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Introduction
Autism Spectrum Disorders (ASD) is a neurodevelopmental 

disorder comprised of repetitive behaviors and restricted interests 
along with communication problems during childhood [1]. The 
incidence of ASD has risen from 1/2000 thousand children before 1980 
to approximately 1/110 by 2006 and 1/88 for the last year that data was 
available [2]. This increased prevalence of children diagnosed with ASD 
has resulted in many common agents labeled as “causal” or “associated” 
with this problem. Most famously, childhood vaccines such as the MMR 
(measles, mumps, rubella) was first said to be causal in the late 1990’s 
but vaccination has since been demonstrated to have no correlation 
with ASD. The co-authors of the seminal work issued a retraction of 
their initial interpretation and the entire article was retracted by the 
Journal (Lancet) and the author rebuked [3]. More recently ASD has 
been linked to many factors such elevated neonatal bilirubin, oxytocin 
induction of labor, infection during pregnancy, exposure to beta agonist 
drugs (for preterm labor and asthma treatment), mental health stressors 
and many other factors [4]. Common issues during pregnancy can 
almost always be statistically “associated with” any rare disorder/disease 
but of course, none of these factors are causal. On the other hand, 
genetic research has been the most promising area as a cause for ASD 
[5-9]. Chromosomal abnormalities in children with ASD diagnosed by 
micro-array analysis and linkage to metabolic/mitochondrial disorders 
are being noted more frequently [10-12]. This is important because 
parents of such children deserve current information about ASD as it is 
very devastating for families and siblings alike [13].

One of the areas that received attention in the past was in utero 
exposure of fetuses to beta adrenergic agonist drugs (β-2AR) as they 
were commonly used for women in preterm labor and in pregnancies 
complicated by asthma. Witter et al. [14] performed a clinical literature 
review regarding preterm labor treatment stimulated by a basic science 
hypothesis that exposure to β-2AR drugs led to brain lesions in rats 
[15]. In an invited response by the American Journal of Obstetrics 
and Gynecology, the noted teratologist, Brent et al. [16] debunked the 
hypothesis that β-2AR was in anyway related to ASD. Furthermore, 
in a response to a letter to the editor by Brent et al. noted that in the 
original article [14] much of the evidence claimed by Witter et al. “was 
not present in the references cited or conflicted with the actual results 
reported in their literature” [17]. They also identified other “egregious 
omissions” in the Witter et al. [14] paper such as failure to note that 
preterm birth itself is strongly associated with an increased risk for ASD 
and that drug exposures already known to be risk factors for ASD, have 
their critical periods during the first trimester making the hypothesis 
that β-2AR used in the 2nd or 3rd trimester would lead to ASD very 
unlikely. As maternal fetal medicine specialists who often manage high 
risk pregnancies complicated by preterm labor and asthma, we have not 
found any relationship between β-2AR and ASD [4,18]. There is also 
basic science data in the rat model by investigators in our laboratories 
supporting clinical findings that there is no credible, reproducible 
evidence linking β-2AR to ASD [19]. It was reasonable to believe that 
this issue, based on all of the data, had been adjudicated. 

Imagine, if you will, our chagrin, upon reading a recent article in 
Pediatrics [20] regarding a case control study which used an outpatient 
population registry where they “demonstrated an association” between 
β-2AR’s and ASD. Unfortunately many of the same references previously 
refuted by Brent et al. [16,17] were used to bolster their findings. They 
even quoted Brent at al. [16] as “supporting their supposition,” when in 
fact the Brent article says just the opposite; there is not an association 
between β-2AR’s and ASD. Furthermore the article by Gidaya et al. 
[20] did not account for prematurity which is the most important
pregnancy related factor with regard to ASD. Indeed, Autism is five
times more common in low birth weight babies compared to those
born at term [21]. As an example, we have accessed the results of an
anonymous survey sent to participants who were members of several
high risk pregnancy support organizations. Of the 2217 respondents,
43.5% were not treated with β-2AR medication while 46.5% did receive 
these drugs for preterm labor. Among treated women, 6.3% had a child 
diagnosed with ASD compared to 5.1% of those with no exposure to
these drugs (p=0.33). In contrast, prematurity was associated with 80% 
of ASD cases whereas those delivered at term (≥ 37weeks gestation)
accounted for only 20% children with ASD [19]. This demonstrates
that prematurity is the most important gestational factor in children
who are later found to have ASD. Another critical problem with the
paper by Gidaya et al. [20]  was they found that β-2AR use was associated
with ASD even if exposure occurred before pregnancy (within 90 days
of conception). Obviously, the use β-2AR prior to pregnancy cannot
affect the offspring as the fetus is not yet in utero. Ultimately the data
of Gidaya et al. [20] as well as the basic science and clinical studies on
which the article is based did not conform to the Bradford-Hill criteria 
which must be fulfilled to draw a causal relationship between a disease 
and an environmental agent [22].

This issue needs to be laid to rest. β-2AR exposure during pregnancy 
does not, will not, cannot and has never caused ASD! In our view it is 
not fair to cause anxiety in young mothers who may in fact stop using 
β-2AR medications which may actually result in a preterm birth or in 
worsening of asthma during pregnancy with significant morbidity/
mortality in the mother and fetus [23]. This is similar to what happened 
after the MMR vaccine scare as many mothers did not vaccinate 
their children. This resulted in the unvaccinated children infecting 
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other children as well as causing significant childhood morbidity and 
mortality among the unvaccinated children themselves [24]. Many 
times failure to treat a disorder like preterm labor or asthma during 
pregnancy can be much more costly to children than the disorder itself. 
In this case, it is particularly true since there is no risk of ASD when 
β-2ARs are used during gestation.

In summary, clinicians should use β-2ARs without fear that they 
are related in any way to ASD. Perhaps in the future such medical 
literature will not to be published if it suggests ASD is related to β-2AR 
use in pregnancy.

References

1. American Psychiatric Association (1994) Diagnostic and Statistical Manual of
Mental Disorders (IV). Washington, DC: American Psychiatric Association.

2. Autism and Developmental Disabilities Monitoring Network Center for Disease 
Control and Prevention MMWR (2014) Surville Summ 63: 19-21.

3. Murch S, Anthony A, Casson DH, Malik M, Berelowitz M, et al. (2004) Retraction
of an interpretation. Lancet 363:750.

4. Elliott JP, Morrison JC (2013) Terbutaline and other beta-agonist drugs do not
cause autism spectrum disorders. OA Autism 1: 16-22.

5.	 Abdul-Rahman OA, Hudgins L (2006) The diagnostic utility of a genetics evaluation
in children with pervasive development disorders. Genet Med 8: 50-54.

6. Vernes SC, Newbury DF, Abrahams BS, Winchester L, Nicod J, et al. (2008) A 
functional genetic link between distinct developmental language disorders. N 
Engl J Med 359: 2337-2345.

7. Ozonoff S, Young GS, Carter A, Messinger D (2011) Recurrence risk for autism 
spectrum disorders: A baby siblings research consortium study. Pediatrics 128: 
e488-e495.

8. Sandin S, Lictenstein P, Kuja-Halkola R, Larsson H, Hultman CM, et al. (2014) 
The familial risk of autism. JAMA 311: 1170-1777.

9. Luo R, Sanders SJ, Tian Y, Voineagu I, Huang N, et al. (2012) Genome-wide
transcriptome profiling reveals the functional impact of rare de nova and
recurrent CNVs in autism spectrum disorders. AM J Genetics 91: 38-55.

10.	Skafidas E, Testa R, Zantomio D, Chana G, Everall IP, et al. (2012) Predicting 
the diagnosis of autism spectrum disorder using gene pathway analysis. 
Molecular Psychiatry, pp: 1-7.

11. Giulivi C, Yi FZ, Omanska-Klusek A, Ross-Inta C, Hertz-Picciott I, et al. (2010) 
Mitochondrial dysfunction in autism. JAMA 304: 2389-2396.

12.	Krakowiak P, Walker CK, Bremer AA, Baker AS, Ozonoff S, et al. (2012) 
Maternal metabolic conditions and risk for autism and other neurodevelopmental
disorders. Pediatrics 129: e1121-e1128.

13.	Karp K, Kuo A (2015) Maternal mental health after a child’s diagnosis of autism
spectrum disorder. JAMA 313: 81-82.

14.	Witter FR, Zimmeman AW, Reichmann JP, Connors SL (2009) In uteror beta
2 adrenergic agonist exposure and adverse neurophysiologic and behavioral
outcomes. AM J Obstet Gyneol 201: 553-559.

15.	Slotkin TA, Seidler FJ (2013) Terbutaline impairs the development of peripheral
noradrenergic projections; Potential implications for autism spectrum disorders
and pharmacotherapy of perterm labor. Neurotoxicol Teratol 36: 91-96.

16.	Rodier P, Miller RK, Brent RL (2011) Does treatment of premature labor with 
terbutaline increase the risk of autism spectrum disorders? AM J Obstet 
Gynecol 31: 211-212.

17.	Brent RL, Rodier P (2011) Response to Witter et al. Am J Obstet Gynecol, pp: 
e12-e13.

18.	Elliott JP, Morrison JC, Chauhan SP (2013) A critical appraisal of the potential 
harmful effects of terbutaline sulfate use in pregnancy. J Reprod Med 58: 123-131.

19.	Owens MY, Wallace KL, Mamoon N, Wyatt-Ashmead J, Bennet WA (2011) 
Absence of neurotoxicity with medicinal grade terbutaline in the rat model. 
Reprod Toxicol 31: 447-453.

20.	Gidaya NB, Lee BK, Burstyn I, et al. (2016) In utero exposure to B-2-Adrenergic
Receptor Agonist Drugs and Risk for Autism Spectrum Disorders. Pediatric
137: e2015136.

21.	Pinto-Martin JA, Levy SE, Feldman JF, et al. (2013) Prevalence of Autism
Spectrum Disorder in Adolescents Born Weighing <2000 grams. Pediatrics
2011 128: 883-891.

22.	Hill AG (1965) The Environment and Disease Association or Causation? Proc
R Soc Med 58: 295-300.

23.	Bracken MB, Triche EW, Belanger K, Saftlas AF, Beckett WS, et al. (2003) 
Asthma symptoms, severity, and drug therapy: a prospective study of effects 
on 2205 pregnancies. Obstet Gynecol 102: 739-752.

24.	Phadke VK, Bednarczyk RA, Salmon DA, Omer SB (2016) Association between
vaccine refusal and vaccine-preventable disease in the United States: A review
of measles and pertussis. JAMA 315: 1149-1158.

http://dx.doi.org/10.1016/S0140-6736(04)15715-2
http://dx.doi.org/10.1016/S0140-6736(04)15715-2
http://dx.doi.org/10.1016/j.ntt.2012.07.003
http://dx.doi.org/10.1016/j.ntt.2012.07.003
http://dx.doi.org/ 10.109701.gim.0000195304.45116.96
http://dx.doi.org/ 10.109701.gim.0000195304.45116.96
http://dx.doi.org/10.1056/NEJMoa0802828
http://dx.doi.org/10.1056/NEJMoa0802828
http://dx.doi.org/10.1056/NEJMoa0802828
http://dx.doi.org/10.1542/peds.2010-2825
http://dx.doi.org/10.1542/peds.2010-2825
http://dx.doi.org/10.1542/peds.2010-2825
http://dx.doi.org/10.1001/jama.2014.4144
http://dx.doi.org/10.1001/jama.2014.4144
http://dx.doi.org/10.1016/j.ajhg.2012.05.011
http://dx.doi.org/10.1016/j.ajhg.2012.05.011
http://dx.doi.org/10.1016/j.ajhg.2012.05.011
http://dx.doi.org/10.1001/jama.2010.1706
http://dx.doi.org/10.1001/jama.2010.1706
http://dx.doi.org/10.1542/peds.2011-2583
http://dx.doi.org/10.1542/peds.2011-2583
http://dx.doi.org/10.1542/peds.2011-2583
http://dx.doi.org/10.1001/jama.2014.11187
http://dx.doi.org/10.1001/jama.2014.11187
http://dx.doi.org/10.1016/j.ajog.2009.07.010
http://dx.doi.org/10.1016/j.ajog.2009.07.010
http://dx.doi.org/10.1016/j.ajog.2009.07.010
http://dx.doi.org/10.1016/j.ntt.2012.07.003
http://dx.doi.org/10.1016/j.ntt.2012.07.003
http://dx.doi.org/10.1016/j.ntt.2012.07.003
http://dx.doi.org/10.1016/j.ajog.2010.11.030
http://dx.doi.org/10.1016/j.ajog.2010.11.030
http://dx.doi.org/10.1016/j.ajog.2010.11.030
http://dx.doi.org/10.1016/j.reprotox.2011.01.001
http://dx.doi.org/10.1016/j.reprotox.2011.01.001
http://dx.doi.org/10.1016/j.reprotox.2011.01.001
http://dx.doi.org/10.1016/j.ajog.2009.07.010
http://dx.doi.org/10.1016/j.ajog.2009.07.010
http://dx.doi.org/10.1016/j.ajog.2009.07.010
http://dx.doi.org/10.1016/S0029-7844(03)00621-5
http://dx.doi.org/10.1016/S0029-7844(03)00621-5
http://dx.doi.org/10.1016/S0029-7844(03)00621-5
http://dx.doi.org/10.1001/jama.2016.1353
http://dx.doi.org/10.1001/jama.2016.1353
http://dx.doi.org/10.1001/jama.2016.1353

	Title
	Corresponding Author
	Introduction
	References

