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Abstract

Background Prenatal origins of wheezing are not fully understood. This study develops a model of mechanisms linking perinatal
stress exposure to wheeze phenotypes in children. Methods Data were obtained from 1,849 mother-child dyads participating
in ELSPAC-CZ birth cohort. Wheeze phenotypes assessed between birth and age seven years included “never wheeze”, “early-
onset transient (EOT) wheeze,” “early-onset persistent (EOP) wheeze,” and “late-onset (LO) wheeze.” Prenatal and postnatal
maternal stress exposures were assessed in mid-pregnancy and six months post-delivery, respectively, using an inventory of 42
life events. Results In adjusted models, children in the highest tercile (high) vs. lowest tercile (low) of prenatal life events had a
44% higher risk of EOT wheeze (relative risk ratio [RRR]=1.44, 95% confidence interval [CI]=1.06-1.95, p=0.02) and 69% higher
risk of LO wheeze (RRR=1.69, 95% CI=1.13-2.52, p=0.01). High vs. low exposure to postnatal life events predicted a 74%
increase in the risk of EOT wheeze (RRR=1.74, 95% CI=1.27-2.38, p<0.001) and 101% increase for EOP wheeze (RRR=2.01,
95% CI=1.23-3.26, p=0.005). Postnatal life events partially mediated between prenatal life events and any wheeze (high vs.
low life events: indirect effect OR=1.13, 95% CI=1.06-1.21, p<0.001). Lower respiratory tract infections and secondary smoke
partially mediated between postnatal life events and any wheeze (indirect effects OR=1.06, 95% CI=1.02-1.09, p=0.002 and
OR=1.02, 95% CI 1.001-1.05, p=0.035, respectively). Conclusions Exposures to prenatal and postnatal life events are risk
factors for development of wheezing. Prenatal stress contributes to wheeze directly and also through postnatal life events and
respiratory infections.
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Abstract

Background Prenatal origins of wheezing are not fully understood. This study develops a model of mech-
anisms linking perinatal stress exposure to wheeze phenotypes in children.

Methods Data were obtained from 1,849 mother-child dyads participating in ELSPAC-CZ birth cohort.
Wheeze phenotypes assessed between birth and age seven years included “never wheeze”, “early-onset tran-
sient (EOT) wheeze,” “early-onset persistent (EOP) wheeze,” and “late-onset (LO) wheeze.” Prenatal and
postnatal maternal stress exposures were assessed in mid-pregnancy and six months post-delivery, respec-
tively, using an inventory of 42 life events.

Results In adjusted models, children in the highest tercile (high) vs. lowest tercile (low) of prenatal life
events had a 44% higher risk of EOT wheeze (relative risk ratio [RRR]=1.44, 95% confidence interval
[CI]=1.06-1.95, p=0.02) and 69% higher risk of LO wheeze (RRR=1.69, 95% CI=1.13-2.52, p=0.01). High
vs. low exposure to postnatal life events predicted a 74% increase in the risk of EOT wheeze (RRR=1.74,
95% CI=1.27-2.38, p<0.001) and 101% increase for EOP wheeze (RRR=2.01, 95% CI=1.23-3.26, p=0.005).
Postnatal life events partially mediated between prenatal life events and any wheeze (high vs. low life events:
indirect effect OR=1.13, 95% CI=1.06-1.21, p<0.001). Lower respiratory tract infections and secondary
smoke partially mediated between postnatal life events and any wheeze (indirect effects OR=1.06, 95%
CI=1.02-1.09, p=0.002 and OR=1.02, 95% CI 1.001-1.05, p=0.035, respectively).

Conclusions Exposures to prenatal and postnatal life events are risk factors for development of wheez-
ing. Prenatal stress contributes to wheeze directly and also through postnatal life events and respiratory
infections.

Introduction

Asthma diagnosis is commonly preceded by childhood wheezing. In the U.S., 48.5% of children experience
one or more wheezing episodes before age six years1. There is growing interest in perinatal factors related to
wheeze/asthma since better understanding can suggest opportunities for early prevention. In-utero exposure
to psychosocial stress has recently been advanced as a potential risk2. In a meta-analysis of ten studies,
perceived stress, depression, anxiety, and adverse life events during pregnancy were significant predictors of
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paediatric wheeze/asthma3. Stress hormones cross placenta, influencing foetal development of diverse organs
and systems including the respiratory tract. Based on animal and human studies, biological mechanisms
triggered by foetal stress exposure involve hypothalamic-pituitary-adrenal axis, autonomic nervous system,
and immune system, affecting the development of immune and respiratory structure-function4,5, maternal-
foetal immune interactions6, pro-inflammatory states4, glucocorticoid action and sympathovagal balance7,
elevated IgE levels in cord blood8, and Th2-biased cell differentiation9.

Psychosocial stress during postpartum is important as well. Stressful life circumstances may compromise
mother-infant interaction, disrupt childcare routines, and worsen healthcare access. Some types of stressful
events, such as job loss or chronic illness/disability, can reduce family income, require accepting poorer-
quality housing, and leading to exposure to environmental pollutants and allergens, such as mold10. Breast-
feeding benefits immune development and lowers the risk of allergic diseases11, but women who report more
stress in their lives are less likely to breastfeed12.

Caution is needed when interpreting correlations between perinatal stress and wheeze/asthma. First, exper-
imental evidence substantiating causal interpretation is generally limited to animal models. Pregnant mice
stressed by sound, for instance, are more likely to have offspring with allergen-induced airway inflammation13.
Human studies of stress during pregnancy typically rely on observation, making it less clear whether the ob-
served relationships are causal or result from residual confounding9. Second, the quality of data varies. In a
meta-analysis focusing on prenatal stress and allergic/atopic conditions9, only 15% of qualifying studies were
deemed high-quality. Third, few investigations assess stress using instruments designed and validated for
pregnant women. Research on psychosocial stress in humans more generally is fraught with methodological
weaknesses14. A conceptual definition of stress is often lacking, making it difficult to evaluate concept-
measure fit. Instead of direct stress measurement, studies often use proxy measures originally designed for
other concepts, e.g., psychological distress, anxiety, and depression. In a meta-analysis3, 60% of studies
assessed stress during pregnancy using measures of depression, psychological distress, and self-reported or
physician-diagnosed anxiety. This approach is problematic because of conceptual conflation14. Six prospec-
tive studies15–20 and one retrospective study21 of asthma/wheeze in children used a more direct approach,
measuring stress through exposure to life events.

A notable limitation is the lack of a theoretical framework in most research on perinatal stress and wheezing.
To address this gap, we build on recent scholarship to propose a conceptual model displayed in Figure 1. Life
events during pregnancy are conceptualized as psychosocial stressors that lead to maternal stress response.
Maternal stress hormones crossing placenta contribute to immune, endocrine, and respiratory dysregula-
tion in the foetus4,5, especially when stress is severe and long-lasting. Some types of psychosocial stressors
tend to persist long-term and proliferate across life domains, generating yet new stressful circumstances
for the mother and child22. Job loss in the family, for instance, can lead to a cascade of stressful events,
e.g., job search, residential move, and changes in lifestyle to accommodate income loss. Consequently, we
expect higher stress among postpartum women who had experienced high stress when pregnant. Postna-
tal stress adversely influences maternal health behaviour and mother-infant interaction. Hence, postnatal
stress is conceptualized as a mediator between prenatal stress and wheeze. Additional mediators include
lower respiratory tract infections (LRTI)23, allergies, lack of breastfeeding11, and secondary smoke exposure
(SSE)24. These mediators are selected since in past literature, they relate both to wheeze and to perinatal
stress. Higher perceived stress, for instance, contributes to tobacco smoking25 and prenatal stress is linked
to allergic rhinitis, atopic eczema/dermatitis, and infectious diseases in offspring26.

Figure 1

The following testable hypotheses are derived from the proposed model:

H1: Higher exposure to prenatal life events relates to higher risk of childhood wheeze.

H2: Higher exposure to postnatal life events relates to higher risk of childhood wheeze.

H3: The relationship between prenatal life events and wheeze is mediated by postnatal life events (H3a),

3
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smoking in pregnancy (H3b), SSE (H3c), lack/short duration of breastfeeding (H3d), LRTI (H3e), and allergy
(H3f).

H4: The relationship between postnatal life events and wheeze is mediated by SSE (H4a), lack/short duration
of breastfeeding (H4b), LRTI (H4c), and allergy (H3d).

These hypotheses are tested using prospective population-based data. Addressing limitations of prior re-
search, stress assessment is based on exposure to life events using an instrument specifically designed for
pregnancy/postpartum. A range of life events is covered for comprehensive assessment of psychosocial stress,
including events with unique relevance for pregnancy/postpartum, e.g., learning about pregnancy compli-
cations. The size of the analytical sample (n=1,849) ensures an adequate number of cases of child wheeze,
facilitating multivariate modelling and mediation analysis.

Methods

Data

Data are obtained from European Longitudinal Cohort Study of Pregnancy and Childhood–Czech Republic
(ELSPAC-CZ). The study was initiated by World Health Organization to investigate factors in maternal and
child health in several European countries. The Czech part was approved for adherence to ethical guidelines
by the Scientific Council of Masaryk University. The Czech cohort targeted the entire population of births
in two cities between March 1, 1991 and June 30, 199227. Brno, a large metropolis and Znojmo, a smaller
nearby town, were chosen to represent urban and rural populations. Medical documentation was available
for 7,589 births (96% of all eligible births). To assess prenatal characteristics, the study partnered with
local obstetrics/gynecology practices to distribute survey questionnaires to gravidas at 20 weeks (henceforth
mid-pregnancy). This effort yielded 4,811 responses for the baseline survey sample. All participating women
provided written informed consent. When the focal child reached age six months, eighteen months, three
years, five years, and seven years, women were mailed follow-up surveys on child’s health. At child age
seven years, 3,312 mother-child pairs remained in the cohort for 67% of the baseline sample. Of these, 1,849
mother-child pairs had complete data and are included in the analytical sample.

Measures

The main outcome, child’s wheeze/wheeze with whistle (henceforth “wheeze”), was collected at age six months,
eighteen months, three years, five years, and seven years. At each time point, mothers were asked, “Were
there any periods [between observation time points] when there was wheezing or wheezing with whistling on
your child’s chest when breathing?” (yes/no). Following Tucson Children’s Respiratory Study (TCRS)28,29,
wheeze was coded as four longitudinal phenotypes, including “never” (no wheezing at any time point),
“early-onset transient” (EOT) for onset before age three years with resolution by age seven years, “early-
onset persistent” (EOP) for onset before age three years persisting at age seven years, and “late-onset” (LO)
for onset between age three years and seven years. While TCRS used age six years as a cut-off, we use seven
years as the closest available observation point.

Prenatal and postnatal life events, main predictors, were assessed using Social Readjustment Scale30 adapted
for Avon Longitudinal Study of Pregnancy and Childhood. The questionnaire, tailored specifically for preg-
nancy and postpartum and used in prior population-based research31–33 lists 42 types of life events (Figure
A1 and A2 in SI). Events range from rare, e.g., death of a spouse, to more common, e.g., problems at work.
Respondents report whether each event occurred during a specified period. Prenatal stress was assessed in
mid-pregnancy using events that occurred since conception. Postnatal stress was assessed at six months
postpartum using events that occurred since the delivery. For each observation period, stress exposure was
represented by the total number of reported events categorized as low, medium, and high using terciles.

Mediators. To represent no/short breastfeeding as a risk factor, we used maternal reports of breastfeeding
duration collected at eighteen months; for non-responding mothers, breastfeeding duration was extracted
from paediatric records. The duration was dichotomized using the cut-off of four months, the approxi-
mate mean. Mothers reporting no breastfeeding or breastfeeding <4 months were coded as 1 for no/short

4
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breastfeeding; others were coded as 0.

LRTI and allergy diagnoses for age 0-18 months were extracted from paediatric documentation. Both
variables were coded 1 for children with the diagnosis and 0 for others.

Current maternal smoking (yes/no) was self-reported in mid-pregnancy.

Child’s SSE was mother-reported at eighteen months, coded as hours per week, and treated as continuous.

Covariates . Demographic background includes maternal education (years), marital status (married vs.
non-married), age at delivery (years), child sex (male vs. female), and residential region (Brno vs. Znojmo).
Additional covariates, selected using literature on paediatric wheeze/asthma, include child allergy extracted
from medical records at age eighteen months, maternal histories of asthma and allergy34 self-reported in
mid-pregnancy, and low birth weight (<2,500 grams)35 extracted from obstetric documentation. Parity and
singleton birth are used as proxies for siblings in the household11.

Statistical Analysis

Analysis was conducted using Stata 14.0 statistical software. Descriptive statistics were obtained including
frequencies, percentages, means, and standard deviations. Bivariate relationships between life events and
wheeze phenotypes were assessed using simple multinomial logistic regression models. Next, full multivariate
models were fitted including all hypothesized predictors, mediators (prenatal life events, postnatal life events,
LRTI, allergy, smoking in pregnancy, SSE, breastfeeding), demographic characteristics (child sex, maternal
age and its square, education, region, singleton birth), and all remaining covariates. Final models testing
H1 and H2 retained hypothesized predictors, mediators, and demographic characteristics; other covariates
were trimmed for parsimony to those with p<0.10 in the full model. These included parity and maternal
asthma history. Predicted probabilities for each wheeze phenotype were obtained using marginal effects.
Finally, mediation analysis was conducted to test H3 and H4. Wheeze was dichotomized as no wheeze vs.
any wheeze in mediation analysis since methodology for mediation with dichotomous outcomes is better
developed compared to multi-category outcomes36. Decomposition of total effects into direct and indirect
was performed using “ldecomp” command37with 1,000 bootstrap replications to produce 95% bias-corrected
confidence intervals.

Results

The analytical sample included 879 boys and 970 girls. By age seven years, 37.6% of children experienced
one or more wheezing episodes (Table 1). EOT wheeze was the most common phenotype (20.5%); followed
by LO (9.3%) and EOP (7.8%). Paediatrician-diagnosed LRTIs were common (46.8%). Every fifth mother
reported smoking during pregnancy (19.6%) and 30.8% reported that their toddler had some exposure to
tobacco smoke. Majority of children (80.8%) were breastfed; over a half (53.5%) for less than four months.

Table 1

Wheezing was linked to smoking during pregnancy (p=0.044), child’s SSE (p=0.008), LRTI (p<0.001), and
lack/short duration of breastfeeding (p=0.035). Wheezing was more common among boys (p<0.001), Brno
residents (p=0.031), second-born and higher birth-order children (p=0.044), and children of mothers with a
history of asthma (p=0.028).

In bivariate models showing unadjusted relationships, the relative risk of wheezing vs. no wheezing was
54%-79% higher among children with high vs. low exposure to prenatal life events (Table 2). Relative risk
ratios (RRR) for wheeze phenotypes were 1.54 (95% CI 1.16-2.05, p=0.003) for EOT; 1.72 (95% CI 1.13-2.63,
p=0.012) for EOP; and 1.79 (95% CI 1.22-2.61, p=0.003) for LO. Increases in the relative risk of wheeze
linked to postnatal life events were even higher. High vs. low exposure was associated with 57%-145%
increases (EOT, RRR=2.11, 95% CI 1.58-2.82, p<0.001; EOP, RRR=2.45, 95% CI 1.55-3.90, p<0.001; LO,
RRR=1.57, 95% CI 1.06-2.32, p=0.026).

Table 2
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Multivariate Results

Adjusted Relationships between Perinatal Life Events and Wheeze.In Table 2, statistically significant dif-
ferences in the likelihood of several wheeze phenotypes by high vs. low exposure to life events remain
evident even after adjustment for covariates. Children with highprenatal exposure to life events have a
44% higher relative risk of EOT wheeze compared to counterparts with low exposure (RRR=1.44, 95% CI
1.06-1.95, p=0.020). Moreover, they have a 69% higher relative risk of LO wheeze (RRR=1.69, 95% CI
1.13-2.53, p=0.010). EOP wheeze approaches significance with RRR of 1.56 (95% CI 0.99-2.44, p=0.053).
For postnatal life events, high vs. low exposure is related to a 74% increase in relative risk of EOT wheeze
(RRR=1.74, 95% CI 1.28-2.36, p<0.001); the corresponding increase for EOP wheeze is 101% (RRR=2.01,
95% CI 1.23-3.26, p=0.005). These results support H1 and H2.

Figure 2 illustrates predicted probabilities of each wheeze phenotype based on marginal effects calculated
for four categories of stress exposure, overall low stress (low prenatal/low postnatal life events); increasing
stress (low prenatal/high postnatal life events); decreasing stress (high prenatal/low postnatal life events);
and overall high stress (high prenatal/high postnatal life events). In all stress categories, the majority
of children never wheeze, but the probability of staying wheeze-free throughout the observation period is
considerably lower among children with overall high stress (51.9%) vs. children with overall low stress
(72.2%). The predicted probability of EOT wheeze more than doubles among children in the overall high
stress category (9.4%) compared to overall low stress category (4.5%) Predicted probabilities corresponding
to overall low stress vs. overall high stress are 15.4% vs. 26.2%, respectively, for EOT wheeze and 8.0% vs.
12.5%, respectively, for LO wheeze.

Figure 2

Mediation between Prenatal Life Events and Wheeze. Models of mediators are displayed in Table 3. Un-
standardized coefficients are reported for all types of models to facilitate interpretation. Higher prenatal
life events predict higher postnatal life events (high vs. low prenatal life events, unstandardized coefficient
b=0.77, 95% CI 0.49-1.06, p<0.001). Decomposition analysis reveals that postnatal life events partially
mediate between prenatal life events on any wheeze vs. no wheeze (high vs. low prenatal events, direct effect
odds ratio [OR]=1.51, 95% CI 1.18-1.93, p=0.001; indirect effect OR=1.13, 95% CI 1.06-1.21, p<0.001; total
effect OR=1.71 95% CI 1.34-2.18, p<0.001), supporting H3a. Prenatal life events are unrelated to smoking
during pregnancy, SSE, breastfeeding, LTRI, and allergy, ruling out mediation through these factors.

Table 3

Mediation between Postnatal Life Events and Wheeze. Children with higher exposure to postnatal life events
are more commonly diagnosed with LRTI (Table 2) and LRTI mediates between postnatal life events and
any wheeze (high vs. low postnatal events, direct effect OR=1.85, 95% CI 0.05-74.31, p=0.745; indirect
effect OR=1.06, 95% CI 1.02-1.09, p=0.002; total effect OR 1.95, 95% CI 0.05-78.75, p=0.723). This
result supports H4c. Postnatal life events are also linked to SSE, another significant mediator (direct effect
OR=1.86, 95% CI 0.04-82.06, p=0.749; indirect effect OR=1.02, 95% CI 1.001-1.05, p=0.035). Mediation
through breastfeeding is unsupported.

To illustrate multivariate results, Figure 3 displays estimated statistical effects for each pathway in the
proposed conceptual model. It demonstrates the mediation of prenatal stress through postnatal stress,
mediation of postnatal stress through respiratory infections, and mediation of postnatal stress through SSE.

Figure 3 here

Covariate Effects (results upon request). In the final multinomial logistic regression model of wheeze phe-
notypes, boys are more likely to develop early-onset wheeze compared to girls (EOT, RRR=1.60; 95% CI
1.25-2.04, p<.001; EOP, RRR=1.61; CI 1.13-2.31, p=0.009). EOP wheeze is related to maternal asthma
history (RRR=3.08, 95% CI 1.44-6.58, p=0.004).

Discussion
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To our knowledge, this is the first prospective, population-based, birth-cohort study considering wheeze
phenotypes during early to mid-childhood in relation to stress assessed as life events at different time points
during perinatum. Prior studies rarely distinguished among longitudinal phenotypes of wheeze and typically
measured stress indirectly as psychological distress. The present study documents that early exposure to
stressful events is linked to wheezing. The timing of stress exposure matters for which wheeze phenotype likely
develops. The likelihood of wheeze with late onset increases with stress exposure during pregnancy. Stress
exposure during the first six months after birth, in contrast, predicts persistent wheeze, which manifests by
age three years and persists until age seven years or longer. In prior literature, persistent wheeze showed a
relationship with poor lung function and chronic asthma38, warranting better understanding of this particular
wheeze phenotype.

Specifying pathways leading from maternal stress to child wheezing represents a contribution since these
pathways were rarely examined in prior literature. Perhaps without surprise is the finding that women who
experience more stress during pregnancy also tend to experience more stress after delivery, which accounts
in part for the link between prenatal stress and wheezing. More intriguing is the finding that mediation
through postnatal stress is partial only, leaving an independent effect of prenatal stress of a substantial
magnitude, with the increase in relative risk ranging 44%-69%. We examined several additional mechanisms
from perinatal stress to wheezing. LRTI diagnosis emerged as a mediator, suggesting that children exposed
to more postnatal stress are more likely to develop LRTIs. This accounts for some, but not for all, of the
increase in wheezing among children of mothers exposed to more postnatal life events. In other words, the
significant association between early-life stress exposure and wheezing persists after adjusting for LRTI and
covariates.

Multivariate modelling strengthens the evidence of relationships independent of confounders, but causal
interpretation is not warranted with observational data. Nevertheless, using rigorous statistical controls and
mediation analysis, we rule out several alternative mechanisms. This is an important contribution since
mechanisms for the stress gradient in wheezing are under-explored. Maternal emotional dysregulation, for
instance, is a candidate mechanism. It is commonly preceded by stress exposure. Literature suggests that
maternal emotional difficulties are linked to child respiratory problems3. Other mechanisms warranting
future research include neuro-endocrine-immune processes involved in airway functioning.

Childhood wheeze is commonly discussed in literature on allergic asthma. Allergic asthma bronchiale is
defined by allergic eosinophil inflammation with bronchial obstruction. Wheeze is its symptom but it is also
a broader nosologic unit with heterogeneous pathogenic origins. Factors triggering wheeze are not limited
to allergic reaction; they also include infection, irritation, and sudden change in ambient temperature. Prior
analysis of ELSPAC-CZ found that children with persistent wheeze had higher risk of allergic asthma during
school age38. Surprising, our supplementary analyses indicated that allergic asthma diagnosis at ages five
and fifteen years did not relate to prenatal or postnatal life events in adjusted models (five years, high vs.
low prenatal life events odds ratio [OR]=2.63, 95% CI 0.74-9.34, p=0.113; five years, high vs. low postnatal
life events OR=0.71, 95% CI 0.22-2.26, p=0.653; fifteen years, high vs. low prenatal life events OR=1.01,
95% CI 0.59-1.73, p=0.938; fifteen years, high vs. low postnatal life events OR=0.99, 95% CI 0.57-1.73,
p=0.975). Moreover, neither prenatal nor postnatal life events were associated with physician-diagnosed
allergy among children ages 0-18 months, as indicated in Figure 3. We speculate that early-life stress is
important for the types of wheeze unrelated to allergic asthma. Our data did not distinguish between
allergic vs. non-allergic wheeze; mothers simply reported whether their child experienced any wheezing
episodes. Yet, the observation that LRTI partially mediated between life events and wheeze suggests the
involvement of respiratory infections, potentially accounting for some cases of wheeze unrelated to allergy,
though this explanation is tentative.

Strengths of this study include prospective design with a large sample of mother-child dyads with fully
completed questionnaires (n=1,849); accounting for multiple mechanisms and confounders; using established
methodology to categorize wheeze phenotypes28, and separately considering stress exposures during prenatal
vs. postnatal periods. Both periods are developmentally sensitive but they differ in the types of developmen-
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tal processes taking place. Assessment of life events was quite broad with 42 different types of events, yielding
a more comprehensive picture of the overall stress levels compared to more narrowly-focused instruments.

Methodological limitations must be noted. The cohort included mostly young gravidas with uncomplicated
pregnancies. Mean age at delivery (25.2 years) and the caesarean section rate (8.1%) roughly correspond to
the demographic profile of the Czech population at the time of the study39, suggesting good generalizability
except for older and complicated gravidas. Generalizability to societies outside of the Czech Republic, how-
ever, is unknown. Child wheeze was mother-reported. Maternal reports are routinely used in epidemiological
surveys of child health40. They are cost-effective and capture symptoms known only to the mother, such
as wheezing episodes for which healthcare was not obtained. Potential biases include under-report (child
wheezed; mother reported no wheezing), over-report (child did not wheeze; mother reported wheezing), and
misreport (child wheezed; mother reported another condition). Finally, biomarkers quantifying biological
mechanisms between early-life stress and wheeze were not available.

Conclusion

This study proposes a conceptual model linking psychosocial stress during the prenatal and postnatal periods
to respiratory problems in children, testing the model with prospective evidence. The supported mechanisms
through which perinatal stress exposure contributes to childhood wheeze include LTRI and SSE. These
findings represent a step toward better understanding of early-life origins of wheezing though the exact
aetiology remains unknown. More precise identification of sources of respiratory health risks in children can
inform early preventive efforts targeting women and children at risk during critical periods of development.
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