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BACKGROUND
Recent reports indicate a high prevalence of autism with 1 in 68
children meeting the criteria for autism spectrum disorders
(ASD).1 ASD is reported to occur in all racial, ethnic, and so-
cioeconomic groups.1 ASD is approximately 4.5 times more
common among boys (1 in 42) than girls (1 in 189).1 The eti-
ologies for ASD are heterogeneous; genetic factors play a major
role in many patients.2 The role of environmental factors has
been a key area for research.3 In utero exposure with drugs such
as valproate and thalidomide has been linked to ASD.4,5 One
epidemiological study in 2011 reported a possible role of in utero
exposure of beta-2 adrenergic receptor (B2AR) agonists in
causation of ASD.6 In this study, Croen et al6 reported that ASD
was 4 times more likely in those with IV terbutaline exposure
during third trimester but did not find a significant risk with
other B2AR agonists. This study was not population based and
had only 284 controls and 291 ASD cases; this small sample size
led to “statistically imprecise effect estimates.” With this back-
ground, Gidaya et al conducted a case-control study to investi-
gate if there was increased risk for autism when inhaled B2AR
agonists were used during pregnancy.

METHODS
Using Denmark’s health population registers, 5200 children with
ASD born between 1997 and 2006 were identified. Children
without ASD (n ¼ 52,000) matched on month and year of birth
were used as controls. Children whose biological mother did not live
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in Denmark a year before the delivery, and those born at gestational
age of <23 weeks were excluded. For multiple births, one child was
randomly selected. Exposure to inhaled B2AR agonists was ascer-
tained through Drug Prescription Register. The exposure windows
were defined as preconception, first trimester, second trimester, and
third trimester. The children born to mothers who had no pre-
scription records of B2AR were considered unexposed. Other vari-
ables collected include parental age, psychiatric history, mother’s
number of live births, child’s gestational age, birth weight, obstetric
complications, and socioeconomic status.
RESULTS
B2AR agonist drug exposure in pregnancy was noted in 3.7%
(190) of cases and 2.9% (1489) of controls. Children with ASD
were more likely than controls to be male, have a higher parental
age, and have a mother with an asthma diagnosis before the birth
of the child. Use of B2AR agonists during pregnancy was asso-
ciated with increased risk of ASD, after controlling for the child’s
birth year and month, gender of the child, and parental age (odds
ratio [OR]: 1.3; 95% confidence interval [CI]: 1.1-1.5). The
elevated risk was observed with the use of B2AR agonists during
preconception (OR: 1.3; 95% CI: 1.0-1.6), first trimester (OR:
1.3; 95% CI: 1.5-1.5), second trimester (OR: 1.5; 95% CI: 1.1-
1.7), and third trimester (OR: 1.4; 95% CI: 1.1-1.7). The
authors also found some evidence that longer B2AR use in
pregnancy was associated with increased risk.
CRITICAL APPRAISAL
This population study reports a 1.3-fold increase in ASD in
children born to mothers who presumably used B2AR agonists
during pregnancy. B2AR agonists are known to cross the
placenta, and some animal studies indicate that this may affect
developing neurons in the fetus.7-9 Beta adrenergic drugs are
widely used in the treatment of asthma. Although associations
with congenital malformations have been reported, methodo-
logical limitations prevent firm conclusions regarding an
increased risk of adverse perinatal outcomes associated with
gestational use of beta agonists.10 Hence, a closer look at the
strength of association in the study of Gidaya et al is needed.

This study has some strengths and significant weaknesses: it is
population based including almost all children born over a 6-year
period with follow-up to at least 5 years of age. This provided a
large group of 5200 cases of ASD. When assessing the hazard
risk, they used conditional logistic regression analysis and
adjusted the risk for gender, parental age, and maternal diagnosis
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of asthma. However, although asthma was a covariate, asthma
severity, control, and oral steroid use were not captured.

In a case-control study, the impact of potentially important
confounders should always be considered. In this study, cases
(children with ASD) were more likely to be male, have higher
parental age, and have a mother with diagnosis of asthma. Boys
are at higher risk for ASD, and in this study, 82% of cases were
male, whereas only 50.7% of controls were male. However, the
authors report a significant increase in ASD risk despite con-
trolling for the gender differences between cases and controls. Of
greater concern, though, is the possible impact of unmeasured
confounders. For example, other previously reported risk factors
for ASD, such as premature birth, low birth weight, siblings, and
family history of ASD, were not analyzed.11 The authors
reported collecting data on gestational age at birth, but the results
were not shown. Exposure to other drugs known to cause ASD
was not studied, and the potential contribution of uncontrolled
asthma to ASD development cannot be ascertained.

The methods used to measure exposure also have several
drawbacks. Exposure data were restricted to outpatient pre-
scriptions that were equated to exposure. However, the actual
dose and duration of exposure were unknown. Most patients
with asthma have a B2AR inhaler at home, but that does not
equate to use. As exposure data relied on outpatient pre-
scriptions, true exposure in hospitalized patients with severe
asthma and exposure to intravenous terbutaline (a B2AR agonist,
used to prevent preterm labor) were not measured.

RECOMMENDATION
The data from this study should be interpreted with caution.
Limitations of “exposure” ascertainment and the many potential
confounding variables that were not analyzed make it hard to
know if there is a true link between B2AR use and ASD. Further
prospective population-based studies better accounting for
known risk factors of autism and parameters of asthma severity
and/or control may serve to confirm or refute the observations of
this study and address their potential causal relationships.
Even if there is a true increased relative risk, this study
would suggest that the absolute risk of ASD related to B2AR
agonists is “less than 1%” according to the authors. Making the
correct diagnosis and using asthma controller therapies to
minimize asthma symptoms should be our goal with every
patient. In our opinion, the benefits and risks of any treatment
option should be balanced, and B2AR agonists should not be
withheld for appropriate indications in pregnant women with
acute asthma.

REFERENCES

1. Christensen DL, Baio J, Braun KV, Bilder D, Charles J, Constantino JN, et al.
Prevalence and characteristics of autism spectrum disorder among children aged
8 years—Autism and Developmental Disabilities Monitoring Network, 11 Sites,
United States, 2012. MMWR Surveill Summ 2016;65:1-23.

2. Huquet G, Ey E, Bourgeron T. The genetic landscapes of autism spectrum
disorders. Annu Rev Genomics Hum Genet 2013;14:191-213.

3. Sealey LA, Hughes BW, Sriskanda AN, Guest JR, Gibson AD, Johnson-
Williams L, et al. Environmental factors in the development of autism spectrum
disorders. Environ Int 2016;88:288-98.

4. Christensen J, Grønborg TK, Sørensen MJ, Schendel D, Parner ET,
Pedersen LH, et al. Prenatal valproate exposure and risk of autism spectrum
disorders and childhood autism. JAMA 2013;309:1696-703.

5. Strömland K, Nordin V, Miller M, Akerström B, Gillberg C. Autism in
thalidomide embryopathy: a population study. Dev Med Child Neurol 1994;36:
351-6.

6. Croen LA, Connors SL, Matevia M, Qian Y, Newschaffer C, Zimmerman AW.
Prenatal exposure to b2-adrenergic receptor agonists and risk of autism spec-
trum disorders. J Neurodev Disord 2011;3:307-15.

7. Witter FR, Zimmerman AW, Reichmann JP, Connors SL. In utero beta 2
adrenergic agonist exposure and adverse neurophysiologic and behavioral out-
comes. Am J Obstet Gynecol 2009;201:553-9.

8. Rodier P, Miller RK, Brent RL. Does treatment of premature labor with ter-
butaline increase the risk of autism spectrum disorders? Am J Obstet Gynecol
2011;204:91-4.

9. Henry A, Kennedy D, Lowe S. In utero beta 2 adrenergic agonist exposure and
adverse neurophysiologic and behavioral outcomes. Am J Obstet Gynecol 2010;
203:e14. author reply e14-5.

10. Eltonsy S, Kettani FZ, Blais L. Beta2-agonists use during pregnancy and
perinatal outcomes: a systematic review. Resp Med 2014;108:9-13.

11. Gardener H, Spiegelman D, Buka SL. Perinatal and neonatal risk factors of
autism: a comprehensive meta-analysis. Pediatrics 2011;128:344-55.

http://refhub.elsevier.com/S2213-2198(16)30491-3/sref1
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref1
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref1
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref1
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref2
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref2
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref3
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref3
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref3
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref4
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref4
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref4
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref5
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref5
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref5
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref6
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref6
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref6
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref7
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref7
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref7
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref8
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref8
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref8
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref9
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref9
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref9
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref10
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref10
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref11
http://refhub.elsevier.com/S2213-2198(16)30491-3/sref11

	Agonizing over Beta 2 Agonists and Autism
	Reference
	Background
	Methods
	Results
	Critical Appraisal
	Recommendation
	References


