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Figure. Patient’s levels using a 24-h ambulatory BP monitor (gray indicates <140/90 mm Hg [daytime]
and <120/80 mm Hg [during sleep]; brown indicates BP above the thresholds).

A 65-year-old woman presented to her primary care physician with concerns about large
fluctuations in her blood pressure (BP). The patient’s home BP measurements were often
lower than 120/80 mm Hg but sometimes reached 200/100 mm Hg. She had a non–STsegment elevation myocardial infarction 1 year ago and
was treated with a drug-eluting stent in her right coroEditorial page 1757
nary artery. Her antihypertensive medications included carvedilol (12.5 mg, twice daily), lisinopril (40 mg
Supplemental content
daily), and chlorthalidone (12.5 mg daily). Additionally,
the patient had generalized anxiety and panic disorders (treated with paroxetine, 30 mg),
and she smoked for 90 pack-years but quit 2 months ago. The patient’s office BP measurement was 127/74 mm Hg. Her physical examination was unremarkable.
Twenty-four-hour ambulatory BP monitoring was performed to evaluate patterns of
elevated BP and potential etiologies. The patient kept a log of her diet, sleep pattern, and
symptoms. Mean BP levels were 133/86 mm Hg overall (normal, <130/80 mm Hg); daytime, 135/88 mm Hg (normal, <135/85 mm Hg); and sleeping, 124/78 mm Hg (normal,
<120/70 mm Hg).1 During the first sudden increase in BP (04:00-06:00; Figure), she awoke
from sleep with a panic attack. The second sudden increase (07:00-10:00) occurred after
eating a high-sodium breakfast.

Answer
B. The patient has masked uncontrolled hypertension.

Test Characteristics
Twenty-four-hour ambulatory BP monitoring measures BP over
24 hours, every 15 to 30 minutes during the day, and every 30 to 60
minutes during sleep (eTable in the Supplement). Observational
studies consistently demonstrated that ambulatory BP monitoring is
more predictive of clinical outcomes than office BP measurement.1-4
Testing is indicated when clinicians suspect that office BP does not
reflect ambulatory BP levels. White coat hypertension may be
suspected in patients with office BP levels of 140/90 mm Hg to
169/99 mm Hg, who are nonsmokers, and who report anxiety at clinic
jama.com

HOW DO YOU INTERPRET THESE
RESULTS?

A. The patient has normal BP since
the office BP was normal.
B. The patient has masked
uncontrolled hypertension.
C. The patient has white coat
hypertension.
D. The patient’s BP dips
appropriately during sleep.

visits; however, if patients with these characteristics are smokers,
it is less likely that a clinician would suspect white coat hypertension
because sustained hypertension is more common. Patients with normal office BP but hypertension-related end-organ damage, such as
left ventricular hypertrophy, may have elevated ambulatory BP levels. A normal office BP without antihypertensive medication in a patient with elevated ambulatory BP is defined as having masked hypertension. Patients who meet criteria for masked hypertension and
who are taking antihypertensive medication are classified as having
masked uncontrolled hypertension.
The Centers for Medicare & Medicaid Services covers ambulatory BP monitoring to evaluate white coat hypertension. The prevalence of white coat hypertension is 10% to 35% among patients
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evaluated for hypertension.2,4,5 Medicare reimbursement is $50 to
$70.6 Some private insurers cover ambulatory BP monitors to evaluate additional phenotypes (see eTable in the Supplement), such as
masked hypertension.1,2 Over a 10-year period, more than 40% of
adults with white coat or masked hypertension may develop sustained hypertension.7

Application of Test Result to This Patient
The patient’s hypertension was associated with episodes of anxiety and high-sodium diet. Common causes of ambulatory hypertension include sleep disorders, medication nonadherence, tobacco use, and psychosocial stressors. 8 Adults with masked
hypertension or masked uncontrolled hypertension are more than
twice as likely to develop cardiovascular disease as normotensive
adults.4,9 Treatment should be based on potential etiologies (for this
patient, anxiety and a high-sodium diet) and does not always require antihypertensive drugs.
Normally, nocturnal BP decreases between 10% and 19%. Decreases of 10% or less are considered as inadequate (known as nondipping). Elevated morning BP levels, as read on home BP monitors, can suggest inadequate dipping. In a registry of 17 312 adults
with hypertension, nondipping was associated with a 27% higher
risk of cardiovascular events.10 Proposed explanations include increased sympathetic tone, arterial stiffness, or salt sensitivity. Strategies to treat nondipping include administering medication at night
and treating sleep disorders. However, no randomized trials have
evaluated whether restoring dipping with therapeutic interventions improves outcomes.
Ambulatory BP monitoring could be repeated to confirm
BP control in high-risk patients. Home BP monitoring, if performed correctly, provides similar information as daytime ambulatory BP monitors.2 Patients with white coat hypertension may
benefit from repeat testing every 1 to 2 years to screen for sustained hypertension.1
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Alternative Diagnostic Testing Approaches
Home BP monitors are a reasonable alternative for patients without access to ambulatory BP monitoring. Results of home BP monitors are independently associated with cardiovascular risk, after adjusting for office BP.2,3 Advantages of ambulatory BP monitoring are
that it includes nocturnal measurements, facilitates measurement
outside of the home, does not rely on patient technique, and may
be better tolerated by patients who experience anxiety with BP measurement. In contrast, home BP monitoring allows for BP measurement over more than 1 day and can also help improve BP control.2

Patient Outcome
The patient was encouraged to follow a low-sodium diet. She
began a regimen of amlodipine (5 mg) in the evening to restore
nocturnal dipping. Because some of her hypertensive episodes
were associated with anxiety or mental stress, paroxetine was
increased to 40 mg, and she was referred for counseling. Her daytime BP control improved, based on home BP monitoring. Her
anxiety remained difficult to manage. The large increases in
BP level during panic attacks continued, although her systolic BP
rarely reached 160 mm Hg. A repeat ambulatory BP monitoring
would have been reasonable, but was not performed.

Clinical Bottom Line
• Ambulatory BP monitoring is most often used to evaluate white
coat hypertension.
• Progression from white coat hypertension to sustained
hypertension is common.
• Additional hypertension phenotypes detected with ambulatory BP
monitors include masked hypertension and nocturnal nondipping.
• Causes of masked hypertension or nondipping should be
evaluated and treated accordingly (eg, high-sodium diet, sleep
disorders, and psychosocial stress).
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