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ABSTRACT 

A better understanding of the causation of asthma and allergic disorders could potentially 

lead to intervention strategies that reduce their prevalence and severity.  One potential 

causative factor is the use of paracetamol.  Most of the evidence for the link with asthma 

is from non-experimental studies of paracetamol exposure in utero, infancy, childhood 

and adult life, however it has been difficult to rule out confounding and bias in the 

associations observed.  The two randomised clinical trials of the effect of paracetamol in 

patients with asthma have been difficult to interpret, due to methodological issues.  There 

have been no randomised controlled trials of paracetamol use and the development of 

asthma.  Both asthma and paracetamol use are common, and so even if there is a 

relatively small effect of paracetamol exposure on the development of asthma or its 

severity, then such an effect would be of major public health significance.  It is proposed 

that randomised controlled trials of the effect of paracetamol on the development of 

asthma and its severity are a high research priority. 

 

Asthma and allergic diseases are prevalent and represent a major global public health 

problem [1]. The causal pathway leading to clinical disease is likely a complex interplay 

between genetic predisposition and environmental exposures. An accurate and valid 

model for understanding the causes of asthma and allergic disease would be useful for 

prevention, diagnosis, selection of interventions, and prediction of outcomes. Such a 

model might explain differences in prevalence and manifestations of disease in 

individuals, populations, and through time. At an individual and population level reduction 

in exposures to robustly identified causal environmental causes of asthma and allergic 

disease may result in decreased prevalence and severity  of disease, and the associated 

public health burden [2]. 
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An association between paracetamol exposure and asthma exists. However, nearly all 

the evidence for the link between paracetamol exposure and asthma is from non-

experimental studies.  In such studies: cross-sectional studies, retrospective and 

prospective cohort studies, and case-control studies; careful critical appraisal is needed 

to assess if the association is causal or coincidental. A typical scheme for evaluating the 

strength of evidence for causation provided by non-experimental studies is to consider: 

the strength of the association, whether exposure to the putative causal agent precedes 

the onset of disease, a plausible biological mechanism, consistency across different 

study settings, a temporal relationship to exposure, reversibility of the causal effect, 

identification of a dose-response effect, specificity to the suspected causative agent and 

that there is no convincing alternative explanation for the association [3,4]. A summary of 

the evidence linking paracetamol use to asthma based on these criteria for causation is 

provided in Table 1. 

There have been a number of reviews and commentaries which comprehensively present 

and discuss the evidence that suggests paracetamol use may play a role in the 

pathogenesis of asthma and so contribute to the development of asthma and its severity 

[5-17].  In this review we consider the published systematic reviews of the non-

experimental studies and the limited clinical trials evidence.   

Non-experimental studies 

Systematic reviews with or without pooled numerical estimates of the strength of 

association between paracetamol use and asthma have been published in an attempt to 

address the nature and strength of association. Etminan and colleagues [18] identified 19 

studies of the association between paracetamol and asthma from bibliographic databases 

to October 2008. Thirteen cross-sectional studies, four cohort studies and two case-

control studies were included in the review, and a random effects model was used to 

combine studies with asthma and wheezing amongst both children and adults. The 

pooled random effects odds ratio for risk of asthma based on use of paracetamol was 

1.61 (95% CI 1.47 to 1.77). No statistical evidence of heterogeneity was identified 
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although the point estimate for I-squared was quite high at 42% and no confidence 

interval for this was given. An updated systematic review, search date October 2010, 

included six studies which specifically investigated the association between maternal 

paracetamol use in pregnancy and subsequent wheeze in the children [19]. There were 

five cohort studies and one cross-sectional study included in the meta-analysis, which 

identified.  a positive association with a pooled random effects odds ratio for the risk of 

current wheeze in the children of women who were exposed to any paracetamol during 

any stage of pregnancy of 1.21 (95% CI 1.02 to 1.44) [19]. Statistical evidence of 

heterogeneity was identified, I-squared 76% (95% CI 46.2 to 89.3), but too few studies 

with particular study level covariates were identified to attempt meta-regression to explain 

the heterogeneity. However, features of these studies variably included an association 

with paracetamol use during all trimesters of pregnancy and an association with 

persistent asthma, severe asthma and with atopy.  In the most recent systematic review, 

search date November 2012, Heintze and Peterson examined the published literature for 

the association between antibiotics and/or paracetamol and asthma; but did not attempt a 

numerical synthesis of the association [20]. The authors note a consistent association 

between paracetamol use and asthma in most of the 29 individual studies reviewed, that 

was weakened when covariate adjusted estimates of the association were also 

calculated. 

 

The issues of confounding and statistical adjustment for possible alternative associations 

are both important for assessing the two meta-analyses. The analysis of Etminan and 

colleagues chose to approach this by using the covariate adjusted estimates of the 

associations in the pooled synthesis [18]. This approach would be more robust if the 

underlying studies had used the same, or very similar, set of adjusting variables. 

Unfortunately this was not the case. There was a wide variation in the sets of 

confounding variables used, reflecting the uncertainty of the causal pathways for asthma 

and allergic disease. It is unclear therefore whether the pooled estimates were indeed 
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plausibly from the same hypothetical sample of studies. This is a necessary conceptual 

underpinning for validity of pooled effects. It seems likely that the estimates of variability 

for each study were in fact fundamentally dissimilar. In models with a very large number 

of covariates, inappropriate and spurious precision can be estimated as an artefact of the 

large number of covariates and those studies with inappropriately high precision then 

receive inappropriate weightings in the meta-analysis. Also, studies with an inappropriate 

selection of covariates may lead to reduction in precision. Finally, in the absence of a 

consensus about which potential causal variables should be in adjusted analyses, many 

of the studies may still have not adjusted appropriately for confounding. Another limitation 

of the approach of the analysis of Etminan and colleagues was the variation in the use of 

surrogate variables for the presence of asthma, such as the risk of hospitalisation for 

asthma.  

 

The analysis of Eyers and colleagues used the raw data from a subset of association 

studies, which assessed paracetamol use in pregnancy in relation to the outcome 

variable of wheeze at 12 months of age in children [19]. The analysis plan in this report 

was to use study level covariates in a meta-regression to attempt to explain variation 

between studies but this was unable to be performed as an adequate number of 

appropriate study level covariates could not be identified. In an attempt to standardise the 

asthma outcome for children, wheeze at 12 months was used across the studies. 

However although wheeze at 12 months of age may be sensitive for allergic asthma it 

may not be specific. In this circumstance, it is possible that paracetamol use may be a 

confounding factor in the association between other causal factors and wheeze, rather 

than allergic asthma, which makes an interpretation of the study findings more 

challenging. 
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The systematic review of Heintze and Petersen does not attempt a meta-analysis [20]. 

Although not explicit in the paper, implicit in the approach taken is that the study designs 

were too disparate to combine. The authors identify that in two prospective birth cohort 

studies, the association between maternal paracetamol use and subsequent asthma or 

wheezing in children was weakened by adjustment for respiratory infections or for pre-

existing wheezing or allergy. Without explicit meta-analysis however bias can arise if 

particular studies are highlighted to make a particular point. 

Experimental studies 

A systematic review identified that there has only been one fully published randomised 

controlled trial which provides data on the effect of paracetamol use in children with 

asthma [21] (Table 2). The original study by Lesko and colleagues randomly assigned 

over 80,000 children aged between six months and 12 years of age to paracetamol (12 

mg/kg)  or ibuprofen (5mg/kg or 10mg/kg) up to a maximum of five doses per day for 

treatment of a febrile illness. The study did not have a single primary outcome, as 

reported in the original trial publication [22], and the main results table reports on 

hospitalisation for six different outcomes. No sample size description is included in the 

original trial report nor was the issue of a clinically important difference in any particular 

outcome discussed in the methods section. In the primary study publication there is no 

description of planned secondary analyses or sub-group analyses. There is no 

description of a planned adjustment for multiple statistical testing.  Hospitalisation for 

asthma within four weeks of treatment occurred in 24/28130 (0.085%) of children 

randomised to receive paracetamol and in 44/55785 (0.079%) randomised to ibuprofen. 

A relative risk for hospitalisation for asthma is not given in the primary study publication 

but based on these figures is for paracetamol compared to ibuprofen: 1.08 (95% CI 0.66 

to 1.78), P=0.80. Clearly for this outcome variable the risk of hospitalisation for asthma 

within the scope of the study for either medication was very low and the confidence 

intervals for the risk very wide. The asthma outcomes paper [21] is a secondary analysis 

of a sub-group of 1879 children from this original study who were on some form of 
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asthma treatment. The outcomes considered were hospitalisation for asthma or an 

outpatient visit for asthma. Only in this secondary sub-group analysis, which was not 

apparently pre-specified in the primary study, does an association with attendance as an 

outpatient for asthma appear. The risk of this was 32/632 (5.1%) in those randomised to 

paracetamol and 37/1247 (2.6%) of those randomised to ibuprofen: relative risk 

paracetamol compared to ibuprofen 1.71 (1.07 to 2.71), P=0.027. It is very difficult to rule 

out that this association is not a result of multiple statistical testing including the issue of 

testing differences in sub-groups without a test for interaction. The number of children in 

the non-asthma drug use group who had an outpatient assessment for asthma is not 

given in either of the publications discussed. 

The systematic review also identified that there has been only one fully published 

randomised controlled trial that provides data on the effect of paracetamol on asthma 

severity in adults (Table 2).  This is a 12-week randomised double-blind placebo-

controlled trial of paracetamol in a dose of 1g twice daily in adults with mild to moderate 

asthma [23]. The primary outcome variable for the trial was bronchial 

hyperresponsiveness (BHR), measured as the provocation concentration of methacholine 

(MCh) causing a 20% reduction in FEV1 (PC20 MCh). Secondary outcome variables 

included FEV1, FeNO, Asthma Control Questionnaire (ACQ) score, blood eosinophil, and 

serum IgE levels. Recruitment for the study was difficult because of the reluctance of 

patients with asthma to participate in a study not directly designed to show an 

improvement of asthma, and the requirement for numerous exclusion criteria to ensure 

the safety of the participants.  In addition, participants with a diagnosis of asthma and on 

asthma medications commonly did not have enhanced BHR and were thus ineligible.  In 

total 724 potential participants were screened in order to recruit 94 participants.  The 

mean PC20 MCh was lower in the treatment group, after controlling for baseline PC20 

MCh, but the difference was not statistically significant (paracetamol minus placebo): -

0.48 doubling doses (95% CI -1.28 to 0.32), P=0.24. In addition, there were no 

statistically significant differences in log FeNO (0.09, 95% CI - 0.097 to 0.27), FEV1 (-0.07 
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L, 95% CI -0.15 to 0.01), or ACQ score (-0.04, 95% CI -0.27 to 0.18).  Thus this study had 

insufficient statistical power to rule out an important difference in BHR with paracetamol 

use in relatively stable adults with asthma and the point estimates for the secondary 

outcome variables were consistent with small negative effects on asthma.  It was 

calculated that a study of similar design would require a sample size of at least 650 

participants to attain adequate power to detect a 0.5 doubling dose difference in BHR, an 

effect which could potentially increase the prevalence of moderate and severe BHR by 

about one third [24]. Alternatively, a study of crossover design would require a sample 

size of 140 participants to have sufficient power to detect a similar 0.5 doubling dose 

difference in BHR.  Other issues to consider in the design of future randomised controlled 

trials are the use of the maximum recommended dose of paracetamol, and repeated 

shorter durations of treatment to more closely replicate its use in self-limiting illnesses.  

Paracetamol withdrawal studies or the use of an NSAID as a control treatment are not 

preferred as these designs would not directly investigate the hypothesis that paracetamol 

increases the risk of asthma severity. 

 Future research 

What should the continued research approach be? Both asthma and paracetamol use are 

common so that if there is even a relatively small effect on paracetamol use on asthma 

then this association could be important. The non-experimental studies are consistent 

with an association but cannot rule out confounding and bias. The only trial of 

paracetamol use in children with asthma has important issues of validity [21,22]. The only 

trial in adults with asthma probably rules out a large adverse effect of short-term low-dose 

use of paracetamol in participants with relatively stable asthma and provides reassurance 

that a larger more definitive study should be safe to perform [23]. Further randomised 

controlled trials in children and adults with asthma are a priority, although will be 

challenging to perform. Recruitment of participants to placebo-controlled trials of a new 

treatment that may provide some benefit is difficult enough. Recruitment to trials of a 

commonly used medication that may cause harm is likely to be more difficult, and 
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recruitment of sufficient numbers of participants to trials, when the effect may be quite 

small, adds to the challenge. Ensuring avoidance of over-the-counter medication, both of 

paracetamol and NSAIDs, would be problematic, and long-term follow-up would be 

required.   

In addition to clinical trials of the effect of paracetamol on asthma severity, investigation 

of whether paracetamol use has a role in the pathogenesis of asthma is also a priority. 

The systematic review identified that there have been no clinical trials of the use of 

paracetamol in infancy and the development of asthma in childhood, or of maternal 

paracetamol use in pregnancy and risk of subsequent asthma.  Such studies have 

significant ethical and practical issues regarding informed consent, recruitment and the 

use of placebo for the management of pain or fever in pregnancy and infancy. 

 

However the time has now come to move on from analyses of uncontrolled allocation of 

paracetamol to human participants and design and perform experimental studies to 

definitively address the issue of the association of paracetamol use and asthma. 

 

Table 1:   Summary of the evidence linking paracetamol use and asthma 

 

Strength of effect: 

 

Increased asthma risk of up to 2.1 (paracetamol exposure in 

utero),25-34 up to 7.3 (paracetamol use in infancy or 

childhood),35-38 and up to 2.9 (paracetamol use in adults).39-46 

 

Dose-response: 

 

Present for paracetamol exposure in utero,25,26,31 childhood35-

38 and adults.39, 41-43, 

 

Consistency/coherence: 

 

Consistency between different studies in different age groups 
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in different populations worldwide.25-46

Modest coherence with some studies reporting lack of effect, 

bias and/or confounding.47-57 

 

Exposure before 

response: 

 

Observed in studies of paracetamol exposure in the 

intrauterine environment,25-34 and adult life.43,44 

 

Biological plausibility: 

 

Increased oxidant-induced inflammation, potentially enhanced 

Th2 response and TRPA-1 stimulation.58-62 

 

Removal of exposure 

prevents disease: 

 

Not yet examined. 

 

Specificity: 

 

No increased risk of asthma associated with aspirin or other 

non-steroidal anti-inflammatory drugs.63,64 

 

Temporal association: 

 

International trends of increasing paracetamol use and 

increasing prevalence of asthma.65,66 

 

Analogy: 

 

Oxidant-induced airway inflammation in asthma (e.g. 

ozone).67 Protective effects of anti-oxidant diet in asthma.68,69 

 

Derived with modification from Farquhar et al.10 
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Table 2: Search strategy and selection criteria 

We searched PubMed for trials of antipyretic therapy and asthma in humans using the 

terms “antipyretics”, “antipyre*”, “paracetamol”, “acetaminophen”, “asthma”, “wheeze”, 

“airway responsiveness” using the restriction term “English”. We identified one 

randomised controlled trial assessing the effects of long term dosing of paracetamol 

versus placebo in adults with asthma ( Ionnades et al [23] ), and one randomized 

controlled trial assessing the effects of paracetamol versus ibuprofen on asthma related 

outcomes in children with asthma when given for febrile illness ( Lesko et al [21,22] ). 

One further randomised controlled trial assessed a single dose of paracetamol versus 

placebo in children, but this was not included as it was a single dose study ( Soferman et 

al [70] ).  
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