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Abstract

Prospective studies on increased risk of childhood asthma due to exposure

to paracetamol and antibiotics in early life have yielded contradictory

results. Therefore, the aim of the present study was to investigate the

association between administration of paracetamol and antibiotics in the

first 12 months of life and delayed asthma symptoms later in childhood.

This is a cross-sectional study that included 1,063 children from the

primary schools in Coimbra, Portugal. ISAAC-based environmental and

core asthma and rhinitis questionnaires were used to obtain information

about children’s respiratory health and administration of paracetamol and

antibiotics. We found that early paracetamol use significantly increased

the risk of asthma ever (at least one episode in life) (OR ¼ 2.9; 95 %

CI:1.8–4.5), current asthma (OR ¼ 2.4; 95 %CI:1.5–3.6), wheezing ever

(OR ¼ 2.5; 95 %CI:1.8–3.4), rhinitis ever (OR ¼ 2.4; 95 %CI:1.7–3.3),

and current rhinitis (OR ¼ 2.8; 95 %CI:2.0–3.9). Antibiotic exposure

showed a similar effect with the risk for current asthma (OR ¼ 1.6;

95 %CI:1.0–2.5), asthma ever (OR ¼ 2.0; 95 %CI:1.3–3.1), wheeze

ever (OR ¼ 2.3; 95 %CI:1.7–3.2), and rhinitis symptoms (OR ¼ 1.8;

95 %CI:1.3–2.6, OR ¼ 1.8; 95 %CI:1.3–2.6, OR ¼ 1.9; 95 %

CI:1.2–3.0 for rhinitis ever, current rhinitis, and tearing, respectively).

We further found that increased frequency of paracetamol use during the

last 12 months preceding the study facilitated the appearance of allergic

symptoms, suggesting a dose-dependent associations. In conclusion, the

study shows a significant association between exposure to paracetamol
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and antibiotics in the first 12 months of life and both prevalence and

severity of asthma and rhinitis symptoms in children 5–9 years old.
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1 Introduction

A rapidly increasing prevalence of atopic diseases

world-wide has led to a research interest in the

possible underlying reasons (Eder et al. 2006),

although a consensus regarding the asthmatic

and allergic states has not yet been reached. On

the list of putative factors increasing the preva-

lence of asthma is the early use of paracetamol

and antibiotics (Rusconi et al. 2011).

Paracetamol was indicated as a candidate

asthma facilitating factor in 1998, suggesting

that the switch in the use pattern from aspirin to

paracetamol in early childhood could increase

susceptibility to allergic diseases by enhancing

the Th2 response (Varner et al. 1998). Indeed,

paracetamol is currently the most commonly

used analgesic and antipyretic prescribed to pedi-

atric patients as an alternative to aspirin that may

be associated with the Reye syndrome (Newson

et al. 2000; Rahwan and Rahwan 1986).

A large amount of epidemiological data

demonstrating the role of paracetamol and anti-

biotic use in infancy for the development of

asthma comes from the International Study of

Asthma and Allergies in Childhood (ISAAC)

(Foliaki et al. 2009; Beasley et al. 2008) or, like

this work, from studies using the ISAAC tools

(Barragan-Meijueiro et al. 2006).

A frequently described phenomenon justifying

the rising prevalence of allergic diseases, including

asthma, is the ‘hygiene hypothesis’, under-

lining the importance of microflora, especially

gastrointestinal, in the development of a healthy

immune system (Strachan 1989). Prescription of

antibiotics applied in early life can alter micro-

flora, prevent the boosting of immune system

activity, and lead to increased allergic sensitization

(Schaub et al. 2006). The perinatal period is

characterized by the development of a Th1/Th2

balance, which could be distorted if exposed to

antibiotic action (Prescott et al. 1999). Neverthe-

less, the results of studies are contentious. The

ISAAC study resulted in many publications

supporting the role of antibiotics in the develop-

ment of atopic diseases. Data obtained from

193,412 children representing 29 countries show

a significantly increased risk of allergic disorders

in children who get antibiotics in the first year of

life (Foliaki et al. 2009). There is increased risk for

current asthma, asthma ever (at least one episode

in life), severe asthma, or current rhinocon-

junctivitis. Similar results were revealed for the

cohort of 1,401 children from the US. This longi-

tudinal study, initiated during pregnancy, show

significantly higher risks for asthma and allergy,

even stronger if the diagnosis takes place before

the age of 3 (Risnes et al. 2011). On the other hand,

no association between antibiotic and atopic

diseases has been reported in 5 introspective stud-

ies in England (Celedon et al. 2002).

The objective of our study was to examine the

association between antibiotics and paracetamol

intake in the first year of life and the development

of asthmatic symptoms in childhood.

2 Methods

The questionnaire was approved by the DGIDC

(Direção-Geral da Educação) and the study had

the approval of a local Ethics Committee.

This cross-sectional study evaluated 1,063

children from the first and second grade of pri-

mary school in the district of Coimbra, Portugal

and was performed from September 2011 to June

2012. To assess data on respiratory conditions,

the core ISAAC based asthma and rhinitis
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questionnaires were used. For the analyses of the

environmental and family factors, an ISAAC-

based environmental questionnaire was applied.

The questionnaires, translated to Portuguese,

were used with the authorization of the national

coordinator of the ISAAC initiative in Portugal.

Parents filled out a questionnaire regarding the

paracetamol and antibiotic exposure of children:

In the first 12 months of your child’s life, did you

usually give paracetamol for fever? In the past

12 months, how often, on average, have you

given your child paracetamol? In the first

12 months of life, did your child have any

antibiotics?

Asthma ever was determined as a positive

response to a question of a child ever having an

asthma attack, and current asthma as at least one

wheezing episode in the last 12 months of life or

at least one night of cough attack not related to

infection. Severity of the disease was estimated

based on the responses to three questions about

the number of wheeze attacks in the last

12 months, number of wake-up episodes caused

by wheeze and problems in speaking caused by

wheezing. Rhinitis ever was defined as ever hav-

ing a problem of sneezing, running or blocked

nose not caused by infections and current rhinitis

as the same symptoms occurring in the last

12 months. Prematurity was defined as gesta-

tional age under 37 weeks.

Demographic data were presented in the per-

centage terms. Chi2 test was run to calculate the

prevalence differences between children exposed

or not to antibiotics and paracetamol. Binary and

Multinominal Logistic Regression were run to

estimate the risk of atopic disease symptoms,

depending on drug exposure, adjusted for

children’s age and sex, family history of asthma

and rhinitis, and prematurity. Statistical software

SPSS v 19 was used for data analysis.

3 Results

A total number of 1,063 questionnaires were

returned by the parents of children. The children

with severe chronic diseases not related to

asthma or allergies were excluded from the

study giving the final number of 1,037 children

studied. The mean age of the children was

7.2 years (range 6–9 years) and 51 % of the

children were girls, 49 % boys. Boys had a gen-

eral tendency to have a higher prevalence of

respiratory symptoms, although only current

asthma prevailed significantly (p < 0.05). An

attack of wheeze at least once in children’s

lives was reported by 35.2 % of parents and an

attack during the last 12 months by 11.8 %. An

asthma episode at least once in the child’s life-

time was experienced by 10.4 %. A night cough

attack was experienced by 24.3 % and exercise-

induced asthma by 6.4 % children. Symptoms of

rhinitis, at least once, were experienced by

22.8 % children during the last 12 months. Tear-

ing and itchy eyes occurred in 9.6 %. Adminis-

tration of paracetamol in the first year of life was

reported in 21.3 % and antibiotics in 23.1 %

children. In the last 12 months, 72.7 % of chil-

dren were given paracetamol at least once and

12.7 % at least once per month. The full demo-

graphic characteristics can be found in

Table 53.1.

Administration of paracetamol in early life

significantly increased the prevalence of asthma

ever (OR ¼ 2.9; 95 %CI:1.8–4.5), current

asthma (OR ¼ 2.4; 95 %CI:1.5–3.6), wheezing

ever (OR ¼ 2.5; 95 %CI:1.8–3.4), rhinitis ever

(OR ¼ 2.4; 95 %CI:1.7–3.3) and current rhinitis

(OR ¼ 2.8; 95 %CI:2.0–3.9), episodes of itchy

and tearing eyes (OR ¼ 2.9; 95 %CI:1.8–4.5),

and night cough attacks (OR ¼ 3.1; 95 %

CI:2.2–4.4) (Table 53.2). Among children who

were given paracetamol in the first year of life,

53.6 % reported wheezing symptoms at least

once later in life, compared with 30.8 % who

did not receive the drug (p < 0.01). Not only

the prevalence but also severity of symptoms

appeared strongly associated with paracetamol

administration in the first 12 months of life,

such as the number of wheeze attacks in the last

year (OR ¼ 2.3; 95 %CI:1.4–3.8 for 1–3 attacks,

OR ¼ 2.7; 95 %CI:1.3–5.7 for 4 or more

attacks), the number of wake-up episodes caused

by the attacks (OR ¼ 2.7; 95 %CI:1.5–4.9 for

less than one per week and OR ¼ 2.9; 95 %

CI:1.2–7.0 for one or more per week).
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A similar association was found for

antibiotics. The use of antibiotics resulted in

increased risk of current asthma (OR ¼ 1.6;

95 %CI:1.0–2.5), asthma ever (OR ¼ 2.0; 95 %

CI:1.3–3.1), wheeze ever (OR ¼ 2.3; 95 %

CI:1.7–3.2), night cough attacks (OR ¼ 1.9;

95 %CI:1.3–2.6), and all rhinitis symptoms

(OR ¼ 1.8; 95 %CI:1.3–2.6, OR ¼ 1.8; 95 %

Table 53.1 Demographic and prevalence data of the studied population

Variable Yes (n) Yes (%)

Sex F/M 529/508 51/49

Prematurity 191 19

Family history of asthma 427 41.5

Family history of rhinitis 445 43.5

Wheeze ever 357 35.2

Wheeze in the past 12 months 120 11.8

4 or more attacks of wheeze in the past 12 months 33 3.3

Sleep disturbance from wheeze, 1 or more nights a week in the past 12 months 23 2.3

Speech limited by wheeze in the past 12 months 18 1.8

Asthma ever 106 10.4

Wheeze during or after exercise in the past 12 months 65 6.4

Night cough in the past 12 months 248 24.3

Nose symptoms ever 233 22.8

Nose symptoms in the past 12 months 198 19.4

Nose and eye symptoms in the past 12 months 98 9.6

Nose symptoms affecting activities a lot in the past 12 months 4 2.0

Hay fever ever 13 1.3

Paracetamol intake in the first 12 months 218 21.3

Paracetamol intake at least once per month in the past 12 months 130 12.7

Paracetamol intake at least once the past 12 months 744 72.7

Antibiotic intake in the first 12 months 237 23.1

Number of participants n ¼ 1,037

Prevalence of the factors included in this study was presented as the number and percentage of individuals declaring the

existence of a factor

Table 53.2 Odds ratios (OR) for symptoms depending

on paracetamol exposure in the first 12 months of life,

with the level of significance (p) and confidence intervals

(CI), both unadjusted and adjusted for sex, age, prematu-

rity, and positive history of asthma and rhinitis

Paracetamol exposure in the first 12 months of life

Unadjusted Adjusted

OR p 95 %CI OR p 95 %CI

Asthma ever 3.168 <0.001 2.074–4.838 2.851 <0.001 1.825–4.454

Current asthma (wheeze in the past 12 months) 2.615 <0.001 1.740–3.931 2.362 <0.001 1.532–3.642

Exercise induced asthma in the past 12 months 2.692 <0.001 1.598–4.534 2.392 0.002 1.381–4.143

Wheeze ever 2.598 <0.001 1.909–3.537 2.478 <0.001 1.794–3.422

Rhinitis ever 2.738 <0.001 1.974–3.799 2.372 <0.001 1.682–3.344

Current rhinitis 3.247 <0.001 2.311–4.562 2.754 <0.001 1.962–3.937

Night cough attacks in the past 12 months 3.427 <0.001 2.482–4.733 3.104 <0.001 2.205–4.370

Four or more wheeze attacks in the past 12 months 2.757 <0.001 1.345–5.652 2.711 0.008 1.286–5.717

One or more wake up episodes with wheeze/week in the

past 12 months

2.642 <0.001 1.126–6.201 3.094 0.021 1.294–7.399

Nose and eye symptoms in the past 12 months 3.313 <0.001 2.143–5.124 2.876 <0.001 1.824–4.534
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CI:1.3–2.6, and OR ¼ 1.9; 95 %CI:1.2–3.0 for

rhinitis ever, current rhinitis, and tearing and

itching eyes, respectively). Although antibiotic

intake was associated with the prevalence of

asthma, it did not seem to influence its severity.

We found no association between antibiotic

intake and the number of wake-up episodes or

speech problems, nor with the disturbance of

daily activities caused by symptoms. A list of

selected odds ratios was presented in Table 53.3.

We further found that increased frequency of

paracetamol use during the last 12 months pre-

ceding the study facilitated the appearance of

allergic symptoms, suggesting a dose-dependent

associations. Here, risk of current asthma was

OR ¼ 3.3; 95 %CI:1.5–7.6, exercise-induced

asthma (OR ¼ 3.9; 95 %CI:1.2–12.1), night

cough attacks (OR ¼ 5.4; 95 %CI:2.9–9.9), cur-

rent rhinitis (OR ¼ 5.3; 95 %CI:2.7–10.5), and

tearing and itchy eyes (OR ¼ 6.7; 95 %

CI:2.5–18.3). Finally, we found a strong associ-

ation between the intake of paracetamol early in

life and that during the last 12 months preceding

the study; 30.6 % of the children who were given

paracetamol in the first year of life also received

paracetamol at least once per month during

the last 12 months compared with just 7.8 % of

those not having paracetamol exposure early in

life (p < 0.01).

4 Discussion

The major finding of our study was that children

exposed in early life to paracetamol or antibiotics

appeared to have highly increased risk of develop-

ing asthma and rhinitis by the age of 5–9 and they

also had more severe symptoms than those unex-

posed.We found positive associations between the

use of paracetamol and antibiotics and the appear-

ance of asthma ever or current asthma and rhinitis

ever or current rhinitis. We also found an associa-

tion between the dose-dependent current use of

paracetamol and both prevalence and severity of

current respiratory symptoms. Our results demon-

strate that parents who gave paracetamol to their

children early in life continue its administration

later in life, and do so at higher doses. These

associations remained strong after adjustments

for sex, age, family history of asthma and rhinitis,

and prematurity.

The present results are consistent with other

epidemiological data, demonstrating an important

role of antibiotics and paracetamol in the devel-

opment of allergic diseases. A multicenter study

on a sample of 205,487 children aged 6–7 from 31

countries, originating from the phase three of the

ISAAC program, found that the intake of paracet-

amol in the first year of life increases the risk of

Table 53.3 Odds ratios (OR) for each symptom

depending on the antibiotic exposure in the first 12 months

of life, with the levels of significance (p) and confidence

intervals (CI) both unadjusted and adjusted for sex, age,

prematurity, and positive history of asthma and rhinitis

Antibiotic exposure by 12 months

Unadjusted Adjusted

OR p 95 %CI OR p 95 %CI

Asthma ever 2.094 0.001 1.364–3.216 1.963 0.003 1.251–3.081

Current asthma (wheeze in the past 12 months) 1.676 0.015 1.104–2.543 1.596 0.038 1.026–2.483

Exercise induced asthma in the past 12 months 1.537 0.125 0.888–2.659 2.465 0.266 0.780–2.465

Wheeze ever 2.292 <0.001 1.699–3.092 2.326 <0.001 1.702–3.180

Rhinitis ever 1.882 <0.001 1.357–2.611 1.836 0.001 1.302–2.589

Current rhinitis 1.884 <0.001 1.336–2.657 1.808 0.001 1.258–2.599

Night cough attacks in the past 12 months 1.909 <0.001 1.385–2.632 1.852 <0.001 1.315–2.608

Four or more wheeze attacks in the past 12 months 1.554 0.255 0.727–3.320 1.482 0.275 0.679–3.233

One or more wake up episodes with wheeze/week in the

past 12 months

1.539 0.349 0.625–3.791 1.119 0.662 0.427–2.932

Nose and eye symptoms in the past 12 months 1.869 0.006 1.193–2.927 1.856 0.018 1.162–2.966
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asthma, rhinoconjunctivitis, and eczema (Beasley

et al. 2008). That study also verified the role of

antibiotic intake in the prevalence of atopic

diseases. Exposure to antibiotics in the first

12 months of life had a strong impact on future

respiratory health. The reported use of antibiotics

was strongly associated with increased risk of

current asthma symptoms, severe asthma, and

asthma ever and less, but still significantly, with

current symptoms of rhinitis (Foliaki et al. 2009).

These results were corroborated in other studies as

well (Gonzalez-Barcala et al. 2012; Kozyrskyj

et al. 2007).

The mechanisms behind these associations are

unclear. Yet some plausible explanations could

be proposed. Evidence exists that frequent

increases of body temperature above 38 �C
reduce the risk of asthma later in life (Williams

et al. 2004). Therefore, antipyretic effects of

paracetamol and antibiotics could reduce the pro-

tective role of fever, increasing the risk of asthma

and allergies. Another theory suggests that the

substitution of the anti-inflammatory ibuprofen

for paracetamol has been a real cause of a higher

allergic susceptibility. That claim is based on the

fact that ibuprofen could have a protective effect

against atopic diseases (Varner et al. 1998).

Finally, paracetamol can lead to asthmatic

inflammation by lowering glutathione level,

which impairs the antioxidant defences (Rahman

and MacNee 2000) and triggers inflammation

through disruption of Th1-Th2 cytokine

responses (Dimova et al. 2005).

‘Hygiene hypothesis’ (Strachan 1989) com-

bined with ‘antioxidant hypothesis’ (Soutar

et al. 1997) propose that decreased exposure to

microbes and diet changes in the last decades

(lower intake of antioxidants) could be responsi-

ble for a rapid increase in asthma prevalence in

industrialized countries. Others also believe that

administration of antibiotics early in life has a

destructive effect on microflora, preventing the

immunological system from correct maturation

(Verhulst et al. 2008).

Despite the evidence from epidemiological

studies, prospective research on the subject is

less consistent. A birth cohort study including

16,933 6–7-year-olds from Italy analyzed the

association between antibiotic and paracetamol

use and asthma symptoms, using the ISAAC

questionnaire. The focus was on two different

phenotypes of asthma: early (first 2 years of

life) and late onset of wheezing (during the last

12 months). A positive association has been con-

firmed only with the former (Rusconi et al.

2011), which is explained by the fact that early

wheeze caused by viral infection is often

misdiagnosed as asthma or allergy, and treated

with paracetamol and antibiotics. Another cohort

study of 198 children at high atopic risk also

questions the true association between paraceta-

mol and antibiotic use and asthma symptoms

(Kusel et al. 2008). The authors reported that

children who are given antibiotics in the first

year of life have over twice the odds for asthma

diagnosis, but this association became insignifi-

cant after adjustments for antibiotic predictor

score, sex, first year pets, childcare, and general

practitioner visits.

The above-mentioned inconsistencies are

most frequently explained by ‘reverse causation’.

According to this assumption, children with

respiratory disorders, including asthma, are

more likely to be prescribed antibiotics and para-

cetamol (Kummeling and Thijs 2008). Following

this reasoning, intake of drugs is a consequence

rather than cause of atopic diseases. Conflicting

results may be due also to another confounder –

‘indication’. In infancy it is difficult to distin-

guish the allergic from viral or bacterial infection

symptoms, which all are treated by paracetamol

and antibiotics, and those infections could be a

real underlying trigger for further development

of asthma and allergies (Kummeling and Thijs

2008). However, studies on in utero exposure to

paracetamol demonstrate increased risk of

wheezing in children whose mothers received

the drug, and such results are devoid of the ‘indi-

cation’ confounder (Bakkeheim et al. 2011).

5 Conclusions

Although the cross-sectional studies are prone to

bias due to the lack of chronological information

about the dosage and onset of symptoms, a strong

association between early administration of

antibiotics and paracetamol should not be
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ignored. Further investigation should be focused

on different phenotypes and epigenetic character

of these associations. Unnecessary exposure to

paracetamol and antibiotics, especially in

infancy, should be avoided.
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