
 

 

  

Severity and risk of asthma among children with 

autism spectrum disorders 

 

Urður Jónsdóttir 

 

 

Thesis for B.Sc. degree in Medicine 

University of Iceland 

School of Health Sciences 

Faculty of Medicine 

 

 

 

 

 

 



 

 

 

Severity and risk of asthma among children with 

autism spectrum disorders 

 

 

Urður Jónsdóttir1 

 

Thesis for B.Sc. degree in Medicine 

Advisor: Jason E. Lang, M.D. M.P.H.2 

1University of Iceland, School of Health Sciences, Faculty of Medicine 2Division of Pulmonary and 

Sleep Medicine, Nemours Children's Hospital/Nemours Research Institute - Orlando, FL 

 

University of Iceland, School of Health Sciences 

Faculty of Medicine 

August 2016 



 

 

 

 



 

 

 

Thesis for the degree of Bachelor of Science. All rights reserved. No part of this 

publication may be reproduced or transmitted, in any form or by any means, without 

written permission 

© Urður Jónsdóttir 2016 

  



 

 

Astmi meðal barna á einhverfurófi: Alvarleiki og áhætta 

Urður Jónsdóttir 

Ágrip 

Inngangur  

Raskanir á einhverfurófi (e. Autism spectrum disorder, ASD) og astmi eru meðal algengustu langvinnra 

sjúkdóma barna. Margar hliðstæður eru á milli sjúkdómanna tveggja, meðal annars áhættuþættir, 

faraldsfræði og nýleg aukning í tíðni þeirra beggja. Það er mikilvægt að skoða sambandið á milli ASD 

og astma til að hægt sé að tryggja sem besta greiningu, meðferð og eftirfylgni með báðum 

sjúkdómunum. Fáar rannsóknir liggja fyrir um lungnasjúkdóma meðal einstaklinga á einhverfurófi og um 

möguleikann á því að ASD hafi áhrif á líkur þess að greinast með astma. Markmið þessarar rannsóknar 

var að bera saman alvarleika astma meðal barna með og án ASD og að ákvarða hvort ASD sé 

áhættuþáttur fyrir astmagreiningu.  

Efniviður og aðferðir  

Rannsókn þessi er aftursæ og byggir á gögnum fengnum úr sjúkraskrám Nemours barnaspítalans í 

Bandaríkjunum (Nemours Children ‘s Health System). Til þess að meta alvarleika astma framkvæmdum 

við tilfella-viðmiða þversniðsrannsókn á 783 börnum með bæði astma og ASD og 786 pöruðum 

viðmiðum með astma en án ASD. Alvarleiki astma var metinn með öndunarmælingum (e. spirometry), 

fjölda astmakasta (e. exacerbation), spítalainnlagna af völdum astma og lyfseðla fyrir fyrirbyggjandi 

astmalyf. Öndunarmælingar tóku til heildarfráblástursgetu (e. forced vital capacity, FVC), fráblásturs á 

einni sekúndu (e. forced expiratory volume, FEV1), fráblástursflæðishraða við miðja útöndun (forced 

expiratory flow, FEF25-75) og hlutfallsins FVC/FEV1 (e. forced expiratory ratio, FER). Fjölbreytu línuleg 

aðhvarfsgreining og tvíkosta aðhvarfsgreining voru notaðar til að bera saman alvarleika astma milli 

hópa. Til að meta áhættu á astma í tengslum við ASD, framkvæmdum við aftursæja ferilsrannsókn á 

464 börnum með ASD og 912 börnum án ASD sem öll voru án astma við upphaf rannsóknartímabils. 

Tíðni nýrra astmagreininga var borin saman á milli hópanna með fjölbreytu tvíkosta aðhvarfsgreiningu. 

Niðurstöður  

Hlutfall barna sem hafði fengið lyfseðil fyrir fyrirbyggjandi astmalyfi var marktækt hærra hjá ASD hópi  

(OR 2.18, 95%CI 1.62-2.93). Hlutfall barna með eitt eða fleiri astmakast skráð í sjúkraskrá var marktækt 

lægra hjá hópi barna með ASD (OR 0.71, 95%CI 0.54-0.92). Ekki var marktækur munur milli hópa á 

innlögnum á spítala, FVC og FEV1. Börn með ASD höfðu marktækt hærra FER og FEF25-75 (p˂0.001 

og p=0.032). Hlutfall barna með öndunarteppu (FER˂0.85) var marktækt lægra meðal barna með ASD 

(OR 0.53, 95%CI 0.31-0.90). Marktækt meiri breytingar í FEV1 og FEF25-75 eftir gjöf berkjuvíkkandi 

lyfja mældust meðal barna án ASD (p=0.018 and p=0.015). Börn með ASD voru marktækt ólíklegri til 

að greinast með astma (OR=0.44, 95%CI 0.282=0.689). 

Ályktanir  

Meðal barna með astma hefur ASD ekki fylgni við alvarlegri sjúkdómsmynd. Meðal barna án astma, 

dregur ASD úr áhættu á astmagreiningu.  

 



 

 

Severity and risk of asthma among children with autism spectrum disorders 

Urður Jónsdóttir 

Abstract 

Introduction  

Autism spectrum disorder (ASD) and asthma are among the most common chronic diseases in 

childhood. Many parallels can be seen between the two, including risk factors, epidemiology, and a 

recent rise in prevalence. It is important to assess the relationship between ASDs and asthma to improve 

diagnosis, treatment, and management of both. Few studies have assessed lung disease in ASD or the 

possibility of ASD as a risk factor for asthma. We sought to compare the severity of asthma among 

children with and without ASD, and determine if ASD are a risk factor for incident asthma.   

Materials and Methods  

This study is a retrospective analysis of clinical data obtained from the Nemours Children‘s Health 

System electronic health records. To assess asthma severity, we conducted a cross-sectional case-

control analytic study involving 783 children with asthma and ASD, and 786 matched children with 

asthma without ASD. Asthma severity was defined using spirometry results, number of asthma 

exacerbations, asthma related hospitalizations, and prescriptions for asthma controller medications.  

Multivariable linear and logistic regression models were used to compare severity. To assess risk of 

asthma following ASD, we conducted a retrospective cohort study involving non-asthmatic children at 

baseline, 464 with ASD and 912 without. Incident asthma diagnosis was compared between groups 

using multivariable logistic regression.  

Results  

The percentage of participants with an ever prescription for a controller medication was significantly 

higher in the ASD group (OR 2.18, 95%CI 1.62-2.93). The percentage of participants with one or more 

exacerbations was significantly lower in the ASD group (OR 0.71, 95%CI 0.54-0.92). Hospitalizations, 

FVC and FEV1 did not differ significantly between the two groups. Children with ASDs had a significantly 

higher FER and FEF25-75 percent predicted (p˂0.001 and p=0.032). The percentage of children with 

airflow obstruction was higher among children without ASDs (OR 0.53, 95%CI 0.31-0.90). However, 

greater changes in FEV1 and FEF25-75 was seen among children without ASDs (p=0.018 and 

p=0.015). Children with ASD were significantly less likely to develop incident asthma (OR=0.44, 95%CI 

0.282=0.689). 

Conclusion  

Among children with asthma, ASD is not associated with greater asthma severity.  Among children 

without asthma, ASD status reduces the risk of future asthma.   
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1 Introduction  

Asthma and autism spectrum disorders (ASD) are among the most common chronic diseases of 

childhood (1). Both have seen a recent rise in prevalence, with an estimated 8.6% of children in the U.S. 

currently diagnosed with asthma and 1.5% currently diagnosed with ASD (2, 3). Both conditions result 

in considerable financial burdens, both individually and socioeconomically, and reduced quality of life 

(4, 5). It is possible that these diseases are linked, though little is known about the relationship between 

them. This study aims to broaden the knowledge base on asthma and ASD. 

1.1 Autism Spectrum Disorder 

ASD is a neurodevelopmental disorder characterized by deficient social communication and 

interaction, and restricted, repetitive patterns of behavior (6, 7). Common examples of symptoms include 

obsessive interests in one topic, sensitivity to sounds, poor eye contact, and inability to cope with new 

events. The diagnosis of ASD was amended in 2013 to include the previous diagnoses of autism, 

Asperger syndrome, childhood disintegrative disorder, and pervasive developmental disorder not 

otherwise specified (6). ASD symptoms present during early childhood although they can remain 

masked until social requirements become more demanding (6). The symptoms impact the lives of 

individuals with ASDs, limiting daily functioning, socialization, and employment (6). As the name 

indicates, ASD encompasses a range of presentations differing in number and severity of symptoms. 

Individuals with ASDs can range from high functioning to severely impaired, with different cognitive and 

behavioral manifestations. An estimated 46% of individuals with ASDs have average or above average 

intellectual ability (3). Individuals with high functioning ASDs can have normal verbal communication, 

with their main impairment being in social interaction. These individuals have an average to above-

average IQ, often completing postgraduate degrees, and are able to hold down jobs and live 

independently as adults (8). On the other end of the spectrum are non-verbal individuals with severe 

intellectual disability, and extremely limited social skills. These individuals need substantial support in 

their daily lives and remain dependent on others their entire life (6).  

1.1.1 Epidemiology  

Currently the prevalence of ASDs is estimated to be 62 per 10.000 globally (3, 9). The prevalence of 

ASDs varies considerably between regions (9). In 2014 it was estimated as 146 per 10.000 in the United 

States, while in 2012 it was 1.4 per 10.000 in Oman (3, 10). There has been an increase in ASD 

prevalence over the past few decades (11). This may be in part due to increased awareness, and 

broader diagnostic criteria, as well as the possibility of newly emerging risk factors, which will be 

discussed in a later chapter (11). ASDs more often affects boys than girls at a rate of about 4-5:1 (3). 

Prevalence also varies by race, with non-Hispanic white children being at the highest risk (3). 
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1.1.2 Pathogenesis 

The pathogenesis of ASDs is largely unknown. Many theories exist, but it is likely that ASDs are due 

to a multidimensional pathogenesis, rather than having one simple pathway of origin. Defects in neural 

migration during critical periods of brain development have been suggested in the pathogenesis of ASDs 

(12). Perhaps related, abnormalities in neural connectivity, both increased and reduced connectivity, 

have been implicated (13, 14). Imbalances in excitatory-inhibitory networks may also be involved in 

ASDs, as some of the most commonly reported genetic variants associated with ASDs are related to 

the gamma-aminobutyric acid A receptor gene beta 3 (GABRB3) (15). Abnormal dendritic structure has 

been observed in brains from autistic individuals, as well as defects in genes crucial to their morphology 

(16, 17). Recent publications have implicated immunological dysfunction and neuro-inflammation during 

critical periods of brain development in the pathogenesis of ASDs (18). The mirror neuron system theory 

hypothesizes that dysfunction in these neurons could explain some of the symptoms of ASDs, such as 

social and communication deficits (19). Mirror neurons are so-called because they “mirror” the behavior 

of others, and thus play a central role in many social behaviors such as the learning of language, 

empathy, and more (19). These are just a few examples of theories attempting to explain the 

pathogenesis of ASDs, and it is clear that further studies are needed. 

1.1.3 Causes 

Although its exact etiology is still unknown, a variety of genetic, epigenetic, and environmental risk 

factors have been associated with ASDs. They are thought to be multifactorial in origin, developing due 

to gene-gene and gene-environment interactions. It has been conclusively shown that ASDs are highly 

heritable, having a 60-92% identical twin concordance and 5-30% sibling recurrence rate (20, 21). 

Studies have found a number of single nucleotide polymorphisms, copy number variations (CNV), and 

insertion/deletion variations to be associated with ASDs, some common and others rare, but none that 

unify all or most ASD cases (15). A recent study estimated that there are as many as 234 ASD-related 

CNV regions in the human genome (22). The largest genome linkage study to date however did not find 

any significant association with CNV regions (23). Genes related to synaptic formation and plasticity, 

including SHANK3, NGLN3, and NGLN4, are those most often associated with ASDs (17, 24-27). 

Several genetic conditions have a high prevalence of ASDs, most notably tuberous sclerosis, fragile X 

syndrome, Down syndrome and neurofibromatosis 1, but such cases account for only a small proportion 

of ASDs, with chromosome abnormalities found in ˂10% of individuals with ASDs (28, 29). 

Environmental factors play a role in the pathogenesis of ASDs as the concordance rate in 

monozygotic twins is not 100%. A recent meta-analysis showed that the strongest prenatal risk factors 

for ASDs included advanced parental age, maternal gestational bleeding, gestational diabetes, being 

first born vs. third or later, maternal prenatal medication use such as Valproate, and maternal birth 

abroad (30, 31).  Maternal infection during pregnancy has been associated with ASDs, although the 

meta-analysis of this question did not agree except when limited to studies that controlled for multiple 

covariates or used sibling controls (30, 32). The MMR (measles, mumps, rubella) vaccine was implicated 



 

5 

 

as a causal factor in the rise in ASD prevalence, and subsequently other vaccines. Any association 

between vaccinations and ASDs has now been thoroughly rejected by multiple epidemiologic studies 

(33). 

There is evidence to suggest a role of the immune system in the pathogenesis of ASDs is gaining 

momentum. A family history of autoimmune diseases significantly increases ASD risk, more so in the 

case of maternal or first degree relative autoimmune disease (34). Studies have shown evidence of 

immune dysregulation in individuals with ASDs, including increased Th2, microglia, and astroglia 

activation; and elevated serum levels of gamma globulin, and certain Immunoglobulin G subtypes (35-

39). Autoantibodies to certain brain antigens have been described in some regions of the brain in 

individuals with ASDs (40). Certain immune genes have been associated with ASDs, namely certain 

human leukocyte antigen (HLA) genes (41-43).  

A number of studies have associated various hormones, most notably sex steroidal hormones, with 

ASDs. Elevated levels of these hormones, most consistently testosterone, in the amniotic fluid during 

fetal development have been associated with certain traits of ASDs later in life (44, 45). Other studies 

have solidified the association between androgens and ASDs. Maternal polycystic ovary syndrome, a 

condition associated with excess androgens, appears to increase the odds of an ASD in the child by 

59% and by 113% if the mother is also obese, another condition related to hyperandrogenemia (46). 

Women with ASDs also have an elevated rate of testosterone-related disorders (47). Furthermore, 

women with congenital adrenal hyperplasia, a condition that results in excess testosterone, have more 

traits associated with ASDs (48). Studies have also shown that oxytocin can result in improvements in 

social and communicational deficits related to ASDs (49-51). 

1.1.4 Diagnosis 

Symptoms of ASD can emerge as early as the first years of life however a diagnosis of ASD is 

typically not made until age two and most children with ASDs are not diagnosed until after three years 

of age (52-54). Some children with ASDs may also develop normally for the first one or two years of life 

and then experience a regression in the language and social skills they have already acquired (54). 

There is currently no biological marker that can indicate an ASD diagnosis, and thus ASDs cannot be 

diagnosed through standard medical tests, such as blood tests or a physical examination (53). A recent 

study found double branching of the airways to be exclusive to the airways of children with ASDs and 

suggested that bronchoscopies could be used as an objective diagnostic marker for ASDs (55). This 

hypothesis has not been further studied. 

A diagnosis of ASD is based on parental reported symptoms and observation by specialists, often in 

multidisciplinary team settings (53). The earliest symptoms include not making eye contact, not 

responding to his/her name and problems with nonverbal communication and pretend play (52). All 

children should be screened for developmental delays during regular check-ups, with special attention 

to those with a higher risk. This includes those with a family history of ASDs, those born prematurely or 

those with a low birth weight (53). Signs of abnormal behavior, speech, learning, and movement can 
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warrant further evaluation including a more detailed interview with parents, and additional observation 

of the child during play and social interactions as well as possible genetic, neurological, hearing, and 

vision testing (53). This comprehensive diagnostic evaluation is often performed by specialists in child 

development, neurology, psychiatry and/or psychology (53). Diagnosis of an ASD must take into account 

the age of the child, as the most pronounced symptoms vary for each age group (52). Many parents 

often do not notice early signs and in slightly older children the most prominent symptom is often that 

the child has delays in language development (52). In milder forms of ASDs, where speech is not 

affected, symptoms can be subtler and the child can learn skills to mask their limitations leading to 

delayed diagnosis (52). It is important to be aware of possible symptoms as studies have shown that 

early diagnosis and intervention greatly improves outcomes among children with ASDs (56).  

1.1.5 Treatment  

An ASD is a life-long condition for which there is no cure. Therapy aims to maximize functioning and 

quality of life (57). Treatment usually includes structured educational and behavioral interventions (58). 

Early Intensive Behavioral Intervention, using principles from Applied Behavior Analysis, has been 

shown to be effective as a comprehensive treatment model for ASDs, and is currently the prevailing 

treatment method for children with ASDs (59). Medication is often a component of ASD treatment, but 

most often targets symptoms of comorbid conditions such as attention-deficit/hyperactivity disorder 

(ADHD), anxiety, and depression (58). Since ASDs encompass a wide spectrum of phenotypes, 

treatment is typically tailored to an individual’s abilities and limitations (58).  

1.1.6 Comorbidities 

Patients with ASDs commonly experience psychiatric comorbidities including depression, anxiety, 

and ADHD (60). Other less common psychiatric comorbidities can include schizophrenia, obsessive 

compulsive disorder, oppositional defiant disorder, and more (60). Seizure disorders affect about one 

third of individuals with ASDs, but the possible causal relationship between these two conditions is still 

unclear (61, 62). Sleep disturbances affect approximately half of children with ASDs, with a recent meta-

analysis finding ASD children to have less total sleep, take longer to fall asleep, and have less sleep 

efficiency (63, 64). Gastrointestinal (GI) problems are frequent among individuals with ASDs, and 

significantly more frequent than among children with typical development (65). The evidence is not clear 

whether asthma is more common among children with ASDs. 

1.2 Asthma 

Asthma is a chronic inflammatory disorder of the airways, characterized by bronchial hyper 

responsiveness, reversible airflow obstruction, and airway remodeling (66). It is one of the most common 

chronic childhood diseases (1). Symptoms frequently emerge before age twelve and include wheezing, 

breathlessness, chest tightness, and coughing that is often worst at night or in the morning (66). 

Common triggers for asthma symptoms include airborne allergens or viral infections, but other stimuli 
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include tobacco smoke, air pollution, occupational causes, exercise, weather conditions, stress, and diet 

(67). The intermittent worsening of symptoms associated with asthma (exacerbations) regress either 

spontaneously or with treatment, but can in severe cases be life-threatening (66). In the absence of 

proper treatment and management of the condition airway constriction can become permanent (66). 

The disease is responsible for considerable morbidity among patients, including absences from school 

or work, hospitalizations, and emergency room visits. Though deaths have become rarer since the 

advent of inhaled corticosteroids (ICS), asthma causes its biggest impact through frequent impairment 

and reduced quality of life (68, 69). 

1.2.1 Epidemiology 

Asthma prevalence has risen over the past decades, starting in the 1960s and 1970s, but it is not 

clear whether or not it is still rising or has reached a plateau (69). Asthma is more common among boys 

than girls during childhood, but the gender proportions shift around puberty with asthma being more 

common in women than in men and having a higher lifetime prevalence among females than males 

(70). The main risk factors for asthma include a family history of asthma, having another allergic disease, 

being overweight, smoking, and various air pollutions. 

1.2.2 Pathogenesis 

Allergic asthma is by far the most common type of asthma, especially in children (71). Allergic asthma 

develops when an individual is exposed to a harmless antigen and becomes sensitized to it (72). The 

individual begins making Immunoglobulin E (IgE) antibodies against the antigen, which has then become 

an allergen (72). The allergen elicits an allergic response upon future exposure, in this case asthma 

symptoms (72). This predisposition for the development of IgE-mediated response to common airborne 

allergens is called atopy (73). 

When an antigen penetrates the airways, it is taken up and digested by dendritic cells in the mucosa 

and submucosa (74). These cells then become antigen presenting cells, displaying the antigen on their 

surface and presenting it to naïve T-cells in the lymph nodes (74). This introduction triggers 

differentiation of the naïve T-cells (74). Allergic sensitization develops when the body’s T-helper (Th) 

cell response to the antigen in question veers toward a Th2 response, that is when naïve CD4+ Th0 

cells take on Th2 differentiation, rather than the normally predominant Th1 differentiation (75). Th2 cells 

play a central role in IgE-mediated allergic responses, releasing cytokines such as interleukins 4 and 

13, which stimulate B-cell production of IgE specific to the allergen, and interleukin-5 which stimulates 

the differentiation of eosinophils (75). The molecular mechanism that shifts atopic individuals’ T-cell 

response toward Th2 differentiation is not known. The end result is that the body responds to this 

otherwise harmless antigen as if it were a dangerous pathogen and the allergic response is initiated.  

The IgE that was produced as a result of the sensitization process attaches to high-affinity IgE 

receptors on the surface of mast cells, which are abundant under the body’s surfaces and mucosa (76). 

When introduced to the body again, the allergen cross-links to this mast cell bound IgE, activating the 
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mast cells to release preformed mediators such as histamine, cytokines, and prostaglandins (76). This 

process, called the early phase of allergic reaction, happens within minutes of the allergen exposure 

and triggers asthma symptoms. In asthma the mediators lead to various histopathological changes such 

as bronchial spasms, smooth muscle contraction, mucous secretion, and edema. They also prompt 

infiltration of various immune cells such as eosinophils, lymphocytes, and more mast cells (74). Eight to 

twelve hours after the initial exposure there is often a second wave of asthma symptoms, termed the 

late-phase response (74). Eosinophils are the main cells of the late-phase response, producing 

mediators that cause a pro-inflammatory response similar to the early-phase response, as well as 

damage to epithelial cells (74).  

In addition to these changes in response to allergen exposure, there are chronic changes to the 

airways of individuals with asthma including hyperplasia and metaplasia of goblet cells and sub-mucous 

glands, fibrotic changes of the sub-epithelium, smooth muscle hypertrophy, and proliferation of nerves 

and blood vessels (66). These long-term changes in asthma are called airway remodeling. 

1.2.3 Causes 

Similar to ASDs, asthma is heterogeneous in its presentation and etiology. Studies have identified 

both genetic and environmental risk factors. A family history of asthma is a common, but not necessary 

risk factor (66). The genetic predisposition for asthma is supported by multiple family and twin studies 

as well as genome wide linkage studies (77). The strongest of these genetic risk factors is atopy (66). 

Along with this genetic predisposition, a number of environmental factors appear to either promote 

or hinder the development of asthma. Risk factors include prenatal factors such as tobacco smoke, diet, 

stress, and antibiotics during pregnancy, and risk factors in childhood such as antibiotic use (78). Factors 

that have been shown to be negatively associated with asthma are breastfeeding, large family size, 

early childcare, country living, and infections in early childhood (78). The recent upswing in asthma 

prevalence has led to the now leading hypothesis as to why allergic diseases develop, the hygiene 

hypothesis (79). It states that the “cleaner” environment we have today, more specifically, less exposure 

to infections and bacteria earlier in life, increases the risk of asthma and other allergic diseases later in 

life (79). The apparent preventative effect of exposure to other children (large family size, early 

childcare), other allergens (country living), and infections during childhood supports this hypothesis (79). 

1.2.4 Diagnosis 

Accurate diagnosis of asthma can be difficult, and often requires consideration of medical and family 

history of asthma and allergies, self-reported symptoms, a physical exam, and a pulmonary function test 

(80). Childhood asthma most often presents before the age of five and diagnoses in this age group can 

be difficult (80). Many asthma symptoms also occur in other childhood conditions, and many children 

who wheeze during colds or respiratory infections in early childhood do not have asthma after age six 

(80). Before five years of age most children cannot perform reproducible spirometry (80), making early 

diagnosis more difficult. This may also apply to individuals with developmental and intellectual 
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disabilities. Diagnosis in these patients rely more heavily on medical and family history and symptom 

patterns (80). Tests for atopy can aid in diagnosis and chest x-rays can be helpful to rule out other 

causes of symptoms (80). If asthma is suspected a two to three-month trial of asthma medications can 

help confirm the diagnosis (80).  

1.2.4.1 Spirometry 

Spirometry is the most common and useful pulmonary function test for the diagnosis of asthma, in 

developmentally normal children ˃5-6 years of age (67). To achieve reproducible results that can be 

used in diagnoses it is important to insure correct technique and maximal effort by the patient as well as 

calibration and maintenance of equipment (67). Spirometry results can change the diagnosis or grade 

of asthma a patient is given, although they alone cannot make a diagnosis of asthma (67). Spirometry 

typically measures the maximal volume of air forcibly exhaled from the point of maximal inhalation (FVC) 

and the volume of air exhaled during the first second of this maneuver (FEV1) as well as the airflow rate 

in the mid portion of expiration (FEF25-75%) (67). These measures can be helpful diagnostically for 

challenging cases or as a measure of response to therapy as they can indicate airflow obstruction and 

response to bronchodilators in an objective fashion (67). Airflow obstruction and its severity is indicated 

by a reduction in FEV1 values and in forced expiratory ratio (FER = FEV1/FVC) relative to predicted 

values (67). Bronchodilator reversibility (BDR) is indicated by an FEV1 or FVC increase from baseline 

of ≥12% after the administration of bronchodilator medication. BDR is indicative of airway smooth 

muscle constriction, a central component of asthma, and is often higher in uncontrolled asthma. 

1.2.5 Treatment 

Asthma is most commonly a chronic disease, although a substantial proportion of individuals 

diagnosed with asthma during childhood become asymptomatic in adulthood (81). Currently, there are 

no known interventions that prevent the development of asthma and it is not curable. However, proper 

management of the disease can reduce airway inflammation and airway responsiveness and can 

improve quality of life (81). Proper management of asthma includes patient education, trigger avoidance, 

close symptom monitoring, and appropriate medication (81). Asthma medication consists of controllers 

and relievers. Controllers aim to prevent asthma symptoms before they happen and relievers to quickly 

reverse symptoms caused by airway smooth muscle constriction. ICS are the main controller medication 

used, with long-acting beta-adrenoceptor agonists (LABA), and leukotriene receptor antagonists (LTRA) 

and anti-IgE, added if needed. All individuals with asthma should carry short-acting beta-adrenoceptor 

agonists in inhalers as reliever medication (80). Individuals with asthma can vary in number and severity 

of symptoms as well as symptom triggers (80). The number and quantity of medications needed to 

control asthma correspondingly varies between patients (80). Studies have shown that proper 

management of asthma with controller medications may have only limited effects on airway remodeling 

(82).  
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1.2.6 Comorbidities 

Comorbidities are extremely common with asthma and can increase morbidity and symptom severity 

(83). The most strongly associated comorbidities are allergic rhinitis, respiratory infections, and gastro-

esophageal reflux disorder (GERD) (83). The allergic march is a term used over a specific pattern seen 

in the development of allergic diseases in childhood. It has been noted that children who develop 

eczema early on are more likely to develop asthma and allergic rhinitis later in life. It is thought that the 

eczema is the first manifestation of atopy in these individuals (84). A significant proportion of individuals 

with asthma are also effected by chronic obstructive pulmonary disease (COPD) and the co-existence 

of the two has been termed asthma-COPD overlap syndrome (83). These are the two main obstructive 

airway diseases and it can often be difficult to distinguish between them. Anxiety and depression have 

been associated with asthma and these conditions as comorbidities can effect treatment adherence 

leading to more severe asthma (83). A number of studies have found a correlation between obesity and 

asthma, but the relationship between these two conditions is unclear (83). Obesity could be a causal 

factor in the development of asthma, but the mechanism has not been determined (83). Studies have 

also shown weak associations with cardiovascular disease, diabetes mellitus, dyslipidemia, 

osteoporosis, and rhinosinusitis (83). 

1.3 Previous studies 

The sparse data examining the relationship between ASDs and asthma is conflicting. Nine studies 

that address ASDs as a risk factor for asthma have been published since 2006 as well as one that 

examined atopy as a risk factor for ASDs.  Three cross-sectional, population-based studies have found 

asthma to be more common among individuals with ASDs than without, with odds ratios (OR) ranging 

from 1.35-1.74 (85-87). Schieve et al. and Kotey et al. were based on parentally reported asthma and 

ASDs, and thus subject to recall bias. Chen et al., although based on medical records, did not match for 

length of follow-up, thus limiting its ability to accurately measure ASD-related asthma risk. Mostafa et 

al. found frequency of clinically evaluated allergic manifestations including, but not limited to, asthma to 

be 10% higher among children with ASDs (88). One study has also found the presence of any atopic 

disease in early childhood to significantly increase the risk of developing an ASD (89). Three case-

control studies and one cross-sectional population-based study have found no significant difference in 

asthma prevalence between those with ASDs and those without, using either maternally reported or 

physician diagnosed asthma (90-92). In a cross-sectional analysis of the 2003-2004 National Survey of 

Children's Health, Gurney et al. also found no difference in parental reported asthma among children 

with and without ASDs (93). Zerbo et al. determined asthma to be significantly less common among 

children with ASDs than those without in a retrospective cohort study of 5.565 cases and 27.825 

controls, utilizing clinical diagnoses from outpatient records (94). This study also analyzed the odds for 

asthma diagnosis among children with and without ASDs longitudinally, after the date of first ASD 

diagnosis. While cross-sectional studies can reveal an association between ASDs and asthma, ASD as 
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a risk factor for asthma can only be assessed by a longitudinal study. Therefore, only Zerbo et al is able 

to assess ASD as a risk factor for asthma.  

To our knowledge, severity of asthma among individuals with ASDs has not been studied although 

Schieve et al. did find the proportion of children with ASDs and asthma who had had a parentally 

reported asthma attack in the last 12 months was 10.8% higher than among children without ASDs, but 

with asthma (85). One study found double branching of the sub-segmental airways was associated 

with ASDs (55). If true, double branching could reasonably be expected to result in airflow obstruction 

leading to greater asthma diagnosis. At least one gene, the CD38 gene, has been implicated in both 

asthma and ASDs (95, 96). Furthermore, several of the genes that have been linked to ASDs encode 

proteins involved in the respiratory cilia of the airway barrier system (97). The implications of these 

associations are not yet clear. 

1.4 ASD and asthma 

Many parallels can be seen among ASDs and asthma. Both are chronic conditions that present 

during early childhood and represent a spectrum of phenotypes. The immune system has been 

implicated in the pathogenesis of both conditions. Recent decades have seen a rise in both asthma and 

ASD prevalence that has not yet been conclusively explained. Both conditions more commonly affect 

boys than girls. Although the gender division for asthma shifts in adulthood, it is clear that both conditions 

predominantly emerge among the same population, namely young boys. Asthma and ASD share some 

of the same pre- and perinatal risk factors, namely prematurity, and low birth weight (98-101). Maternal 

smoking during pregnancy has been strongly associated with asthma risk, and with ASD risk although 

not as consistently as with asthma (102, 103). Urban living and being first born is associated with higher 

risk of both asthma and ASDs (30, 103-105). One study found that children with ASDs more often have 

a family history of atopy (106). Another study found an increased risk of ASDs when maternal asthma 

and/or allergies were diagnosed during the second trimester of pregnancy (107).  

The co-existence of multiple chronic diseases is common among patients. Multi-morbidity, as it has 

been termed, has been associated with poor outcomes such as decreased quality of life, psychological 

distress, longer hospital stays, and more (108). Multi-morbidity in children will result in a longer period 

of these known poor outcomes and management issues. Children with ASDs have impaired 

communication skills, although to a varying degree. Their diminished capacity to recognize and verbalize 

symptoms can make diagnoses more difficult. In addition, the discomfort related to asthma symptoms 

may result in worsening of some of the behavioral symptoms related to ASDs or autistic regression. 

Such behavioral changes as self-aggression, irritability, and changes in overall demeanor, can be signs 

of an underlying condition as has been shown regarding gastro-intestinal conditions (109, 110).  

The studies that have addressed the link between asthma and ASDs thus far have been few and 

inconclusive. None have been specifically designed to study the severity or risk of asthma in children 

with ASDs. Many of the studies that did address the association between the two conditions were based 

on parental report of symptoms, and only one studied asthma diagnoses that occurred subsequently to 
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an ASD diagnosis. It is important to determine whether or not there is a relationship between ASDs and 

asthma so that appropriate measures can be taken to ensure the adequate diagnosis, treatment, and 

management of both conditions among those affected. Given the conflicting results from studies thus 

far, it is clear that the relationship between asthma and ASDs has not yet been adequately addressed.  

1.5 Study aims 

1. To compare the severity of asthma among children with ASDs with the severity of asthma in 

similar matched children without ASDs, measured by rate of exacerbations, spirometric lung 

function and medication treatment burden. 

2. To determine the incidence of asthma among children with ASDs compared to similar children 

without ASDs and determine if ASDs are a risk factor for asthma. 
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2 Materials and Methods 

This study is based on retrospective review of clinical data obtained from the Nemours Children ‘s Health 

System electronic health records (Epic, Verona, Wisconsin), which includes health care centers across 

several eastern US states. The study was approved by the Nemours Institutional Review Board. 

2.1 Participant selection 

To assess asthma severity among children with asthma and ASD, we conducted a cross-sectional 

case-control analytic study involving children with asthma with and without ASDs. Cases were defined 

as all children 2-17 years of age, with two or more clinical diagnoses of asthma, at least one anti-asthma 

drug prescription, and at least one clinical diagnosis of ASD occurring between January 1st, 2008 and 

March 30th, 2016. Diagnoses were found using International Classification of Diseases (ICD) ICD-9 

codes 299.x and ICD-10 codes F84.0-5 and F84.8-9 for ASDs, and ICD-9 codes 493.x and ICD-10 

codes J45.x for asthma. Each patient with an ASD and asthma was matched with one comparator 

patient with asthma but without ever ASD diagnosis. Comparators were matched for gender, race (white, 

black, asian, other), ethnicity (Hispanic/Latino or other), insurance status (Private, Medicaid, None), 

Nemours location (Delaware, Jacksonville, Orlando, or Pensacola), and current age (within 12 months). 

Patients with cystic fibrosis were excluded. 

To assess risk of asthma following ASDs, we conducted a retrospective cohort study involving 

children with and without ASDs. The ASD risk group included all children seen at Nemours between 

January 1st, 2008 and April 30th 2016 with at least two visits with an ASD diagnosis prior to age six, and 

without asthma at or before the time of the first ASD diagnosis. Children in the ASD cohort must have 

had at least four total Nemours visits, two or more of which must have been after age five, and with a 

total observation period of at least five years. The total observation period is defined as the time between 

the first ASD diagnosis and last Nemours visit. Each patient with an ASD was matched with two similar 

comparator patients with no ASD or asthma diagnosis at or prior to their “initial visit”, defined as the visit 

that corresponds to within twelve months of matched ASD patient’s initial diagnosis visit. Comparators 

were matched for age (date of birth +/- twelve months), date of initial visit (+/- twelve months), gender, 

race (black, white or other), ethnicity (Hispanic/Latino or other), insurance status (private, Medicaid or 

none), and Nemours location (Delaware, Jacksonville, Orlando, or Pensacola). Patients with cystic 

fibrosis were excluded. 

2.2 Clinical data 

Asthma severity was defined using spirometry results (FEV1, FVC, FEF25-75, FER), number of 

asthma exacerbations, number of asthma related hospitalizations, and prescriptions for asthma 

controller medications (ICS, ICS-LABA, LTRA, and nasal ICS).  Spirometry results were used to create 

the binary variables “airflow obstruction” and “bronchodilator responsiveness”, defined as FER˂0.85 

and FEV1 or FVC percent change ≥12% respectively. When more than one set of spirometry results 

were available, sets with values post bronchodilators were chosen over less complete sets. The set with 
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the highest FVC pre bronchodilator value was chosen when more than one set had complete pre- and 

post-bronchodilator values. Other variables collected included clinical site, length of observation period, 

age at first asthma diagnosis, and gestational age. 

To compare rate of incident asthma, patients and comparators had all subsequent visits assessed 

for incident asthma diagnosis, found using ICD-9 and ICD-10 codes. Absolute and relative risks were 

assessed for both groups to determine the association between ASDs and incident asthma. Other 

variables collected included number of prescriptions for controller medications, number of visits with an 

asthma diagnosis, age at first asthma diagnosis, length of observation period, number of prescriptions 

for the most common medications prescribed to patients with ASDs (sleep, Anti-psychotic, and ADHD 

medications), any cause visits (primary care, emergency room, hospitalization, and specialty visits), 

gestational age at birth, number of diagnoses of known comorbidities of asthma (eczema, GERD, 

allergic rhinitis, and obstructive sleep apnea), and spirometry results when available. 

2.3 Statistical analysis 

Chi-square was used for comparing percentages, and Student’s t or Wilcoxon tests for continuous 

variables, as appropriate. For analysis of asthma severity, we performed simple linear or logistic 

regression to assess the univariate effect of ASD status on outcome measures of asthma severity.  

Adjusted analyses were performed using multivariable linear or logistic regression which took into 

account influential co-variables that differed at baseline between groups. For analysis of asthma risk, 

we calculated the risk and odds for a new asthma diagnosis in both groups and an odds and risk ratio 

comparing the two. We also performed similar analyses on confirmed asthma diagnoses, with confirmed 

asthma defined as two or more asthma diagnoses. We performed multivariable logistic regression to 

adjust for the influential co-variables and to determine adjusted odds of incident asthma. The level of 

significance was taken as p<0.05. Statistical analyses were carried out using Statistical Analysis System 

(SAS, Cary, North Carolina). 
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3 Results 

3.1 Asthma severity 

3.1.1 Characteristics of participants with and without ASDs 

Characteristics of 783 participants with asthma and ASD and 786matched comparators with asthma 

without ASD are shown in Table 1. The ASD group had a significantly lower gestational age at birth and 

a significantly higher age at asthma diagnosis. There was also a significant difference in location 

between the two groups. Because of the matching design, age, gender, race, ethnicity, observation 

period, and insurance status were similar between groups. 

 

Table 1. Characteristics in asthmatic children with and without ASDs 

Variables 

n 

n ASD 

783 

Without ASD 

786 

p-value 

Age, years 

Male, n (%) 

1568 

1568 

9.8 (4.0) 

644 (82.3) 

9.8 (4.0) 

646 (82.3) 

.976 

.981 

Race, n (%) 

     White 

     Black 

     Asian 

     Missing 

     Other 

Hispanic/Latino, n (%) 

1568 

 

 

 

 

 

1560 

 

400 (51.1) 

221 (28.2) 

15 (1.9) 

7 (0.9) 

140 (17.9) 

138 (17.7) 

 

401 (51.1) 

221 (28.2) 

15 (1.9) 

7 (0.9) 

141 (18.0) 

138 (17.7) 

1.000 

 

 

 

 

 

.981 

Observation period, days 

Age at asthma diagnosis, years 

Gestational age at birth, weeks 

1568 

1568 

1151 

719.0 (783.0) 

5.6 (4.0) 

37.04 (4.25) 

707.7 (811.9) 

5.1 (4.1) 

37.95 (3.04) 

.779 

.016 

<.0001 

Insurance status, n (%) 

     Medicaid 

     Private 

     None 

1568  

458 (58.5) 

290 (37.1) 

35 (4.5) 

 

458 (58.3) 

290 (37.0) 

37 (4.7) 

.166 

Clinical site, n (%) 

     Jacksonville 

     Orlando 

     Pensacola 

     Delaware 

1568  

84 (10.7) 

166 (21.2) 

37 (4.7) 

496 (63.4) 

 

135 (17.2) 

65 (8.3) 

37 (4.7) 

548 (69.9) 

<.0001 

 
ASD: Autism spectrum disorder. All values are mean (SD) unless noted. p-values are Student‘s t-test or Chi-
square test as appropriate. 
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3.1.2 Asthma controller therapy burden 

Asthma controller therapy burden among asthmatic children with and without ASDs is shown in Table 

2. The percentage of participants with at least one prescription for a controller medication (ICS only, 

ICS-LABA, or LTRA) was significantly higher in the ASD group following univariable and multivariable 

analyses adjusting for gestational age and clinic location. The adjusted odds for any controller 

prescription among children with ASDs was significantly greater compared to children without ASDs 

(Figure 1). In addition, the percentage of participants with at least one prescription for ICS and for LTRA 

was significantly higher in the ASD group. 

 

Table 2. Asthma controller therapy burden 

Variables 

n 

n ASD 

783 

Without ASD 

786 

p-value p-valuea 

Any controller prescription, n (%) 1569 640 (81.7) 537 (68.3) <.0001 <.0001 

Any ICS prescription, n (%) 1569 581 (74.2) 473 (60.2) <.0001 <.0001 

Any ICS-LABA prescription, n (%) 1569 113 (14.4) 86 (10.9) .0378 .198 

Any LTRA prescription, n (%) 1569 354 (45.2) 245 (31.2) <.0001 <.0001 

Any Nasal ICS prescription, n (%) 1569 303 (38.7) 288 (36.6) .4007 .586 

 
ASD – Autism spectrum disorder. ICS – Inhaled corticosteroids. LABA – Long acting beta-adrenoceptor agonist. LTRA 
– Leukotriene receptor antagonist. All values are mean (SD) unless noted. p-values are Student‘s t-test or Chi-square 
test as appropriate. a - adjusting for gestational age and clinical site. 
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3.1.3 Asthma-related healthcare utilization  

A comparison of asthma-related healthcare utilization between groups is shown in Table 3. The 

percentage of participants with one or more exacerbations was significantly lower in the ASD group in 

crude analyses and after adjusting for gestational age and clinical site. The odds for ever-exacerbation 

among children with ASDs were significantly lower than among children without ASDs (Figure 1). 

Hospitalizations did not differ significantly by ASD status. Additional adjustment for insurance status and 

observation period did not change the results in Table 3. 

 

Table 3. Asthma-related healthcare utilization 

Variables 

n 

n ASD 

783 

Without ASD 

786 

p-value p-valuea 

Asthma exacerbation ever, n (%) 1569 225 (28.7) 280 (35.6) .004 .010 

Total exacerbations 1568 0.63 (1.45) 0.80 (1.63) .032 .117 

Total exacerbationsb 505 2.20 (2.0) 2.24 (2.10) .813 .833 

      

Asthma hospitalization ever, n (%) 1569 43 (5.5) 32 (4.1) .187 .379 

Total asthma hospitalizations 1568 0.1 (0.5) 0.1 (0.5) .598 .847 

Total asthma hospitalizationsb 75 1.6 (1.6) 1.8 (1.4) .515 .128 

 
ASD – Autism spectrum disorder. All values are mean (SD) unless noted. p-values are Student‘s t-test or Chi-square 
test as appropriate. a - adjusting for gestational age and clinical site using multivariable linear regression and logistic 
regression as appropriate. b - among patients with ≥1 exacerbations. 
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3.1.4 Pulmonary function testing 

FVC and FEV1 percent predicted values were similar between ASD and non-ASD groups (Table 4). 

However, children with ASDs had a significantly higher FER and FEF25-75 percent predicted than 

similar children without ASDs. This difference remained significant after adjustment for gestational age 

and clinical site. The percentage of children with airflow obstruction was higher among children without 

ASDs after adjustment. The adjusted odds for airflow obstruction among children with ASDs compared 

to children without ASDs was significantly lower (Figure 1). The percentage of children with 

bronchodilator responsiveness, was not significantly different between the two groups. However, a 

greater percent change in FEV1 and FEF25-75 was seen among children without ASDs, which was 

statistically significant after adjustment. A greater percent change in FVC was also observed among 

children without ASDs before adjusting for gestational age and clinical site, although this significance 

did not remain after adjustment. The results in Table 4 did not change upon further adjustment for 

insurance status and observation period. 

 

Table 4. Pulmonary function testing 

Variables 

n 

n ASD 

154 

Without ASD 

206 

p-value p-valuea 

FVC percent predicted 360 98.7 (17.5) 100.7 (18.7) .292 .342 

FEV1 percent predicted 360 96.5 (18.9) 94.3 (17.0) .236 .354 

FER percent predicted 360 .876 (.106) .841 (.098) .001 <.001 

FEF25-75 percent predicted 360 92.4 (92.4) 84.0 (30.4) .016 .032 

Airflow obstructionb, n (%) 360 59 (38.3) 100 (48.5) .053 .018 

 

n 

  

58 

 

123 

  

FVC percent change 181 1.8 (1.8) 4.7 (9.9) .025 .102 

FEV1 percent change 181 7.1 (7.1) 9.7 (13.3) .204 .018 

FER percent change 181 5.8 (5.8) 4.9 (8.4) .530 .293 

FEF25-75 percent change 181 24.2 (34.9) 32.5 (45.1) .193 .015 

Bronchodilator responsivenessc, n (%) 181 16 (27.6) 42 (34.1) .378 .222 

 
ASD – Autism spectrum disorder. FVC – Forced vital capacity. FEV1 – Forced expiratory volume in one second. FER 
– Forced expiratory ratio, FEV1/FVC. FEF25-75 – Forced expiratory flow for 25-75% of FVC. All values are mean (SD) 
unless noted. p-values are Student‘s t-test or Chi-square test as appropriate. a - adjusting for gestational age and 
clinical site using multivariable linear regression and logistic regression as appropriate. b - airflow obstruction defined 
as FER˂0.85. c - bronchodilator responsiveness defined as FVC percent change ˃12%. 
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Figure 1. Odds of asthma outcomes among children with ASDs compared to controls.   

Values represent odds ratios (95% confidence intervals). X-axis is in log scale. Airflow obstruction was defined 
as an FEV1/FVC ratio <0.85.  BDR – bronchodilator reversibility (≥12% change after albuterol in FEV1 or FVC). 
ASD – autism spectrum disorder. 
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3.2 Asthma risk 

3.2.1 Characteristics of participants with and without ASDs 

Characteristics of 464 participants with ASDs at study entry and 912 matched comparators without 

ASDs at study entry are shown in Table 5. The ASD group had a significantly shorter observation period. 

There was also a significant difference in location between the two groups. Because of the matching 

design, age at entry, age at completion, gender, race, ethnicity, gestational age at birth, and insurance 

status were similar between groups. 

 

Table 5. Characteristics of participants with and without ASDs 

Variables 

n 

n 

 

ASD at entry 

464 

No ASD at entry 

912 

p-value 

Age at entry, years 

Age at completion, years 

Male, n (%) 

1376 

1376 

1376 

3.4 (1.1) 

10.2 (1.6) 

365 (78.7) 

3.4 (1.1) 

10.2 (1.5) 

710 (77.9) 

0.9339 

0.6197 

0.730 

Race, n (%) 

       White 

       Black 

       Asian 

       Other 

Hispanic/Latino, n (%) 

1376 

 

 

 

 

1376 

 

320 (69.0) 

75 (16.2) 

15 (3.2) 

54 (11.6) 

43 (9.3) 

 

633 (69.4) 

144 (15.8) 

28 (3.1) 

107 (11.7) 

83 (9.1) 

0.9958 

 

 

 

 

0.9194 

Observation period, days 

Gestational age at birth, weeks 

1376 

832 

1790 (728) 

38.5 (2.7) 

2270 (338) 

38.3 (2.8) 

<.0001 

0.2874 

Insurance status, n (%) 

       Medicaid 

       Private 

       None 

1376  

156 (33.6) 

18 (63.2) 

15 (3.2) 

 

310 (34.0) 

28 (62.8) 

30 (3.3) 

0.8906 

Clinical site, n (%) 

       Jacksonville 

       Orlando 

       Pensacola 

       Delaware 

1376 

 

 

65 (14.0) 

39 (8.4) 

7 (1.5) 

353 (76.1) 

 

313 (34.3) 

45 (4.9) 

43 (4.7) 

511 (56.0) 

<.0001 

 
ASD: Autism spectrum disorder.  All values are mean (SD) unless noted.  -values are Student‘s t-test or Chi-square 
test as appropriate. 
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3.2.2 Incident asthma  

Asthma risk among children with and without ASDs is shown in Table 6. The risk and odds of ever 

asthma diagnosis was significantly lower in the ASD group. After adjusting for length of observation 

period and clinical site the difference in odds remained significant, with children with ASDs having 56% 

less odds of ever asthma diagnosis. The risk and odds of confirmed asthma diagnosis was significantly 

lower in the ASD group. After adjusting for length of observation period and clinical site the difference 

remained significant, with children with ASDs having 56% reduced odds of confirmed asthma diagnosis. 

 

Table 6. Asthma risk 

Variables 

 

n 

n ASD  

at entry 

464 

No ASD  

at entry 

912 

RR OR aORa 95% limits  

of aORa 

 

p-value  

of aORa 

Asthma ever, n (%) 1376 35 (7.5) 132 (14.5) 0.52 0.48 0.44 0.282-0.689 0.0003 

         

Asthma confirmed, 

n (%)b 

1376 25 (5.4) 100 (11.0) 0.49 0.46 0.44 0.263-0.731 0.0016 

 
ASD – Autism spectrum disorder. RR – Risk ratio. OR – Odds ratio. aOR – Adjusted odds ratio. a - adjusting for 
observation period and clinical site. b – confirmed asthma defined as two or more asthma diagnoses.  
p-values are Student‘s t-test or Chi-square test as appropriate. 
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4 Discussion 

4.1 Asthma severity 

The aim of this study was to assess the severity of asthma among children with ASDs utilizing 

measures of lung function and asthma-related healthcare utilization. Very few past studies have 

attempted to assess the relationship between ASDs and measures of asthma severity.  Our study 

showed that among children with asthma, children who also have ASDs are more often prescribed 

asthma controller medications, and have fewer exacerbations and better lung function. Our results 

contrast with the few previous studies on the subject. 

Asthma medication prescriptions among individuals with ASDs have not been specifically studied 

before. Our finding of higher asthma prescription rates among children with ASDs are consistent with a 

recent cross-sectional study of ambulatory prescription fills among children with ASDs.  House and 

colleagues showed that prescription use is significantly higher among children with ASDs, even for non-

psychotropic drug categories such as antacids and antibiotics (111). In contrast, in a cross-sectional 

study Koehler et al. found no difference in parentally reported preventative asthma medication use 

between 70 children with various developmental disabilities including ASDs, and 460 controls (112). Our 

study compared asthma prescriptions from medical records, rather than relying on parental recall. 

However, the number of prescriptions issued is only a surrogate for asthma controller medications taken. 

Number of asthma related prescriptions is an indirect measure of asthma severity, and typically reflects 

a physician’s estimation of the child’s recent asthma impairment and risk for worsening. 

The only study that has examined exacerbations among children with ASDs was not consistent with 

our results, showing a 70% higher odds of parental report of asthma attack in the preceding 12 months  

(85). Our results were based on a diagnosis of asthma exacerbation requiring oral corticosteroids 

documented in the patient’s medical records. 

Our finding of better lung function among children with ASDs compared to children without ASDs is 

interesting.  It is inconsistent with one prior report of double branching airways in children with ASDs, 

which might be expected to result in smaller airway caliber and worse lung function (55). Stewart found 

that all of the 49 children with ASDs, and none of the 410 children without ASDs had smaller caliber 

“doublets” or double branching airways, discovered during bronchoscopies. Our results are inconsistent 

with children with ASDs having any type of developmental abnormality of the lung leading to obstruction. 

Our study had limitations. Our data is based on retrospective review of medical records and is 

therefore dependent on the quality of medical documentation. We were limited to the data that was 

recorded at the time of visit, which was not necessarily complete. In addition, ASDs and asthma are 

conditions whose diagnoses are made on clinical grounds and are not made uniformly by healthcare 

professionals. Due to its cross-sectional design, we cannot infer causality.  However, our study had a 

fairly large study population with 783 children with both ASDs and asthma. Utilizing medical records 

instead of parental report for measures of asthma severity limits recall bias. The external validity of this 
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report is robust, as it represents children from several states across the eastern US with diverse 

backgrounds. 

Our results can be interpreted as better asthma management existing among children with ASDs 

compared to children without ASDs. Although number of asthma controller prescriptions was meant as 

a surrogate measure of asthma severity, the fact is that number of prescriptions also reflects physician 

prescribing practices. One barrier that pediatricians face when prescribing asthma medications includes 

parental concern about corticosteroids (113). It is possible that these concerns are less of a barrier for 

families affected by ASDs, as parents may be highly motivated to do everything possible to avoid other 

co-morbidities which might exacerbate ASD symptoms.  The lower odds of having had an exacerbation 

and airflow obstruction could be a result of higher ICS prescribing and better medication adherence. 

Another possibility is that more children with ASDs with mild intermittent disease are diagnosed with 

persistent disease to allow for preventive treatment. Lastly, it is possible that some of the genes 

associated with both ASDs and asthma or lung function somehow reduce the severity of asthma among 

children with ASDs. If our results do reflect differences in prescribing practices between children with 

and without ASDs, that raises some concerns. Proper management of asthma symptoms can prevent 

considerable morbidity such as absences from school and work, emergency room visits, and decreased 

quality of life. Better asthma control may be possible among children without ASDs, but could require 

dispelling fears about ICS. 

Information on asthma severity in children with ASDs is severely limited and to understand the 

subject better, a stronger evidence base is needed. To further confirm or refute our results, a prospective 

cohort study on asthma severity among children with and without ASDs would give the most reliable 

results. In addition, further research into the genes known to be associated with both ASDs and asthma 

or lung function, as well as identification of any new genes associated with both, could provide insight 

into the mechanisms behind reduced asthma severity in children with ASDs. 

4.2 Rate of incident asthma 

The second aim of this study was to assess asthma risk among children with ASDs compared to 

children without ASDs. This is the first longitudinal cohort study designed specifically to answer the 

question: does ASD increase the risk for asthma? Our results showed that children with ASDs had a 

significantly reduced risk of being diagnosed with asthma compared to children without ASDs. 

The few studies that have attempted to assess the association between these two conditions have 

shown conflicting results (85-87, 89-93). Only one previous study has studied asthma that occurs after 

the date of first ASD diagnosis (94). Our results are consistent with their findings of significantly lower 

odds of asthma among children with ASDs, with an OR of 0.63 compared to our 0.44. These results are 

not consistent with the other studies on the association between asthma and ASDs, which all showed 

an equal or higher prevalence of asthma among individuals with ASDs compared to individuals without. 

However, these studies did not take into consideration when the asthma diagnosis was made in relation 

to the first ASD diagnosis. Our results are again inconsistent with double branching in the airways of 
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children with ASDs, which would be expected to result in narrower airways and a higher prevalence of 

asthma (55). 

Our study relied on medical records rather than parental report and we assessed confirmed asthma 

cases, thus limiting recall bias and wrong diagnoses. As in aim one, our study is limited by the fact that 

it is based on retrospective data. Our study limited the effect of any known confounders through 

matching cases with controls as well as by adjusting for measured differences between the two groups. 

However, there is the possibility of unknown confounders influencing our findings.  

Our results are consistent with fewer asthma diagnoses among children with ASDs than children 

without. It is possible that there is an underlying biological explanation for this. The literature is sparse 

regarding a biological link between ASDs and the lungs or asthma. At least one gene, the CD38 gene, 

has been implicated in both asthma and ASDs and several of the genes that have been linked to ASDs 

encode proteins in the respiratory cilia (95-97). An increasing number of studies have also linked the 

immune system to ASDs in various ways, including elevated serum levels of IgG and gamma globulin, 

increased Th2, microglia, and astroglia activation; and autoantibodies to certain brain antigens. A family 

history of autoimmune disease is also known to increase the risk of ASDs (34). The implications of these 

associations are not yet clear although it is possible that a difference in the immune systems of 

individuals with ASDs reduces the likelihood of developing of asthma.  

It is also possible that other factors explain our results. Children who will develop ASD may, in early 

life, more commonly experience environments that are protective for asthma. Children with ASDs may 

be less often exposed to asthma triggers resulting in their asthma remaining masked. The most common 

triggers for asthma include airborne allergens, viral infections, tobacco smoke, air pollutants, and 

exercise. Children with ASDs can have intellectual and motor delays, social and communicative 

impairments as well as certain fears, anxieties, and sensory issues. These symptoms may result in less 

exposure to certain asthma triggers such as less exercise, less time spent outdoors and around other 

people than their typically developing peers. Less time spent outdoors would result in less exposure to 

airborne allergens, tobacco smoke, and air pollutants, and less time spent around other people could 

result in less exposure to viral infections.  

The mechanisms behind the reduced odds of asthma among children with ASDs is unknown. Our 

results should give researchers further incentive to study the emerging associations between ASDs and 

both the lungs and immune system as well as possible differences in exposure to asthma triggers and 

protective environments between children with and without ASDs. It would also be interesting to do a 

similar study with a longer follow-up period to see if the difference in odds remains among adults with 

and without ASD. 

4.3 Conclusion 

Two conclusions can be drawn from our study. Among children with asthma, ASD is not 

associated with greater asthma severity.  Among children without asthma, ASD status reduces the risk 

of future asthma.   
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