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Cumulative evidence confirms stress in pregnancy is a critical prenatal risk for childhood asthma
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We now know that asthma risk begins in utero during rapid lung morphogenesis, when the developing
fetus is particularly vulnerable to toxic insults due to immature immune, neuroendocrine and antioxidant
defences. A meta-analysis published in a recent issue of the European Respiratory Journal (ERJ) [1] builds
on substantial evidence highlighting psychological stress as a critical toxic exposure that, starting in utero,
can permanently alter interrelated systems (i.e. immune, autonomic, neuroendocrine and oxidation
systems) believed to programme lung growth and consequent respiratory disorders, including asthma [2].

Clinicians have long been challenged by the complexity of “what is asthma” and whether it is of the mind
or the body. The concept that emotion plays a role in health is as old as medicine itself. References
specifically linking psychological processes to asthma date back at least to the 12th century [3]. At the
same time, one can find historical references from ancient Egypt and China on treating asthma by
inhaling fumes from herb mixtures heated on bricks, including the shrub Ephedra (ma-huang) from which
individuals inhaled beta-agonists [4]. As recently as the first half of the 20th century, Western medicine
considered asthma to be psychogenic and treatment primarily involved psychoanalysis and other “talking
cures” [5]. As science informed our understanding of the pathophysiological basis of airway inflammation
and bronchial hyperresponsiveness, beginning in the 1960s, the psychiatric theory of asthma was largely
set aside by the biomedical community, which then recognised asthma as a physical (i.e. inflammatory or
allergic) condition [5]. Advances in psychoneuroimmunology shifted the paradigm once again and led
scientists to reconsider the role of psychological stress in asthma, including the onset of disease [6].

A growing number of prospective epidemiological studies over the past decade have demonstrated
significant associations between prenatal maternal stress and early asthma phenotypes in the next
generation [7–11]. The magnitude of the association varies across these studies, probably due to differences
in populations, study design, the stress measure used, characterisation of the outcome (e.g. wheeze or
asthma), timing of exposure and adjusted confounders. In a recent issue of the ERJ, VAN DE LOO et al. [1]
presented a well-designed meta-analysis, including 10 moderate to high quality studies (eight prospective
cohort studies, one case–control study and one cross-sectional study), substantiating a significant
relationship between prenatal stress and childhood asthma. The meta-analysis of both the crude and
adjusted odds ratios from the included studies confirmed a significant association between increased
prenatal maternal stress and childhood wheeze/asthma. In the adjusted meta-analysis, the overall pooled
odds ratio of respiratory disease, including wheeze and asthma, among children born to mothers reporting
higher stress (both stress exposure (i.e. experiencing a stressful event) and perceived stress (i.e. experiencing
psychological symptoms or distress)) was 1.59 (95% CI 1.3–2.0). Effects were strongest in the three
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prospective high-quality studies with a pooled adjusted odds ratio of 1.71 (95% CI 1.3–2.3). The individual
studies considered a range of important confounders, which included maternal age, education level and
race/ethnicity, parental asthma or allergy, smoking during pregnancy, preterm birth, birth weight, the
child’s gender, and breastfeeding. The findings were similar in sensitivity analyses stratified by study quality,
the approach to assessing stress, and the outcome being considered (wheeze, asthma or overall respiratory
morbidity). Also, replication of findings in studies with populations that vary in age, geographic region and
how the outcome was defined in this meta-analysis increases the generalisability of these findings.

Notably, the observed odds ratios may underestimate the true effect sizes in some of the studies included, as
they adjusted for variables that may actually be in the pathway operating between maternal prenatal stress and
asthma risk in the next generation. Mothers exposed to increased stress may be more likely to smoke
prenatally and consequently at greater risk for preterm delivery and having a lower birth weight infant, factors
that in turn have been linked to an increased risk of asthma development in early childhood. Including these
pathway variables in the regression analyses may result in over-adjustment and an underestimation of true
effects [12]. Future research in this area should consider mediation analyses to formally test such indirect
effects in order to more fully understand the scope of the impact of stress and early asthma risk.

Knowing that the stress–asthma relationship has its roots in pregnancy is a critical beginning to the story,
but in order to fully comprehend the impact of stress on respiratory health we need to take a broader
view. Early effects may persist into adult life, magnifying health impacts, a concept known as the
developmental origins of health and disease [13]. Stress exposure in early life not only effects wheeze/
asthma risk but also has implications for lung growth and development starting in utero [2]. We need to
understand how stress exposures may be differentially associated with lung growth and development in
early life as lung function patterns established early (i.e. by 7 years of age) track into adolescence and
adulthood. Understanding how stress predisposes children to developing asthma is an important step in
preventing disease and reducing respiratory-related morbidity and mortality over the life course.

Environmental exposures, including stress, operate during sensitive life periods to affect key physiological
processes and regulatory systems that orchestrate development and the shaping of organ systems. As noted
in a recent National Research Council workshop, research in humans has yet to elucidate the underlying
molecular mechanisms or biomarkers that may identify those at heightened risk so that interventions may
be applied early to promote optimal development [14]. Future studies should incorporate biomarkers of
the interrelated systems (i.e. immune, autonomic, neuroendocrine and oxidation systems) hypothesised to
be responsible for the association between maternal stress and child respiratory outcomes. Promising
candidates that warrant focus include placental biomarkers [15], epigenetics [16–18] and developing
neurobiological systems [19] that are responsive to stress as well as being implicated in respiratory health.
Stress responsive mechanisms operating at the level of the placenta are only beginning to be elucidated
and may provide markers of early risk [20]. Emerging studies demonstrate that different neurobiological
systems are sensitive to stress exposure at different periods of development [21, 22]. While the fetus is
particularly vulnerable to stress due to immature immune, neuroendocrine and antioxidant defences,
infants continue to be vulnerable as these systems are still developing and remain highly reactive and labile
in response to environmental stressors in early life, particularly in the first 2 years.

Prenatal stress may also result in the altered programming of stress response systems, with enhanced
vulnerability to subsequent stressful events such that those exposed in both time periods may be at greatest
risk (i.e. a “two hit” model of disease). Pioneering animal studies demonstrate that effects of prenatal stress
and/or hormonal correlates on offspring development may be different from those related to postnatal stress
[19]. Other evidence demonstrates that an adverse postnatal environment modulates the developmental
consequences of prenatal stress in a sex-specific manner. Sex-specific placental responsiveness to prenatal
maternal stress and fetal sex hormones may contribute to differential effects of in utero stress on
developmental outcomes. Proposed mechanisms include differential placental 11β-hydroxysteroid
dehydrogenase type 2 activity and/or sensitivity [23]; stress-induced oxidation in utero [24]; and/or prenatal
stress effects on inflammatory disorders due to interactions of sex hormones and immune-inflammatory
pathways [25]. Our group reported the first human data examining temporal- and sex-specific effects of
stress in pregnancy and the early postnatal periods on wheeze in early childhood [26]. Specifically, boys were
more sensitive to prenatal stress, while girls showed a stronger relationship between early postnatal stress and
asthma risk. Future studies evaluating associations between maternal stress and child respiratory outcomes
should include investigations into the sex-specific effects of both prenatal and postnatal caregiver stress.
These studies will not only advance our understanding of sex differences in health and disease, but may
begin to elucidate underlying mechanisms. Understanding basic mechanisms is an important first step in
developing treatment strategies for stress-elicited asthma. For example, early caregiver–child interventions
designed to normalise cortisol and autonomic nervous system responses may be effective in preventing
asthma onset or reducing morbidity in those children with stress-elicited disease [27, 28].
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We also need to broaden our view to consider stress experienced over the mother’s life course and not just
the stress she experiences more immediately around or during pregnancy when characterising links
between prenatal stress and child asthma. Even a woman’s remote exposures to traumatic stressors such as
violence and abuse may have particular influence on stress-related programming of respiratory disease that
begins prenatally [29, 30]. Psychological stress may also enhance the effects of other environmental toxins
on asthma development and respiratory health, although studies in this area are sparse [31–33]. Thus,
strategies to reduce stress exposure in key developmental periods may actually reduce the health
consequences of other environmental toxins as well.

The effects of stress on childhood asthma risk can no longer be ignored. In addition to the research
directions discussed earlier, efforts need to examine interventions focused on reducing stress in the
prenatal and early postnatal periods that may reduce asthma development among all children. At the same
time, we know that respiratory disorders such as asthma have significant sex differences in natural history,
pathophysiology and response to treatment, which are not well understood. Prospective population-based
studies assessing the complex interactions between stress, sex and developmental stage may more
accurately identify health risks.
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