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Abstract

Background and objectives—Associations between asthma and anxiety and mood disorders
are well established, but little is known about their temporal sequence. We examined associations
between a wide range of DSM-IV mental disorders with adult onset of asthma and whether
observed associations remain after mental comorbidity adjustments.

Methods—During face-to-face household surveys in community-dwelling adults (n = 52,095) of
19 countries, the WHO Composite International Diagnostic Interview retrospectively assessed
lifetime prevalence and age at onset of 16 DSM-IV mental disorders. Asthma was assessed by
self-report of physician’s diagnosis together with age of onset. Survival analyses estimated
associations between first onset of mental disorders and subsequent adult onset asthma, without
and with comorbidity adjustment.

Results—1,860 adult onset (21 years+) asthma cases were identified, representing a total of
2,096,486 person-years of follow up. After adjustment for comorbid mental disorders several
mental disorders were associated with subsequent adult asthma onset: bipolar (OR=1.8; 95%ClI
1.3-2.4), panic (OR=1.4; 95%ClI 1.0-2.0), generalized anxiety (OR=1.3; 95%CI 1.1-1.7), specific
phobia (OR=1.4; 95%CI 1.2-1.6); post-traumatic stress (OR=1.5; 95%CI 1.1-2.0); binge eating
(OR=1.9; 95%CI 1.2-2.9) and alcohol abuse (OR=1.5; 95%CI 1.2-2.0). Mental comorbidity
linearly increased the association with adult asthma. The association with subsequent asthma was
stronger for mental disorders with an early onset (before age 21).

Conclusions—A wide range of temporally prior mental disorders are significantly associated
with subsequent onset of asthma in adulthood. The extent to which asthma can be avoided or
improved among those with early mental disorders deserves study.

Keywords
Asthma; Mental Disorders; Population; Epidemiology; Chronic Disease; Comorbidity

INTRODUCTION

Asthma is a major public health problem because a lifetime course and an increasing
prevalence (Jenkins ef al. 1994; Pearce et al. 2000). An association between asthma and
some mental disorders, in particular, anxiety and depression has been shown (Goodwin et a/.
2003a; Goodwin et al. 2004; Perna et al. 1997; Shavitt ef al. 1992); (Opolski and Wilson,
2005; Toren et al. 2006). While some of the previous evidence was based in small number of
countries, recent data have extended similar results to a large number of countries; (Jiang et
al. 2013; Wong et al. 2013).

Most of the studies showing an association between asthma and mental disorders were
cross-sectional in nature, thus limiting their ability to infer the temporal relationship between
asthma and mental disorders. Several longitudinal studies suggest that asthma in childhood
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is followed by some subsequent internalizing mental disorders (Alati et a/. 2005; Goodwin et
al. 2013; Ramos Olazagasti et al. 2012) and with suicidal ideation and suicide attempts
(Goodwin and Eaton, 2005). On the other hand, a number of studies have shown a
longitudinal association between psychological distress and atopic disorders, mostly asthma,
both in children and adults (Chida et a/. 2008); (Sanna et al. 2014).

Only very few of these studies included comprehensive diagnostic measures of mental
disorders (i.e., based on standard psychiatric diagnostic criteria such as the Diagnostic
Statistical Manual (DSM)) for mood and anxiety (Hasler et a/. 2005; Wainwright et a/.
2007); and eating disorders (Goodwin et al. 2009; Scott et al. 2007; Scott et al. 2008). An
additional limitation of previous research is that the influence of mental comorbidity in the
association of mental disorders and asthma has not been analyzed in depth. Knowing
whether anxiety or depression specifically is associated with asthma (after adjusting for
comorbidity with the other) can guide research focused on the mechanisms underlying the
association with asthma.

We previously reported, based on a large international study including many mental
disorders, that there was a concurrent association between 12-month mental disorders and
lifetime asthma in many countries, regardless of the important variation in asthma
prevalence in these countries (Scott et a/. 2008). Associations were similar for anxiety, mood
and alcohol abuse disorders. In those analyses we did not assess the effect of mental
comorbidity and our focus was on associations between current mental disorders and
asthma, rather than on associations between temporally prior mental disorders and
subsequent onset of asthma. We therefore undertook analyses that considered the sequential
order of the mental disorders and asthma comorbidity and reported that early onset (i.e.,
before age 21) mental disorders predicted subsequent onset of diagnosed adult onset asthma
(i.e., after age 21), even after adjusting for childhood adversities, smoking and other relevant
variables (Scott et al. 2008). However in these analyses, we included a limited set of mental
disorders and we did not adjust for mental disorder comorbidity. Nor did we examine
whether the association held true for mental disorders starting after the age of 21 and
subsequent adult asthma. Therefore, we could not determine whether the associations found
between early onset and subsequent asthma were reflecting the onset timing of these
disorders (i.e., that they occur at critical developmental periods) or were because early
disorders are a risk marker for comorbidity.

Aims of the Study

In this study we analyzed only asthma cases with onset in adulthoods (21+ years of age), as
we wanted to test the antecedent model (Scott MK 2009) of mental disorders preceding
asthma onset. This model suggests that mental disorders that start early in life and are
chronic or recurrent, may have physiological effects akin to chronic stress, leading to
Hypothalamus-Pituitary-Adrenal (HPA) dysregulation (Chida Y et al, 2008; Scott KM,
2009). This altered physiological stress response in turn has been associated with immune
system dysfunction and increased inflammatory response. These mechanisms could
facilitate asthma onset among susceptible individuals, along with the lifestyle risk factors
also associated with mental disorders. By selecting only adult-onset asthma cases and
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conducting survival analyses based on person years only up to asthma diagnosis, this
allowed us to investigate this specific temporal sequence from mental disorder to asthma
diagnosis, albeit with the limitation of retrospective data. We did not include childhood
asthma as it would be difficult for respondents to clearly recall the temporal priority of
mental disorders and asthma symptoms.

We therefore conducted the present study using a larger dataset from the World Mental
Health (WMH) Surveys to examine the associations between first onset of 16 mood, anxiety,
impulse control and substance use disorders with subsequent adult onset asthma. Our aims
were to examine the influence of mental disorder comorbidity on these associations; to
investigate whether the associations vary according to the age of mental disorder or asthma
onset; and to assess whether they vary by gender. In this study we analyzed only asthma
cases with onset in adulthood, as it helped ensure the temporal order of the association of
interest: from prior mental disorders to subsequent asthma. For childhood onset of asthma,
which is fairly common, it might be difficult for respondents to clearly recall the temporal
priority of mental disorders and asthma symptoms. Thus, we improved accuracy of the
estimation of the association between mental disorders and asthma, to the expense of some
generalization.

Samples and Procedures

This study uses data from 19 of the WMH surveys: Colombia, Mexico, Peru, United States,
Shenzhen (China), Japan, New Zealand, Belgium, France, Germany, Italy, the Netherlands,
Romania, Spain, Portugal, Israel, Irag, Northern Ireland, and Poland (see Table 1). A
stratified multi-stage clustered area probability sampling strategy was used to select adult
respondents (18 years+) in most WMH countries. Most of the surveys were based on
nationally representative household samples while Colombia, Mexico and Shenzhen were
based on nationally representative household samples in urbanized areas.

In most countries, internal subsampling was used to reduce respondent burden and average
interview time by dividing the interview into two parts. All respondents completed Part 1,
which included the core diagnostic assessment of most mental disorders. All Part 1
respondents who met lifetime criteria for any mental disorder and a probability sample of
other respondents were administered Part 2, which assessed physical conditions and
collected a range of other information related to survey aims. Part 2 respondents were
weighted by the inverse of their probability of selection for Part 2 of the interview to adjust
for differential sampling. Analyses in this paper are based on the weighted Part 2 subsample
(n=52,095). Additional weights were used to adjust for differential probabilities of selection
within households, to adjust for non-response, and to match the samples to population socio-
demographic distributions. Measures taken to ensure interviewer and data accuracy and
cross-national consistency are described in detail elsewhere (Kessler and Ustun, 2004). All
respondents provided informed consent and procedures for protecting respondents were
approved and monitored for compliance by the Institutional Review Boards in each country
(Kessler and Ustun, 2004).
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All WMH instruments were cross-culturally adapted following the standard WHO
procedures of translation, back-translation, cognitive debriefing and harmonization to make
sure data collected would be comparable across countries. Such procedures are described in
detail (Kessler and Ustun, 2008).

Mental disorders—All surveys used the WMH survey version of the WHO Composite
International Diagnostic Interview (CIDI 3.0) (Kessler and Ustun, 2004), a fully structured
interview, to assess lifetime history of mental disorders. Disorders were assessed using the
definitions and criteria of the DSM-IV (American Psychiatric Association, 2000). The
mental disorders adjusted for in this paper include anxiety disorders (panic disorder,
agoraphobia without panic, specific phobia, social phobia, post-traumatic stress disorder,
generalized anxiety disorder, obsessive compulsive disorder); mood disorders (major
depressive episode/dysthymia, bipolar disorders I, Il and broad); substance use disorders
(alcohol abuse and dependence, drug abuse and dependence); and impulse control disorders
(intermittent explosive disorder, bulimia nervosa and binge eating disorder). The selection of
these 16 mental disorders was based on their prevalence, including disorders only when
there were sufficient numbers of cases to warrant reliable analyses. As a result, for instance
anorexia nervosa had to be excluded. We considered early onset mental disorders those with
an onset before age of 21 years.

CIDI organic exclusion rules were applied in making diagnoses. Clinical reappraisal studies
conducted in some of the WMH countries indicate that lifetime diagnoses of anxiety, mood
and substance use disorders based on the CIDI have generally good concordance with
diagnoses based on blinded clinical interviews (Haro ef al. 2006).

Asthma—In a series of questions adapted from the U.S Health Interview Survey,
respondents were asked about the lifetime presence of selected chronic conditions.
Respondents were asked: “Did a doctor or other health professional ever tell you that you
had any of the following illnesses....asthma?” Clinical guidelines as those issued by the
American Thoracic Society, recommend a combination of methods, including medical
history, physical examination and respiratory function tests (Goodwin et al. 2003b; Pearce et
al. 2000) but such methods are generally not feasible in large epidemiological surveys. It is
important to note here that an investigation of the correspondence of self-reported chronic
conditions in the US National Health Interview Survey with medical records abstracted in
the prior 3 years found that self-reported current asthma to be in fairly good agreement with
medical records, although underreported by 20-30% (NCHS, 1994). In our survey the
definition of asthma was self-report of a diagnosis of asthma —not simply a self-report of
asthma. So it may correspond more closely still to actual medical records.

If respondents endorsed this question they were classified as having a history of asthma for
these analyses. Respondents were also asked how old they were when they were first
diagnosed with asthma. This year is referred to herein as the age of onset of asthma,
although it is recognized that the underlying pathology develops over many years and that it
is possible to have asthma without being detected. Only adult-onset asthma (onset age 21+)
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was investigated in this paper. No difference between atopic/non-atopic asthma was made in
our study.

Statistical Analysis

Discrete-time survival analyses (Singer and Willett, 1993) with person-year as the unit of
analysis were used to test sequential associations between first onset of mental disorders and
subsequent onset of asthma. For these analyses, a person-year data set was created in which
each year in the life of each respondent up to and including the age of onset of asthma or
their age at interview (whichever came first) was treated as a separate observational record,
with the year of asthma onset coded 1 and earlier years coded 0 on a dichotomous outcome
variable. Persons who reported asthma onset before age 21 (N=2,186, corresponding to the
54% of all asthma cases in our study) were excluded from analysis. Mental disorder
predictors were coded 1 from the year after first onset of each individual mental disorder.
This time lag of 1 year in the coding of the predictors ensured that in cases where the first
onset of a mental disorder and of asthma occurred in the same year, the mental disorder
would not count as a predictor. Only person-years up to the diagnosis of asthma were
analyzed so that only mental disorder episodes occurring prior to the onset of asthma were
included in the predictor set. Logistic regression analysis was used to analyze these data
with the survival coefficients presented as odds ratios, indicating the relative odds of asthma
onset in a given year for a person with a prior history of mental disorder compared to a
person without that mental disorder (including people without any mental disorder history).
It is important to note that, given the retrospective nature of the information collected, results
of the above analyses should be considered exploratory in nature. Longitudinal studies will
be needed to confirm them.

A series of bivariate and multivariate models was developed including the predictor mental
disorder plus control variables. Models controlled for person-years, countries, gender,
current age, and in the multivariate models, other mental disorders. Bivariate models
investigated association of specific mental disorders with subsequent asthma onset. The next
model, a multivariate model, estimated the associations of each mental disorder with asthma
onset adjusting for mental disorder comorbidity.

Our approach was to not control for covariates that could be on the causal pathway between
mental disorders and subsequent asthma. However, we recognize that these variables may
also confound associations so we re-estimated the multivariate model with adjustment for
history of smoking (ever/never/current) and educational attainment. This made virtually no
difference to associations (all previously significant associations remained significant and
none reduced in magnitude — data available on request) so we report the results from the
model unadjusted for smoking and education in this paper. We did not include BMI in the
adjusted models, as estimates of current body weight only were available, and including this
variable in the analyses would result in a biased estimation of the associations.

Our earlier studies of concurrent mental-physical comorbidity in the WMH surveys found
that these associations were generally consistent cross-nationally, despite varying prevalence
of mental disorder and physical conditions (Lin et a/. 2008; Von Korff, 2009). This was
particularly the case for the association of mental disorders and adult onset asthma (Scott et
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al. 2007). All analyses for this paper were therefore run on the pooled cross-national dataset.
As the WMH data are both clustered and weighted, the design-based Taylor series
linearization (Shah, 1998) implemented in version 10 of the SUDAAN software system
(SUDDAN, 1999) was used to estimate standard errors and evaluate the statistical
significance of coefficients.

Sample information

The survey characteristics are shown in Table 1 together with information about the number
of survey respondents reporting a history of adult-onset asthma (n=1,860). They represented
a total of 2,096,486 person-years of follow up. Four surveys had limited their eligible
population to less than 65. The overall weighted response rate was 78%, ranging from
45.9% in France to 95.2 in Irag. The prevalence of adult onset asthma ranged from 0.5% in
the Shen Zen survey of People’s Republic of China to 7.4% in New Zealand. The mean age
of adult asthma onset was 41 (SE=0.5) with a median age of onset of 38.

Lifetime prevalence of mental disorders among those with and without asthma

In Table 2 the lifetime prevalence rates of mental disorders are shown for the total sample
without adult onset asthma (N= 49,296) and for those participants reporting adult onset
asthma (final three columns). 20.8% of the adult onset asthma participants had lifetime
MDE or dysthymia, 11.2% had specific phobia, 2% had intermittent explosive disorder, and
8.2%, alcohol abuse. Lifetime prevalence of mood and anxiety disorders among adult onset
asthma cases was generally higher than in the total sample without adult onset asthma. It
should be noted that the prevalence rates for mental disorders reported in this table represent
the history of mental disorders occurring at any age up until the age of interview for each
respondent. The analyses that follow include as predictors only those mental disorders
occurring prior to the onset of asthma.

Associations between temporally prior mental disorders and subsequent asthma onset

Table 3 shows the associations between the first onset of temporally prior individual mental
disorders and subsequent adult asthma onset. These associations were first investigated in a
series of bivariate models (i.e., only one mental disorder considered at a time), but adjusted
for age cohort, gender, person-year and country. First section of the table shows that 12 (out
of the 16) mental disorders predicted adult onset asthma, with statistically significant ORs in
the range of 1.5 to 2.8. Bipolar disorder showed the highest bivariate association (OR= 2.8)
followed by binge eating disorder (OR= 2.6).

The second section of table 3 shows that many bivariate associations remained significant,
although attenuated, after adjusting for lifetime mental disorder comorbidity (that is,
adjusting for mental disorders occurring before asthma onset). Dummy variables for all
mental disorders were entered simultaneously and the highest multivariate associations
observed correspond to binge eating disorder (OR= 1.8), bipolar disorder (OR= 1.8), PTSD
(OR=1.5), and alcohol abuse (OR= 1.5). Of interest, the observed association between
major depressive episode/dysthymia became non-significant in the multivariate model. The
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global Chi square test for the joint effect of all mental disorders was statistically significant
(X216= 140.3). That effect was not homogeneous for all mental disorders (X?15=35.2).

The final section in table 3 shows the coefficients of a multivariate model estimated with
dummy predictors for the number of mental disorders without any information about the
type of mental disorders, adjusted for age cohort, gender, person-year and country. The joint
effect of the number of mental disorders is statistically significant X2=67.6 and a linear trend
is observed, with an OR= 1.4 for exactly one mental disorder only to an OR= 3.1 for 5 or
more mental disorders.

We performed analyses with subgroups of countries (i.e., developed vs developing) and
found that none of the interactions are significant indicating that there are no country income
group differences in these associations. We also tested whether early onset (before age of 21)
mental disorders were more strongly associated with subsequent adult asthma relative to late
onset (after age of 21) mental disorders. Although we found that this was the case for most
of the mental disorders, this difference between early and late onset became non-significant
once all mental disorders were included in the models (results shown, but available on
request). This suggests that the stronger association for early onset disorders with asthma is
because early onset mental disorders are risk factors or risk markers for lifetime mental
disorder comorbidity.

Variation over the life-course (timing of asthma diagnoses)

When we investigated whether associations between mental disorders and subsequent
asthma varied by timing of the asthma diagnosis, we found significant interaction effects
with person years for mood disorders (MDE/Dysthymia), and for GAD, Social phobia, and
PTSD (Table 4). In all cases, the significant interactions indicate that the association of these
mental disorders with adult asthma is stronger when asthma is diagnosed earlier in
adulthood relative to later in adulthood. This is an important qualifier of the findings in
Table 3 where the multivariate associations between MDE/dysthymia and Social phobia and
asthma are not significant, as these results included adult asthma diagnosed throughout the
whole adult lifespan.

Finally, we assessed whether the association between mental disorders and adult onset
asthma was different by gender (Table 5). We did find an interaction effect with gender for
the association of two disorders with asthma: specific phobia, which was more strongly
associated with subsequent asthma among females (stratified OR for female= 1.5) and for
PTSD, which was more strongly associated with asthma among males (stratified OR for
male= 2.9).

DISCUSSION

The results of this study must be interpreted taking into account several limitations. First,
our assessment of asthma and mental disorders as well as their age of onset (AOO) is
retrospective, which is associated with underestimates and errors (Wells and Horwood,
2004). Nevertheless, there is evidence that retrospective reported age of onset of asthma is
reliable (Pattaro et al. 2007) and accurate (Toren et al. 2006). In addition, the instrument
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used for assessing mental disorders was specifically modified to improve accuracy in
reporting age of onset, including decomposition of questions and bounding uncertainty
interviewer techniques (Kessler and Ustun, 2004). Moreover, while neuroticism and distress
may bias the reporting of disease symptoms (Janssens et a/. 2009), they do not bias the
reporting of diagnosed conditions (Vassend and Skrondal, 1999). Second, our assessment of
asthma is based on self-report rather than on the most recommended strategy of combining
medical history, physical examination and respiratory function tests (Douwes et a/. 2011;
Goodwin et al. 2003b; Pearce et al. 2000). But, as mentioned earlier, in our survey the
definition of asthma was self-report of a diagnosis of asthma —not simply a self-report of
asthma, a strategy that is associated with a lower bias (Baumeister et a/. 2010; Kriegsman et
al. 1996). Memory and diagnostic biases might have lead us to inaccurately classify some
individuals in relation to their mental disorders and/or asthma status, and misclassification
usually results in a bias towards the null, that is, an underestimation of the real association
between mental disorders and asthma (Green et al. 2010; Loerbroks et al. 2012). Overall the
retrospective nature of the data leads us to consider our results as preliminary evidence to be
confirmed by longitudinal studies. Thirdly, diagnosis requires access to health care and there
might be differences in access to health care among the countries and regions included in
our study, which we have not studied. However the asthma prevalence found is consistent
with previous studies (Akinbami et al. 2011; Goodwin et al. 2003b; Loerbroks et al. 2012),
if we consider that we are analyzing adult onset asthma cases only, which correspond to a
little less than half (46%) of the total asthma cases in our sample. Also a major strength of
the WMH-surveys is that it contains a series of population-based samples in which all
participants underwent the CIDI interview. The likelihood of mental disorders being
diagnosed thus plays no role as every respondent is scored according to DSM criteria. But
there may be substantial cultural differences in the likelihood of asthma being diagnosed. It
is quite likely, for example, that in developing countries fewer people will get asthma
diagnoses and care. This will result in a non-differential misclassification, that is,
respondents being classified as non-asthma cases when in fact they are cases (undiagnosed).
The effect of this is to bias associations towards the null. Finally, we did not explore asthma
severity nor specific asthma symptoms, which are more strongly associated with depression
and anxiety disorders than overall asthma (Opolski and Wilson, 2005).

Notwithstanding these limitations, we believe our study provides valuable knowledge in
several respects. Specifically, we confirm an important association of anxiety disorders and
subsequent adult onset asthma (PTSD, panic, specific phobia and GAD) and report an even
stronger association for bipolar, binge eating, and alcohol abuse disorders. We provide
evidence for the first time that the number of comorbid mental disorders shows an additive
association with subsequent asthma. We also show that the association of mental disorders
and subsequent adult onset asthma is stronger for early onset mental disorders, and some
associations are stronger when asthma occurs earlier rather than later in adulthood. Finally,
we determine that for the most part associations between mental disorders and subsequent
asthma onset are similar for men and women. This is an interesting finding given the higher
prevalence of mood and anxiety disorders, and of adult-onset asthma, among women.

The association between anxiety disorders and adult asthma is consistent with previous
findings (Deshmukh et al. 2008; Goodwin et al. 2003a; Goodwin ef a/. 2004; Katon et al.
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2004; ten and Petermann, 2000). Several studies have shown an association of adult asthma
with panic (Goodwin et al. 2003b); (Favreau et al. 2014), with GAD (Goodwin et al. 2003a;
Lavoie et al. 2011) and with PTSD (Katon ef a/. 2004; Kean et al. 2006; Spitzer ef al. 2009;
Spitzer et al. 2011), the anxiety disorders which showed the highest association in our study.
Less evidence is available about the association of asthma and bipolar disorder (Goodwin et
al. 2004) and eating disorders (Moreau et al. 2009; Stevenson, 2003). It is notable that binge
eating was the single disorder most strongly associated with adult asthma in our study. This
fact, together with a lack of association with bulimia, strongly suggests that obesity may be a
causal mechanism. No doubt, this association deserves further research.

We found a stronger association between specific phobia and asthma for women, and indeed
associations between all anxiety disorders (with the notable exception of PTSD) and asthma
were somewhat stronger for women, although this gender difference was only significant for
specific phobia. This pattern is consistent with prior research suggesting that women have
greater psychobiological reactivity to stress, and a more sensitized hypothalamic-pituitary-
adrenal axis than men (Meewisse et a/. 2007). In light of this research suggesting greater
physiological stress reactivity in women, the stronger association we observed between
PTSD and asthma for men is surprising (OIff ef a/. 2007). It may therefore be a chance
finding, or it may reflect complex interactions between gender, traumatic stress and
respiratory function that require further investigation to elucidate.

A number of mechanisms have been suggested to explain the association between asthma
and mental disorders. Among others, the symptomatic nature of asthma, which might be a
life-threatening condition, would lead to developing some psychopathological
manifestations (Goodwin et al. 2012; Kean et al. 2006); and asthma medication, in particular
oral steroids, could cause psychological symptoms among asthma patients (Opolski and
Wilson, 2005). These mechanisms assume that asthma would be the antecedent (Scott, 2009)
leading to the development of mental disorders. But our study suggests that mental disorders
can be the antecedent of subsequent adult-onset asthma, as it had been previously indicated
(Chida et al. 2008; Goodwin et al. 2009). Possible pathways for such causation would
include alterations in the autonomic nervous (sympathetic-adrenal-medullary -SAM- axis)
and/or the neuroendocrine (hypothalamic-pituitary-adrenal —-HPA- axis) systems associated
to mental disorders, which would increase vulnerability to asthma onset; (Goodwin et al.
2012; Scott, 2009; Wright, 2005). The possibility of a causal role of mental disorders in
adult onset asthma is reinforced by our observation that the association was stronger among
those individuals whose mental disorder started during their childhood or early youth (early
onset). It is also possible that certain behaviors or risk factors which are more frequent
among individuals with mental disorders, such as smoking (McLeish et al. 2011) or obesity
(Anto et al. 2010), among others, could mediate in the development of asthma in adulthood.
It is important to note that the results presented here are adjusted by smoking history and
education years. But we could not adjust by obesity due to lack of information regarding
obesity prior to asthma onset. Overall our results are compatible with the antecedent model
which proposes that mental disorders could, through their association with dysregulated
stress physiology and lifestyle risk factors (Chida Y et al, 2008; Scott KM, 2009) contribute
to the development of adult-onset asthma. Such mechanisms could occur in concert with
others.

J Psychiatr Res. Author manuscript; available in PMC 2016 November 23.
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The evidence of a possible “bidirectional” association (Chida et a/. 2008) strongly suggests
the existence of mechanisms that are common for both mental disorders and asthma (Van
Lieshout and MacQueen, 2012). Inflammation would be one of such mechanisms, as it has
been shown to underpin asthma and it has been suggested to have a role in depressive
disorders (Dantzer et al. 2008); (Berk et al. 2013). Recently, a bidirectional pathway
between depression and comorbid systemic illnesses has been proposed (Iwata et a/. 2013;
ten and Petermann, 2000), which could imply novel strategies for treating mental disorders.
And as stress can affect the autonomous nervous system, its dysregulation could be a
mechanism by which stress increases the risk of developing both asthma and emotional
problems (Van Lieshout and MacQueen, 2012). Stress, endocrine and immune systems are
strongly related and very likely mechanisms in such bidirectional relationship between
mental disorders and asthma (Wright, 2005).

Shared determinants acting very early in life, maybe in utero, would be also compatible with
this bidirectional association. Family and genetic associations between asthma and
depression have been described (Van Lieshout and MacQueen, 2012). Childhood adversities
are a well-known risk factor for mental disorders, and they have been also found to be risk
factors of physical conditions (Scott et a/. 2011). More recently we showed that childhood
adversities were a risk factor for adult onset asthma (Korkeila ef a/. 2012), but we also
reported that associations between early onset mental disorders and subsequent onset of
asthma were independent of childhood adversities. Further research on common pathways
for mental disorders and adult onset asthma might bring clues to new therapeutic
approaches.

We found that early mental disorders (before age of 21) are more strongly associated with
subsequent adult onset asthma, but many of these associations became non-significant when
the presence of other mental disorders prior to asthma onset was taken into account. We
interpret this as the result of earlier onset mental disorders being markers for mental
comorbidity, rather than the timing of mental disorders per se having an effect on the risk of
asthma. The important role of mental comorbidity is supported in our study by the evidence
of a linear effect of mental comorbidity on subsequent asthma and by the fact that the
statistical model including only the number of comorbid mental disorders had a better fit
predicting adult onset asthma than any of the other more complex models analyzed here.
Individuals with mental comorbidity should be considered a group with a higher risk of
subsequent asthma. From an etiological perspective, the higher risk of asthma with each
additional comorbid mental disorder suggests that pathways towards development of adult
onset asthma are not totally overlapping.

Our study adds to previous knowledge: a) a large sample of culturally different individuals
worldwide; b) a wide range of mental disorders assessed with a face to face diagnostic
interview; and c) clear, consistent association between mental disorders and subsequent
adult-onset asthma, with adjustment for some obvious confounders. While the cross-
sectional nature of the study is a major weakness, our study adds distinctly novel
contributions with regard to a) and b) above in particular, with adjustment for some obvious
confounders.

J Psychiatr Res. Author manuscript; available in PMC 2016 November 23.
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In conclusion, in this international study we found that there is an association between a
wide range of mental disorders and subsequent adult onset asthma, even after adjusting for
mental disorder comorbidity. By analyzing only adult onset asthma cases, this helped
ensuring the temporal order of the associations under investigation (from prior mental
disorder to subsequent asthma). This also means that our results are generalizable only to
adult onset asthma. Earlier onset mental disorders were more strongly associated with
asthma than later onset disorders; this was explained by mental disorder comorbidity. Some
mental disorders were more strongly associated with asthma when the asthma occurred
earlier rather than later in adulthood. Associations were for the most part similar for men
and women. The study also reveals the importance of comorbid mental disorders, as they
increased risk for subsequent asthma. While pathological mechanisms implicated in the
development of asthma and/or improving some of their outcomes among those with
preexisting mental disorders should be better understood, the possibilities of avoiding
asthma by intervening with potential psychological issues deserve further research.
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Table 4

Interaction between mental disorder and person-year in predicting the subsequent diagnosis of adult-onset
asthma. The WMH Surveys.

Mental disorder” Per son-year

interaction!
Type of Mental Disorders
OR x4 [Pl

(95% C.l.)

Major Depressive Episode/Dysthymia 097" 49.47 [0.000]
(0.96-0.98)

Generalized Anxiety Disorder 099~ 53% [0.021]
(0.97-1.00)

Social Phobia 0.99% 55% [0.019]
(0.98-1.00)

Post-Traumatic Stress Disor der 0987~ 121* [0.001]
(0.97-0.99)

*
OR significant at the 0.05 level, 2-sided test

A series of multivariate models were estimated. For example, the model for depression included the dummy variables for all mental disorders plus
the cross-product term for depression and person-year (as a continuous variable), plus the controls specified for earlier models.
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Multivariate type models for adult-onset asthma, stratified by gender. The WMH Surveys.

Table 5

Stratified Multivariate Type Models

Type of Mental Disorders Male Female

OR (9% C.l.) OR (95% Cl.l.)
Specific Phobia 09 (0.6-1.3) 15% (L2-17)
Post-Traumatic Stress Disorder 5 g* (1.6-5.4) 12 (0.9-1.6)

*
Significant at the 0.05 level, two-tailed test.
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