per deciliter (2.35 mmol per liter), fasting glucose 105 mg
per deciliter (5.8 mmol per liter), and creatinine 0.8 mg per deciliter (71 μmol per liter).
Urinalysis is negative. How would you further evaluate and treat this patient?
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ypertension, the elevation of systolic blood pressure, diastolic blood pressure, or both above normal levels, is common in developed
and developing countries and increases in prevalence with age. The threshold blood pressure for the diagnosis has declined over time on the basis of trials
showing benefits of treatment to incrementally lower blood-pressure targets in
reducing mortality and cardiovascular-event rates.1 Although in recent years hypertension has been defined as a blood pressure of 140/90 mm Hg or more, the 2017
American College of Cardiology–American Heart Association (ACC–AHA) Hypertension Guideline adopted a lower threshold, in which hypertension is defined as
a systolic blood pressure of 130 mm Hg or more or a diastolic blood pressure of
80 mm Hg or more (Table 1).2 Among adults in the United States, the overall prevalence of hypertension was 31.9% under the previous definition (blood pressure,
≥140/90 mm Hg) and is 45.6% according to the 2017 ACC–AHA guideline definition (blood pressure, ≥130/80 mm Hg).3 Similarly, the rate of hypertension control
was 61.0% among those receiving treatment at a target of less than 140/90 mm Hg
but only 46.6% at a target of less than 130/80 mm Hg.3
Hypertension is a leading risk factor for death and disability, including stroke,
accelerated coronary and systemic atherosclerosis, heart failure, chronic kidney
disease, and death from cardiovascular causes (Fig. 1). From 1990 through 2015,
the estimated global annual rate of death associated with a systolic blood pressure
of 140 mm Hg or more increased from 97.9 to 106.3 per 100,000 persons, where-
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Key Clinical Points

Initial Treatment of Hypertension
•
•

•
•
•
•

The 2017 ACC–AHA Hypertension Guideline redefines hypertension as a systolic blood pressure of
130 mm Hg or more or a diastolic blood pressure of 80 mm Hg or more and lowers the blood-pressure
target to less than 130/80 mm Hg.
This blood-pressure target is supported by the SPRINT trial, which showed lower hypertensionassociated morbidity and all-cause mortality with a systolic blood-pressure target of less than 120 mm Hg
than with a target of less than 140 mm Hg; electrolyte abnormalities, syncope, and acute kidney injury
were more common in the lower-target group.
The initial assessment should consider coexisting conditions, including cardiovascular disease, diabetes
mellitus, chronic kidney disease, and elevated risk of cardiovascular disease, in determining when to
start blood-pressure–lowering medication.
Recommended lifestyle modifications include restriction of dietary sodium intake, weight loss if the
patient is overweight, exercise, moderation of alcohol intake, and increased consumption of potassiumrich foods.
The initial antihypertensive agent should generally be selected from one of four drug classes shown to
reduce cardiovascular events: ACE inhibitors, angiotensin-receptor blockers, calcium-channel blockers,
and thiazide-type diuretics.
Repeat visits are required to ensure ongoing hypertension control.

Table 1. Classification of Blood Pressure in Adults.*
Blood-Pressure Category

Definition

Normal

Systolic pressure of <120 mm Hg and diastolic pressure of <80 mm Hg

Elevated

Systolic pressure of 120–129 mm Hg and diastolic pressure of <80 mm Hg

Hypertension
Stage 1

Systolic pressure of 130–139 mm Hg or diastolic pressure of 80–89 mm Hg

Stage 2

Systolic pressure of ≥140 mm Hg or diastolic pressure of ≥90 mm Hg

*	Definitions are derived from the 2017 American College of Cardiology–American Heart Association Hypertension
Guideline.2 Persons with systolic blood pressure and diastolic blood pressure in different categories should be designated in the higher blood-pressure category. Diagnosis is based on the average of two or more readings taken on two
or more occasions.

as the number of disability-adjusted life-years
increased from 5.2 million to 7.8 million.4
Lifestyle factors that are associated with an
increased risk of hypertension and greater severity include high sodium intake,5 weight gain and
obesity,6 excess alcohol intake,7 and the use of
certain medications, particularly nonsteroidal
antiinflammatory drugs (NSAIDs), stimulants,
and decongestants. There is often a genetic predisposition that is probably polygenic for most
persons. Hypertension that manifests during
pregnancy as preeclampsia or gestational hypertension is associated with an increased likelihood of future sustained hypertension and cardiovascular events.8
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S t r ategie s a nd E v idence
Evaluation

The first step is to confirm the diagnosis of
hypertension. Guidelines recommend at least two
blood-pressure measurements on at least two
occasions with the use of a standardized measurement technique and validated equipment,
including a cuff of correct size.2 Measurements
should be made with the back supported, legs
uncrossed, feet on the floor, and the measurement arm supported on a table at heart level
after the patient has sat quietly for 5 minutes.
Current methods rely on aneroid sphygmomanometers or oscillometric devices in which
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Causes
Genetic predisposition
Lifestyle (high sodium intake, weight gain, excess alcohol intake)
Medications (prescription or over-the-counter NSAIDs, stimulants,
and decongestants) or illicit drugs
Secondary causes (renal, renovascular, endocrine, urologic)

Effects
Hypertension (systolic, diastolic, or both)

Target-organ damage
Brain
Stroke sequelae
Multi-infarct dementia
Eye
Retinopathy including
cotton-wool exudates
Hemorrhage
Papilledema
Heart
Diastolic dysfunction
Left ventricular hypertrophy
Obstructive cardiomyopathy
Heart failure with preserved
ejection fraction
Accelerated coronary
atherosclerosis
Myocardial infarction
Heart failure with reduced
ejection fraction
Kidney
Chronic kidney disease
Albuminuria
Reduced GFR
End-stage kidney failure
Vascular
Aortic aneurysm — ascending
or descending
Atherosclerotic occlusive
disease with limb or
organ ischemia
Arterial or aortic dissection

Figure 1. Pathophysiology of Hypertension.
GFR denotes glomerular filtration rate, and NSAIDs nonsteroidal antiinflammatory drugs.
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blood pressure is calculated from maximal oscillations of the blood-vessel wall during cuff deflation (defined as mean arterial pressure), with
systolic and diastolic pressures calculated with
the use of proprietary algorithms.9 Automated
devices that take two to six serial measurements
and determine the mean are increasingly used in
outpatient clinics, and the readings correlate
closely with those of ambulatory blood-pressure
monitoring while the patient is awake.10 These
devices allow an attendant to place the cuff and
leave the room, minimizing the “white coat”
effect (i.e., blood pressure elevated in the office
but normal outside).
Masked hypertension should be considered
when office blood pressures are controlled but
the patient has elevated home measurements
or a greater severity of hypertension-associated
target-organ damage than expected. Ambulatory
blood-pressure monitoring is useful in assessing
these possibilities; if such monitoring is unavailable or for measurements obtained over several
days, home blood-pressure monitoring is an alternative.11
Once the diagnosis is confirmed, a careful
history taking should assess coexisting conditions and contributing factors, including lifestyle practices, other cardiovascular risk factors
that are associated with hypertension, and features to suggest a secondary cause of hypertension. A gradual rise in blood pressure that is
associated with weight gain, in combination with
a positive family history, supports primary hypertension, whereas severe or resistant hypertension, accelerated target-organ damage, or other
symptoms or signs suggest a secondary cause
that merits further testing and referral (Table S1
in the Supplementary Appendix, available with
the full text of this article at NEJM.org). The
physical examination should include cardiac and
vascular evaluation and assessment of targetorgan damage (Fig. 1). A thigh blood-pressure
measurement is recommended for adults younger
than 30 years of age to exclude aortic coarctation,
and blood-pressure measurement while the patient is standing is recommended for older adults
to assess orthostatic blood-pressure changes.
Initial laboratory testing should assess for coexisting conditions that may affect the patient’s
response to medication and assess for targetorgan damage. Such testing includes assessment
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of serum levels of sodium, potassium, calcium,
uric acid, creatinine (with estimated glomerular
filtration rate), hemoglobin, and thyrotropin; a
lipid profile; urinalysis; and electrocardiography.
Patients with diabetes mellitus or chronic kidney
disease should have the urinary albumin-tocreatinine ratio checked initially and annually.
Management

Treatment of hypertension includes nonpharmacologic and pharmacologic approaches. Treatment decisions depend on whether there is preexisting cardiovascular disease, diabetes mellitus,
or chronic kidney disease. For patients with
stage 1 hypertension and without these conditions, the 2017 ACC–AHA guideline recommends calculation of the estimated 10-year risk
of cardiovascular disease (http://tools.acc.org/
ASCVD-Risk-Estimator/).2 If this risk is less than
10%, it is reasonable to implement lifestyle modifications alone for a period of 3 to 6 months.
For those with stage 2 hypertension or with
preexisting cardiovascular disease, diabetes mellitus, chronic kidney disease, or a 10-year risk
of cardiovascular disease of 10% or higher, both
lifestyle change and medication are recommended. For all patients with hypertension, a bloodpressure target of less than 130/80 mm Hg is
advised.
Lifestyle Changes

Recommended strategies include restriction of
dietary sodium intake below 1500 mg per day,12,13
weight loss if the patient is overweight or
obese,14 aerobic or resistance exercise for 90 to
150 minutes per week,15,16 moderation of alcohol
intake (≤2 drinks daily for men and ≤1 drink for
women),17,18 and enhanced intake of potassiumrich foods.19 Each of these strategies is likely to
reduce systolic pressure by 3 to 8 mm Hg and
diastolic pressure by 1 to 4 mm Hg.20 The Dietary
Approaches to Stop Hypertension (DASH) diet,
which emphasizes the consumption of fresh
produce, whole grains, and low-fat dairy products and which limits sodium intake, was associated with a reduction of 11.4/5.5 mm Hg in
blood pressure, as compared with a control diet.21
Patients should be encouraged to minimize the
use of NSAIDs, decongestants, and ampheta
mines (as used for attention deficit–hyperactivity
disorder). Other behaviors that are associated
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with cardiovascular risk, including tobacco use
and a sedentary lifestyle, should also be addressed.
Evidence Supporting Pharmacologic Therapy

Multiple clinical trials — including (but not limited to) the Veterans Administration Cooperative
Study22,23 (focusing on diastolic hypertension),
the Systolic Hypertension in the Elderly Program
trial,24 and the Systolic Hypertension in Europe
trial25 — have shown that blood pressure can be
effectively reduced by medications and that doing so results in a reduced incidence of targetorgan events.
Other trials have compared first-line therapies with the use of different drug classes.26,27
The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT)
randomly assigned more than 40,000 patients at
high cardiovascular risk to initial therapy with
chlorthalidone, amlodipine, lisinopril, or doxazosin and allowed additional medications to achieve
a blood pressure of less than 140/90 mm Hg.27
The doxazosin group was stopped early owing
to a higher incidence of heart failure. Chlorthalidone-based therapy resulted in lower bloodpressure levels than the other agents, fewer heartfailure events than amlodipine, and fewer combined
cardiovascular events, strokes, and heart-failure
events than lisinopril.
More recently, the Systolic Blood Pressure
Intervention Trial (SPRINT) randomly assigned
9361 persons with a systolic blood pressure of
130 to 180 mm Hg and high cardiovascular risk
to a systolic blood-pressure target of either less
than 120 mm Hg or less than 140 mm Hg.28 The
trial was stopped early after 3.3 years for demonstrated benefit of the lower blood-pressure target
with respect to the primary composite outcome
(myocardial infarction, other acute coronary syndromes, stroke, heart failure, or death from
cardiovascular causes) (hazard ratio, 0.75; 95%
confidence interval [CI], 0.64 to 0.89) and allcause mortality (hazard ratio, 0.73; 95% CI, 0.60
to 0.90). Patients in the intensive-treatment group
required an average of one additional medication
(2.8 drugs, as compared with 1.8 for standard
treatment).
The Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial, with a trial design
nearly identical to that of SPRINT but involving
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4733 participants with type 2 diabetes, showed no
significant benefit for the lower blood-pressure
target with respect to the primary outcome, although there was a significant difference in the
incidence of stroke that favored the lower target.29
A possible contributor to the negative results of
the ACCORD trial was the power of the trial,
with fewer events than predicted in the group
with a higher blood-pressure target.
Drug Selection

The initial agent can be selected from one of
four drug classes: angiotensin-converting–enzyme
(ACE) inhibitors, angiotensin-receptor blockers
(ARBs), calcium-channel blockers, and thiazidetype diuretics; each class has been shown to reduce cardiovascular events (Table 2).27 The patient’s lifestyle, coexisting conditions, and clinical
characteristics should be considered in selecting
an agent. For example, patients with a high salt
intake (e.g., eating primarily processed foods)
may have a greater blood-pressure reduction with
diuretic therapy, whereas those restricting salt
intake may have a greater response to blockade
of the renin–angiotensin system. This approach
has been extended by some providers to use the
patient’s age and race as predictors of bloodpressure response30 and by others to use renin
profiling for drug selection,31 although data are
not conclusive.
Caution is advised with thiazide use in patients 65 years of age or older, particularly in
women32 and in patients of either sex who have
hyponatremia or a low normal sodium level at
baseline; in such patients, the serum level of
sodium should be checked within 1 to 2 weeks
after a thiazide diuretic has been started or the
dose has been increased. If hyponatremia develops, an agent from a different class can be
selected. If a diuretic is needed later, a longacting loop diuretic can be used.
ACE inhibitors are effective and have an acceptable side-effect profile in most patients, although
cough develops in up to 20% of patients.33 Angioedema is an infrequent complication overall
but is two to four times as common among
blacks as among whites (estimated incidence,
3.9 cases per 1000 person-years among blacks
and 0.8 cases among whites).34 If angioedema
occurs, an ARB can usually be substituted. Thia
zide-type diuretics or calcium-channel blockers
were more effective than ACE inhibitors as first640
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line agents for black patients with hypertension
in ALLHAT.27 However, calcium-channel blockers
are associated with additional side effects, primarily edema for the dihydropyridine agents
(nifedipine, amlodipine, and others) and constipation for the nondihydropyridines (verapamil and
diltiazem). In most cases, these agents are better
used for add-on therapy if blood pressure remains
uncontrolled. (Table S2 in the Supplementary Appendix provides information on other agents that
may be used for blood-pressure control.)
Patients with certain coexisting conditions
may benefit from specific agents (Table 2, and
Table S2 in the Supplementary Appendix). For
example, sustained-release beta-blockers are indicated in patients with congestive heart failure,
after myocardial infarction, for arrhythmias, and
for migraine prophylaxis and will also treat the
patient’s hypertension. An ACE inhibitor or ARB
should be prescribed for most patients with
chronic kidney disease with albuminuria, with
referral to a nephrologist for advanced chronic
kidney disease (stage 3b or higher).
If the first agent that is selected has unacceptable side effects, it should be discontinued
and an agent from a different drug class should
be started. If the selected agent has an acceptable side-effect profile but is not effective, the
dose may be increased or a second agent with
a complementary mechanism of action can be
added. In a recent meta-analysis, dual therapy
involving at least one agent at a low dose had
similar efficacy to that of higher-dose monotherapy but had fewer adverse effects.35 The use
of combination agents can reduce pill burden
and shorten the time needed to reach bloodpressure goals; however, it may be prudent to
use combination agents only after one component has been shown to have an acceptable sideeffect profile in the patient, because an adverse
reaction would potentially remove both agents
as treatment options.
Additional Considerations

The need to take daily medications for a condition that is usually asymptomatic is challenging for many patients, particularly if they have
adverse effects associated with a medication. A
recent SPRINT substudy showed no significant
differences between the intensive-therapy and
standard-therapy groups in quality-of-life measures.36 Electronic-monitoring data indicate that
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180–360 mg/day, in two doses
120–480 mg once daily
120–480 mg/day, in one or two doses
100–480 mg once daily

2.5–10 mg once daily
2.5–10 mg once daily
5–10 mg/day, in two doses
5–20 mg once daily
30–120 mg/day, in one or two doses
17–34 mg once daily
20–60 mg once daily

40–80 mg once daily
8–32 mg/day, in one or two doses
600 mg/day, in one or two doses
150–300 mg once daily
25–100 mg/day, in one or two doses
20–40 mg once daily
20–80 mg once daily
80–320 mg once daily

5–80 mg/day, in one or two doses
10–80 mg/day, in one or two doses
5–40 mg once daily
7.5–30 mg/day, in one or two doses
4–16 mg/day, in one or two doses
10–80 mg/day, in one or two doses
2.5–20 mg/day, in one or two doses
2–8 mg/day, in one or two doses

12.5–25 mg once daily
12.5–50 mg once daily
1.25–2.5 mg once daily

Usual Dose

Tachycardia, left ventricular outflow tract obstruction, hyperdynamic cardiac function, migraine
prophylaxis

First-line therapy or add-on as second or third agent;
no effect on serum creatinine level; minimal
effect on cardiac output

First-line therapy or add-on as second or third agent;
CKD with albuminuria; congestive heart failure;
after myocardial infarction; alternative for patients with chronic cough or ACE-inhibitor–
associated cough

First-line therapy or add-on as second or third agent;
CKD with albuminuria; congestive heart failure;
after myocardial infarction

First-line therapy or add-on as second or third agent

Indications

Constipation; heart block if used in combination with
beta-blocker

Edema of the legs and feet; may worsen proteinuria;
may worsen left ventricular outflow tract
obstruction

Do not use in combination with ACE inhibitor or
direct renin inhibitor; hyperkalemia; may cause
serum creatinine elevation in patients with CKD
or bilateral renal-artery stenosis; contraindicated
in pregnancy

Do not use in combination with ARB or direct renin
inhibitor; hyperkalemia; may cause serum creatinine elevation in patients with CKD or bilateral
renal-artery stenosis; angioedema is infrequent
but is 2 to 4 times as common among blacks as
among whites; contraindicated in pregnancy

Hyponatremia (more likely in older women), hypo
kalemia, orthostatic hypotension, hypovolemia

Cautions and Side Effects

*	ACE denotes angiotensin-converting enzyme, ARB angiotensin-receptor blocker, CKD chronic kidney disease, ER extended release, and SR sustained release.

Diltiazem SR
Diltiazem ER
Verapamil SR
Verapamil delayed-onset ER

Nondihydropyridine type

Amlodipine
Felodipine
Isradipine
Nicardipine ER
Nifedipine ER
Nisoldipine ER
Nisoldipine ER, core coated

Dihydropyridine type

Calcium-channel blockers

Azilsartan
Candesartan
Eprosartan
Irbesartan
Losartan
Olmesartan
Telmisartan
Valsartan

ARBs

Benazepril
Fosinopril
Lisinopril
Moexipril
Perindopril
Quinapril
Ramipril
Trandolapril

ACE inhibitors

Chlorthalidone
Hydrochlorothiazide
Indapamide

Thiazide-type diuretics

Drug Class and Primary Agents

Table 2. Initial Choices for Antihypertensive Agents and Usual Doses.*
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adherence rates decline as the number of medications and overall pill burden rises: 79% for
one daily dose, 69% for two doses, 65% for three
doses, and 51% for four doses.37 Nonpharmacologic therapy requires a strong ongoing commitment to be effective. Ultimately, the best strategies combine lifestyle efforts with medical
therapies to achieve greater effect with the use
of fewer medications and lower doses. Dose adjustment is recommended until blood-pressure
goals are achieved, with interval laboratory testing to monitor for electrolyte disturbances or
decline in renal function. Home blood-pressure
measurements should be encouraged, although
data are lacking to show that they improve
blood-pressure control.38,39 Home monitors should
be checked annually for accuracy, and the technique for their use should be reviewed regularly.
Inclusion of a nurse or pharmacist in the care
team may facilitate more timely addition of new
agents or adjustment of the dose when indicated.

A r e a s of Uncer ta in t y
There is continued debate regarding preferred
blood-pressure targets and the benefits and
risks of lower targets. In SPRINT, it was necessary to treat 61 patients at the lower systolic
target of less than 120 mm Hg (vs. 140 mm Hg)
to prevent one additional cardiovascular event and
to treat 90 patients to prevent one additional
death over a period of 3.26 years. Such estimates will vary with the absolute individual level
of cardiovascular risk. Attendant costs of tight
blood-pressure control warrant consideration,
including higher rates of serious adverse events
(hypotension, electrolyte abnormalities, syncope,
and acute kidney injury) with intensive treatment
than with standard treatment in SPRINT and
additional pill burden. There is particular concern about harms of tight control in elderly persons, although a SPRINT substudy 40 involving
patients 75 years of age or older showed significant benefit with the systolic blood-pressure
target of less than 120 mm Hg, with absolute
rates of and relative risks of hypotension, syncope, and electrolyte abnormalities that were
similar to those in the overall SPRINT population; this substudy extended the benefits seen
in an earlier trial involving elderly persons with
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a systolic blood-pressure target of less than
150 mm Hg.41 Failure to measure blood pressure
correctly may produce higher office readings
and limit achievement of blood-pressure targets.
In addition, evidence is lacking to show that
tight control prevents the progression of chronic
kidney disease. Studies of blockers of the renin–
angiotensin system have shown slowing of diabetic nephropathy,42-44 yet such agents have not
slowed the progression of chronic kidney disease in patients without albuminuria,45-47 a finding that suggests the need for new approaches
for this patient population.

Guidel ine s
In 2013, the National Heart, Lung, and Blood
Institute transferred the development of hypertension guidelines to the ACC and the AHA. The
2017 ACC–AHA guideline replaces the 2014 guideline of the Eighth Joint National Committee on
the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure,48 which was completed before the publication of SPRINT. (Bloodpressure targets of these and other guidelines
are summarized in Table S3 in the Supplementary Appendix.) Recommendations in the present
article are generally concordant with the 2017
ACC–AHA guideline.

C onclusions a nd
R ec om mendat ions
The patient in the vignette probably has primary
hypertension, with a positive family history and
contributing lifestyle factors, including weight
gain and NSAID use. Her alcohol intake, at more
than one drink per day, may be a contributor. I
would initiate single-agent therapy for her stage 2
hypertension and encourage lifestyle changes,
including sodium restriction, weight reduction,
and discontinuation of contributing medications;
attention to the lipid profile and glucose level is
also warranted. A thiazide-type diuretic or ACE
inhibitor is a reasonable first agent to prescribe,
with follow-up blood-pressure and electrolyte measurements in 3 to 4 weeks. Dose increases and
additional medications may be needed. I would
recommend regular visits during dose adjustment,
combined with home blood-pressure measure-
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ments; lifestyle factors and medication adherence
should be assessed at each visit. Once her blood
pressure is at goal (<130/80 mm Hg), I would
recommend follow-up at 6-month intervals.
References
1. 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.
2. Whelton PK, Carey RM, Aronow WS,
et al. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection, evaluation, and management of high blood pressure in adults: a report of the American
College of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. Hypertension 2017 November
13 (Epub ahead of print).
3. Muntner P, Carey RM, Gidding S, et al.
Potential U.S. population impact of the
2017 ACC/AHA high blood pressure guideline. Circulation 2018;137:109-18..
4. Forouzanfar MH, Liu P, Roth GA, et
al. Global burden of hypertension and
systolic blood pressure of at least 110 to
115 mm Hg, 1990-2015. JAMA 2017;317:
165-82.
5. Stamler J. The INTERSALT Study: background, methods, findings, and implications. Am J Clin Nutr 1997;65:Suppl:626S642S.
6. Huang Z, Willett WC, Manson JE, et al.
Body weight, weight change, and risk for
hypertension in women. Ann Intern Med
1998;128:81-8.
7. Klatsky AL, Friedman GD, Siegelaub
AB, Gérard MJ. Alcohol consumption and
blood pressure: Kaiser-Permanente Multiphasic Health Examination data. N Engl J
Med 1977;296:1194-200.
8. Garovic VD, Bailey KR, Boerwinkle E,
et al. Hypertension in pregnancy as a risk
factor for cardiovascular disease later in
life. J Hypertens 2010;28:826-33.
9. Kiers HD, Hofstra JM, Wetzels JFM.
Oscillometric blood pressure measurements: differences between measured and
calculated mean arterial pressure. Neth J
Med 2008;66:474-9.
10. Myers MG. The great myth of office
blood pressure measurement. J Hypertens
2012;30:1894-8.
11. Siu AL, U.S. Preventive Services Task
Force. Screening for high blood pressure
in adults: U.S. Preventive Services Task
Force recommendation statement. Ann
Intern Med 2015;163:778-86.
12. Aburto NJ, Ziolkovska A, Hooper L,
Elliott P, Cappuccio FP, Meerpohl JJ. Effect
of lower sodium intake on health: system-

No potential conflict of interest relevant to this article was
reported.
Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.

atic review and meta-analyses. BMJ 2013;
346:f 1326.
13. He FJ, Li J, Macgregor GA. Effect of
longer term modest salt reduction on
blood pressure: Cochrane systematic review and meta-analysis of randomised
trials. BMJ 2013;346:f 1325.
14. Neter JE, Stam BE, Kok FJ, Grobbee
DE, Geleijnse JM. Influence of weight reduction on blood pressure: a meta-analysis of randomized controlled trials. Hypertension 2003;42:878-84.
15. Cornelissen VA, Smart NA. Exercise
training for blood pressure: a systematic
review and meta-analysis. J Am Heart Assoc 2013;2(1):e004473.
16. Carlson DJ, Dieberg G, Hess NC, Millar PJ, Smart NA. Isometric exercise training for blood pressure management: a systematic review and meta-analysis. Mayo
Clin Proc 2014;89:327-34.
17. Xin X, He J, Frontini MG, Ogden LG,
Motsamai OI, Whelton PK. Effects of alcohol reduction on blood pressure: a metaanalysis of randomized controlled trials.
Hypertension 2001;38:1112-7.
18. Roerecke M, Kaczorowski J, Tobe SW,
Gmel G, Hasan OSM, Rehm J. The effect
of a reduction in alcohol consumption on
blood pressure: a systematic review and
meta-analysis. Lancet Public Health 2017;
2(2):e108-e120.
19. Whelton PK, He J, Cutler JA, et al. Effects of oral potassium on blood pressure:
meta-analysis of randomized controlled
clinical trials. JAMA 1997;277:1624-32.
20. Whelton PK, Appel LJ, Espeland MA,
et al. Sodium reduction and weight loss in
the treatment of hypertension in older
persons: a randomized controlled trial of
nonpharmacologic interventions in the
elderly (TONE). JAMA 1998;279:839-46.
21. Appel LJ, Moore TJ, Obarzanek E, et al.
A clinical trial of the effects of dietary
patterns on blood pressure. N Engl J Med
1997;336:1117-24.
22. Veterans Administration Cooperative
Study Group on Antihypertensive Agents.
Effects of treatment on morbidity in hypertension: results in patients with diastolic
blood pressures averaging 115 through
129 mm Hg. JAMA 1967;202:1028-34.
23. Veterans Administration Cooperative
Study Group on Antihypertensive Agents.
Effects of treatment on morbidity in hypertension. II. Results in patients with diastolic blood pressure averaging 90 through
114 mm Hg. JAMA 1970;213:1143-52.

n engl j med 378;7

nejm.org

24. SHEP Cooperative Research Group.
Prevention of stroke by antihypertensive
drug treatment in older persons with isolated systolic hypertension: final results
of the Systolic Hypertension in the Elderly
Program (SHEP). JAMA 1991;
265:
325564.
25. Staessen JA, Fagard R, Thijs L, et al.
Randomised double-blind comparison of
placebo and active treatment for older patients with isolated systolic hypertension.
Lancet 1997;350:757-64.
26. Neaton JD, Grimm RH Jr, Prineas RJ,
et al. Treatment of mild hypertension
study: final results. JAMA 1993;270:71324.
27. ALLHAT Officers and Coordinators
for the ALLHAT Collaborative Research
Group. Major outcomes in high-risk hypertensive patients randomized to angiotensin-converting enzyme inhibitor or calcium
channel blocker vs diuretic: the Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial (ALLHAT).
JAMA 2002;288:2981-97.
28. The SPRINT Research Group. A randomized trial of intensive versus standard
blood-pressure control. N Engl J Med 2015;
373:2103-16.
29. The ACCORD Study Group. Effects of
intensive blood-pressure control in type 2
diabetes mellitus. N Engl J Med 2010;362:
1575-85.
30. Hypertension: clinical management
of primary hypertension in adults. NICE
clinical guideline 127. London:National
Institute for Health and Clinical Excellence, August 2011.
31. Egan BM, Basile JN, Rehman SU, et al.
Plasma renin test-guided drug treatment
algorithm for correcting patients with treated but uncontrolled hypertension: a randomized controlled trial. Am J Hypertens
2009;22:792-801.
32. Sharabi Y, Illan R, Kamari Y, et al.
Diuretic induced hyponatraemia in elderly
hypertensive women. J Hum Hypertens
2002;16:631-5.
33. Bangalore S, Kumar S, Messerli FH.
Angiotensin-converting enzyme inhibitor
associated cough: deceptive information
from the Physicians’ Desk Reference. Am
J Med 2010;123:1016-30.
34. Brown NJ, Ray WA, Snowden M, Griffin
MR. Black Americans have an increased
rate of angiotensin converting enzyme
inhibitor-associated angioedema. Clin
Pharmacol Ther 1996;60:8-13.

February 15, 2018

The New England Journal of Medicine
Downloaded from nejm.org by MOHAMMED ELKOUSY on February 20, 2018. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.

643

Clinical Pr actice

35. Bennett A, Chow CK, Chou M, et al.

Efficacy and safety of quarter-dose blood
pressure-lowering agents: a systematic
review and meta-analysis of randomized
controlled trials. Hypertension 2017;70:
85-93.
36. Berlowitz DR, Foy CG, Kazis LE, et al.
Effect of intensive blood-pressure treatment on patient-reported outcomes. N Engl
J Med 2017;377:733-44.
37. Claxton AJ, Cramer J, Pierce C. A systematic review of the associations between dose regimens and medication compliance. Clin Ther 2001;23:1296-310.
38. Agarwal R, Bills JE, Hecht TJ, Light
RP. Role of home blood pressure monitoring in overcoming therapeutic inertia and
improving hypertension control: a systematic review and meta-analysis. Hypertension 2011;57:29-38.
39. Yi SS, Tabaei BP, Angell SY, et al. Selfblood pressure monitoring in an urban,
ethnically diverse population: a randomized clinical trial utilizing the electronic

health record. Circ Cardiovasc Qual Outcomes 2015;8:138-45.
40. Williamson JD, Supiano MA, Applegate WB, et al. Intensive vs standard blood
pressure control and cardiovascular disease outcomes in adults aged ≥75 years:
a randomized clinical trial. JAMA 2016;
315:2673-82.
41. Beckett NS, Peters R, Fletcher AE, et al.
Treatment of hypertension in patients 80
years of age or older. N Engl J Med 2008;
358:1887-98.
42. Lewis EJ, Hunsicker LG, Bain RP,
Rohde RD. The effect of angiotensin-converting–enzyme inhibition on diabetic nephropathy. N Engl J Med 1993;329:1456-62.
43. Lewis EJ, Hunsicker LG, Clarke WR,
et al. Renoprotective effect of the angiotensin-receptor antagonist irbesartan in
patients with nephropathy due to type 2
diabetes. N Engl J Med 2001;345:851-60.
44. Brenner BM, Cooper ME, de Zeeuw D,
et al. Effects of losartan on renal and cardiovascular outcomes in patients with

type 2 diabetes and nephropathy. N Engl J
Med 2001;345:861-9.
45. Wright JT Jr, Bakris G, Greene T, et al.
Effect of blood pressure lowering and antihypertensive drug class on progression of
hypertensive kidney disease: results from
the AASK trial. JAMA 2002;288:2421-31.
46. Klahr S, Levey AS, Beck GJ, et al. The
effects of dietary protein restriction and
blood-pressure control on the progression
of chronic renal disease. N Engl J Med 1994;
330:877-84.
47. Ruggenenti P, Perna A, Gherardi G,
et al. Renoprotective properties of ACEinhibition in non-diabetic nephropathies
with non-nephrotic proteinuria. Lancet
1999;354:359-64.
48. James PA, Oparil S, Carter BL, et al.
2014 Evidence-based guideline for the
management of high blood pressure in
adults: report from the panel members appointed to the Eighth Joint National Committee (JNC 8). JAMA 2014;311:507-20.
Copyright © 2018 Massachusetts Medical Society.

my nejm in the journal online

Individual subscribers can store articles and searches using a feature
on the Journal’s website (NEJM.org) called “My Account.”
Each article and search result links to this feature. Users can create
personal folders and move articles into them for convenient retrieval later.

644

n engl j med 378;7

nejm.org

February 15, 2018

The New England Journal of Medicine
Downloaded from nejm.org by MOHAMMED ELKOUSY on February 20, 2018. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.

