
The new england  
journal of medicine

n engl j med 375;7 nejm.org August 18, 2016 619

established in 1812 August 18, 2016 vol. 375 no. 7

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr. 
Phipatanakul at the Division of Allergy 
and Immunology, Boston Children’s Hos-
pital, Harvard Medical School, 300 Long-
wood Ave., Boston, MA 02115, or at  wanda 
. phipatanakul@  childrens . harvard . edu.

* A complete list of the principal investi-
gators at the National Heart, Lung, and 
Blood Institute (NHLBI) Asthma Network 
(AsthmaNet) data coordinating center
and clinical centers is provided in the
Supplementary Appendix, available at
NEJM.org.

N Engl J Med 2016;375:619-30.
DOI: 10.1056/NEJMoa1515990
Copyright © 2016 Massachusetts Medical Society.

BACKGROUND
Studies have suggested an association between frequent acetaminophen use and 
asthma-related complications among children, leading some physicians to recom-
mend that acetaminophen be avoided in children with asthma; however, appropri-
ately designed trials evaluating this association in children are lacking.
METHODS
In a multicenter, prospective, randomized, double-blind, parallel-group trial, we 
enrolled 300 children (age range, 12 to 59 months) with mild persistent asthma and 
assigned them to receive either acetaminophen or ibuprofen when needed for the 
alleviation of fever or pain over the course of 48 weeks. The primary outcome was the 
number of asthma exacerbations that led to treatment with systemic glucocorticoids. 
Children in both treatment groups received standardized asthma-controller therapies 
that were used in a simultaneous, factorially linked trial.
RESULTS
Participants received a median of 5.5 doses (interquartile range, 1.0 to 15.0) of trial 
medication; there was no significant between-group difference in the median num-
ber of doses received (P = 0.47). The number of asthma exacerbations did not differ 
significantly between the two groups, with a mean of 0.81 per participant with acet-
aminophen and 0.87 per participant with ibuprofen over 46 weeks of follow-up 
(relative rate of asthma exacerbations in the acetaminophen group vs. the ibuprofen 
group, 0.94; 95% confidence interval, 0.69 to 1.28; P = 0.67). In the acetaminophen 
group, 49% of participants had at least one asthma exacerbation and 21% had at 
least two, as compared with 47% and 24%, respectively, in the ibuprofen group. 
Similarly, no significant differences were detected between acetaminophen and 
ibuprofen with respect to the percentage of asthma-control days (85.8% and 86.8%, 
respectively; P = 0.50), use of an albuterol rescue inhaler (2.8 and 3.0 inhalations per 
week, respectively; P = 0.69), unscheduled health care utilization for asthma (0.75 and 
0.76 episodes per participant, respectively; P = 0.94), or adverse events.
CONCLUSIONS
Among young children with mild persistent asthma, as-needed use of acetamino-
phen was not shown to be associated with a higher incidence of asthma exacerba-
tions or worse asthma control than was as-needed use of ibuprofen. (Funded by 
the National Institutes of Health; AVICA ClinicalTrials.gov number, NCT01606319.)
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Many children younger than 12 
years of age receive acetaminophen each 
week, making it the most commonly 

used pediatric medication in the United States.1 
Observational data from both pediatric and adult 
cohorts have suggested an association between 
acetaminophen use and concurrent asthma symp-
toms and decreased lung function.2-6 Furthermore, 
a post hoc analysis of a randomized trial on the 
safety of short-term use of acetaminophen ver-
sus ibuprofen for febrile illnesses in children 
similarly showed that the relative risk of un-
scheduled visits for asthma after the use of acet-
aminophen was substantially higher than the 
risk after the use of ibuprofen.7 These findings 
have led to much controversy and even alarm; 
some physicians have recommended that until 
data supporting its safety become available, acet-
aminophen should be completely avoided in 
children with asthma.8 However, observational 
studies and post hoc analyses are prone to bias 
and confounding by indication,9 and appropri-
ately designed randomized trials that have pro-
spectively evaluated the association between the 
standard use of acetaminophen for children and 
asthma symptoms in a well-characterized cohort 
are lacking. Given that both acetaminophen and 
ibuprofen are commonly used and are the only 
readily available agents for fever or pain in young 
children, we sought to investigate in a blinded, 
randomized trial whether the use of acetamino-
phen, when clinically indicated, was associated 
with higher morbidity related to asthma than that 
with ibuprofen, among children 12 to 59 months 
of age who have mild persistent asthma.

Me thods

Study Design and Oversight

The Acetaminophen versus Ibuprofen in Children 
with Asthma (AVICA) trial was a multicenter, 
randomized, double-blind, parallel trial that was 
conducted from March 2013 through April 2015. 
The study included a run-in period of 2 to 8 weeks, 
with the duration of the run-in period varying 
according to the severity of asthma symptoms at 
presentation and prior exposure to asthma med-
ication; the run-in period was followed by ran-
domization to one of two antipyretic, analgesic 
medications, acetaminophen or ibuprofen. In the 
Individualized Therapy for Asthma in Toddlers 

(INFANT) trial — a simultaneous, factorially 
linked, randomized, double-blind, double-dummy, 
triple-crossover trial (ClinicalTrials.gov number, 
NCT01606306) — the participants received stan-
dardized asthma-controller therapies that includ-
ed daily use of inhaled glucocorticoids (flutica-
sone propionate, two inhalations at 44 μg each, 
twice daily), daily use of an oral leukotriene-recep-
tor antagonist (montelukast, 4 mg, once daily at 
bedtime), and as-needed use of inhaled glucocor-
ticoids (fluticasone propionate, two inhalations at 
44 μg each, with each use of open-label albuterol 
sulfate) (further details of the INFANT trial are 
provided in the AVICA protocol, available with the 
full text of this article at NEJM.org). After the 
run-in phase was completed, children underwent 
randomization in a two-step process — one to 
determine the sequence of asthma-controller ther-
apy in the INFANT trial and the other to determine 
the antipyretic, analgesic medication assignment 
in the AVICA trial. The assigned antipyretic, anal-
gesic medications were then administered to the 
participants by the caregivers in a blinded manner 
and on an as-needed basis over the course of the 
48-week trial.

The Asthma Network (AsthmaNet) of the Na-
tional Heart, Lung, and Blood Institute (NHLBI) 
funded the study and convened an independent 
data and safety monitoring board, which moni-
tored the trial and reviewed the primary analy-
ses. The protocol was developed by the Asthma-
Net Steering Committee and was approved by an 
NHLBI protocol review committee and data and 
safety monitoring board, as well as the institu-
tional review board at each participating site. 
NHLBI program officers participated in the study 
design, conduct of the trial, and interpretation of 
the data. The manufacturers of the trial medica-
tions had no input in the design of the study, the 
accrual or interpretation of the data, or the prepa-
ration of the manuscript. All the authors vouch for 
the accuracy and completeness of the data and 
analyses and for the fidelity of this report to the 
trial protocol. Parents or legal guardians provided 
written informed consent for all trial participants.

Sites and Participants

The trial was conducted at 18 sites in the United 
States. Children 12 to 59 months of age were 
eligible if they met the criteria for receiving long-
term step 2 asthma-controller therapy, as defined 
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in Expert Panel Report 3 from the National Asth-
ma Education and Prevention Program.10 Step 2 
asthma-controller therapy (low-dose inhaled glu-
cocorticoids, montelukast, or cromolyn) is recom-
mended for children who meet the clinical crite-
ria for mild persistent asthma (i.e., symptoms on 
more than 2 days per week, but not daily). Chil-
dren were excluded if they had any history of an 
adverse reaction to any of the trial medications 
or if there was evidence that they might show 
poor adherence to the trial medication regimens 
or study procedures. Details of the inclusion and 
exclusion criteria are provided in the protocol.

Study Medications

Acetaminophen suspension (160 mg per 5 ml; 
Little Fevers by Little Remedies [grape flavor], 
Medtech Products) and ibuprofen suspension 
(100 mg per 5 ml; Children’s Advil [grape flavor], 
Pfizer Consumer Healthcare) were purchased in 
liquid form that had similar taste and appear-
ance to maintain double blinding. Furthermore, 
the medications were taken out of their original 
packaging and placed in new packaging that had 
identical appearance for the two treatment groups. 
The data coordinating center at Penn State College 
of Medicine purchased and prepared the trial 
medications and dosing devices. Standard dosing 
devices were provided to the parents or legal 
guardians, who were instructed on the proper 
use. Parents or legal guardians were also pro-
vided with clear oral and written instructions for 
administering the medication according to the 
typical indicated use in home care as needed for 
pain, fever, or discomfort, with no more than one 
dose every 6 hours.

The dosing strategy was in accordance with 
dosing guidelines of the American Academy of 
Pediatrics.11 Acetaminophen was administered at 
a dose of 15 mg per kilogram of body weight 
every 6 hours as needed, and ibuprofen was ad-
ministered at a dose of 9.4 mg per kilogram every 
6 hours as needed. This dosing strategy ensured 
that the volume of a single dose of either trial 
medication was the same (0.47 ml per kilogram 
per dose) so that the study personnel would remain 
unaware of the treatment-group assignments.

An adequate amount of trial medication was 
dispensed to the parents or legal guardians, who 
were unaware of the treatment-group assignments, 
at each clinic visit on the basis of the child’s 

weight. At each assessment point during the 
course of the trial, parents or legal guardians 
reported medication use either in person or by 
telephone. In addition to monitoring the quantity 
of trial medications, diaries and questionnaires 
were used to track the timing and reasons for 
the use of the trial medication (e.g., fever, pain, 
upper respiratory tract infection, or other reason). 
At each return visit to the clinic, parents or legal 
guardians returned their unused medication 
supply and received a new supply. Because acet-
aminophen and ibuprofen are widely available over 
the counter, open-label administration of these 
medications was also assessed every 4 weeks at 
each assessment point.

Outcome Measures

The primary outcome was the number of asthma 
exacerbations per participant. An asthma exac-
erbation was defined as a clinically significant 
increase in asthma symptoms that led to treat-
ment with systemic glucocorticoids (oral, intra-
venous, or intramuscular). A list of the criteria 
for treatment with systemic glucocorticoids is 
provided in the Supplementary Appendix, avail-
able at NEJM.org.

Prespecified secondary outcomes included 
the percentage of asthma-control days, the aver-
age use of rescue albuterol, and the frequency of 
unscheduled health care utilization for asthma. 
Asthma-control days were defined as full calen-
dar days without the use of rescue medications 
for asthma, daytime asthma symptoms, noctur-
nal asthma symptoms, and unscheduled health 
care visits for asthma. Caregivers recorded symp-
toms and the use of rescue albuterol daily in an 
electronic diary. Unscheduled health care utili-
zation was determined by self-report. To account 
for over-the-counter antipyretic, analgesic medi-
cations that might have been used during the run-
in phase before randomization, outcome data from 
the first 2 weeks after randomization were not 
included in the analysis.

Statistical Analysis

In the analysis of the primary outcome, we com-
pared the two treatment groups with respect to 
the frequency of asthma exacerbations using a 
log-linear model in which the number of exacer-
bations was assumed to follow a negative bino-
mial distribution. Because the number of observed 
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exacerbations would be expected to depend on 
the length of time a participant remained in the 
study, the model included an offset for each 
participant that represented the amount of time 
the participant was actually followed in the study. 
The use of the offset standardized the number of 
exacerbations to a common period so that the 
results could be presented as rates of exacerbation 
and the treatments could be compared by calcula-
tion of a relative rate.12 Because data from partici-
pants who dropped out during the first 2 weeks 
could not be used, the primary analysis included 
all participants who completed at least 2 weeks 
of follow-up. To assess the potential effect of 
dropout on the study results, we performed an 
additional analysis of the primary outcome that 
included only data from participants who com-
pleted the entire follow-up, an analysis that in-
cluded only data from participants who complet-
ed the entire follow-up and who used at least one 
dose of trial medication, and sensitivity analyses 
that were based on the imputation of missing data 
under three difference scenarios.

Among the prespecified secondary outcomes, 
the frequency of unscheduled health care utiliza-
tion was analyzed in the same way as the analysis 
of the primary outcome; we calculated asthma-
control days and albuterol use by averaging the 
data that were entered in the electronic diary over 
the follow-up period, with the exclusion of the 
first 2 weeks, and then analyzed the data as con-
tinuous variables using standard analysis of vari-
ance models. All analyses included clinical site 
and treatment sequence in the INFANT trial as 
covariates. In prespecified secondary analyses, we 
examined the potential dose–response relationship 
by including the total number of trial medication 
doses as a covariate in the models. Interactions 
between the antipyretic, analgesic medications 
used in the AVICA trial and the asthma medica-
tions used in the INFANT trial were examined 
as specified in the protocol.

Assuming an overall exacerbation rate of 0.97 
per year and a dropout rate of 25%, we projected 
that a sample size of 294 participants would give 
the study 90% power to detect a relative rate of 
asthma exacerbation in the acetaminophen group 
as compared with ibuprofen group of 1.54, at a 
significance level of 0.05. All statistical analyses 
were performed with the use of SAS software, ver-
sion 9.4 (SAS Institute).

R esult s

Participant Characteristics

Of the 443 participants enrolled in the run-in 
phase of the study, 300 underwent randomiza-
tion; 150 were assigned to the acetaminophen 
group and 150 to the ibuprofen group. A total of 
226 participants (75.3%) completed the trial; 
there was no significant difference in the rate of 
attrition between the treatment groups (Fig. 1). 
Two participants withdrew from the ibuprofen 
group during the first 2 weeks of follow-up 
without having had an exacerbation and were 
not included in the analyses.

No significant between-group differences in 
baseline demographic and clinical characteris-
tics of the participants were observed (Table 1). 
The mean (±SD) age at enrollment was 39.9±13.2 
months. Participants reported a mean of 5.9±5.0 
wheezing episodes in the year before entering 
the study, along with 3.0±2.4 urgent care or 
emergency department visits and 0.3±0.5 hospi-
talizations for wheezing. A total of 74.7% of the 
patients had received at least one oral glucocor-
ticoid course for wheezing in the 12 months be-
fore entering the study; in the previous 6 months, 
participants received a mean of 1.1±1.1 courses 
of an oral glucocorticoid.

Primary Outcome

The children in the acetaminophen group had a 
mean of 0.81 asthma exacerbations (95% confi-
dence interval [CI], 0.65 to 1.02) over 46 weeks 
of follow-up, and children in the ibuprofen 
group had a mean of 0.87 exacerbations (95% 
CI, 0.69 to 1.10) (relative rate with acetamino-
phen vs. ibuprofen, 0.94; 95% CI, 0.69 to 1.28; 
P = 0.67) (Table 2). The rate of exacerbations also 
did not differ significantly between the groups 
when determined only among the 226 partici-
pants who completed the entire trial (relative 
rate, 1.05; 95% CI, 0.75 to 1.45; P = 0.79) (Ta-
ble 2) or when determined only among the 200 
participants who completed the entire trial and 
received a trial medication for pain or fever at 
least once (relative rate, 0.95; 95% CI, 0.68 to 
1.32; P = 0.76) (Table 2). Although the dropout 
rate was similar in the two groups (27% in the 
ibuprofen group and 23% in the acetaminophen 
group), the difference in the dropout rate has 
some effect on the results. To examine the po-
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Figure 1. Screening, Randomization, and Follow-up.

“Study failure” was defined as asthma that was not controlled well enough (prespecified criteria are listed in the 
protocol) for the child to remain in the study.

300 Underwent randomization

443 Children were assessed for eligibility

143 Were excluded during run-in phase
47 Had parents or guardians who were

nonadherent to keeping track of and
logging medication use

12 Were nonadherent to trial medications
17 Had asthma exacerbation
17 Had too many asthma symptoms
3 Had too few asthma symptoms
6 Required asthma medication other than

a trial medication
11 Had parent or guardian who withdrew

consent
6 Had serious adverse events

13 Were lost to follow-up
2 Were withdrawn by physician
9 Had other reasons

150 Were assigned to acetaminophen
treatment

150 Were assigned to ibuprofen
treatment

2 Discontinued the trial in the
first 2 wk of treatment owing

to physician decision

34 Discontinued the trial during
treatment phase

6 Had study failures
3 Had parent or guardian who

withdrew consent
1 Had a serious adverse event

17 Were lost to follow-up or had
parents or guardians who
were no longer interested in
participating in the study

4 Were unable to continue
owing to personal reasons
or moving out of the area

1 Was withdrawn by physician
2 Had other reasons

40 Discontinued the trial during
treatment phase

8 Had study failures
4 Had parent or guardian who

withdrew consent
4 Had a serious adverse event

14 Were lost to follow-up or
were no longer interested

6 Were unable to continue
owing to personal reasons
or moving out of the area

2 Had parents or guardians
who were dissatisfied with
the asthma control and no
longer wanted to participate
in the study

2 Were withdrawn by physician

150 Completed >2 wk of treatment 148 Completed >2 wk of treatment

116 Completed the entire trial 110 Completed the entire trial

298 Were included in
the intention-to-treat

primary analysis
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tential effect of dropout and the associated loss 
of information on the estimation of the relative 
risk and the associated 95% confidence interval, 
we performed sensitivity analyses that were based 
on the imputation of missing data under three 
different scenarios regarding exacerbations that 
might have been observed if there had been no 
dropout (i.e., maximum loss of information, mini-
mum loss of information, and random loss of in-
formation). The results of these sensitivity analyses 

supported the results of the analysis of the pri-
mary outcome: estimates of the relative rate un-
der the three scenarios ranged from 0.95 to 1.00, 
with a high degree of overlap across confidence 
intervals (see Table S1 in the Supplementary Ap-
pendix). In addition, there was no significant dif-
ference between the treatment groups in the time 
to first exacerbation (P = 0.70) (Fig. 2). Finally, no 
interaction was detected between asthma-control-
ler therapy and treatment group (P = 0.91).

Variable
Acetaminophen  

(N = 150)
Ibuprofen  
(N = 150)

Demographic characteristic

Age — mo 40.3±12.9 39.4±13.6

Male sex — no. (%) 86 (57) 93 (62)

Race or ethnic group — no. (%)†

White 74 (49) 74 (49)

Black 47 (31) 50 (33)

Hispanic or Latino 35 (23) 37 (25)

Age at onset of asthma — mo 13.1±9.4 13.1±10.9

Parent with history of asthma — no. (%) 87 (58) 91 (61)

Asthma measure at time of randomization

Oral glucocorticoid courses in the previous 6 months — no. 1.01±1.06 1.15±1.04

Urgent care or emergency department visits in the previous 
year — no.

3.13±2.45 2.96±2.29

Hospitalizations in the previous year — no. 0.29±0.57 0.26±0.51

Percentage of asthma-control days‡ 85.5±18.7 85.6±16.2

Albuterol inhalations per week — no. 1.81±3.49 1.50±2.22

Use of inhaled glucocorticoids in the previous 12 months  
— no. of patients (%)

92 (61) 86 (57)

Use of leukotriene receptor antagonist in the previous 12 
months — no. of patients (%)

22 (15) 39 (26)

Measure of atopy at time of randomization

Median IgE (interquartile range) — kU/liter 64 (19–176) 70 (24–252)

Median blood absolute eosinophil count (interquartile range) 
— cells/mm3

259.6 (172.5–524.8) 248.4 (132.8–450.0)

Positive aeroallergen test — no. of patients (%) 64 (43) 62 (41)

*  Plus–minus values are means ±SD. There were no significant differences between the two treatment groups in the 
characteristics listed.

†  Race or ethnic group was self-reported.
‡  Asthma-control days were defined as full calendar days without the use of rescue medications for asthma, daytime 

asthma symptoms, nocturnal asthma symptoms, and unscheduled health care visits for asthma.

Table 1. Baseline Characteristics of the Participants.*
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Secondary Outcomes

No significant between-group differences were 
detected with respect to asthma-control days 
(85.8% in the acetaminophen group and 86.8% 
in the ibuprofen group, P = 0.50), use of rescue 
albuterol (2.8 and 3.0 inhalations per week, re-
spectively; P = 0.69), and unscheduled health care 
utilization for asthma (0.75 and 0.76 episodes 
per participant over 46 weeks of follow-up, P = 0.94) 
(Table 2).

Trial Medication Use and Adherence

The children in the acetaminophen group received 
a median of 7.0 doses (interquartile range, 2.0 to 
15.0) of trial medication, and the children in the 
ibuprofen group received a median of 4.5 doses 
(interquartile range, 1.0 to 17.0) (P = 0.47 by the 
Wilcoxon rank-sum test). In total, participants 

received a median of 5.5 doses (interquartile range, 
1.0 to 15.0). A total of 240 participants (80.0%) 
used the trial medication at least once during 
the study (124 [82.6%] in the acetaminophen 
group and 116 [77.3%] in the ibuprofen group). 
Figure 3 shows the wide variability of trial medi-
cation use and indicates that use of antipyretic, 
analgesic medications was significantly associ-
ated with the number of asthma exacerbations 
that led to treatment with systemic glucocorti-
coids (P<0.001 by the Kruskal–Wallis test). 
However, within each stratum of the number of 
exacerbations, no significant differences were 
observed between the acetaminophen group and 
the ibuprofen group.

The use of open-label acetaminophen and ibu-
profen represented a minority of exposures to anti-
pyretic, analgesic medication. In the acetamino-

Outcome
Acetaminophen 

(N = 150)
Ibuprofen 
(N = 150)

Relative Rate 
(95% CI) P Value

No. of asthma exacerbations that led to treatment 
with systemic glucocorticoids: primary out-
come — no. of participants (%)†

0 76 (51) 78 (53) — —

1 42 (28) 34 (23) — —

2 16 (11) 21 (14) — —

≥3 16 (11) 15 (10) — —

Mean exacerbation frequency over 46 weeks  
(95% CI)

Among 298 total participants† 0.81 (0.65 to 1.02) 0.87 (0.69 to 1.10) 0.94 (0.69 to 1.28) 0.67

Among 226 participants who completed the trial 0.74 (0.58 to 0.93) 0.70 (0.55 to 0.90) 1.05 (0.75 to 1.45) 0.79

Among 200 participants who completed the trial 
and used at least one dose of trial medication

0.74 (0.58 to 0.94) 0.77 (0.60 to 1.00) 0.95 (0.68 to 1.32) 0.76

Secondary outcomes

Mean percentage of asthma-control days  
(95% CI)

85.8 (83.7 to 87.8) 86.8 (84.6 to 88.9) −1.01 (−3.94 to 1.92)‡ 0.50

Mean no. of albuterol rescue inhalations per 
week (95% CI)

2.8 (2.3 to 3.3) 3.0 (2.4 to 3.6) −0.2 (−0.9 to 0.6)‡ 0.69

Frequency of health care utilization over  
46 weeks (95% CI)§

0.75 (0.60 to 0.95) 0.76 (0.60 to 0.97) 0.99 (0.72 to 1.37) 0.94

*  CI denotes confidence interval.
†  Two participants (1%) dropped out of the ibuprofen group during the first 2 weeks without having had an exacerbation and were not includ-

ed in the primary analysis.
‡  This value is a mean difference (95% CI), rather than a relative rate.
§  Health care utilization included urgent care and emergency department visits and hospitalizations.

Table 2. Asthma Outcomes.*
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phen group, a total of 2261 doses of antipyretic, 
analgesic medication were administered to the 
participants, of which 1933 (85.5%) were doses 
of acetaminophen administered in a blinded man-
ner, 137 (6.1%) were doses of open-label acet-
aminophen, and 191 (8.4%) were doses of open-
label ibuprofen. In the ibuprofen group, a total of 
1934 doses of antipyretic–analgesic medication 
were administered, of which 1731 (89.5%) were 
doses of ibuprofen administered in a blinded 
manner, 110 (5.7%) were doses of open-label 
acetaminophen, and 93 (4.8%) were doses of 
open-label ibuprofen.

Adverse Events

No significant between-group differences were 
observed with respect to adverse events or serious 
adverse events (Tables S2 and S3 in the Supple-
mentary Appendix). Six serious adverse events 
occurred in the acetaminophen group and 12 in 
the ibuprofen group. No deaths from any cause 
occurred during the trial.

Discussion

This prospective, randomized, double-blind trial 
examined whether the standard, as-needed use 

of acetaminophen was associated with a higher 
risk of asthma exacerbation or with worse asthma 
control than was the standard, as-needed use of 
ibuprofen in young children with mild persistent 
asthma. The results showed no significant dif-
ference in the frequency of asthma exacerbations 
or in asthma control between the two treatment 
groups.

The potential association between the use of 
acetaminophen and asthma-related complications 
(i.e., exacerbations, daily symptoms, and need 
for bronchodilators) has been a matter of con-
siderable debate. Although several observational 
studies have shown an association between im-
paired asthma control and the use of acetamino-
phen for symptom relief in children and adults,2-6 
other studies have suggested that the association 
may have been confounded by indication: chil-
dren with asthma have more symptomatic respi-
ratory tract infections, during which time acet-
aminophen is often used for fever and malaise.9,13 
As shown in Figure 3, we observed that greater 
use of antipyretic, analgesic medications was as-
sociated with more apparent respiratory illnesses 
and that the reported respiratory illnesses were 
associated with asthma exacerbations that led to 
treatment with systemic glucocorticoids. How-
ever, we found no evidence that acetaminophen, 
when used during periods of respiratory illness, 
was associated with a higher risk of asthma ex-
acerbations or other asthma-related complica-
tions than was ibuprofen.

Our findings are in contrast to those of a post 
hoc analysis of a randomized trial by Lesko et 
al.7 that showed that the relative risk of unsched-
uled visits for asthma was substantially higher 
in the weeks after taking acetaminophen for fe-
brile illness than in the weeks after taking ibu-
profen (relative risk, 1.79). As opposed to a post 
hoc analysis, our study was specifically designed 
and intended to prospectively evaluate the effect 
of the use of acetaminophen versus ibuprofen in 
carefully screened children with persistent asth-
ma. Other studies have shown no effect of acet-
aminophen, as compared with placebo, on asth-
ma outcomes when given during periods during 
which the participants were healthy,14,15 but this 
use of acetaminophen is inconsistent with the use 
in clinical practice. Our study investigated the 
“real-world” use of acetaminophen or ibuprofen 
as needed for pain and fever, which often coin-

Figure 2. Time to First Asthma Exacerbation.

Shown are Kaplan–Meier curves for the cumulative risk of an asthma  
exacerbation during the course of the trial. In a Cox proportional-hazards 
regression analysis, no significant difference was seen between the treat-
ment groups (P = 0.70). Tick marks indicate times at which data were cen-
sored owing to end of follow-up or dropout.
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cide with viral respiratory tract infections in this 
age group. As shown in Table S4 in the Supple-
mentary Appendix, the rate of acetaminophen 
use in our trial was similar to the rates noted in 
observational studies that evaluated the effect of 
acetaminophen use on asthma outcomes.5,9 For 
example, 70 of the 150 participants (46.7%) in 
the acetaminophen group in the current trial 
received more than 10 doses of acetaminophen 
per year. By comparison, Sordillo et al.9 reported 
that 42% of participants were given more than 
10 doses of acetaminophen in their first year of 
life, and Wickens et al.5 reported that 37% of 
participants 5 to 6 years of age were given more 
than 10 doses of acetaminophen per year.

Several limitations of this trial should be not-
ed. First, our trial enrolled young children who 

had mild persistent asthma and who were re-
ceiving treatment with asthma-controller thera-
py; the results may not be generalizable to other 
age groups or to patients who have more severe 
asthma that requires treatment with a higher 
level of asthma-controller medications. Second, 
we did not find an interaction effect between the 
asthma-controller therapy and the analgesic, 
antipyretic medication used (i.e., the rates of 
asthma exacerbations did not differ significantly 
when acetaminophen was compared with ibu-
profen in each group of participants receiving 
one of three asthma-controller regimens in the 
INFANT trial). However, it should be noted that 
adherence to asthma-controller medications 
among the participants in the current trial was 
closely monitored. Therefore, the results of our 

Figure 3. Number of Doses of Acetaminophen or Ibuprofen, According to the Number of Asthma Exacerbations  
That Led to Treatment with Systemic Glucocorticoids.

Shown is the number of acetaminophen or ibuprofen doses that were administered in a blinded manner during the 
trial period, stratified according to the number of exacerbations that led to treatment with systemic glucocorticoids 
during the same period. P values for the comparison of treatments within each systemic glucocorticoid subgroup 
are based on the Wilcoxon rank-sum test. The horizontal lines in the boxes represent the median number of doses 
of trial medication (acetaminophen or ibuprofen); the top and bottom edges of the boxes represent the the first and 
third quartiles; the I bars extend to the lowest and highest data value that is not more than 1.5 times the interquar-
tile range below and above the lower and upper end of the box, respectively, and the circles are individual data 
points that are more than 1.5 times the interquartile range above the top edges of the box.
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trial may not be applicable to children who do not 
adhere to their controller therapies or to children 
who live in countries in which leukotriene-recep-
tor antagonists are not commonly used as mono-
therapy for mild persistent asthma. Third, our 
findings do not answer the question of whether 
prenatal exposure to acetaminophen or exposure 
to acetaminophen during the first year of life is 
associated with the development of asthma, as 
suggested in other studies.2,16,17 Finally, although 
the rates of exacerbation that we observed in the 
two treatment groups were numerically similar, 
our results do not show with certainty that they 
are equal. This uncertainty is reflected in the con-
fidence interval for the relative rate, which extends 
from 0.69 to 1.28; therefore, our data do not ex-
clude the possibility that the use of acetaminophen 
could be associated with up to a 28% higher or a 
31% lower relative risk of asthma exacerbations.

We excluded a placebo group for ethical rea-
sons, since giving placebo to a child with fever, 
malaise, and pain would not be acceptable. With-
out a placebo group, we cannot exclude the pos-
sibility that both ibuprofen use and acetaminophen 
use may be associated with parallel increases in 
either asthma exacerbations or symptoms. How-
ever, ibuprofen and acetaminophen have differ-
ent mechanisms of action. It is thus highly un-
likely that their use could be associated with 
similar increases in the rate of asthma-related 
complications (i.e., exacerbations, daily symptoms, 
and use of bronchodilators) that are known to be 
determined by disparate mechanisms of disease. 
Regardless, the focus of our trial was not to 
compare these medications with placebo with 
respect to asthma outcomes. Instead, the focus 
of our study was to answer the important practi-
cal question from clinicians and parents regard-
ing which medication to use, acetaminophen or 
ibuprofen, when children with asthma are having 
fever, pain, or discomfort that necessitates treat-
ment with an antipyretic, analgesic medication.

In conclusion, over the 1-year study period, we 
did not find that asthma exacerbations or other 
markers of asthma-related complications occurred 
more frequently among children who were ran-
domly assigned to receive acetaminophen than 
among those who were randomly assigned to re-
ceive ibuprofen.
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