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Purpose: Use of paracetamol during pregnancy may increase the risk of asthma in offspring.
The association between prenatal exposure to maternal use of paracetamol and risk of asthma
was investigated.

Methods: A cohort study of 197,060 singletons born in northern Denmark in 1996-2008 was
conducted, with follow-up until the end of 2009. Maternal paracetamol use during pregnancy
was defined as a redeemed prescription. Asthma in offspring was defined as at least two pre-
scriptions of both a 3-agonist and an inhaled glucocorticoid and/or a hospital diagnosis of asthma
during follow-up. Absolute risk of asthma in offspring was estimated using the Kaplan—-Meier
method and incidence rate ratios adjusted for known risk factors were estimated using Cox
proportional-hazards regression.

Results: Overall, 976 (0.5%) children were exposed prenatally to maternal use of prescription
paracetamol. During follow-up, 24,506 (12.4%) children developed asthma. Absolute risk of
asthma was 7.5% after 2 years and 14.4% after 10 years among the unexposed children.
Corresponding risks were 12.7% and 21.6% among the exposed children. The adjusted incidence
rate ratio was 1.35 (95% confidence interval: 1.17-1.57) for exposure in any trimester of
pregnancy. A similar association was present for paracetamol exposure in each of the trimesters
and for maternal use of prescription nonsteroidal anti-inflammatory drugs. Furthermore, maternal
prescription use in the year following the relevant delivery also showed similar associations.
Conclusion: A robust association was found between prenatal exposure to maternal use of
prescription paracetamol and the risk of asthma; however, noncausal explanations could not
be ruled out for such association.
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Introduction

Asthma has become one of the most common diseases in children, with increasing
prevalence worldwide, ranging from less than 2% in developing countries to more
than 20% in industrialized countries.' Although much is still unknown about the
etiology of asthma, epidemiological evidence suggests a concerning association with
paracetamol use in both children and adults.*® Paracetamol, also referred to as acet-
aminophen, is an analgesic commonly used by pregnant women.”* Based on
self-reported use, prevalence of paracetamol use in pregnancy was 54% in Denmark
and 69% in the US.”? Studies that investigated the relation between prenatal paracetamol
exposure and the risk of childhood asthma and wheezing’® ' yielded estimates of
association consistent with no or protective effect,” and with as much as a 110%
increase in risk.'* These studies, mainly based on self-reported information, were,

submit your manuscript
Dove

http:

Clinical Epidemiology 2012:4 33—40 33
© 2012 Andersen et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.


mailto:abta@dce.au.dk
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CLEP.S28312

Andersen et al

Dove

however, likely to be limited by recall and selection bias.
Therefore, a cohort study was conducted using large
population-based registries, including routine electronic
prescription dispensation records, to investigate the associa-
tion between maternal use of prescription paracetamol and
the risk of childhood asthma. Using these registries the risk
of selection bias is nearly nonexistent and the information
has been collected with independent recording of exposure
and outcome data, thus reducing the risk of recall bias.

Methods
Study population and design

This registry-based cohort study was conducted in northern
Denmark, a region which comprises 1.8 million inhabitants,
representing approximately 33% of the Danish population.
The study population was identified through the Danish
Medical Birth Registry (MBR), which has recorded all births
in Denmark since 1973.1%17 All singletons born alive in
northern Denmark from January 1, 1996 to December 31,
2008 were included; in this period a complete prescription
history can be established for all mothers and their children.
Multiple births were not included since twinning is a risk
factor for perinatal morbidity and obstetric complications.'®
The children were followed from date of birth until the date
of asthma diagnosis, death, emigration, or the end of
follow-up on December 31, 2009 — whichever came first.

Data on paracetamol and nonsteroidal
anti-inflammatory drug (NSAID)

exposure

The Danish National Health Service provides universal tax-
supported health coverage and refunds part of the costs of most
prescribed drugs.'’ Reimbursement ensues through a comput-
erized accounting system maintained at Danish pharmacies."
In Denmark, paracetamol is available over the counter (OTC),
but can be given by prescription for chronic use, allowing for
reimbursement.?’ Data on maternal by-prescription paraceta-
mol was extracted from the Aarhus University Prescription
Database (AUPD), which includes data on all reimbursed
medicines dispensed at community pharmacies in northern
Denmark.?! AUPD records type of drug prescribed according
to the Anatomical Therapeutic Chemical classification system,
and the date of the dispensation. Prenatal exposure to maternal
use of prescription paracetamol was defined as at least one
paracetamol dispensation during pregnancy. To evaluate
potential confounding by indication, data on maternal use of
prescription NSAIDs were also extracted.

Data on asthma

Asthma among children was defined using an algorithm that
combines use of anti-asthma medications and a hospital
diagnosis of asthma.??> Hence, the asthma outcome was
defined as a hospitalization, outpatient visit, or an emergency
room visit with a diagnosis of asthma or a dispensation record
for anti-asthma medication. For the medication-based crite-
rion, prescriptions of both a B-agonist and an inhaled gluco-
corticoid were required. In patients aged 545 years, this
algorithm has a positive predictive value of 100% for “any
asthma” (including definitive asthma, wheezing, chronic
obstructive pulmonary disease, or allergy) and a positive
predictive value of 80% for “definitive asthma.”'%?* To ensure
ongoing use of anti-asthma medication and to avert possible
misclassification as asthmatics of small children with wheez-
ing only, it was additionally required that the medication
regimen be dispensed twice in order for a child to be counted
as having asthma.

Diagnoses of asthma were ascertained from the Danish
National Patient Registry (DNPR). The diagnoses were
coded using the World Health Organization’s International
Classification of Diseases, eighth revision before 1994 and
International Classification of Diseases, tenth revision
thereafter. The DNPR has tracked all discharges from
nonpsychiatric acute care hospitals since 1977; reporting
of emergency room and outpatient clinic contacts started
in 1995. Prescription dispensations were ascertained from
the AUPD.

Data on risk factors for asthma

From the DNPR, MBR, and the AUPD, information was
collected on a priori selected risk factors for asthma in
children: year of birth, county of residence, child’s sex,
gestational age, birth order, delivery mode, mother’s age
at delivery, maternal smoking during pregnancy, maternal
use of systemic antibiotics during pregnancy, and maternal
asthma, identified using the same algorithm as that for
children.!®*-26 Maternal prepregnancy body mass index
(BMI) was also included as this has been associated with
asthma in children.?”?® BMI has been reportable to the
MBR since 2004. All relevant codes are listed in the
Appendix.

The Civil Personal Registration number, a personal
identifier assigned to all Danish residents at birth or immi-
gration, was used to unambiguously link records from
different data sources. The Civil Personal Registration
number is used in all prescription and hospital records, and
a child’s birth record contains a maternal Civil Personal
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Registration number.” The Danish Data Protection Agency
approved the study.

Statistical analysis

Prenatal exposure was defined as at least one maternal par-
acetamol prescription from 30 days before the first day of
the last menstrual period and until delivery. Overall exposure
during gestation and trimester-specific exposure were exam-
ined: the first trimester was defined as the first 12 weeks of
pregnancy counted from the first day of last menstrual period;
the second and third trimesters (examined together) were
defined as the remainder of the pregnancy. According to this
definition, children exposed during the first trimester could
also be exposed later in pregnancy, but not vice versa. The
reference group was defined as children unexposed to mater-
nal use of prescription paracetamol at any time during
gestation. Last menstrual period date was estimated from the
gestational age at birth, recorded in the MBR.

The Kaplan—Meier method was applied to estimate 2-year
and 10-year risk of asthma according to paracetamol exposure
and Cox proportional-hazards regression to estimate crude
and adjusted incidence rate ratios (IRR and alRR, respec-
tively) with 95% confidence intervals (95% CI). The assump-
tion of proportional hazards was assessed graphically and
found appropriate.

To examine whether the association varied by severity
of asthma, an analysis restricted to children with any hospital
diagnosis of asthma (excluding prescriptions) was performed.
Because asthma cannot be diagnosed with certainty before
age 5-6 years,'® an analysis restricted to children with
asthma diagnosed after age 5 years was also performed.

Additionally, the following analyses were conducted:
computation of adjusted estimates including maternal
prepregnancy BMI for the subset of children born in 2004
and onwards; a sensitivity analysis examining the impact of
counting maternal paracetamol prescriptions 0 days and
60 days before last menstrual period; an analysis of an asso-
ciation between prenatal exposure to NSAIDs and asthma;
and analyses of the association between maternal use of
paracetamol in the year after birth but not during pregnancy.
The two latter analyses were conducted to address confound-
ing by indication.

Data were analyzed using SAS® (v 9.2; SAS Institute,
Inc, Cary, NC).

Results
The study population consisted of a total of 197,060 children
(51% boys). A total of 976 (0.5%) children were exposed

prenatally to maternal use of prescription paracetamol, and
566 of these (58%) were exposed during the first trimester.
Maternal use of antibiotics during pregnancy was more
frequent among paracetamol-exposed children than among
the unexposed children. So were maternal smoking, maternal
asthma, and high maternal prepregnancy BMI (Table 1).
During follow-up, 24,506 (12.4%) children with asthma
were identified (median follow-up time 6.8 years). The

Table | Characteristics of the study population according to
prenatal exposure to maternal use of prescription paracetamol in
northern Denmark 1996-2008 (N = 197,060)

Characteristics Exposed during Unexposed during

gestation gestation
(N =976) N = (196,084)
n % n %
Sex of child
Girl 473 48.5 95,518 48.7
Boy 503 515 100,566 51.3
Mother’s age at time of birth
<25 102 10.5 24,446 12.5
25-29 299 30.6 71,578 36.5
30-34 351 36.0 69,572 355
=35 224 23.0 30,488 15.5
Prenatal exposure to antibiotics
No 490 50.2 133,363 68.0
Yes 486 49.8 62,721 320
Maternal smoking during pregnancy
Missing 22 23 4086 2.1
No 685 70.1 154,596 788
=10 cigarettes 163 16.7 28,532 14.6
>0 cigarettes 106 10.9 8870 4.5
Gestational age (weeks)
<37 68 7.0 9714 5.0
3741 847 86.8 171,822 87.6
=42 6l 6.3 14,548 74
Birth order
| 359 36.8 80,611 41.1
2 335 343 74,135 378
=3 282 28.9 41,338 211
Maternal asthma
No 875 89.7 187,671 95.7
Yes 101 10.3 8413 4.3
Mode of delivery
Missing 8 0.8 3827 2.0
Cesarean 263 27.0 31,945 16.3
Vaginal 705 722 160,312 8l1.8
Maternal
prepregnancy
body mass index* (N = 447) (N =78,224)
15-19.9 45 10.1 10,480 13.4
20-24.9 173 387 40,268 51.5
25-29.9 115 25.7 17,501 224
=30 114 25.5 9975 12.8

Note: *N = 78,67 1; data on maternal body mass index were available from 2004
onwards.
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median age at asthma diagnosis was 1.6 years for unexposed
children and 1.5 years for children exposed any time during
gestation. Among the unexposed children, the absolute risk
of asthma was 7.5% after 2 years as compared with 12.7%
among the exposed children. After 10 years of follow-up, the
absolute risk was 14.4% in the unexposed and 21.6% in the
exposed children (Figure 1).

The risk of asthma was 35% higher (aIRR = 1.35, 95%
CI: 1.17-1.57) for children prenatally exposed to maternal
use of prescription paracetamol any time during gestation as
compared to unexposed children after adjusting for the covari-
ates (Table 2). The aIRR was 1.40 (95% CI: 1.16—-1.71) for
paracetamol exposure in the first trimester and 1.28 (95% CI:
1.02-1.62) for exposure in second/third trimester. Results did
not differ substantially from the main analyses when restricted
to 10,632 children with an asthma hospital contact or to 4966
children with asthma diagnoses after age 5 years (Table 2).

The analysis among children born in 2004 and onwards
adjusting for BMI included 447 exposed and 78,224 unex-
posed children. A crude IRR of 1.34 (95% CI: 1.05-1.71)
and an alRR of 1.13 (95% CI: 0.88—1.44) were found for
exposure any time during gestation. When examined accord-
ing to trimester of exposure an alRR of 1.20 (95% CI:
0.88-1.64) was found when exposed during first trimester
and when exposed in second and/or third trimester the alRR
was 1.03 (95% CI: 0.68-1.53).

The same overall pattern was seen when redefining first-
trimester exposure from 30 days before the first day of last
menstrual period to 0 days and 60 days, respectively (results
not shown). The results for the comparison group of children
exposed prenatally to maternal use of prescription NSAIDs
showed results similar to those for paracetamol (Table 3).
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Figure | Cumulative incidence of asthma in children according to prenatal exposure
to prescription paracetamol.

Finally, the analysis for maternal prescription paracetamol
use in the year after delivery included 194,959 unexposed
and 1125 exposed women and also showed an increased risk
of asthma; crude IRR was 1.56 (95% CI: 1.36-1.79) and
alRR was 1.44 (95% CI: 1.25-1.65).

Discussion

It was found that prenatal exposure to maternal use of pre-
scription paracetamol was associated with an increased risk
of asthma in offspring. However, no clear evidence was found
that this association was restricted to a specific trimester of
exposure, or to prenatal exposure, as the risk of asthma was
also increased in children whose mothers used paracetamol
in the year after giving birth but not during pregnancy. Hence,
confounding by indication could not be ruled out.

The results are similar to the findings of several published
studies of maternal self-reported paracetamol use and child-
hood asthma and/or wheezing.>*-1431-33 The largest of them,
based on the Danish National Birth Cohort, included 90,549
women of whom 66,445 participated when their child was
18 months and 12,733 when their child was 7 years old. In
the 18-months-old population, 54.7% women used paraceta-
mol during pregnancy and the risk of physician diagnosed
asthma/bronchitis in the children increased by 18% as com-
pared to children with no prenatal paracetamol exposure. In
the 7-years-old population, 53.0% women used paracetamol
during pregnancy and the risk of asthma in their children
increased by 15%.°

Similarly, a study with nearly 14,000 women in Great
Britain found that prenatal exposure to paracetamol before
week 20 was associated with a 25% increased risk of
childhood asthma at age 7 years and exposure later than
week 20 with a 29% increase.!* Another study found
no increased risk of asthma after prenatal exposure to
paracetamol.’

The timing of paracetamol use during pregnancy may be
relevant in regard to the possible biological mechanisms
underlying asthma. However, the results for timing in the
current study and other studies are conflicting, and the reason
for this remains unclear. Glucuronidation, which is the main
pathway for paracetamol metabolism in adults, is distinctly
reduced in the fetus in first trimester. Glutathione S trans-
ferase, which detoxifies the oxidative paracetamol metabo-
lites, is gradually reduced after week 15 of gestation.®%343
If the balance between these pathways is affected, it may
predispose the offspring to increased oxidant-induced airway
inflammation due to an accumulation of toxic oxidative
metabolites in the fetus.3¢
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Table 2 Incidence rate ratios for asthma in northern Denmark (1996-2008) for all children and children with a hospital diagnosis of
asthma and children aged 5+ years according to prenatal exposure to maternal use of prescription paracetamol

Number Children IR IRR (95% CI) alRR* (95% CI)
of children with asthma (per 1000 PY)
n (%)
All children
No paracetamol exposure 196,084 24,330 (12.4) 19.5 1.00 1.00
during gestation
Paracetamol exposure 976 176 (18.0) 325 1.57 (1.35-1.82) 1.35 (1.17-1.57)
during gestation
Paracetamol exposure
First trimester 566 104 (18.4) 33.6 1.62 (1.33-1.96) 1.40 (1.16-1.71)
Second/third trimester 410 72 (17.6) 31.0 1.52 (1.20-1.91) 1.28 (1.02-1.62)
Children with an asthma diagnosis
No paracetamol exposure 196,084 10,542 (5.4) 8.1 1.00 1.00
during gestation
Paracetamol exposure 976 90 (9.2) 15.5 1.81 (1.47-2.23) 1.52 (1.24-1.88)
during gestation
Paracetamol exposure
First trimester 566 55(9.7) 16.6 1.92 (1.47-2.50) 1.64 (1.26-2.15)
Second/third trimester 410 35 (8.5) 14.0 1.66 (1.19-2.31) 1.37 (0.98-1.91)
Children aged 5+ years
No paracetamol exposure 129,304 4930 (3.8) 9.9 1.00 1.00
during gestation
Paracetamol exposure 584 36 (6.2) 17.1 1.71 (1.23-2.37) 1.54 (1.11-2.14)
during gestation
Paracetamol exposure
First trimester 326 24 (7.4) 20.0 2.01 (1.35-3.01) 1.80 (1.20-2.69)
Second/third trimester 258 12 (4.7) 13.2 1.31 (0.74-2.31) 1.20 (0.68-2.12)

Note: *Adjustment was made for year of birth, county, sex of child, gestational age, birth order, mode of delivery, mother’s age, maternal use of antibiotics during pregnancy,
maternal smoking during pregnancy, and maternal asthma.
Abbreviations: alRR, adjusted incidence rate ratio; Cl, confidence interval; IR, incidence rate; IRR, incidence rate ratio; PY, person-years.

Furthermore, paracetamol may affect the immune system
and the development of asthma by altering antigen
recognition towards favoring T helper 2 (Th2) over Thl
cytokines.’® This mechanism could be due to endocrine
disrupting compounds that may be harmful to the developing
immune system.?* Recently these compounds have been
suggested to include nonselective cyclooxygenase inhibitors

such as paracetamol, ibuprofen, and acetylsalicylic acid.***?
Cyclooxygenase inhibitors have a structure nearly similar
to phthalates,*> which in mice have been found to facilitate
Th2 differentiation, production of Th2 cytokines, and
enhanced levels of Th2-promoted immunoglobulins. 3434
This endocrine disruption hypothesis could explain the
current findings of an association of both paracetamol and

Table 3 Incidence of asthma in all children born in northern Denmark 1996-2008 according to prenatal exposure to maternal use of

prescription nonsteroidal anti-inflammatory drugs

N = 197,060 Children with IR IRR (95% CI) alRR* (95% CI)
asthma N = 24,506 (per 1000 PY)
n (%)
No NSAID exposure 187,811 22,958 (12.2) 19.2 1.00 1.00
during gestation
NSAID exposure 9249 1548 (16.7) 28.8 1.43 (1.36-1.51) 1.26 (1.20-1.33)
during gestation
NSAID exposure
First trimester 7466 1244 (16.7) 28.7 1.43 (1.35-1.51) 1.26 (1.19-1.33)
Second/third trimester 1783 304 (17.0) 29.0 1.45 (1.30-1.63) 1.27 (1.14-1.43)

Note: *Adjustment was made for year of birth, county, sex of child, gestational age, birth order, mode of delivery, mother’s age, maternal use of antibiotics during pregnancy,
maternal smoking during pregnancy, and maternal asthma.

Abbreviations: alRR, adjusted incidence rate ratio; Cl, confidence interval; IR, incidence rate; IRR, incidence rate ratio; NSAID, nonsteroidal anti-inflammatory drug; PY,
person-years.
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NSAIDs with an increased risk of asthma. The development
of the fetal immune system begins in early gestation and
continues after birth, which could potentially explain the
increased risk observed for both first trimester and second/
third trimester exposure if the observed association was
indicative of a true association.*

The strengths of the current study are its large size, long
and complete follow-up, and the use of data from population-
based medical databases in a setting of universal health care,
reducing the risk of recall bias and selection bias. The study
also had limitations of which misclassification is pivotal.
Without doubt, the unexposed group included women with
OTC use of paracetamol. However, the authors believe this
misclassification would be unrelated to the development of
asthma in offspring, ie, nondifferential, and therefore the
observed association is expected to represent diluted, not
inflated, IRRs. It is also possible that some women, especially
those with only one prescription for paracetamol, did not use
all the pills. This misclassification is likely to be nondiffer-
ential as well and consequently leading to diluted IRRs. In
addition, although a validated algorithm was used for iden-
tifying children with asthma, the misclassification of asthma
status could still occur, for example, since anti-asthma
medications are used by children with wheezing without
asthma."'4¢ [fthis were true it would cause an overestimation
of the absolute risk of asthma. Nevertheless, restriction to
children with a hospital diagnosis of asthma and children
diagnosed with asthma after 5 years of age produced esti-
mates similar to those in the main analysis.

No information was available on the children’s use of
paracetamol in early life, which also has been associated
with childhood asthma.® Such use is mainly likely to be OTC
use which is not obtainable from registries. Furthermore, it
is expected that prescription paracetamol use during preg-
nancy is associated with other potential risk factors for
asthma such as maternal use of alcohol during pregnancy,
reduced duration of breastfeeding, and socioeconomic status,
which were unable to be adjusted for in the current analysis
(ie, unmeasured confounding). Accordingly, residual con-
founding may also have affected the results since the adjust-
ment for some of the included covariates may have been
incomplete. In addition, no direct information was available
on the underlying condition or disease leading to prescription
paracetamol use, which may reflect complicated conditions
predisposing the children to asthma.*” Therefore, the
increased risk of asthma being caused by such conditions
rather than paracetamol itself cannot be ruled out.

Corresponding risks of asthma among children exposed
prenatally to maternal use of prescription NSAIDs were
observed, indicating either a common pathway or that the
association may be related to the underlying condition more
than an effect of paracetamol itself. Risk of asthma was also
found to be increased among children whose mothers used
paracetamol after giving birth, also indicating that the results
may be affected by confounding by indication. However, it
is likely that some of the women without prescription use
during pregnancy used OTC paracetamol during pregnancy.
Moreover, the possibility that the association observed for
postpartum use of paracetamol could be caused by parac-
etamol exposure through breastfeeding, which could not be
measured, cannot be disregarded.

In conclusion, the results suggest that prenatal exposure
to paracetamol increases the risk of asthma. Although a
nontrivial association was found, noncausal explanations for
such association cannot be ruled out.
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Appendix tables

Table Al Included Anatomical Therapeutic Chemical codes

Drug ATC-code
Paracetamol NO2BEO|
NSAIDs MOIA
[B-agonist RO3AC
Inhaled glucocorticoid RO3BA
Systemic antibiotics Jol

Abbreviations: ATC, Anatomical Therapeutic Chemical; NSAIDs, nonsteroidal
anti-inflammatory drugs.
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Table A2 Included International Classification of Diseases
codes

Diagnoses ICD classification
Asthma ICD-8: 493

Asthma ICD-10: J45, J46

Abbreviations: ICD, International Classification of Diseases; ICD-8, eighth
revision; ICD-10, tenth revision.
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