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Approximately 25.7 million persons in the 
United States, including 7 million children, 
had the diagnosis of asthma as of 2010.1  

It is reported that 4.1 million children experienced 
at  least one asthma exacerbation in 2011.2 Between 
1995 and 2010, exacerbations accounted for one-third 
of all hospital admissions for children younger than 
15  years.3 Asthma caused 3,345 U.S. deaths in 2011,4 
and it accounts for $50.1 billion annually in direct 
health care costs.5 The management of asthma involves 
care plans, chronic medications, and monitoring and 
self-care for acute exacerbations. Therapeutic agents 
used in the chronic management of asthma aim to 
prevent symptoms by controlling airway inflammation 
and hyperreactivity. This article reviews the currently 
available medications and complementary agents for 
chronic asthma management. A previous article in 

American Family Physician discussed the management of 
acute exacerbations.6

Assessment

To provide appropriate long-term medication, 
physicians should assess asthma severity and symptom 
control at diagnosis and at each subsequent visit using 
one of several validated tools, such as the Asthma Control 
Test (https://www.asthma.com/additional-resources/
asthma-control-test.html).7-9 The 2007 National Heart, 
Lung, and Blood Institute/National Asthma Education 
and Prevention Program Expert Panel Report 3 (EPR-3) 
recommends classifying disease severity based on level 
of impairment and risk of adverse events (Figure  1, 
eFigure A, and eFigure B).10 Once disease severity 
is determined, the physician must then decide on 
medication and self-care management options.

Step-Up and Step-Down Therapy

Two general approaches when choosing asthma 
medication regimens are step-up and step-down 
therapy (Figure 2, eFigure C, and eFigure D).10 Step-up 
therapy involves initiating treatment at a low dose and 
assessing symptom control at subsequent visits (every 
two to four weeks), increasing the intensity of therapy 
as needed if control is not initially achieved. Step-down 
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therapy starts with patients receiving a high-dose 
regimen, the intensity of which is reduced as control 
is achieved. The latter approach could be preferred, for 
example, to obtain rapid control in a patient who has 
significant symptoms at the time of diagnosis. Steps 4 
and 5 within the EPR-3 Stepwise Approaches, which 
recommend the use of a medium- or high-dose inhaled 
corticosteroid plus a long-acting beta2 agonist (LABA), 
are common starting points in step-down therapy.

A small randomized trial found that patients with 
moderate persistent asthma who were started on a high-
dose corticosteroid followed by the step-down approach 
experienced a more prompt improvement in respiratory 
function and asthma symptoms, as well as a lower 
maintenance dose of inhaled corticosteroids, compared 
with patients treated with a step-up approach.11 
The  EPR-3 guidelines advise that treatment generally 
be maintained at a high-dose level with patients 
experiencing good symptom control for three months 
before stepping down in intensity; reliable patients 
with well-controlled asthma may be able to step down 
earlier. Physicians should monitor symptom control in 
the period after a step down in therapy because patients 
may have increased symptoms, particularly when an 
LABA is discontinued.12-14 Medications commonly 
used in these two approaches are listed in Table 1, with 
additional information on dosing and adverse effects 
for these drugs available in eTable A.

Inhaled Corticosteroids

Inhaled corticosteroids are the most effective long-
term medication for asthma.10,15-18 They have been 
shown to reduce symptom severity, systemic steroid 
use, emergency department visits, hospitalizations, 
and deaths caused by asthma, and improve asthma 
control, quality of life, and objective measures of lung 
function.10,15-18 Adverse effects of inhaled corticosteroids 
are limited, with only a slight effect on linear growth of 
approximately 0.5 cm per year noted in children. The 
effect on linear growth lessens after the first year of 
medication use and seems to be independent of patient 
age or the type of corticosteroid, dose, or delivery 
mechanism. It is unclear if inhaled corticosteroid use has 
an impact on final adult height.19 Other adverse effects, 
such as dysphonia, are generally self-limited or may be 
improved by changing the delivery mechanism of the 
inhaled corticosteroid.20 There are clinically significant 
differences in patient response to corticosteroids that 
are associated with age, race, and risk factors such as 
smoking. Black children and smokers have an increased 
risk of corticosteroid insensitivity.21,22 In general, 

Table 1. Common Asthma Medications

Short-acting bronchodilators
Albuterol DPI
Albuterol HFA
Albuterol nebulized
Ipratropium/albuterol inhaled
Ipratropium/albuterol nebulized
Levalbuterol HFA
Levalbuterol nebulized

Inhaled corticosteroids
Beclomethasone HFA
Budesonide DPI
Budesonide nebulized
Ciclesonide HFA
Flunisolide HFA
Fluticasone furoate DPI
Fluticasone propionate DPI
Fluticasone propionate HFA
Mometasone DPI
Mometasone HFA

Long-acting beta2 agonists
Budesonide/formoterol
Fluticasone/salmeterol DPI
Fluticasone/salmeterol HFA
Fluticasone/vilanterol

Leukotriene receptor antagonists
Montelukast
Zafirlukast

Leukotriene inhibitor
Zileuton

Methylxanthines
Theophylline

Cromolyn

Monoclonals
Omalizumab
DPI = Dry powder inhaler; HFA = Hydrofluoroalkane.

delivery mechanism and type of steroid have little 
impact on the clinical effectiveness of corticosteroids, 
with the notable exception of a spacer device, which 
can result in a 20% to 30% increase in the amount of 
medication that is deposited in the lungs.23 Dosing of 
inhaled corticosteroids should be managed in a step-
up or step-down fashion based on an assessment of 
symptom control and severity (Figure 2, eFigure C, 
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and eFigure D).10 Whereas abrupt cessation of inhaled 
corticosteroids predisposes patients to acute asthma 
exacerbations, changing the dosage of an inhaled 
corticosteroid does not increase exacerbation risk.24,25

Long-Acting Beta2 Agonists

LABAs are effective for the control of persistent asthma 
symptoms. They initially have an action of more than 
12  to 24 hours. Available non-combination LABAs 
include salmeterol and formoterol. Duration of action 
decreases to less than five hours with chronic regular use 
of LABAs,10 excluding those that contain vilanterol which 
currently lack data regarding duration of action decrease. 
The addition of an LABA to inhaled corticosteroid 
therapy is superior to the addition of leukotriene receptor 
antagonists (LTRAs) to inhaled corticosteroids in reducing 
asthma exacerbations requiring oral corticosteroid use, as 
well as improving quality-of-life measures and the effects 
and frequency of rescue inhaler use.26 Current evidence 
shows no clear difference in the risk of fatal adverse 
events between LABA monotherapy and combination 
therapy with inhaled corticosteroids. The risk of 
nonfatal adverse events is increased with salmeterol 
monotherapy, but it is not significantly increased with 
either formoterol monotherapy or combination therapy 
with inhaled corticosteroids and either LABA option.27 
Current recommendations discourage the use of LABA 
monotherapy for long-term control of asthma.10

Combination Therapy

The combination of an inhaled corticosteroid and an 
LABA is considered a preferred therapy by the EPR-3 
for the control of moderate persistent asthma in children 
five to 11 years of age and those 12 years and older.10 
Combination therapy offers the best prevention of 
severe asthma exacerbations.28 A 2013 study confirmed 
the overall safety of combination inhaled corticosteroid 
and LABA therapy, especially compared with LABA 
monotherapy.29 Combination therapy dosing should be 
managed in a step-up or step-down approach similar 
to the management of inhaled corticosteroid therapy. 
Slight differences in when to start combination therapy 
are noted between the EPR-3 and Global Initiative 
for Asthma (GINA) guidelines.10,30 For example, 
according to step 3 of the EPR-3 stepwise approach for 
patients 12  years and older, either a low-dose inhaled 
corticosteroid plus an LABA, or a medium-dose 
inhaled corticosteroid alone is appropriate (Figure 2).10 
The GINA guidelines recommend a low-dose inhaled 
corticosteroid plus an LABA as the preferred selection 
in this age group, with a medium-dose inhaled 
corticosteroid considered the secondary option.

Leukotriene Modifiers

Leukotriene modifiers include LTRAs and leukotriene 
inhibitors, which both act as anti-inflammatory 
medications. LTRAs block leukotriene receptors, 
whereas leukotriene inhibitors block the production of 
5-lipoxygenase. The two LTRAs licensed in the United 
States are montelukast and zafirlukast. LTRAs may 
be used as monotherapy for mild persistent asthma, 
but are considered second-line agents based on the 
EPR-310 and GINA guidelines.30 For mild to moderate 
asthma, the risk of exacerbation is approximately 50% 
less in patients prescribed an inhaled corticosteroid 
compared with those prescribed an LTRA.15 A 2014 
Cochrane review found an LABA plus inhaled 
corticosteroid to be modestly superior to an LTRA 
plus inhaled corticosteroid in adults with inadequately 
controlled asthma.26 LTRAs are best used to improve 
pulmonary function in patients with aspirin-sensitive 
asthma31 and to decrease symptoms in exercise-induced 
bronchospasm.32,33 They should also be considered in 
patients with mild persistent asthma who prefer not to 
use inhaled corticosteroids. Although LTRAs generally 
have few adverse effects, physicians should be aware 
of rare case reports of eosinophilic granulomatosis with 
polyangiitis (Churg-Strauss syndrome), psychiatric 
symptoms, hypertriglyceridemia, angioedema, urticaria, 
and glomerulonephritis.34

Leukotriene inhibitors, such as zileuton, are a more 
recent addition to the treatment of asthma. Limited data 
show some improvement in peak flows with zileuton 
compared with montelukast.35 However, zileuton 
is extremely expensive and has not been shown to 
improve symptom scores.

Methylxanthines

Theophylline, the most commonly used methylxanthine 
in asthma patients, acts as a bronchodilator at high 
serum concentrations (10 to 20 mcg per L [56 to 111 μmol 
per L]), but has an anti-inflammatory effect at lower 
serum concentrations (5 to 10 mcg per L [28 to 
56  μmol per L]).36,37 Theophylline administered with 
inhaled corticosteroids decreases exacerbations,38 but 
it has similar effects to increasing the dosage of the 
inhaled corticosteroid.39,40 The EPR-3 specifies that 
theophylline is a nonpreferred alternative to inhaled 
corticosteroid.10 The GINA guidelines recommend a 
trial of increased dosage of inhaled corticosteroid before 
considering theophylline, unless steroid sparing is 
necessary, such as in patients with severe glaucoma or 
active tuberculosis infection.30 Patients in developing 
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countries are more likely to use low-dose theophylline 
than inhaled corticosteroids because it is a cheaper 
option.39,40 Although theophylline is considered 
safer at lower serum concentrations, care of patients 
who use theophylline should be comanaged with an 
asthma subspecialist because of the narrow therapeutic 
range of this drug and the risk of death from an 
overdose.36,40 Theophylline is metabolized in the liver 
and is susceptible to drug-drug interactions through 
cytochrome P450 1A2 (Table 2).37,41

Cromolyn

Cromolyn decreases bronchospasm through an anti-
inflammatory effect.42 A 2008 Cochrane review found 
insufficient evidence of benefit of cromolyn over 

Table 2. Common Drug-Drug Interactions with 
Theophylline

Medication or substance Approximate effect on 
serum levels of theophylline 

Alcohol 30% increase 

Ciprofloxacin 40% increase 

Diltiazem Increase or no effect 

Erythromycin 35% increase 

Oral contraceptives 30% increase 

Phenytoin 40% decrease 

Propranolol 100% increase 

Verapamil 20% increase 

Information from references 37 and 41. 

Table 3. Select Complementary and Alternative Asthma Treatments

Name Comments Effectiveness 
for treatment 

Black seed 
(Nigella sativa) 

One small RCT showed improved pulmonary function testing and decreased symptoms 
compared with placebo.59 Effect on pulmonary function testing was less than with 
theophylline.60 

Possibly 
effective 

Butterbur Traditionally used in Taiwan to treat asthma. Has anti-inflammatory properties.61 A small non-
randomized open trial showed 48% decrease in exacerbations, and 40% of patients were 
able to reduce their dosage of inhaled corticosteroids, but results potentially biased due to 
study design. Blinded RCT is needed to determine true benefit and adverse effects.62 

Possibly 
effective 

Caffeine Improves airway function for up to four hours and may impact pulmonary function testing. 
No evidence that results have clinical or quality-of-life significance.63 

Not effective 

Fish oil (omega-3) Theoretically acts to decrease inflammation. Studies of its effectiveness have inconsistent 
results and are poorly designed. A large, well-designed RCT is needed to determine if there 
is any benefit.64

Effectiveness 
unknown

Ginkgo No clinical evidence available. Effect on asthma is theoretical via anti-inflammatory effect in an 
animal model.65 Increases metabolism of theophylline by four times via cytochrome P450 1A2.66 

Effectiveness 
unknown 

Homeopathy A 2004 Cochrane review found no evidence of benefit, citing a lack of quality studies.67 Not effective 

Magnesium Associated with bronchodilatory and anti-inflammatory effects. Small, blinded RCT showed 
improved peak expiratory flow and quality of life and decreased bronchial activity with 340 mg 
of supplementation per day. Larger RCT is needed.68 

Possibly 
effective 

Pycnogenol Small, blinded RCT showed improved peak expiratory flow and decreased use of rescue 
medication compared with placebo group.69 A 2012 Cochrane review concluded insufficient 
evidence is available.70 Larger RCT is needed. 

Possibly 
effective 

Soy Small RCT showed no significant difference compared with placebo.71 Not effective 

Vitamins C and E Associated with anti-inflammatory effects. A 2014 Cochrane review found insufficient 
evidence due to limited small studies and lack of clinically important end points.72 

Effectiveness 
unknown 

Vitamin D Used to treat deficiency associated with severe asthma,73 however, an RCT showed 
vitamin D3 supplementation had no effect on exacerbation rate in vitamin D–deficient patients 
with asthma.74 

Not effective 

RCT = Randomized controlled trial. 

Information from references 59 through 74.
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placebo.43 Because cromolyn is less effective and less 
cost-effective than an inhaled corticosteroid, its use 
should be limited to patients who cannot tolerate 
inhaled corticosteroids.44 Cromolyn is beneficial for 
exercise-induced bronchospasm but is considered 
second-line therapy.44,45

Monoclonal Antibodies

Omalizumab is currently the only monoclonal anti-
immunoglobulin E (IgE) antibody with a U.S. Food and 
Drug Administration indication for asthma.46 It  binds 
the free IgE antibodies, decreasing the release of 
inflammatory mediators from mast cells. In a randomized 
trial, omalizumab reduced the rate of exacerbations 
in inner-city children from 48.8% to 30.3%, resulting 
in decreased reliance on an inhaled corticosteroid.47 
A 2014 Cochrane review found omalizumab effective 
in reducing exacerbations, decreasing the dosage of 
inhaled corticosteroid used, and improving health-
related quality of life.48 Because of its high cost and the 
risk of anaphylaxis, omalizumab should be considered 
only for adults and children 12 years and older with 
confirmed IgE-dependent allergic asthma that is 
uncontrolled with conventional medications.49,50

Immunotherapy

Subcutaneous and sublingual immunotherapies 
involve repeated patient exposure to antigens to 
desensitize the patient to the antigen. Immunotherapy 

is effective in reducing exacerbations, need for 
medication use, and overall cost of care in patients 
with allergic asthma.51-53 

A 2010 Cochrane review found a number needed 
to treat of 4 to avoid one deterioration in asthma 
symptoms, but it could not determine the size of effect 
compared with other therapies.54 Immunotherapy 
should be considered in patients with asthma triggered 
by confirmed allergies who are experiencing adverse 
effects from medication or have other comorbid 
allergic conditions.

Alternative Treatments

The rate of complementary and alternative medicine 
(CAM) use in children and adolescents with asthma 
is as high as 71% to 84%, but 54% of parents do not 
disclose the use of these methods.55,56 CAM use is more 
common among children with poorly controlled asthma 
and those with barriers to treatment.57,58 However, data 
indicate that CAM treatment is typically not used as 
a substitute for conventional medicine.57 Patients who 
are receiving CAM substances should be cautioned 
that there is little regulation to ensure the consistency 
and purity of the contents and that CAM is never 
a substitute for rescue medication. Common CAM 
treatments and their effects on asthma symptoms are 
listed in Table 3.59-74

Note: For complete article visit: www.aafp.org/afp.

eTable A. Common Asthma Medications 

Drug Dosage Adverse effects 

Short-acting bronchodilators 

Albuterol DPI Age > 11 years: 180 mcg every 4 to 6 hours as needed Same as albuterol nebulized 

Albuterol HFA Age 4 to 11 years: 180 mcg every 4 to 6 hours as needed 
Age > 11 years: 180 mcg every 4 to 6 hours as needed 

Same as albuterol nebulized 

Albuterol nebulized Age < 2 years: 0.05 to 0.15 mg per kg every 1 to 6 hours 
as needed, max 1.25 mg per dose
Age 2 to 5 years: 0.1 to 0.15 mg per kg every 4 to 6 hours 
as needed, max 2.5 mg per dose
Age 5 to 11 years: 2.5 mg every 4 to 6 hours as needed, 
max 10 mg per day
Age > 11 years: 2.5 to 10 mg every 1 to 4 hours as needed 

Angina, arrhythmia, bad taste, cough, 
dizziness, headache, hyperglycemia, 
hypertension, hypokalemia, nausea, 
nervousness, palpitations, tachycardia, 
throat irritation, tremor 

Ipratropium/albuterol 
inhaled 

Age < 13 years: 80 mcg/400 mcg to 160 mcg/800 mcg 
every 20 minutes as needed for up to 3 hours
Age ≥ 13 years: 160 mcg/800 mcg every 20 minutes as 
needed for up to 3 hours 

Same as ipratropium/albuterol nebulized 

continues
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eTable A. Common Asthma Medications 

Drug Dosage Adverse effects 

Ipratropium/albuterol 
nebulized 

Age < 13 years: 0.25 mg/1.25 mg to 0.5 mg/2.5 mg every 
20 minutes for three doses, then as needed for up to 
3 hours 
Age ≥ 13 years: 0.5 mg/2.5 mg every 20 minutes for 3 doses, 
then as needed for up to 3 hours 

Angina, arrhythmia, cardiac arrest, 
glaucoma, hyperglycemia, hyperlactatemia, 
hypertension, hypokalemia, hypotension, 
pharyngitis 

Levalbuterol HFA Age 4 to 11 years: 90 mcg every 4 to 6 hours as needed, 
max 540 mcg per day 
Age > 11 years: 90 mcg every 4 to 6 hours as needed, max 
540 mcg per day 

Same as albuterol nebulized 

Levalbuterol nebulized Age 6 to 11 years: 0.31 to 0.63 mg three times a day as 
needed, max dose 0.63 mg 
Age > 11 years: 0.63 to 1.25 mg three times a day as 
needed 

Same as albuterol nebulized 

Inhaled corticosteroids 

Beclomethasone HFA Age 5 to 11 years: 40 to 160 mcg per day 
Age > 11 years: 40 to 640 mcg per day 

Adrenal suppression, cataracts, cough, 
dysmenorrhea, dysphonia, eosinophilia, 
glaucoma, hypercorticism, growth 
suppression, Churg-Strauss syndrome, oral 
candidiasis, osteoporosis 

Budesonide DPI Age 6 to 11 years: 180 to 720 mcg per day 
Age > 11 years: 180 to 1,440 mcg per day 

Same as beclomethasone HFA 

Budesonide nebulized Age 1 to 8 years: 0.25 to 1.0 mg daily Same as beclomethasone HFA 

Ciclesonide HFA Age > 11 years: 80 to 640 mcg per day Same as beclomethasone HFA 

Flunisolide HFA Age 6 to 11 years: 160 to 320 mcg per day 
Age > 11 years: 160 to 640 mcg per day 

Same as beclomethasone HFA 

Fluticasone furoate DPI Age > 11 years: 100 to 200 mcg per day Same as beclomethasone HFA 

Fluticasone propionate 
DPI 

Age 4 to 11 years: 100 to 200 mcg per day 
Age > 11 years: 100 to 1,000 mcg per day 

Same as beclomethasone HFA 

Fluticasone propionate 
HFA 

Age 4 to 11 years: 88 to 176 mcg per day 
Age > 11 years: 88 to 880 mcg per day 

Same as beclomethasone HFA 

Mometasone DPI Age 4 to 11 years: 110 mcg per day 
Age > 11 years: 220 to 440 mcg per day 

Same as beclomethasone HFA 

Mometasone HFA Age > 11 years: 400 to 800 mcg per day Same as beclomethasone HFA 

Long-acting beta2 agonists 

Budesonide/formoterol Age > 11 years: 320 mcg/18 mcg to 640 mcg/18 mcg per day Adrenal suppression, angina, arrhythmia, 
cardiac arrest, cataracts, cough, 
dysmenorrhea, dysphonia, eosinophilia, 
glaucoma, growth suppression, 
hypercorticism, hyperglycemia, 
hypertension, hypokalemia, hypotension, 
oral candidiasis, osteoporosis, palpitations, 
Churg-Strauss syndrome, tremor

(continued)

continues



614

Indian Journal of Clinical Practice, Vol. 29, No. 7, December 2018

IJCP Sutra 486: Get your blood glucose levels monitored at regular intervals.

eTable A. Common Asthma Medications 

Drug Dosage Adverse effects 

Fluticasone/salmeterol 
DPI 

Age 4 to 11 years: 200 mcg/100 mcg per day 
Age > 11 years: 200 mcg/100 mcg to 1,000 mcg/100 mcg 
per day 

Same as budesonide/formoterol

Fluticasone/salmeterol HFA Age > 11 years: 180 mcg/84 mcg to 920 mcg/84 mcg per day Same as budesonide/formoterol

Fluticasone/vilanterol Age ≥ 18 years: 100 mcg/25 mcg to 200 mcg/25 mcg per day Same as budesonide/formoterol

Leukotriene receptor antagonists 

Montelukast Age 1 to 5 years: 4 mg every evening 
Age 6 to 14 years: 5 mg every evening 
Age ≥ 15 years: 10 mg every evening 

Cough, dyspepsia, fatigue, gastroenteritis, 
headache, nasal congestion, 
Churg-Strauss syndrome, rare elevations 
of LFTs, rashA1

Zafirlukast Age 5 to 11 years: 10 mg twice a day 
Age ≥ 12 years: 20 mg twice a day 

Diarrhea, headache, nausea,  
Churg-Strauss syndrome, rare elevations 
of LFTsA2

Leukotriene inhibitor 

Zileuton Age > 12 years: 600 mg four times a day Abdominal pain, dyspepsia, headache, 
myalgia, nausea; rare sleep disorders and 
behavior changesA3

 

Methylxanthines 

Theophylline 300 to 600 mg by mouth, divided, twice a day Serum level < 20 mg per L (111 μmol per L): 
Headache, insomnia, nausea, vomiting 
Serum level > 20 mg per L: Arrhythmias, 
seizuresA4

 

Cromolyn 20-mg inhalation nebulizer four times a day Cough, nasal congestion, nausea, 
sneezing, wheezingA5

 

Monoclonals 

Omalizumab Age > 12 years: 150 to 375 mg subcutaneously every 2 to 
4 weeks 

Headache, injection site reaction, 
pharyngitis, sinusitis, upper respiratory 
tract infection, viral infectionsA6

DPI = Dry powder inhaler; HFA = Hydrofluoroalkane; LFT = Liver function tests.

Information from:
A1Montelukast [package insert]. Whitehouse Station, N.J.: Merck; 2016. https://www.merck.com/product/usa/pi_circulars/s/singulair/ singulair_pi.pdf. Accessed July 28, 2016.
A2Zafirlukast [package insert]. http://druginserts.com/lib/rx/meds/accolate-2/. Accessed August 20, 2015. 
A3 zileuton [package insert]. http://druginserts.com/lib/rx/meds/zyflo-1/. Accessed August 20, 2015. 
A4Theophylline [package insert]. http://druginserts.com/lib/rx/meds/theophylline-8/. Accessed August 20, 2015. 
A5Cromolyn sodium [package insert]. http://druginserts.com/lib/rx/meds/cromolyn-sodium-8/. Accessed August 20, 2015. 
A6omalizumab [package insert]. East Hanover, N.J.: Novartis; 2016. http://www.gene.com/download/pdf/xolair_prescribing.pdf. Accessed July 25, 2016. 

(continued)
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