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Abstract

There has been growing evidence of a link between chronic respiratory disease, asthma in
particular, and mental disorders among youth. The mechanism for this link remains unknown.
Several studies have empirically addressed the question of this pathway, and accumulating results
may shed new light on the nature of this association. The goal of the current paper is to provide an
integrative summary of the literature to date and to present a new interdisciplinary hypothesis for
one possible mechanism explaining the link between asthma and anxiety/depression among youth.
This hypothesis posits that comorbid anxiety/depression and nicotine dependence among adults,
may be one pathway leading to the comorbidity of asthma and anxiety/depression among youth.
We propose this mechanism operates via exposure to environmental tobacco smoke and/or
prenatal tobacco use, which confers an increased risk for asthma, and parental anxiety/depression
which confers increased risk of anxiety/depression among offspring via familial transmission. We
predict that further testing of this hypothesis will help to reveal the largely neglected problem of
nicotine dependence especially among women—and the far-reaching impact of this addiction on
the health of children.

1.0. Introduction

1.1

Anxiety disorders, depression, and asthma are the most common and arguably among the
most pressing public health problems among youth in the United States and worldwide. The
etiologies of anxiety disorders, depression, and asthma are not known and there are no
known cures. Improved insight into their etiologies, including potentially shared etiologies,
would ultimately help to significantly reduce impairment and disability over the lifespan of
millions of people.

. The problem of asthma among youth

Asthma is a pulmonary inflammatory condition, which most often begins in childhood. The
clinical phenomena associated with asthma include paroxysmal wheezing, shortness of
breath, and cough that accompanies airway hyperreactivity. Cumulative prevalence of
asthma range from 14% in inner city U.S. children 17 or younger (Weiland et al., 2004),
25.9% in British school children aged 12-14 (Anderson et al., 2005), and 9.5% and 10.4%
among Italian youth, aged 6-7 and 13-14, respectively (Galassi et al., 2006). Unlike other
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childhood-onset chronic illnesses (e.g., Type | diabetes mellitus), evidence suggests many
cases of childhood asthma could be largely prevented and the course vastly improved.
Documented risk factors for childhood-onset asthma include family history of asthma,
having allergies, cockroach allergen, exposure to prenatal smoking and exposure to
environmental tobacco smoke (Becklake & Ernst, 1997; Sporik et al., 1991).

1.2. The problem of anxiety disorders among youth

Anxiety disorders are the most common mental disorders among youth and adults in the
community. Prevalence data on anxiety disorders in the community suggest prevalence rates
ranging from 5-13% of youth under 17 (e.g., Costello et al., 1996; Garland et al., 2001).
One-year and lifetime prevalence of anxiety disorders has been estimated to be
approximately 18.1% and 28.8% among adults, respectively (e.g., Kessler et al., 2005).
Onset of anxiety disorders is most common during childhood and early adolescence.
Anxiety disorders often persist for decades, and early-onset of anxiety disorder is a strong
predictor of subsequent onset of affective and substance use disorders (e.g., Reiger et al.,
1998) and of persistent and chronic anxiety disorders across the lifespan (Kendall et al.,
2004). Previous data also suggest that childhood anxiety disorders are associated with social
and school-related impairment, suicidal ideation, and suicide attempt (Gould et al., 1998;
Straus et al., 1987). Epidemiologic studies have found risk factors for anxiety disorders, yet
etiologic determinants have not been conclusively identified.

1.3. The problem of depression among youth

Large-scale population research has indicated that, at any given time, 10-15% of children
and adolescents in the United States suffer from depression or a similar serious mental
disorder that affects mood, energy, interest, sleep, and overall functioning (Smucker et al.,
1986; US DHHS, 1999). The symptoms of depression are persistent, can interfere with one’s
ability to function on a daily basis, and may be chronic. Epidemiologic and clinical research
have documented that the age of first onset of major depression is commonly during
adolescence, and prepubertal onsets, though less frequent, do occur (Lewinsohn et al.,

1994).

1.4. The asthma epidemic in children

Available data from various population samples within the US and other countries suggest
that childhood asthma has increased up to six fold in some areas from 1950 to the present
time (e.g., Kabesh & Von Mutius, 2002; Wood, 2002), though the reason for the rise in
childhood asthma remains unknown. Previous studies also suggest that the prevalence of
asthma varies widely by geographic and demographic characteristics.

Population-level genetic changes cannot explain the recent asthma epidemic, as a
population’s gene pool takes a much longer period of time to exhibit such changes.
Currently, the Hygiene Hypothesis is the main theory that purports to explain this
phenomenon, positing that increasingly sanitized conditions in Westernized countries have
resulted in changes to individuals’ immune systems, which have increased the risk of
allergies and thereby led to the rise of asthma in industrialized (i.e., more sanitized)
countries as compared to third-world countries (Stratchan, 1989). Thus, under the Hygiene
Hypothesis, asthma is characterized as a disease of the affluent. Skepticism about the
usefulness of this hypothesis is increasing though, as it fails to explain some of the recent
trends in asthma. Most importantly, the Hygiene Hypothesis is unable to explain the
epidemiology of childhood asthma in Westernized countries where rates are substantially
higher in inner-city, lower socioeconomic segments of the population compared to suburban,
rural, and more affluent segments of the population (e.g., Akinbami et al. 2005; Beckett et
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al. 1996). A goal of the current study is to propose one alternative hypothesis to partially
explain the epidemic of childhood asthma.

1.5. Association between asthma and mental health problems among youth

Evidence to date suggesting an association between asthma and mental disorders among
youth has come mainly from four sources. First, data from clinical samples show higher
levels of behavioral problems, as well as depression and anxiety symptoms, in pediatric
asthma patients with moderate-to-severe asthma compared to controls and pediatric patients
with other medical illnesses (e.g., Feldman et al., 2006; Fritz et al., 1987; Wamboldt, et al.,
1998). Similarly, data from pediatric patients in psychiatric treatment settings show higher
than expected levels of asthma among youth with anxiety disorders (e.g., Koltek et al. 1998;
McQuaid et al., 2001). A second line of evidence comes from epidemiologic data which
have shown an association between asthma and anxiety disorders among youth in
community samples (e.g., Goodwin et al., 2003; Ortega et al., 2002). Specifically, several
studies have found higher rates of anxiety disorders (e.g., Separation anxiety disorder,
overanxious disorder, phobia, panic) among youth with asthma in community samples
compared to those with diabetes and other chronic illnesses (e.g, Ortega et al., 2002) and
compared with those without asthma (e.g., Craske et al., 2001; Goodwin et al., 2004a).
Findings on the link between respiratory disease and depression among youth in the
community have been mixed, with some showing a link (Ortega et al., 2004), while others
do not (Vila et al., 2000). Third, there is evidence of a familial association between panic
disorder and respiratory disease, with data showing higher than expected rates of panic
disorder among relatives of patients with severe respiratory disease (van Beek et al., 2005),
as well as evidence of a relationship between severity of psychiatric problems in family
members and severity of asthma in pediatric patients (Gorman et al., 2001). Results from a
three-generation study show parental depression is associated with increased risk of
respiratory disease in offspring (Goodwin et al, 2007a). Fourth, a number of studies have
shown longitudinal associations between asthma and panic attacks among adults over
several year time-intervals (Goodwin et al., 2004a; Hasler et al., 2005).

1.6. Respiratory function and anxiety

In a parallel line of research, there is mounting evidence of a link between respiratory
abnormalities and anxiety disorders in youth and adults. Specifically, laboratory studies have
provided evidence that youth with anxiety disorders have higher sensitivity to CO,
inhalation, compared with youth without mental disorders (e.g., Pine et al., 2000; Pine et al.,
2005). In comparison to adults without mental disorders, similar studies have also shown in
adults that specific anxiety disorders (e.g., panic disorder) are associated with increased
sensitivity to CO, and that this sensitivity is specific to anxiety since depression is not
associated with heightened CO, sensitivity (e.g., Gorman et al., 2001; Martinez et al., 2001).
These results cumulatively support the hypothesis that there may be a shared vulnerability to
respiratory abnormalities associated with anxiety disorders and respiratory disease.

2.0. Mechanism of the association between asthma and mental disorders in

children

Despite consistent results suggesting a link between respiratory conditions and mental
disorders in youth, the mechanism of the association between asthma and mental disorders
remains unclear. There are three main possible explanations this link.
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2.1. Childhood mental health problems cause the onset of asthma

Longitudinal evidence to date, which may provide clues as to the likelihood of whether or
not there is a causal relationship between asthma and mental disorders has not falsified this
possible pathway, though the majority of evidence does not support a causal link. For
instance, one recent study found that behavioral abnormalities in the first years of life were
associated with the subsequent onset of asthma (Calam et al., 2005), yet another longitudinal
study of youth found no link between respiratory symptoms at age 5 and risk of mental
health problems at age 14 (Alati et al., 2005). Therefore, it is not necessarily the case that
this is a causal link—and a biological mechanism through which a causal link would exist is
not clear.

2.2. Asthma causes the onset of mental health problems

One study found a link between early respiratory symptoms and increased risk of any mental
disorder among adolescents (Goodwin et al., 2004b), though asthma was not measured in
this study and data on respiratory symptoms were obtained via self-report. Another
longitudinal study examining the relationship between asthma in adolescence and the risk of
anxiety disorders in young adulthood found that respiratory problems at age 15 were
associated with increased risk of anxiety disorders at age 18-21 (Craske et al., 2001). Among
adults, two studies have found longitudinal links between asthma and mental health
problems. One illustrated a link between asthma and the onset of panic attacks one year later
(Goodwin & Eaton, 2003), while a second longitudinal study found that asthma was
associated with panic disorder (Hasler et al., 2005). These studies are temporally consistent
with a potential mechanism whereby asthma could cause anxiety/depression, though these
studies did not adjust for key potentially confounding/mediating factors, and it is not clear
what the specific causal biological mechanisms would be in this pathway.

2.3. Common risk factors and the comorbidity of asthma and mental disorders

To the best of our knowledge, only one study to date has examined the possible mechanism
of the observed link between asthma and mental health problems in youth; this study found
that this link was not causal, but was explained by confounding/mediating risk factors for
both asthma and mental health problems (Goodwin et al., 2004b). Yet, the study was not
able to identify what those risk factors were because a limited number of risk factors were
included in the analysis and a limited number of psychosocial and psychological factors
were measured in the survey.

3.0. Hypothesis

In this paper, we present a new theory explaining one possible mechanism for the observed
association between asthma and mental disorders among youth (See Figure 3). Specifically,
we hypothesize that the comorbidity of asthma and mental disorders is due to common
exposure factors of parental mental disorders and addiction, yet the pathway through which
each of these risk factors affects the outcomes differs. We propose that increased risk of
asthma among offspring of parents with nicotine dependence is due to increased exposure to
prenatal and postnatal tobacco smoke, while the increased risk of mental disorders in
offspring of parents with mental disorders and offspring is via familial/genetic pathway,
which has also already been documented in the literature. As such, comorbidity of mental
disorders and addictive behaviors in parents is one possible mechanism that may explain the
comorbidity of asthma and mental disorders in youth.

3.1. Association between anxiety/depression and nicotine addiction

There is abundant evidence to date showing high rates of smoking among adults with
anxiety/depression. Several population-based studies have shown cross-sectional
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associations between mental disorders and increased rates of cigarette use and nicotine
dependence among adults (e.g., Grant et al., 2004a; Grant, et al., 2004b). Evidence from
longitudinal studies has also suggested that depression and anxiety disorders are associated
with increased risk of the initiation of cigarette smoking and nicotine dependence (e.g.,
Breslau et al., 2004; Goodwin & Hamilton 2002), as well as the reverse (Isensee et al.,
2003). Finally, clinical research has shown that mental disorders are associated with higher
levels of withdrawal symptoms during attempts to quit smoking and that smokers with a
mental disorder also exhibit lower quit rates compared with smokers without mental
disorders (e.g., Covey, 1999; Glassman et al., 1990). In sum, evidence to date suggests that
cigarette smoking and nicotine dependence are common among a majority of adults with
anxiety/depressive disorders and that having anxiety/depressive disorders appears to
significantly hinder both efforts to stop smoking and effectiveness of treatment for nicotine
dependence.

3.2. Association between anxiety/depression and nicotine addiction among pregnant

women

A growing number of studies have documented a relationship between anxiety/depression
and higher levels of cigarette use and nicotine dependence among pregnant women.
Specifically, a recent population-based study (Goodwin et al., 2007a), showed that 21.7% of
pregnant women in the United States reported using cigarettes during their pregnancy.
Comparison of the prevalence of mental disorders among pregnant women who did and
those who did not use cigarettes showed that pregnant women who used cigarettes were
significantly more likely to have any Axis | mental disorder (OR = 1.64, 95% CI: 1.03-2.62)
and any personality disorder (OR =1.98, 95% CI: 1.1-3.48). In sum, while it is commonly
thought that smoking during pregnancy is rare, evidence suggests that it is quite common
among women in various segments of the population especially, it appears, among women
with anxiety/depressive disorders.

3.3. Association between prenatal smoking and asthma in children

Prenatal smoking is known to be associated with a wide range of ill effects on health of the
infant, such as low birth weight, low rate of fetal growth, asthma, upper respiratory
infections preterm delivery, and sudden infant death syndrome (SIDS) (e.g., Kramer, 1987).
Several studies have shown consistent associations between exposure to prenatal smoking
and increased risk of asthma onset in infants and young children (e.g., US DHHS, 2006). In
effect, exposure to prenatal smoking is one of few documented risk factors for the onset of
asthma in infancy and childhood.

3.4. Association between exposure to Environmental Tobacco Smoke and risk of asthma

in children

Environmental tobacco smoke (ETS) is a known risk factor for childhood asthma onset, as
well as for numerous other health conditions in infants and children including SIDS, early
respiratory infections, otitis media, and other health problems (e.g., Becklake & Ernst, 1997;
US CDC, 1996). One third of children under the age of seven are exposed to ETS in the
home daily (Shushter et al., 2002). Evidence consistently suggests that ETS is both a risk
factor for asthma onset and trigger for asthma exacerbation and attacks among youth.
Parental ETS in the home is thought to be the most common source of exposure to ETS for
youth (e.g., Cook & Strachan, 1997), and its effect appears to be dose dependent as
symptom prevalence in asthmatic children has been shown to increase with the number of
parents that smoke (Cook & Strachan, 1997). In particular, an association has been shown to
exist between prenatal exposure to ETS and an increased risk of childhood asthma and
wheezing (OR = 1.87, 95% CI: 1.25-2.81) (Ehrlich et al., 1996). Prenatal ETS exposure has
been shown to work independently of postnatal ETS exposure, as prenatal exposure appears
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to be a specific risk factor for asthma, whereas postnatal exposure is associated with a range
of other respiratory symptoms (Pattenden et al., 2006). Self report and urine continine levels
indicate that maternal smoking is closely linked with asthma and asthma severity in
children, while the association between paternal smoking and childhood asthma is harder to
detect, presumably due to proximity (DiFranza et al., 2004). Regardless, studies suggest that
26% of children who report ETS as a trigger for asthma symptoms or attacks have at least
one parent who smokes (DiFranza et al., 2004; Gergen et al., 1988; Nardini, et al., 2001).

3.5. Association between exposure to prenatal smoking and mental disorders in children

Numerous studies have documented a link between prenatal smoking and mental disorders
in children. Prenatal smoking has been associated with ADHD, conduct disorder, and
depression among children in several studies (e.g., Fergusson et al., 1998; Indredavik et al.,
2007). The relationship between adolescent psychopathology and number of cigarettes
smoked prenatally per day appears to be linear, with an increased number of cigarettes per
day being associated with an increased rate of DSM-1V symptom criteria in adolescents,
though some of this relationship may be due to confounding and selection factors
(Fergusson et al., 1998). In sum, there appears to be a link between prenatal smoking and
mental disorders in children.

3.6. Association between exposure to environmental tobacco smoke and mental disorders

in children

There is growing evidence that maternal prenatal anxiety/depression may be associated with
impact on behavioral and emotional problems during childhood (Correia & Linhares, 2007;
O’Connor et al., 2002a; O’Connor et al., 2002b; O’Connor et al., 2003), perhaps by altering
the hypothalamic-pituitary-adrenal axis (Davis et al., 2007; O’Connor et al., 2005). A
number of preclinical studies have also found consistent results (Henry et al., 1994;
Thompson, 1957; Weinstock, 1997). Further research will be needed, it seems, in order to
distinguish a specific prenatal/intrauterine mechanism for this pathway from a genetic or
other familial transmission pathway.

3.7. Association between maternal/parental depression/anxiety disorders and the risk of
asthma in children

Evidence to date suggests an association between parental mental health problems and
increased risk of asthma onset in children (e.g., Goodwin et al., 2007b; Klinnert et al., 2001;
Ortega et al., 2004), increased severity of asthma in youth (e.g., Ackakaya et al., 2003;
Mrazek et al., 1987) and poorer asthma management (Frankel et al., 1998) including
increased health service use and ER use (Bosley et al, 1966; Shalowitz et al., 2000). There is
mounting evidence of a relationship between parental mental disorders and increased risk of
asthma in children.

3.8. Association between maternal/parental/family history of anxiety/depression and risk of
mental disorders in children

Numerous studies have shown linkages between parental psychopathology and increased
risk of mental disorders in children (e.g., Black et al., 1992; Fyer et al., 1990; Weissman,
1993). For instance, one family study showed that when compared with children of parents
without a psychiatric diagnosis, children whose parents suffered from an anxiety disorder
were more than 7 times more likely to meet criteria for an anxiety disorder (Turner et al.,
1987). Parental depression and substance use disorders are also shown to be associated with
increased risk of anxiety disorders in children, as well as depression, and externalizing
disorders. In sum, the familial risk of anxiety and depressive disorders to offspring has been
fairly well documented.
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4.0 Summary

To our knowledge, this hypothesis is the first to attempt to explain the mechanism of this
observed link and this review indicates that there is available evidence supporting each step
of the pathway. It also reflects a novel conceptualization of what is commonly considered in
explaining the comorbidity of a mental and physical disorder. Using evidence from a range
of previous studies in these areas, the weight of evidence in this paper seems to support the
feasibility of this pathway.

Addictive disorders have historically been studied in terms of the health consequences to the
individual, which clearly include both negative physical and mental health outcomes as well
as economic. In particular with cigarette use/nicotine dependence, there is abundant
evidence that addiction to cigarettes and/or nicotine in another form has deleterious health
effects (US DHHS, 2004). That maternal nicotine addiction increases the risk of addictive
disorders in offspring is also increasingly documented (Buka et al., 2003; Niaura et al.,
2001). Yet, the possibility that nicotine addiction may negatively impact the physical health
of offspring via an intermediary environmental mechanism (i.e., exposure to ETS) has not
been studied in this context, nor within the field of addiction and/or mental health. There is
abundant data documenting the biological pathway through which ETS affects children’s
respiratory health in the pediatrics and respiratory literature (e.g., Becklake & Ernst, 1997;
Burchfield et al., 1996; US CDC, 1997), as well as evidence of a link between maternal
smoking and asthma in youth (Burchfield et al., 1996). What seems to have been missing in
this literature is the potentially critical role of mental health and addiction in the
perpetuation of this intergenerational problem. While it is known that ETS has detrimental
effects on the health of children, household smoking rates remain high (US CDC, 1996) and
the nicotine dependence in a parent is not widely regarded as a condition that may possibly
endanger or increase the risk of chronic exposure to an array of dangerous chemicals to the
child, especially early in life when often most time is spent indoors in the home. As such, it
is increasingly clear that an integration of literatures from multiple disciplines, including
psychiatry, addictions, medicine, epidemiology, and environmental health science, is needed
in order to tell the complete story of what is happening in these complex chronic conditions
where research to date in single disciplines have been unable to identify a cause.

4.1. Novel mechanism of transmission

Mother-to-child disease transmission is commonly thought to be within the sphere of
infectious disease. What we have proposed here is that the psychiatric disease (i.e., nicotine
dependence) in the mother is a risk factor for respiratory disease (i.e., childhood asthma) in
the child via exposure to ETS, which is a direct result of the psychiatric disease. Within
asthma research, ETS is considered an environmental risk factor. It is not generally
examined from a psychiatric perspective, although it is the product of a mental disorder or
addiction and appears as if not more difficult to treat as any other addiction (e.g., cocaine).
As our theory suggests, parental nicotine dependence not only transmits increased risk of
nicotine dependence to offspring, but also the risk of physical disease to the offspring
through increased exposure and a known and well-documented environmental pathway.

It should be noted, as well, that there may potentially be numerous confounding factors
associated with higher rates of both asthma and mental disorders among youth. It will be
important to understand the possible confounding and/or mediating role of factors such as
SES and geographic residence (e.g., urban vs. rural), as they may influence the exposure
pathway. Although such factors may mediate or moderate the levels of exposure to the risk
factors proposed here (e.g., small living quarters may increase level of exposure to ETS), it
does not seem possible that they could replace this hypothesized pathway as these factors
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are not sufficient causes in themselves for the onset of asthma, based on available evidence
to date.

4.2. Proposed Hypothesis and the Epidemic of Childhood Asthma

As noted earlier, the reason for the epidemic of childhood asthma is unknown, and the
Hygiene Hypothesis (Strachan, 1989) has been increasingly questioned in recent years in
terms of whether this theory can explain the modern epidemic given the geographic patterns
and discrepancies which seem counter to this original hypothesis. We hypothesize that the
ETS-mediation theory outlined in this paper provides one alternative, plausible hypothesis
explaining the epidemic of asthma in children over the past several decades. In-depth
discussion of the hypothesis in relation to the asthma epidemic is not possible here due to
space constraints, but in brief, we have posited that the asthma epidemic in children may be
due, in part, to a parallel increase in cigarette use — especially among women over the past
several decades and, therefore, substantially increased early exposure to ETS, compared
with earlier decades (see Goodwin et al., 2007a for more detailed write up).

4.3. Clinical and Public Health Implications

If evidence continues to support this link, there are substantial clinical and public health
implications of this hypothesis. First, it seems clear that programs for smoking cessation in
pregnant women would be more effective if a mental health component is included. In
addition, while there is clearly a multitude of clinical and public health campaigns aimed at
reducing childhood exposure to ETS in the home, programs aimed at promoting smoking
cessation do not generally address either the issue of nicotine dependence or the possibility
that comorbid depression/anxiety disorders are inhibiting quit efforts. Public health poster
campaigns and the like are important in terms of educating people about the risks to their
children, yet, the lack of success in reaching goal quit levels (e.g., Healthy People 2010), or
in eliminating household smoking from homes with children (Ashley & Ferrence, 1998;
Gergen et al., 1998), may be related to the fact that these addictions are not addressed or
recognized as clinical disorders nor given the treatment required. Similar efforts should be
made to extend treatment for nicotine dependence as have been made for the treatment of
illicit substance dependence (Sees et al., 1990).

Future studies that can prospectively investigate the specific independent contributors of
each of these factors in large, population-based multidisciplinary studies are needed so that
the size,possible interaction, and impact of these various factors can be more fully
understood. Further testing of this theoretical model will open up new opportunities for its
application to other diseases, especially to the chronic diseases affecting youth in the United
States, the majority of which appear to have behavioral components.
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