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Asthma is a common respiratory
illness characterized by revers-
ible airflow obstruction with air-
way inflammation and hyper-
responsiveness. It affects more
than 300 million people globally
(1), including 26 million in the
United States. Asthma causes
substantial health and economic
burdens, with more than 11 mil-
lion office visits and 10.0 deaths
per 1 million persons in the

United States each year (2). It is
more prevalent in women, Afri-
can Americans, and persons
living below the poverty level.
Although asthma mortality is
decreasing in the United States,
women and African Americans
have increased risk for death due
to asthma, and elderly adults
have the highest rates of severe
asthma and asthma mortality
(3–6).

Diagnosis
What elements of the clinical
history are helpful in
diagnosing asthma?
Symptoms that should prompt
clinicians to consider asthma are
episodic wheezing, dyspnea,
cough, difficulty inspiring, and
chest tightness (7, 8). A key diag-
nostic feature of asthma is that
symptom severity varies over
time, so it is important to take a
careful history to identify the pa-
tient's symptoms and their tim-
ing. For example, symptoms are
characteristically intermittent and
may remit spontaneously or with
use of short-acting bronchodila-
tors. In addition, symptoms often
vary during the day, with worsen-
ing in the evening and early
morning. They also can vary sea-
sonally and may be associated
with specific triggers, such as
cold, exercise, animal dander,
pollen, occupational exposure,
specific foods, aspirin, and non-
steroidal anti-inflammatory
drugs. Viral respiratory infections
are a particularly robust trigger
for most patients. Symptoms
caused by workplace triggers
often improve during weekends
and vacations. A history of
asthma, eczema, or allergic rhini-
tis in first-degree relatives sup-
ports the diagnosis. Clinicians
should also consider asthma as
the cause of chronic cough, es-
pecially if the cough is nocturnal,
seasonal, or related to the work-
place or another activity.

What elements of the physical
examination are helpful for
diagnosis?
Because asthma is episodic, the
physical examination is less help-
ful than a carefully elicited his-
tory, unless the patient is having
an asthma exacerbation during
the examination. The clinician
should listen for wheezing during
tidal respirations and during
forced expiration and should de-
termine whether the expiratory
phase of breathing is prolonged.
The physical examination should
also look for eczema, swelling of
the nasal mucosa, and nasal pol-
yps, all of which suggest atopy.
The examination is sometimes
most helpful for finding evidence
of alternative diagnoses. For ex-
ample, inspiratory crackles might
indicate interstitial lung disease
or congestive heart failure, and
abnormal heart sounds might
indicate heart failure, valvular
disease, or other cardiac causes
of dyspnea.

What are the indications for
spirometry in a patient with
suspected asthma?
It is important to demonstrate
variable airflow obstruction be-
cause the presence, severity, and
timing of wheezing are poorly
correlated with the degree of
airflow obstruction (9, 10), for
several reasons. Patients vary in
the degree of sensitivity to air-
flow limitations, some patients
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can acclimate to the disease and
thus become insensitive to air-
flow obstruction (11), and other
lung processes can mimic the
signs and symptoms of asthma
(Table 1). Therefore, the National
Heart, Lung, and Blood Institute
Expert Panel Report 3 (8); the
Global Initiative for Asthma
(GINA) guidelines (12); and other
guidelines recommend that all
persons older than 5 years with
suspected asthma should have
objective assessments of pulmo-
nary function. The initial assess-
ment should include spirometric
measurement of FEV1, FVC, and
the FEV1–FVC ratio, and these
should be repeated after admin-
istration of a bronchodilator to
evaluate reversibility of airflow
obstruction. Predicted normal
values for spirometric measures
are population-based and differ
by age, sex, and ethnicity (13).
Postbronchodilator improvement
of at least 12% in FEV1 or FVC
and a 200-mL increase in FEV1 or
FVC indicate significant revers-
ibility (14, 15), and reversibility
supports a diagnosis of asthma.
This is true if reversibility follows
bronchodilator use, occurs after
4 weeks of anti-inflammatory
treatment, or occurs without inter-
vening treatment when measured
on different days. The greater the
degree of variability and the more
frequently it is demonstrated, the
more likely asthma is present. Spi-

rometry is effort-dependent and
should therefore be adminis-
tered by trained personnel
who adhere to the standards of
the American Thoracic Society
(16).

What should clinicians do
when patients with suspected
asthma have normal
spirometric results?
Spirometry that documents re-
versible airflow obstruction can
confirm the diagnosis of asthma,
but a normal result does not rule
it out. Spirometry is best used as
part of a diagnostic strategy that
includes a comprehensive his-
tory, a physical examination, and
other laboratory data. Therefore,
when patients have a clinical pic-
ture suggestive of asthma but
normal spirometric results, clini-
cians should consider additional
testing (Table 1).

When should clinicians consider
provocative pulmonary testing?
There is no gold standard for the
diagnosis of asthma. However,
bronchoprovocation with metha-
choline or histamine can help
establish a diagnosis in patients
who report symptoms suggestive
of asthma but have normal spiro-
metric results. One reason is that
hyperresponsiveness after bron-
choprovocation is highly repro-
ducible in a pulmonary function
laboratory (17). The test requires

Table 1. Differential Diagnosis of Asthma

Condition Characteristics

Chronic obstructive pulmonary disease Airway obstruction less reversible; typically seen in older patients with a history of
smoking

Vocal cord dysfunction Abrupt onset and end of symptoms; monophonic wheeze; more common in
younger patients; confirm with videostroboscopy or flow-volume loop

Heart failure Dyspnea and often wheezing; crackles on auscultation; limited response to
asthma therapy; cardiomegaly; edema; elevated B-type natriuretic peptide
level; other features of heart failure

Bronchiectasis Cough productive of large amounts of purulent sputum; rhonchi and crackles are
common; may have wheezing and clubbing; confirmed by computed
tomographic imaging

Allergic bronchopulmonary aspergillosis Recurrent infiltrates on chest radiograph; eosinophilia; high IgE levels;
Aspergillus antigen sensitization

Cystic fibrosis Cough productive of large amounts of purulent sputum; rhonchi and crackles are
common; prominent clubbing; may have wheezing

Mechanical obstruction More localized wheezing; if central in location, flow-volume loop may provide a clue
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sophisticated instrumentation
and is labor-intensive and expen-
sive. Although it is considered
safe, it is usually not recom-
mended in patients with an FEV1
less than 65% of the predicted
value (17, 18). A 20% decrease in
FEV1 after challenge with stan-
dard doses of methacholine de-
fines airway hyperresponsive-
ness, which is a key feature of
asthma, although it is present in
other conditions. Studies of
methacholine challenge suggest
that it identifies most patients
with asthma and that most pa-
tients with negative results do
not have asthma (17, 18).

Alternatively, marked diurnal
variability in peak flow measure-
ments made by the patient and
recorded in a diary multiple
times a day for at least 2 weeks
can help to establish asthma as
the cause of symptoms. However,
peak flow measurements are
highly effort-dependent and can-
not be assessed for quality in this
setting, and they are therefore
less reliable. In addition, spirom-
etry before, during, or after exer-
cise may be used to document
bronchoconstriction in patients
with exercise-induced asthma.
Substituting peak flow measure-
ment for spirometry when evaluat-
ing a patient for exercise-related

asthma is easy and inexpensive, but
peak flow measurement is less pre-
cise and has limited reproducibility
and sensitivity (19).

What alternative diagnoses
should clinicians consider?
The differential diagnosis of
asthma is broad (Table 1). Clini-
cians should consider an alterna-
tive diagnosis when asthma is
difficult to control or the patient
has atypical signs and symptoms,
particularly if spirometry does not
support an asthma diagnosis.
Further testing, such as complete
pulmonary function testing that
includes lung volumes and diffus-
ing capacity, may be revealing
(Table 2). For example, evidence
of a lack of reversibility of airflow
obstruction suggests chronic
obstructive pulmonary disease
(COPD), whereas a restrictive
pattern with reductions in FEV1
and FVC but a normal FEV1–FVC
ratio suggests interstitial lung
disease. An important factor that
can help differentiate asthma
from COPD is smoking history.
COPD most often occurs in older
persons with a substantial history
of cigarette smoking and is char-
acterized by chronic bronchitis
and emphysema. Patients with
COPD may have reversibility with
bronchodilators on pulmonary
function testing, but this is less

Table 2. Laboratory and Other Studies for Asthma

Test Comments

Pulmonary function tests Spirometry demonstrating reversible airflow obstruction supports the diagnosis of asthma,
but normal result does not exclude it; lung volume and flow-volume loops should be
evaluated to rule out other diagnoses

Bronchoprovocation Positive results are diagnostic of airway hyperresponsiveness, which is a feature of asthma
but may exist in other conditions; negative results essentially rule out asthma

Chest radiograph Useful in ruling out other diagnoses; a finding of hyperinflation is consistent with asthma
but is often a transient phenomenon found in the setting of an acute exacerbation

Allergy testing Skin or in vitro testing to determine sensitivity may be useful in patients with persistent
disease to evaluate the role of allergens in asthma management; however, there is no
clear diagnostic value

Complete blood count with
differential

Mild eosinophilia is common in asthma; eosinophil levels can predict response to biologic
therapies

Sputum evaluation Not indicated for routine initial evaluation
IgE Mild elevation is common with allergic asthma and may be used to evaluate patients for

omalizumab therapy; however, routine measurement is not recommended for initial
evaluation

Fractional exhaled nitric oxide Elevated levels can help identify type 2 airway inflammation and steroid responsiveness;
use for diagnosis not currently recommended
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114:861-76. [PMID:
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20. Calverley PM, Burge PS,
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disease. Thorax. 2003;
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exacerbations without
increased rate of lung
function decline: five-
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smokers from the COPD-
Gene Study. Chest.
2018;153:368-77.
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R, et al; PLATINO Team.
Increased risk of exacer-
bation and hospitaliza-
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overlap phenotype:
COPD–asthma. Chest.
2014;145:297-304.
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Ann Allergy Asthma
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common and the amount of re-
versibility is smaller and less con-
stant over time (20). In addition, it
is possible for a patient to have
asthma and interstitial lung dis-
ease, and it is not uncommon for
a patient to have asthma and
COPD. The latter combination
results in worse symptoms and a
higher risk for exacerbations and
hospitalizations than either disor-
der alone (21, 22). Moreover,
upper-airway disorders, such as
tracheal stenosis or an endo-
bronchial mass, can produce
asthma-like symptoms. When this
occurs, inspection of the flow-
volume loop from pulmonary
function testing may reveal fixed
or variable airway obstruction.
Also, a plain chest radiograph
or computed tomography can
identify bronchiectasis or lung
masses. Echocardiography is
useful for identifying cardiovas-
cular disorders, including ische-
mic heart disease, ventricular
dysfunction, and pulmonary hy-
pertension. Vocal cord dysfunc-
tion should be considered if the
patient reports prominent in-
spiratory breathlessness with
throat tightness or voice dysfunc-
tion during attacks (23).

When should clinicians
consider referral to a specialist?
Clinicians should consult a pul-
monologist before ordering pro-
vocative pulmonary function test-
ing because testing is time- and

labor-intensive and requires
skilled performance and interpre-
tation. Referral to a pulmonolo-
gist should be considered when
the patient has atypical symp-
toms, an abnormal chest radio-
graph, pulmonary function test
results that suggest both obstruc-
tion and restriction, unusual man-
ifestations of the disease, or a
suboptimal response to therapy.
Clinicians should consider refer-
ring a patient to an allergist when
asthma seems to have an allergic
component, such as when there
is seasonal variation in symptom
severity or sensitivity to specific
environmental exposures (see
the Box: Clinical Scenarios That
Should Prompt Referral to a
Specialist).

Clinical Scenarios That Should
Prompt Referral to a Specialist

• History of life-threatening
exacerbations

• Atypical signs and symptoms
• Severe persistent asthma
• Need for continuous oral

corticosteroids or high-dose
inhaled steroids or >2 courses
of oral steroids in a 1-year
period

• Comorbid conditions that
complicate asthma diagnosis
or treatment

• Need for provocative testing
or immunotherapy

• Problems with adherence or
allergen avoidance

• Occupational or other exposures
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Occupational asthma. N
Engl J Med. 2014;370:
640-9. [PMID:
24521110]

25. Althuis MD, Sexton M,
Prybylski D. Cigarette
smoking and asthma
symptom severity among
adult asthmatics. J
Asthma. 1999;36:257-
64. [PMID: 10350222]

26. Weiss ST, Utell MJ,
Samet JM. Environmen-
tal tobacco smoke expo-
sure and asthma in
adults. Environ Health
Perspect. 1999;107
Suppl 6:891-5. [PMID:
10592149]

27. Thomson NC, Chaudhuri
R, Livingston E. Asthma
and cigarette smoking.
Eur Respir J. 2004;24:
822-33. [PMID:
15516679]

28. Ho G, Tang H, Robbins
JA, et al. Biomarkers of
tobacco smoke exposure
and asthma severity in
adults. Am J Prev Med.
2013;45:703-9. [PMID:
24237911]

29. Ostro BD, Lipsett MJ,
Mann JK, et al. Indoor
air pollution and asthma.
Results from a panel
study. Am J Respir Crit
Care Med. 1994;149:
1400-6. [PMID:
8004290]

30. Gold DR, Adamkiewicz G,
Arshad SH, et al. NIAID,
NIEHS, NHLBI, and
MCAN Workshop Report:
The indoor environment
and childhood asthma—
implications for home
environmental interven-
tion in asthma preven-
tion and management. J
Allergy Clin Immunol.
2017;140:933-49.
[PMID: 28502823]

31. Institute of Medicine
Committee on the As-
sessment of Asthma and
Indoor Air. Executive
summary. In: Clearing
the Air: Asthma and
Indoor Air Exposures.
Washington, DC: Na-
tional Academies Pr;
2000.

32. Kanchongkittiphon W,
Mendell MJ, Gaffin JM,
et al. Indoor environ-
mental exposures and
exacerbation of asthma:
an update to the 2000
review by the Institute of
Medicine. Environ Health
Perspect. 2015;123:6-
20. [PMID: 25303775]

33. Kader R, Kennedy K,
Portnoy JM. Indoor envi-
ronmental interventions
and their effect on
asthma outcomes. Curr
Allergy Asthma Rep.
2018;18:17. [PMID:
29470668]

Diagnosis... A careful history focusing on the nature and timing of
symptoms (wheezing, dyspnea, cough, chest tightness) and potential
triggers is essential to the diagnosis of asthma. Moderate-quality evi-
dence supports use of spirometry in the assessment of all adult patients
and older children suspected of having asthma. However, normal spiro-
metric results do not rule out asthma. Clinicians should consider pro-
vocative pulmonary testing for patients with characteristic symptoms of
asthma but normal spirometric results and no evidence of alternative
diagnoses.

CLINICAL BOTTOM LINE
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Treatment
What advice should clinicians
give about reducing exposure
to allergens and other irritants?
Because approximately half of
patients with asthma are atopic,
reducing exposure to environ-
mental allergens often improves
outcomes. Therefore, avoidance
of triggers is a key aspect of non-
pharmacologic asthma therapy,
and clinicians should question
patients about triggers and pro-
vide strategies to reduce expo-
sure to them (see the Box: Mea-
sures to Reduce Exposure to
Environmental Allergens and Irri-
tants). Because about 15% of
adult asthma is work-related, cli-
nicians should inquire specifically
about workplace triggers. Occu-
pational asthma includes asthma
that is directly caused by expo-
sure to sensitizing or irritant sub-
stances in the workplace and
preexisting asthma that is exacer-
bated by these substances. Typi-
cal sensitizing substances include
animal and plant allergens; latex;
grains; and diisocyanates, which
are chemicals used to manufac-
ture polyurethane products.
Those at risk include farmers and
animal care workers, health care
workers, latex glove users, bak-
ers, and manufacturers of poly-
urethane products. A key clinical
indicator of occupational asthma
is symptom improvement during
weekends, vacations, and other
time away from work (24). Other
common triggers include aspirin,
nonsteroidal anti-inflammatory
drugs, and the sulfites in food
preservatives. Once sensitized,
patients may react to very low levels
of exposure to any trigger. Limiting
exposure to triggers is difficult to
implement or sustain in some pa-
tients; however, even modest limita-
tions can be beneficial.

Exposure to tobacco smoke is a
common cause of asthma exacer-
bations (6), and several studies
have identified active and pas-
sive cigarette smoking as a cause

of decreasing lung function in
adults with asthma (25, 26). Pa-
tients with asthma who are ex-
posed to smoke have worse mor-
bidity and mortality than those
who are not. Smoking seems to
reduce the therapeutic effect of
inhaled corticosteroids, perhaps
by modulating the type and de-
gree of airway inflammation (27).
One study showed that elevated
levels of biomarkers for tobacco
exposure were associated with
increased asthma severity (28).
Another study of 164 nonsmok-
ing adults with asthma found
that those who were exposed to a
smoker at home had more days of
restricted activity (odds ratio, 1.61
[95% CI, 1.06–2.46]) and greater
likelihood of increased symptoms
during the study (odds ratio, 2.05
[CI, 1.79–2.40]) (29).

What advice should clinicians
give about use of indoor air-
cleaning devices?
It seems logical that indoor air-
cleaning devices would help pa-
tients with asthma (30). However,
there is little evidence that clean-
ing household air ducts or using
high-efficiency particulate air fil-
ters helps control asthma symp-
toms, and the Institute of Medi-

Measures to Reduce Exposure to
Environmental Allergens and
Irritants

• Use air conditioning to
maintain humidity <50%

• Remove carpets
• Limit fabric household items,

such as upholstered furniture,
drapes, and soft toys

• Use impermeable covers for
mattresses and pillows

• Launder bedding weekly in
water that is ≥130 °F

• Ensure adequate ventilation
• Exterminate to reduce

presence of cockroaches
• Remove cats from the home
• Reduce dampness in the home
• Avoid wood-burning or unvented

gas fireplaces or stoves
• Avoid tobacco smoke
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35. Sanders MJ. Guiding
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DIAL G16, a tool for
improving inhaler tech-
nique. Pulm Med. 2017;
2017:1495867. [PMID:
29348936]

36. Irwin RS, Curley FJ,
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services improve health-
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870-6. [PMID:
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Volcheck GW, et al. The
risk of asthma exacerba-
tion after reducing in-
haled corticosteroids: a
systematic review and
meta-analysis of random-
ized controlled trials.
Allergy. 2014;69:510-6.
[PMID: 24571355]

39. Suissa S, Ernst P, Benay-
oun S, et al. Low-dose
inhaled corticosteroids
and the prevention of
death from asthma. N
Engl J Med. 2000;343:
332-6. [PMID:
10922423]

40. Covar RA. Pivotal efficacy
trials of inhaled cortico-
steroids in asthma. Ann
Allergy Asthma Immu-
nol. 2016;117:582-8.
[PMID: 27979013]

41. Pandya D, Puttanna A,
Balagopal V. Systemic
effects of inhaled cortico-
steroids: an overview.
Open Respir Med J.
2014;8:59-65. [PMID:
25674175]

42. McKeever T, Harrison
TW, Hubbard R, et al.
Inhaled corticosteroids
and the risk of pneumo-
nia in people with asth-
ma: a case-control study.
Chest. 2013;144:1788-
94. [PMID: 23990003]
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cine does not recommend
indoor air-cleaning devices as
part of an overall plan to reduce
allergen exposure (31, 32). In
addition, humidifiers must be
cleaned often and may still in-
crease allergen levels. Instead,
experts recommend keeping
household humidity below 50%
with dehumidifiers or air condi-
tioners because this reduces
asthma symptoms and the need
for medication (8, 12, 33).

How should clinicians assess
asthma?
The Global Strategy for Asthma
Management and Prevention
publishes the GINA report each
year to update guidelines for as-
sessing and managing asthma
(12). Current guidelines empha-
size the importance of monitor-
ing symptoms during each health
care contact by using the Asthma
Control Test or the Asthma Con-
trol Questionnaire combined
with risk stratification. Asthma is
well controlled when the patient
has few or no symptoms, no activ-
ity limitations, and little or no need
for rescue medications. Nocturnal
symptoms are especially impor-

tant, and their presence indicates
loss of control even when they are
infrequent (Table 3).

Of the many factors that predict
worse outcomes, the most impor-
tant are low lung function, 1 or
more severe exacerbations in the
preceding 12 months, and a his-
tory of intubation or intensive
care unit admission for asthma
(see the Box: Risk Factors for
Poor Outcomes During Exacer-
bations). Therefore, measuring
lung function is an important part
of ongoing assessment. Guide-
lines suggest performing spirom-
etry at the time of initial diagno-
sis; after therapy has stabilized
symptoms; after any prolonged
exacerbation or progressive,
chronic worsening; and approxi-
mately yearly for routine monitor-
ing of disease progression (8,
12).

Assessment should also include
reviewing treatment during each
visit. Most patients use inhaled
medications, and it is important
that they administer them opti-
mally; studies have found that
many patients use inadequate
techniques with their inhalers

Table 3. Asthma Assessment

Component Comments

Symptoms The patient's asthma is controlled when:
Symptoms occur <2 d/wk
Nighttime awakenings occur <2 times/mo
Interference with normal activities does not occur
SABA use for symptom control occurs <2 d/wk
Asthma Control Test result is >20
Asthma Control Questionnaire result is >0.75

Risk for exacerbations and adverse
outcomes

There is risk for exacerbations and adverse outcomes when the patient:
Uses a SABA for symptom control ≥2 d/wk
Does not use an ICS or uses it incorrectly
Has an FEV1 <60% of the predicted value
Has high levels of airway obstruction reversibility
Has major psychological or socioeconomic problems
Is exposed to smoke
Is sensitive to allergens, including food allergens
Has obesity or chronic rhinosinusitis
Has eosinophilia of sputum or blood
Is an adult with allergic asthma and has an elevated FENO while using an ICS
Is pregnant
Was ever intubated or in intensive care because of asthma
Had ≥1 severe exacerbation during the previous 12 mo

Level of lung function Follow trends from performance of spirometry at diagnosis, after starting controller
treatment, after exacerbations, and periodically thereafter

FENO = fractional exhaled nitric oxide; ICS = inhaled corticosteroid; SABA = short-acting �2-agonist.
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(34). The ideal way to review in-
haler technique is to observe pa-
tients using their inhalers during
each visit and to provide feed-
back. Inhalers vary considerably
in the amount of inspiratory flow
needed for optimal delivery,
which should be considered
when prescribing these agents
(35). In addition, using spacer
devices with pressurized
metered-dose inhalers can re-
duce errors that occur when the
patient tries to coordinate inhala-
tion with inhaler actuation. More-
over, comorbid conditions that
can affect asthma control should
be identified and addressed,
such as rhinitis, rhinosinusitis,
gastroesophageal reflux, obesity,
obstructive sleep apnea, depres-
sion, and anxiety. Studies have
confirmed that when clinicians
use a standardized method for
evaluating these conditions,
the patient's asthma control im-
proves (36, 37).

How should clinicians select
from among available drugs?
The goals of asthma treatment
are to control symptoms; main-
tain patient activity levels; and
reduce risk for adverse outcomes
from exacerbations, loss of lung
function, and medication adverse
effects. Therefore, assessment
should be continuous, and ther-
apy should change to reflect the

most recent assessment. This
process depends on guided self-
management by the patient that
is facilitated by the treating clinician.

The Figure illustrates this ap-
proach, which requires different
drugs in successive steps accord-
ing to an assessment of the pa-
tient's status. It involves drugs for
short-term relief of symptoms
(rescue therapy) and different
drugs for long-term control. Res-
cue therapy is required for all
patients regardless of asthma
severity because even patients
with intermittent asthma can have
severe exacerbations. Patients
with persistent symptoms and
others with intermittent symp-
toms that can be severe require a
long-term controller in addition
to rescue therapy. The clinician
should initiate therapy on the
basis of the patient's symptoms
and the likely severity of symp-
toms that might occur during an
exacerbation given the risk fac-
tors in Table 3, the recommen-
dations in Table 4, and the drug
information in the Appendix Ta-
ble (available at Annals.org). The
most important risk factors are
reduced FEV1, an exacerbation
in the prior year that required
oral corticosteroids, and a previ-
ous intensive care unit admis-
sion for asthma.

After therapy has been initiated,
it should be continually assessed
and adjusted on the basis of the
level of asthma control (Table 3
and Figure). If asthma is not well
controlled, the patient should
step up to more intense therapy.
This may involve an increased
dose of inhaled corticosteroid or
addition of a second controller. If
symptoms are well controlled for
3 or more months, the patient
should step down to less inten-
sive therapy. This may involve
stopping the second controller
or reducing the dose of inhaled
corticosteroid. A 25%–50% de-
crease in inhaled corticosteroid
dose is an appropriate initial tar-
get. During this process, the clini-
cian should ensure that the pa-

Risk Factors for Poor Outcomes
During Exacerbations

• Prior intubation or near-fatal
asthma attack

• Multiple asthma-related
exacerbations

• Overuse of short-acting
�2-agonists

• Emergency department visits
or hospitalization for asthma in
the previous year

• Nonuse of or low adherence to
inhaled corticosteroids

• Recent or current use of oral
corticosteroids

• History of depression,
substance abuse, psychiatric
disorder, unemployment, or
recent bereavement

• Food allergy
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tient knows the importance of
promptly reporting any increase
in symptoms (38).

Clinicians should review the ef-
fect of changes in therapy 1–3
months after initiation and 1–3
months after a step up or down.
The frequency of follow-up
should depend on the level of
control. The clinician should rec-
ognize that asthma is a chronic
disease that often requires long-
term therapy and that multiple
drugs with different mechanisms
of action are usually necessary.

Rescue Therapy
Patients with intermittent asthma
may need only a quick-relief

medication on an as-needed
basis. Short-acting �2-agonists
(SABAs) are the drugs of choice
for reversal of acute broncho-
spasm because they are safe and
well tolerated. Patients with per-
sistent asthma (mild, moderate,
or severe) who maintain long-
term controller therapy should
also receive a SABA, with advice
to keep it readily available for
relief of acute symptoms.

Long-Term Controller Therapy
Controller medications are used
to provide ongoing symptom
relief and prevent exacerbations.
Several classes of controllers ex-
ist that target different mecha-
nisms of the asthmatic profile,

Figure. Step therapy for asthma.

Preferred
controller

choice

Reliever

Other
controller

options

Low-dose ICS

Step 1 Step 2
Step 3

Step 4

Step 5

Refer for add-
on treatment

(e.g.,
tiotropium§,

anti-IgE,
anti–IL-5*)

Add low-
dose OCS

SABA or low-dose ICS/formoterol as needed‡

Add tiotropium§
High-dose ICS

plus either LTRA
or theophylline*

Medium- or
high-dose
ICS/LABALow-dose

ICS/LABA†

Medium- or high-
dose ICS
Low-dose

ICS plus either LTRA
or theophylline*

LTRA
Low-dose theophylline*

SABA as needed

Consider
low-dose

ICS

Adapted from reference 12. ICS = inhaled corticosteroid; IL-5 = interleukin-5; LABA = long-
acting �2-agonist; LTRA = leukotriene-receptor antagonist; OCS = oral corticosteroid; SABA =
short-acting �2-agonist.
* Not for children aged <12 y.
† For children aged 6–11 y, the preferred step 3 treatment is medium-dose ICS.
‡ For patients prescribed beclomethasone–formoterol or budesonide–formoterol maintenance
and reliever therapy.
§ Tiotropium by mist inhaler is an add-on treatment for patients with a history of exacerbations.
It is not indicated in children aged <6 y.

Table 4. Choice of Initial Therapy for Asthma

Symptoms Future Risks* Initial Therapy†

Less than twice per month None SABA only (step 1)
Less than twice per month Any SABA plus low-dose ICS (step 2)
At least twice per month Any SABA plus low-dose ICS (step 2)
On most days Any Low-dose ICS/LABA or medium-dose

ICS (step 3)
Nighttime symptoms occur at least once per week,

regardless of other symptoms or future risks
Any Low-dose ICS/LABA or medium-dose

ICS (step 3)
Severe uncontrolled symptoms or exacerbation Any Oral corticosteroid and moderate-dose

ICS/LABA (step 4)

ICS = inhaled corticosteroid; LABA = long-acting �2-agonist; SABA = short-acting �2-agonist.
* See Table 3.
† See Figure and the Appendix Table.
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and it may be useful to combine
different classes to achieve good
control. The choice of therapy
generally depends on an assess-
ment of risk and should be ad-
justed on the basis of symptom
response and patient tolerance.

Inhaled glucocorticoids are the
most effective class of controller
medications (39, 40). They allevi-
ate several pathologic processes
that are involved in the asth-
matic response, including
edema of the airway mucosa,
mucus hypersecretion, and
airway inflammation. Many
strengths and formulations are
available, and because individ-
ual responses can vary, it is rea-
sonable to try an alternative for-
mulation in the same class when
therapeutic response is not ade-
quate. Adverse effects are dose-
related and vary by drug and
formulation; the most common
are oral candidiasis, dysphonia,
and other effects related to local
deposition. However, additional
adverse effects, including adre-
nocortical suppression, reduced
bone mineral density, and cata-
racts, can occur because of sys-
temic absorption. They usually
do not occur at doses below
400 mcg of inhaled budesonide
daily or equivalent doses of
other inhaled glucocorticoids
(41). An increased rate of pneu-
monia is found with high-dose
and high-potency formulations
(42). In active smokers, the effec-
tiveness of inhaled corticoste-
roids is diminished, and higher
dosing may be required. Clini-
cians must remember that the
risks of inhaled glucocorticoids
are substantially less worrisome
than the adverse effects of oral
glucocorticoids.

Inhaled long-acting �2-agonists
(LABAs) that provide sustained
airway dilation with once- or
twice-daily dosing are also im-
portant. When added to inhaled
glucocorticoids, they improve
control and decrease risk for ex-
acerbations. For patients whose

asthma is not adequately con-
trolled by moderate-strength
inhaled glucocorticoids, the in-
haled glucocorticoid should be
replaced with a LABA and a glu-
cocorticoid combined in a single
inhaler (12, 43, 44). Administra-
tion in a single inhaler is pre-
ferred because it improves ad-
herence and reduces cost. Using
LABAs without glucocorticoids
increases risk for asthma-related
death, which led the U.S. Food
and Drug Administration (FDA) in
2003 to place a black box warn-
ing on all inhalers containing LA-
BAs, including those with com-
bined LABAs and glucocorticoids
(45). However, in 2017, the FDA
removed the black box warning
from inhalers with combined
LABAs and glucocorticoids be-
cause 5 new clinical trials showed
that inhaled LABAs did not in-
crease risk for asthma-related
hospitalization, intubation, or
death when combined with in-
haled glucocorticoids, and the
combination resulted in signifi-
cantly fewer exacerbations
(46–48).

In a multicenter randomized controlled trial of
11 693 patients with persistent asthma and
1– 4 exacerbations in the prior year despite
therapy, treatment with budesonide–formot-
erol was associated with lower risk for exacer-
bations than treatment with budesonide
alone, with similar risks for serious asthma-
related events in both groups (46).

Leukotriene-receptor antagonists
have a modest bronchodilatory
effect and are used to treat
upper-airway conditions, such as
allergic rhinitis. Patients with
aspirin-exacerbated respiratory
disease often respond well to
these agents, especially zileuton
because it blocks the cysteinyl
leukotrienes implicated in the
inflammatory pathway more ef-
fectively than other drugs in this
class (49).

Oral glucocorticoids are routinely
used to treat acute exacerba-
tions, but long-term use exposes
patients to the well-known ad-
verse effects of these agents.

Long-acting muscarinic antago-
nists (LAMAs) provide sustained
airway dilation. For example,
tiotropium improves lung func-
tion and reduces exacerbations
when added to combination
therapy with an inhaled glucocor-
ticoid and a LABA in patients
whose symptoms are not ade-
quately controlled. In addition, a
LAMA can be substituted for a
LABA in patients with excessive
adverse effects from the latter.
However, LAMAs should not rou-
tinely be used before LABAs for
long-acting airway dilation.

Patients with intermittent symp-
toms can be treated in step 1
with a SABA as needed to control
symptoms (Figure). However,
even patients with intermittent
asthma benefit from controller
therapy if they have any risk fac-
tors for exacerbations; these pa-
tients should use low-dose in-
haled corticosteroids daily or
when symptoms are present (12).
All patients with persistent symp-
toms require long-term controller
therapy (step 2 or above). The
preferred step 2 therapy is low-
dose inhaled corticosteroids,
which reduce risk for exacerba-
tions, bronchial hyperresponsive-
ness, and the need for rescue
�-agonist use. Alternatives to in-
haled corticosteroids for step 2
therapy are leukotriene-receptor
antagonists or theophylline.

Preferred step 3 therapy consists
of low-dose inhaled corticoste-
roids combined with a LABA, and
step 4 is moderate- or high-dose
inhaled corticosteroids with a
LABA. The addition of a long-
acting bronchodilator decreases
use of rescue �-agonists, reduces
symptoms, and improves lung
physiology more than doubling
the dose of an inhaled corticoste-
roid alone (46). Alternative com-
binations are available for each
step of therapy, but there are few
studies to guide the choice of
these. For example, direct com-
parisons indicate that high-dose
inhaled corticosteroids are more
effective than leukotriene-receptor
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modifiers, such as montelukast, but
the addition of montelukast to high-
dose inhaled corticosteroids allows
the dose of inhaled corticosteroids
to be reduced (50).

Patients with persistent symp-
toms despite use of moderate-
or high-dose combinations of
inhaled corticosteroids with a
LABA may require 3 controller
medications for symptom control
(step 5). Patients with this level of
disease are extremely prone to
exacerbations and have profound
underlying inflammation. Options
include adding tiotropium, which
improves lung function and reduces
exacerbations when added to an
inhaled glucocorticoid and a LABA
(51), or initiating biologic therapy
(Table 5).

In a randomized trial of symptomatic patients
with an FEV1 less than 80% of the predicted
value and at least 1 exacerbation in the prior
year, the addition of tiotropium to a regimen
of an inhaled glucocorticoid and a LABA was
associated with a longer time until another ex-
acerbation and a modest improvement in FEV1
compared with placebo (51).

Before each step up in therapy, it
is important to reassess the pa-
tient's inhaler technique, adher-
ence, comorbid conditions, and
modifiable risk factors. For exam-
ple, studies estimate that more
than 50% of patients with asthma
do not use their inhaled thera-
pies as directed.

Newer antibody therapies di-
rected against specific mediators
of the asthmatic response can be
used in patients with severe
asthma that is not adequately
controlled with standard therapy.
These antibody therapies have
significantly altered treatment for
some patients. Several types of
biologic therapies are now avail-
able, with many more in develop-
ment (Table 5). Available agents
are directed against pathways
that generate IgE or activate eo-
sinophils, and they interact with
the cytokines interleukin-4 (IL-4),
IL-5, and IL-13. These cytokines
are secreted mainly by T-helper
type 2 cells; this class of asth-
matic airway inflammation is re-

ferred to as type 2. At least half
of patients with asthma have
type 2 inflammation, and this
percentage may be higher in
patients with severe asthma (52).
Clinically recognizable charac-
teristics are combined with bio-
markers to determine whether
patients have type 2 inflamma-
tion that could benefit from
specific biologic treatments, a
process often referred to as phe-
notyping. Common clinical char-
acteristics that suggest such a
phenotype include atopy, sea-
sonal exacerbations, hay fever,
and sensitivity to an allergen.
Biomarker evaluation in these
patients often shows some com-
bination of serum or sputum eo-
sinophilia, high IgE levels, and
elevated fractional exhaled nitric
oxide (53). If patients have
atopy, as documented by skin
testing or elevated serum
allergen-specific IgE with high
total IgE levels, they can benefit
from omalizumab. Omalizumab
is a monoclonal antibody that
binds to IgE and reduces exacer-

Table 5. Biologic Therapies for Moderate to Severe Asthma

Drug Dosing Mechanism Indications Adverse Effects

Omalizumab (Xolair) 75–375 mg by
subcutaneous injection
every 2 or 4 wk

Determine dose (in mg)
and dosing frequency
by serum total IgE level
(in international units
per mL), measured
before the start of
treatment, and by body
weight (in kg)

Anti-IgE
Binds the Fc receptor

Allergic asthma with IgE
level of 30–1300
IU/mL and ≥1 positive
aeroallergen skin test
result or elevated
specific aeroallergen
IgE level

Black box warning (risk
for anaphylaxis)

Mepolizumab 100 mg by subcutaneous
injection every 4 wk

Anti–IL-5
Binds the IL-5 ligand

Eosinophilic asthma
with suggested AEC
>0.150–0.300 × 109

cells/L

Causes anaphylaxis rarely

Reslizumab 3 mg/kg by intravenous
infusion every 4 wk

Anti–IL-5
Binds the IL-5 ligand

Eosinophilic asthma
with suggested AEC
>0.400 × 109 cells/L

Benralizumab 300 mg subcutaneously in
3 monthly doses, then
every 8 wk

Anti–IL-5
Binds the IL-5 receptor

Eosinophilic asthma
with suggested AEC
>0.300 × 109 cells/L

Dupilumab Initial dose 400 or 600 mg
subcutaneously
followed by 300 or 200
mg subcutaneously
every 2 wk

Anti–IL-4 and anti–IL-13
Binds the IL-4 receptor

Eosinophilic asthma
with suggested AEC
>0.150 × 109 cells/L

AEC = absolute eosinophil count; IL = interleukin.
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bations in patients with severe
persistent asthma despite ther-
apy with high-dose inhaled corti-
costeroids and a LABA or other
pharmacologic therapies (54).
Patients with eosinophilia with or
without atopic features can be
treated with inhibitors of IL-5, a
potent agent of eosinophilic re-
cruitment and maturation. These
drugs include mepolizumab and
reslizumab, which directly bind
IL-5, and benralizumab, which
binds the IL-5 receptor and
causes eosinophil apoptosis
(55). The absolute eosinophil
count that predicts efficacy var-
ies by agent and ranges from
0.150–0.400 × 109 cells/L, re-
gardless of IgE level (Table 5).

Dupilumab is a human monoclo-
nal antibody that blocks signal-
ing by both IL-4 and IL-13 and,
consequently, type 2 inflamma-
tion (56, 57). All agents that tar-
get type 2 inflammation have
favorable effects in patients with
moderate to severe asthma and
a type 2 phenotype. These in-
clude improvements in symp-
toms and lung function and re-
ductions in the need for oral
glucocorticoids and exacerba-
tions, although these effects vary
among agents (Table 5). Ad-
verse effects can include hyper-
sensitivity reactions, and 2 of the
agents (omalizumab and resli-
zumab) have black box warnings
due to risks for anaphylaxis.
Costs of these treatments are
substantial, and clinicians should
consider them in selected cases
of severe persistent asthma only
after careful review and optimi-
zation of the existing treatment
plan. One study showed that
more than half of patients be-
lieved to have severe persistent
asthma were reclassified after
systematic steps to verify the
diagnosis, address comorbid
conditions, and document ad-
herence to medications (58).
However, if advanced step 5
therapy prevents or reduces
hospitalizations, use of biologics

in patients with severe asthma
with type 2 inflammation is likely
to be cost-effective.

In a pooled analysis of 3 randomized, double-
blind, placebo-controlled trials of 1405 pa-
tients using inhaled corticosteroids for allergic
asthma, treatment with omalizumab reduced
hospitalizations, emergency department visits,
and unscheduled outpatient visits compared
with placebo (54).

What is the role of
nonpharmacologic therapy?
Comprehensive asthma care
strategies include avoidance of
triggers with allergen manage-
ment, reduced exposure to envi-
ronmental tobacco smoke, and a
healthy diet and exercise pro-
gram to promote weight loss.
Obesity is an important risk factor
for asthma, and weight loss im-
proves asthma control and lung
function while reducing exacer-
bations and hospitalizations (59,
60).

Bronchial thermoplasty is a radio-
frequency airway treatment ad-
ministered using bronchoscopy
that can reduce exacerbations
and improve quality of life in
carefully selected patients. It was
designed to prevent broncho-
constriction by reducing the
amount of airway smooth muscle.
Candidates are patients with an
FEV1 greater than 60% and se-
vere asthma that is poorly con-
trolled despite high-dose therapy
with a combination of an inhaled
glucocorticoid and a LABA. Cur-
rent guidelines suggest that ther-
moplasty be performed only
within a registry or research study
to gather more data on its long-
term effectiveness (61).

Many patients are interested in
alternative treatments, such as
acupuncture and complementary
or herbal therapies. There is in-
adequate evidence to support or
refute the role of such therapies
in chronic asthma management,
except guidelines specifically
recommend against acupuncture
(8). Physicians are also advised to
counsel patients on the possible

risks of complementary therapy,
such as herbal medications, be-
cause different countries regulate
these products in different ways.

What therapies are effective for
exercise-induced bronchospasm?
Exercise-induced bronchospasm
is among the most common trig-
gers of symptoms in patients with
known asthma. It also occurs in
patients without asthma and in
elite athletes during high-
intensity exercise. Environmental
factors play a key role in precipi-
tating symptoms. Exercise in
cold, dry air, such as during win-
ter or in indoor ice rinks; expo-
sure to high levels of trichlora-
mine in swimming pools; and
inhalation of airborne particu-
lates and ozone have been impli-
cated. Patients should not have
to limit activity because of
exercise-induced bronchospasm.
Patients who have normal base-
line pulmonary function but ex-
perience exercise-induced symp-
toms, such as cough, shortness of
breath, or wheezing, can be
treated effectively with inhaled
albuterol administered 5–20 min-
utes before exercise. If exercise-
induced symptoms persist, the
addition of daily inhaled cortico-
steroids or leukotriene-receptor
antagonists may be helpful. In a
study of patients with mild stable
asthma, once-daily treatment
with montelukast protected
against exercise-induced bron-
chospasm (62). Patients should
also perform warm-up exercise
before the planned exercise and,
if exercising in cold weather,
should wear a mask or other de-
vice that warms and humidifies
the inspired air. The clinician
should consider exercise-
induced bronchospasm in the
context of the patient's overall
therapy. Many patients who
present with putative exercise-
induced bronchospasm may
have abnormal pulmonary func-
tion test results at baseline. Such
patients should be treated ac-
cording to the regimens de-
scribed previously (12).
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When should clinicians refer
patients to a specialist?
Patients with asthma requiring
step 5 therapies should usually
be referred for specialty care.
Estimates suggest that these pa-
tients make up a small fraction of
the total asthma population, yet
they account for more than 50%
of the total costs of asthma treat-
ment. In these patients, system-
atic assessment to confirm the
diagnosis, evaluate any comor-
bid conditions, and initiate tar-
geted therapies improves asthma
control and the patient's quality
of life and reduces health care
use (37). Other patients who may
benefit from specialty care in-
clude those with a history of a
near-fatal asthma attack and
those who require 2 or more
courses of oral corticosteroids
per year. These patients need
phenotyping to classify their air-
way inflammatory profile, fol-
lowed by treatment with the ap-
propriate agent. For patients with
type 2 inflammation, this is most
often a biologic. Whether to con-
sult an allergist or a pulmonolo-
gist should be based on local
availability and the patient's spe-
cific features. For example, in a
community with skilled pul-
monologists and allergists, a
patient with sleep apnea and
asthma may benefit from referral
to a pulmonologist, whereas a
patient who has asthma with an
atopic component may benefit
from referral to an allergist.

What should patients know
about their asthma?
Patients should know enough
about their asthma to self-
manage their symptoms, includ-
ing acute exacerbations (8, 12).
They should know the early signs
and symptoms of deterioration
and the appropriate action to
take because early intervention
may prevent emergency depart-

ment visits and hospitalization.
Clinicians and patients should
agree on a written action plan
that includes daily management,
how to recognize signs and
symptoms of worsening, and
how to adjust medications in re-
sponse to acute symptoms or
changes in the peak expiratory
flow rate. The plan should specifi-
cally address how patients
should adjust medications and
doses and when they should
seek medical attention. Patients
with moderate or severe disease
should have medications (such as
oral corticosteroids) and equip-
ment (such as a nebulizer) avail-
able at home for immediate
treatment of exacerbations.

When should oral
corticosteroids be used for
outpatient treatment?
Selected patients who have an
acute increase in symptoms may
be managed as outpatients with
appropriate escalation of therapy
and instructions to seek urgent
care if symptoms persist or
worsen. On the basis of their
written action plan, all patients
should use their SABA for wors-
ening symptoms, and some
should step up their controller
medication. If symptoms remain
incompletely controlled after
24–48 hours, oral corticosteroids
in modest doses (40-60 mg of
prednisone or prednisolone per
day) should be given for 5–7
days. Patients who start use of
oral corticosteroids as outpa-
tients should continue frequent
(every 4 hours) use of SABAs and
follow up promptly with a physi-
cian to ensure improved control.
They should also be instructed to
immediately seek medical atten-
tion if symptoms persist or
worsen or if SABAs are required
more frequently than every 4
hours.

When is hospitalization
indicated?
Patients who have a sustained
response to treatment in outpa-

tient settings generally do not
need to be hospitalized if they
understand the importance of
continued anti-inflammatory
therapy and close follow-up. The
decision to hospitalize a patient
with asthma should recognize
patient characteristics (including
the risk factors in Table 3), dis-
ease severity, and the initial re-
sponse to short-term therapy.
Additional variables to consider
include the availability of assis-
tance and the reliability of close
follow-up care. Patients with a
moderate or severe exacerba-
tion and an incomplete re-
sponse to therapy may need
hospitalization. Symptoms of a
moderate to severe exacerba-
tion include difficulty speaking in
sentences, profound air hunger,
and inability to lie supine. Physi-
cal examination may show agita-
tion, significant tachypnea and
tachycardia, and use of acces-
sory respiratory muscles. Re-
duced or absent wheezing on
chest examination of a patient in
respiratory distress from asthma
is an ominous sign and may indi-
cate impending respiratory fail-
ure. If obtainable, objective
measurement of pulmonary
function is more accurate than
symptoms in determining the
severity of the attack. An exacer-
bation is moderate when the
FEV1 is 40%–69% of its pre-
dicted value or the peak expira-
tory flow rate is 40%–69% of the
patient's personal best, and an
exacerbation is severe if the
FEV1 or the peak expiratory flow
rate is less than 40% of the pre-
dicted value. When posttreat-
ment peak expiratory flow rate
remains below 40% of the pre-
dicted value, intensive care unit
admission may be warranted.
However, data are insufficient to
support the idea that adequate
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oxygen saturation and peak ex-
piratory flow rate at the time of
emergency department dis-
charge can consistently predict a
good outcome.

What factors identify a patient
at high risk for fatal or
near-fatal events during an
exacerbation?
Asthma history, socioeconomic
characteristics, and comorbid
conditions can identify patients
with high risk for fatal or near-
fatal events during an exacer-
bation (Table 3). Of the many
factors that predict worse out-
comes, the most important are
low lung function, 1 or more se-
vere exacerbations in the pre-
ceding 12 months, and a history
of intubation or intensive care
unit admission for asthma.

How often should clinicians see
patients for routine follow-up?
No definitive studies are avail-
able to guide the frequency of
follow-up, but consensus sug-
gests that patients with newly
diagnosed asthma should be

seen 1–3 months after starting
therapy and then every 3–12
months on the basis of symptom
response. The GINA guidelines
suggest follow-up within 7 days
for patients treated for an
exacerbation (12).

Practice Improvement
Do U.S. stakeholders consider
asthma care when evaluating
the quality of care a physician
delivers?

Since Medicare and Medicaid
were instituted in 1965, many
long-term programs have
evolved to measure and pro-
mote quality in the U.S. health
care system. Increasingly, these
measurements have been tied to
reimbursement, and several
asthma care metrics are in-

cluded. For ambulatory patients,
these include an assessment of
symptom control and appropri-
ate pharmacologic therapy (www
.cms.gov/apps/ama/license.asp?
file=/PQRS/downloads/PQRS
_2016_Measure_List_01072016
.xlsx). Currently, provider reim-
bursement from the Centers for
Medicare & Medicaid Services
(CMS) is subject to value-based
modification based on some of
these quality measures, with fu-
ture strategies for additional

value-based reimbursement in
development. CMS has also de-
veloped prevention quality indi-
cators as part of performance
measurement for Medicare Ac-
countable Care Organizations
and uses the ratio of observed
to expected hospital admissions
for asthma or COPD as a reflec-
tion of quality of asthma care
(https://cmit.cms.gov/CMIT
_public/ReportMeasure?measure
RevisionId=682).

Treatment... Patients should try to identify and avoid asthma triggers. Al-
though air conditioners or dehumidifiers may be helpful, the usefulness of
indoor air-cleaning devices is uncertain. All patients with asthma should have
SABAs available for relief of acute symptoms. For patients with persistent
asthma or risk for exacerbations, treatment with long-term controller medica-
tions can be stepped up or down as needed to maintain disease control. The
key to a successful step-up or step-down treatment plan is to closely monitor
symptoms. Serial measures of asthma control should guide treatment
changes to minimize potential risk for exacerbations and long-term adverse
effects. An acute increase in symptoms requires prompt recognition and in-
crease in treatment, and all patients should be advised about how to recog-
nize the early signs of clinical deterioration and how to respond. Careful evalu-
ation and monitoring are required to identify when patients with an acute
increase in symptoms require hospitalization.

CLINICAL BOTTOM LINE
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In the Clinic

Tool Kit
Asthma

Patient Information

https://medlineplus.gov/asthma.html
https://medlineplus.gov/languages/asthma.html
Information on asthma in English and other languages

from the National Institutes of Health's MedlinePlus.

www.nhlbi.nih.gov/health-topics/asthma
www.nhlbi.nih.gov/health-topics/espanol/asma
Information for patients on asthma in English and Span-

ish from the National Heart, Lung, and Blood Institute.

www.cdc.gov/asthma/faqs.htm
Answers to frequently asked questions about asthma

from the Centers for Disease Control and Prevention.

Information for Health Professionals

www.cdc.gov/asthma/healthcare.html
Information on asthma for health care professionals from

the Centers for Disease Control and Prevention.

www.nhlbi.nih.gov/health-pro/resources/lung/naci
/asthma-info/asthma-guidelines.htm

National asthma guidelines from the National Asthma
Education and Prevention Program, coordinated by the
National Heart, Lung, and Blood Institute.

www.euforea.eu/aria
Information and 2016 guidelines on allergic rhinitis and

its effect on asthma from the European Forum for Re-
search and Education in Allergy and Airway Diseases, in
collaboration with the World Health Organization. In

the
Cli

nic

1 October 2019 Annals of Internal Medicine In the Clinic ITC63 � 2019 American College of Physicians

Downloaded from https://annals.org by Simerjot Simerjot Jassal on 10/14/2019

https://medlineplus.gov/asthma.html
https://medlineplus.gov/languages/asthma.html
http://www.nhlbi.nih.gov/health-topics/asthma
http://www.nhlbi.nih.gov/health-topics/espanol/asma
http://www.cdc.gov/asthma/faqs.htm
http://www.cdc.gov/asthma/healthcare.html
http://www.nhlbi.nih.gov/health-pro/resources/lung/naci/asthma-info/asthma-guidelines.htm
http://www.nhlbi.nih.gov/health-pro/resources/lung/naci/asthma-info/asthma-guidelines.htm
http://www.euforea.eu/aria


WHAT YOU SHOULD
KNOW ABOUT ASTHMA

What Is Asthma?
Asthma is an illness that affects the airways in your

lungs and makes it hard to breathe. When you
have asthma, tubes that bring air to the lungs
become swollen. Being around certain sub-
stances that irritate your lungs, like smoke, dust,
or mold, can trigger a reaction called an asthma
attack.

What Are Symptoms?
Symptoms of asthma include:
• Coughing
• Wheezing
• Difficulty taking a deep breath
• Tightness in your chest

You may experience worsening symptoms when:
• Exercising
• Breathing irritants, such as smoke, pollen, or

animal dander
• Breathing irritants at work, such as dust or

fumes
• Taking aspirin and other medications

How Is It Diagnosed?
• Your clinician will ask you questions about

your medical history and your symptoms and
do a physical examination.

• You may have spirometry, which is a painless
test that measures how much air you can
breathe out and how fast you can breathe air
out before and after using an inhaled
medication.

• If you have unusual symptoms or your asthma
is difficult to control with standard treatment,
your clinician might refer you to a specialist.

How Is It Treated?
You can usually control your asthma through med-

ication and by reducing exposure to triggers.
Your clinician may prescribe several types of
medicine, such as:

• An inhaled medicine that can quickly relieve
symptoms during an asthma attack

• A different inhaled medicine you can take
every day to prevent asthma attacks

• Medicines you can take by mouth to help
when you are having an attack or to prevent
attacks

Ask your clinician to watch you use your inhaled
medications and provide feedback on your tech-

nique. More than half of patients do not take
their inhaled medications correctly.

Nonmedical treatment of asthma includes identify-
ing and reducing environmental triggers:

• Stop smoking, and avoid secondhand tobacco
smoke

• Use air conditioners and dehumidifiers to
reduce moisture in your home

• Remove carpets and limit fabric household
items

• Remove allergenic pets from the home
Other things you can do include losing weight if

you are overweight or obese, eating a healthy
diet, exercising regularly, and making sure other
chronic conditions are well controlled.

Develop a written action plan with your clinician to
help you understand how to keep your asthma
under control, when and how to take your medi-
cine, and when to get emergency help. This plan
may include monitoring your peak flow rate with
a simple meter that measures how well air
moves out of your lungs. The reading on the
meter and your symptoms can tell you when to
start following the steps in your action plan. It
will also help your clinician make decisions
about your treatment and inform how to adjust
your medications.

Questions for My Doctor
• What tests should I have to diagnose asthma?
• How can I prevent an asthma attack?
• Do I need an inhaler? Would you show me

how to use it?
• Should I use a peak flow meter at home?
• Do I need a controller medication?
• What should I do if I have an asthma attack?
• When should I get emergency help?

For More Information
National Heart, Lung, and Blood Institute
www.nhlbi.nih.gov/health-topics/asthma

MedlinePlus
https://medlineplus.gov/asthma.html

A tutorial on proper use of a metered-dose inhaler
https://youtu.be/9ipqxF-4p5g
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Appendix Table. Drug Treatment for Asthma

Drug or Drug Class Dosing Adverse Effects Precautions Clinical Use

Inhaled short-acting �2-agonists Sympathomimetic effects, such
as tremor and tachycardia

Hypokalemia, hyperglycemia,
hypersensitivity reactions

Caution with cardiovascular
disease, hyperthyroidism,
diabetes, narrow-angle
glaucoma, seizure disorder

First line for mild, intermittent
symptoms

Albuterol (Proventil HFA,
Ventolin HFA, Proair HFA,
Accuneb)

MDI (90 mcg/inhalation): 2
inhalations every 4–6 h as
needed

Nebulizer: 2.5 mg every 6–8 h
as needed

For acute exacerbations, can
increase MDI to 4–8
inhalations every 1–4 h or
nebulizer to 2.5–10 mg
every 1–4 h

Levalbuterol (Xopenex,
Xopenex HFA)

MDI (45 mcg/inhalation): 2
inhalations every 4–6 h as
needed

Nebulizer: 0.63–1.25 mg every
8 h

For acute exacerbations, can
increase MDI to 4–8
inhalations every 1–4 h or
nebulizer to 1.25–5 mg
every 1–4 h

Inhaled corticosteroids Dose depends on previous
asthma therapy

Xerostomia, flushing, cataracts,
glaucoma, oral candidiasis,
hoarseness, purpura

Low incidence of HPA
suppression and bone loss

Caution with diabetes For mild to severe persistent
asthma

Beclomethasone (QVAR) Inhaler (40, 80
mcg/inhalation): 40–160
mcg twice daily

Budesonide (Pulmicort
Flexhaler, Pulmicort
Turbuhaler)

DPI (90, 180 mcg/inhalation):
360 mcg twice daily

DPI (200 mcg/inhalation):
200–400 mcg twice daily

Ciclesonide (Alvesco) MDI (80, 160 mcg/inhalation):
80–320 mcg twice daily

Fluticasone propionate (Flovent
HFA, Flovent Diskus)

MDI (44, 110, 220
mcg/inhalation): 88–440
mcg twice daily

DPI (50, 100, 250
mcg/inhalation): 100–1000
mcg twice daily

Fluticasone furoate (Arnuity
Ellipta)

DPI (50, 100, 200
mcg/inhalation): 1
inhalation daily

Mometasone (Asmanex
Twisthaler, Asmanex HFA
MDI)

DPI (110, 220 mcg/inhalation):
220 mcg once daily in the
afternoon; maximum of
220–440 mcg twice daily
HFA (100 or 200
mcg/inhalation)

Leukotriene modifiers Rare neuropsychiatric events Alternatives for mild to moderate
persistent asthma

Montelukast (Singulair) 10 mg once daily in the
afternoon

Rare systemic eosinophilia

Zafirlukast (Accolate) 20 mg twice daily Elevated hepatic enzyme levels,
hypersensitivity reactions,
rare systemic eosinophilia

Avoid with hepatic disease
Inhibits CYPs 1A2, 2C8,

2C9, and 3A4
Increased international

normalized ratio with
warfarin

Zileuton (Zyflo CR) Extended-release: 1200 mg
twice daily, ≤1 h after meals

Elevated hepatic enzyme levels,
flu-like syndrome

Avoid with hepatic disease
Check liver function at

baseline and periodically
thereafter

Substrate and potent
inhibitor of CYP1A2

Inhaled long-acting �2-agonists Sympathomimetic effects, such
as tremor and tachycardia

Paradoxical bronchospasm,
hypersensitivity reactions

Hypokalemia or hyperglycemia
(rarely)

Black box warning for
asthma-related death

Caution with cardiovascular
disease, hyperthyroidism,
diabetes, narrow-angle
glaucoma, seizure disorder

Tolerance can occur over time

For moderate to severe
persistent asthma

Must also use a controller

Salmeterol (Serevent Diskus) 50 mcg (1 oral inhalation)
every 12 h

Continued on following page
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Appendix Table—Continued

Drug or Drug Class Dosing Adverse Effects Precautions Clinical Use

Oral corticosteroids Long-term use can result in HPA
suppression,
immunosuppression,
hypertension, adverse
neurologic effects, glucose
intolerance, weight gain,
myopathy, cataracts,
osteoporosis

For acute exacerbations
Generally not for long-term use

Prednisone 40–80 mg total daily dose,
dosed 1–2 times daily, for a
total course of 3–10 d;
tapered doses may be
considered

Prednisolone (Prelone,
Flo-Pred, Orapred)

40–80 mg total daily dose,
dosed 1–2 times daily, for a
total course of 3–10 d;
tapered doses may be
considered

Methylprednisolone (Medrol) Oral or intravenous: 40–80 mg
total daily dose, dosed 1–2
times daily, for a total
course of 3–10 d; tapered
doses may be considered

Methylxanthine
Theophylline (Theo-Dur

Theochron, Theo-24)
Dose must be individualized;

aim for serum levels of 5–15
μg/mL

Intravenous: 0.2–0.4 mg/kg
per hour

Immediate-release: Initially
300 mg total daily dose,
dosed every 6–8 h; can
increase to 400–1600 mg
total daily dose, dosed
every 6–8 h

Extended-release: Initially 300
mg total daily dose, dosed
every 8–12 h; can increase
to 400–1600 mg total daily
dose, dosed every 8–12 h

Controlled-release (Theo-24):
Initially 300–400 mg every
24 h; can increase to
400–1600 mg total daily
dose, dosed every 12–24 h

Gastrointestinal and
cardiovascular effects

Narrow therapeutic index
Many drug interactions due

to CYP450 hepatic
metabolism

Use low dose with hepatic
disease or heart failure
and in elderly adults

Caution with cardiac
disease, thyroid disease,
peptic ulcer disease,
prostatic hypertrophy,
seizure disorder,
smoking

Inhaled anticholinergics Dry mouth, additional
anticholinergic effects

Caution with closed-angle
glaucoma, bladder neck
obstruction, prostatic
hypertrophy

Ipratropium (Atrovent, Atrovent
HFA)

MDI (17 mcg/inhalation): 2–3
inhalations 4 times daily

Nebulizer: 500 mcg 3–4 times
daily

May have additive benefit to
inhaled �2-agonists for severe
exacerbations

Tiotropium (Spiriva HandiHaler,
Spiriva Respimat)

Powder in capsules for use
with HandiHaler: 18 mcg
once daily

Respimat: 2 inhalations once
daily

Magnesium sulfate 2 g intravenously Avoid with atrioventricular
block

Caution with chronic kidney
disease

For severe acute exacerbations
that do not respond to other
medication

Combination agents
(corticosteroid and long-acting
�2-agonist)

Budesonide–formoterol
(Symbicort)

80/4.5 mcg, 160/4.5 mcg,
dosed in 2 inhalations twice
daily

Mometasone–formoterol
(Dulera)

100/5 mcg, 200/5 mcg, dosed
in 2 inhalations twice daily

Fluticasone–salmeterol (Advair
Diskus, Advair HFA)

DPI: 100/50 mcg, 250/50
mcg, 500/50 mcg, dosed in
1 inhalation twice daily

MDI: 45/21 mcg, 115/21 mcg,
230/21 mcg, dosed in 2
inhalations twice daily

Fluticasone furoate–vilanterol
(Breo Ellipta)

100/25 mcg or 200/25 mcg 1
inhalation daily

CYP = cytochrome P450 isoenzymes; DPI = dry powder inhaler; HFA = hydrofluoroalkane; HPA = hypothalamic–pituitary–adrenal;
MDI = metered-dose inhaler.
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