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Abstract

Background—Viral bronchiolitis is a common respiratory infection that often affects term, 

otherwise healthy infants. A small literature suggests maternal stress during pregnancy is 

associated with bronchiolitis. However, the association between maternal exposure to lifetime 

traumatic stress, including traumatic events occurring in childhood or throughout the life-course, 

and bronchiolitis has not been studied previously.

Objectives—To investigate the association between maternal exposure to total lifetime and 

childhood traumatic stress events and infant bronchiolitis.

Methods—We studied mother-infant dyads enrolled in a prospective prenatal cohort, recruited 

2006–2011, and Tennessee Medicaid. During pregnancy, we assessed maternal lifetime exposure 

to types of traumatic events by questionnaire. We captured bronchiolitis diagnoses in term, non-

low birthweight infants’ first 12 months using linked Medicaid data. In separate models, we 

assessed the association of maternal lifetime traumatic events (0 to 20 types) and a subset of 

traumatic events that occurred during childhood (0 to 3: family violence, sexual and physical 

abuse) and infant bronchiolitis using multivariable log-binomial models.

Results—Of 629 women, 85% were African-American. The median count (interquartile range) 

of lifetime traumatic events was 3 (2, 5); 42% reported ≥1 childhood traumatic event. Among 

infants, 22% had a bronchiolitis diagnosis (0 to 2 lifetime traumatic events: 24%; 3 events: 20%; 4 
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to 5 events: 18%; 6 or more events: 24%). Total maternal lifetime traumatic events were not 

associated with bronchiolitis in multivariable analyses. For maternal childhood traumatic events, 

the risk of infant bronchiolitis increased with number of event types reported: adjusted Risk ratios 

were 1.12 (95% confidence interval [CI] 0.80, 1.59), 1.31 (95% CI 0.83, 2.07), and 2.65 (95% CI 

1.45, 4.85) for 1, 2 and 3 events, respectively, versus none.

Conclusions—Infants born to women reporting multiple types of childhood trauma were at 

higher risk for bronchiolitis. Further research is needed to explore intergenerational effects of 

traumatic experiences.
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Background

Viral bronchiolitis is a common lower respiratory infection in early childhood, often with 

preceding upper respiratory symptoms and progression to symptoms of lower airway 

obstruction.1,2 In the first year of life, viral lower respiratory tract infections, primarily 

bronchiolitis, affect approximately 20–30% of children.3,4 Additionally, approximately 3% 

of infants are hospitalized with bronchiolitis, particularly those younger than 5 months of 

age.5 Bronchiolitis during infancy is strongly associated with morbidities later in life, 

including recurrent wheeze and childhood asthma.6 The public health burden of 

bronchiolitis is substantial, and although prematurity and lung disease are well established 

risk factors for bronchiolitis and increased severity, many affected infants are born at term, 

without existing lung or cardiac disease.3,5 Accordingly, there is a need to understand 

prenatal and early life factors which may contribute to viral bronchiolitis, including maternal 

factors such as exposure to psychosocial and traumatic stress.

Prenatal immune system and lung development are orchestrated through the interaction 

between immune, neural and endocrine systems which may be susceptible to disruption 

from exposures such as maternal stress.7,8 An aberrant maternal stress response during 

pregnancy has been shown to adversely influence fetal development, including fetal immune 

functioning which can be linked to respiratory outcomes after birth.9,10 Maternal stress 

during pregnancy has been associated with decreased time to first infection in infancy,11 

increased risk for bronchiolitis and respiratory illness in infancy,12–14 and wheezing and 

asthma later in childhood.15 Recent evidence suggests that this association between maternal 

stress and child respiratory health is relevant not only to stressors that occur during an index 

pregnancy, but also stressors that may have occurred prior to pregnancy that may yield 

prolonged exposure to stress correlates (e.g., disruption in cortisol production or 

inflammation during the index pregnancy).16–18 In particular, traumatic stress, or stress 

involving threat or serious harm, can induce physiologic responses long after exposure to the 

traumatic event, particularly if those events occurred during sensitive developmental periods 

such as a woman’s own childhood 19 or if they occurred in multiple instances over the life-

course.20
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The public health burden of viral bronchiolitis is well understood, and while the importance 

of maternal psychosocial factors on infant and child respiratory outcomes are increasingly 

recognized,7 the effect of lifetime maternal traumatic stress on infant bronchiolitis has not 

been studied. Here, our primary objective is to examine the association between maternal 

traumatic stress and infant bronchiolitis using maternal report of lifetime and childhood 

traumatic life events (TLEs), ascertained during pregnancy in the Conditions Affecting 

Neurocognitive Development and Learning in Early Childhood (CANDLE) cohort study, 

and infant bronchiolitis identified using Tennessee Medicaid (TennCare) administrative data.

Methods

Study design and population

We studied mother-infant dyads who were enrolled prenatally (2006–2011) in CANDLE, a 

prospective cohort of mother-infant dyads based at the University of Tennessee Health 

Science Center21,22 and were also enrolled in TennCare. The cohort was recruited from 

Shelby County (Memphis), TN and includes a predominately low-income, urban, African-

American population, with 59% of women reporting Medicaid insurance at enrollment.21 

Women who were pregnant (16–28 weeks gestation; singleton, low-risk pregnancies), 16 to 

40 years of age, English speaking, and residents of Shelby County planning to deliver at 

designated study health care settings were eligible. Low-risk pregnancies excluded those 

with certain chronic health conditions (e.g., chronic hypertension requiring therapy, acute or 

chronic hepatitis, human immunodeficiency virus) or severe pregnancy complications (e.g., 

oligohydramnios, placenta previa).21 CANDLE did not exclude women with asthma. For 

this study, we included CANDLE dyads in which infants were also continuously enrolled in 

Tennessee Medicaid during the first year of life (no more than 90 days of non-enrollment) in 

order to ascertain bronchiolitis diagnoses in Medicaid claims data.22 We excluded infants 

with low birthweight (<2500 grams), preterm birth (<37 weeks estimated gestational age), 

International Classification of Diseases (ICD-9) diagnoses that indicated high risk conditions 

(chronic lung disease, congenital heart disease, congenital upper airway anomaly, other 

congenital anomaly), or receipt of respiratory syncytial virus immunoprophylaxis in order to 

investigate associations among infants without pre-existing lung or cardiac disease.3,22 We 

further limited analyses to dyads with African-American and white women because other 

races were too few to study (~1%). CANDLE and TennCare records were linked using 

probabilistic linkage.23 Informed consent was obtained by women at enrollment. This study 

was approved by Institutional Review Boards of Vanderbilt University, University of 

Tennessee Health Science Center and Tennessee Department of Health, and by 

representatives of the Bureau of TennCare.

Maternal traumatic stress

During the third trimester study visit, we assessed maternal traumatic life events using the 

Traumatic Life Events Questionnaire (TLEQ), a self-report instrument for assessing 

exposure to types of traumatic events (yes/no) over one’s lifetime,24 as previously described.
25 The TLEQ administered addressed exposure to 20 potentially traumatic events, such as 

those involving accidents, violence, abuse, death, and illness. We defined a total lifetime 

TLE score and a childhood TLE score. The total lifetime TLE score, ranging from 0–20, 
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was derived by summing the number of endorsed event types over the mother’s lifetime. The 

childhood TLE score (0–3) was based on three TLEQ questions that asked whether events 

related to family violence, physical abuse, and/or sexual abuse occurred “while growing up” 

or “before [her] 13th birthday.” Because maternal adverse childhood experiences have the 

potential to influence health across the lifecourse and also influence the developing fetus, 

our investigation of the association of maternal childhood traumatic life events and infant 

bronchiolitis was determined a priori.

Infant bronchiolitis

Our outcome was a bronchiolitis diagnosis during the first postnatal year.3,22 We identified 

bronchiolitis healthcare visits using International Classification of Diseases-9 codes for 

bronchiolitis (466.1) or respiratory syncytial virus pneumonia (480.1) captured during 

hospitalizations, 23-hour observations, emergency department and clinic visits.3,22 Infants 

were classified as having at least one bronchiolitis visit or none.

Statistical Analyses

Descriptive characteristics were compared across categories of TLEQ (quartiles) and 

childhood TLEQ scores using Kruskal-Wallis and Pearson chi-squared tests. We assessed 

associations between 1) lifetime TLEs (quartiles and continuous) and 2) childhood TLEs 

(categorical: 1, 2, or 3 vs. 0) and the dichotomous outcome of bronchiolitis using 

generalized linear models with log function for the link between independent variables and 

the probability of the outcome. We used the robust sandwich error estimation for the 

calculation of standard errors and corresponding 95% confidence intervals (CIs). For 

childhood TLE models, the Poisson link was specified to achieve model convergence. The 

non-linear association between continuous TLEs and bronchiolitis was assessed using 

restricted cubic splines. For childhood TLEs, we tested for a linear trend by modeling 

exposure frequencies as an ordered continuous variable. We included maternal age at 

delivery (years), race (African-American/white), smoking during pregnancy (yes/no), 

asthma (yes/no), education (≤high school, >high school), Social Support Questionnaire score 

(average number of people available to offer an individual support across a range of 

situations26), and infant sex (male/female) and birthweight (grams) as covariates. We 

assessed for interaction between continuous lifetime TLEs and infant sex. In sensitivity 

analyses, we removed birthweight and maternal smoking from multivariable models since 

they may be on a causal pathway between maternal traumatic stress and infant health. To 

address potential bias due to missing TLEQ data (7% of eligible subjects, Figure 1), we first 

assessed whether cohort characteristics were associated with missingness. Next multiple 

imputations (MI) were used to account for the missing TLEQ values. We used Hmisc and 

Amelia packages in R to take random draws from imputation models (200 imputations).27,28 

Finally, we calculated E-values to assess the robustness of our findings to unmeasured 

confounding.29 We used SAS version 9.1 (SAS Inc., Cary, NC, US) for data management 

and R version 3.4.0 for analyses.
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Results

Of 835 CANDLE dyads that met TennCare continuous enrollment criteria, 629 met 

additional eligibility criteria and were included in this study (Figure 1). Most women were 

African-American (85%) and had a high school education or less (78%) (Table 1). Overall, 

13% of women reported smoking during pregnancy and 11% reported a history of asthma. 

Infants had a median estimated gestational age of 39 weeks (IQR 38, 40 weeks), a median 

birthweight of 3235 g (IQR 2995, 3510 g), and 51% were male. We identified 136 infants 

(22%) with a bronchiolitis healthcare visit in the first year of life.

Maternal Lifetime Trauma

The distribution of lifetime TLEs ranged from 0–15 (median 3; IQR 2, 5), with 92% of 

women experiencing at least one TLE. The most commonly reported lifetime TLEs included 

having a loved one experience a sudden death (71%) or having a loved one survive a life-

threatening illness (45%). Approximately 25% reported experiencing physical abuse from an 

intimate partner. Women with higher lifetime TLE scores were more likely to be white than 

women with lower scores (6+ TLEs 22% white versus 0–2 TLEs 9% white; Table 1). 

Women with higher TLEQ scores also tended to be older, have a history of asthma, and 

report a history of smoking during pregnancy than those with lower scores.

The proportion of infants with bronchiolitis did not differ across quartiles of lifetime TLEQ 

score. In the multivariable model, the adjusted risk ratios (RR) were non-significant using 

both continuous models (adjusted RR 1.02, 95% confidence interval [CI] 0.96, 1.07) per one 

unit increase in TLE) and categorical models (e.g., RR 1.11, 95% CI 0.75, 1.64) comparing 

those with 6+ TLEs to those with 0–2 TLEs; Table 2), with no apparent departure from 

linearity. Adjusted results did not appreciably change when birthweight and prenatal 

smoking were removed from the model (data not shown). The interaction between infant sex 

and continuous lifetime TLEQ score was not statistically significant (Pinteraction=0.15).

Missing data

To assess potential bias due to missing data, we examined characteristics of subjects with 

and without missing TLEQ data (eTable 1). Compared to those without missing data, 

subjects with missing data were less likely to report bronchiolitis (9% versus 22%) and were 

more likely to have less than high school education (30% versus 18%); no other notable 

differences were observed. Conclusions from the multiple imputation sensitivity analysis 

were consistent with primary findings. Point estimates from the multiple imputation models 

were marginally attenuated relative to the primary models but did not differ with respect to 

statistical significance (eTable 2).

Maternal Childhood Trauma

At least one traumatic childhood event was reported by 42% of women (Table 3). Of the 

three childhood TLEs evaluated, exposure to family violence was most commonly reported 

(32%), followed by sexual abuse (18%) and physical abuse (9%). Three percent of women 

reported exposure to all three categories of childhood TLEs. The proportion of women who 

were white varied by number of childhood TLEs (13%, 13%, 27% and 15% for none, one, 
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two and three events, respectively, p = 0.03), as did th e number reporting tobacco use (10%, 

12%, 21% and 45% for none, one, two and three events, respectively, p <0.01). We observed 

that an increasing number of reported childhood TLEs was associated with increasing risk of 

infant bronchiolitis (Table 3). For women’s childhood experiences, when contrasting 

maternal report of a single childhood TLE with no childhood TLEs, there was no increase in 

risk of bronchiolitis (RR 1.12, 95% CI 0.80, 1.59), however, adjusted risk ratios increased 

with report of two and three childhood TLEs (two TLEs: RR 1.31, 95% CI 0.83, 2.07) and 

three TLEs: RR 2.65, 95% CI 1.45, 4.85). The test for linear trend supported a linear dose-

response relationship (p = 0.02). Results remained consistent when infant birthweight and 

maternal smoking were removed from the model (data not shown) and when obtained 

through multiple imputation analyses (eTable 2). The E-values corresponding to the 

association between three maternal childhood TLEs and infant bronchiolitis (versus no 

childhood TLEs) were 4.74 (RR) and 2.26 (lower bound of 95% CI).

Comment

Principal findings

In this study, we investigated the association between maternal lifetime and childhood 

trauma and infant bronchiolitis in a well-characterized prenatal cohort of women and their 

infants also enrolled in TennCare. Our study sample was limited to generally healthy, term, 

non-low birthweight infants to study maternal traumatic stress in a population heavily 

affected by bronchiolitis but without preexisting lung or cardiac disease. Consistent with our 

previous report,3 approximately 20% of infants obtained a bronchiolitis diagnosis in the first 

postnatal year. Almost all women reported at least one traumatic life event, with 63% 

reporting three (median) or more, and 43% reporting at least one childhood TLE. We did not 

observe a significant association between maternal lifetime traumatic stress and infant 

bronchiolitis. We did observe a positive association between maternal childhood trauma and 

infant bronchiolitis, with an over two-fold increase in risk of infant bronchiolitis among 

women who reported experiencing childhood family violence, physical abuse and sexual 

abuse, compared to those who were unexposed to all three. These findings suggest maternal 

childhood traumatic stress may be a risk factor for bronchiolitis among otherwise healthy 

infants. However, the number of subjects reporting multiple types of childhood trauma was 

small, and therefore our results should be interpreted with caution.

Strengths of the study

Our study has several strengths. We eliminated the potential for recall bias by assessing 

lifetime maternal traumatic stress during pregnancy and objectively assessing infant 

bronchiolitis using linked administrative records. The CANDLE cohort is well-

characterized, so we were able to assess and adjust for multiple confounding factors. 

Through sensitivity analyses, we were able to determine that control for potential 

intermediate factors such as birthweight and maternal smoking did not influence the 

associations detected.
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Limitations of the data

There are limitations to consider. There may be unmeasured adverse pregnancy-related 

health behaviors or other factors that play a role in the associations studied here. We did 

address prenatal smoking, which is one such behavior that is associated with both maternal 

traumatic stress and infant bronchiolitis.30 However, in our sensitivity analyses, we found no 

evidence that prenatal smoking influenced our results. We also determined that unmeasured 

confounding would need to be substantial in order to alter our conclusions: such a 

confounder would have to be associated with both maternal childhood trauma and infant 

bronchiolitis by risk ratios of 4.74-fold or greater in order to explain away the association 

observed among women reporting three childhood traumas, or 2.26-fold or greater to explain 

away the lower confidence limit. Next, CANDLE excluded women with certain pre-

pregnancy chronic health conditions (e.g., hypertension), therefore our cohort represents a 

population that is healthier than the overall Medicaid population. However, our 

generalizability may still be limited given that Medicaid enrollment criteria apply. Third, 

while our method of ascertaining bronchiolitis diagnoses has been widely used to study 

bronchiolitis epidemiology,3,6,31–34 we acknowledge that we may not capture mild cases or 

other instances where medical care was not sought. If case ascertainment was poorest among 

the most highly traumatized women, possibly due to failure to seek care, then we may be 

underestimating true associations. However, we expect that avoidance of medical care would 

be less likely in this cohort, given that women demonstrated willingness to engage in our 

study. Additionally, our assessment of lifetime TLEs did not distinguish between events 

occurring during pregnancy or prior to pregnancy, or the frequency of events. We were able 

to study certain events that occurred during childhood. However, the number of women 

experiencing multiple childhood TLEs was small, limiting our power and precision, and 

therefore our results should be interpreted with caution. Finally, the childhood events 

reported for our study were particularly severe, including experiences of family violence, 

physical abuse and sexual abuse. While we have attributed our findings to potential 

increased susceptibility to trauma in childhood, we acknowledge that experiences at this 

level of severity may be associated with adverse outcomes if experienced in adolescence or 

adulthood. However, we were not able to assess this in our data.

Interpretation

To our knowledge, this is the first study to examine maternal lifetime and childhood trauma 

and early life respiratory infection, specifically bronchiolitis. However, several previous 

studies have shown maternal prenatal stress and related exposures (e.g., anxiety in 

pregnancy) are associated with respiratory infection in the first postnatal year. In a large 

study of first-birth pregnancies among predominantly white, rural women, stress during 

pregnancy was associated with increased maternal report of infant illness in the first year, 

including respiratory infection.12 A similar finding was reported in smaller study of well-

educated European mothers and their children.13 Lee and colleagues determined that high 

levels of anxiety during pregnancy were associated with increased risk of bronchiolitis and 

lower, but not upper, respiratory tract infections.14 Investigators further determined that 

these risks were modified by genetic factors, including polymorphisms in antioxidant 

defense genes, suggesting the potential for genetic susceptibility to the effects of stress and 

anxiety on infant health.
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Adverse early life experiences can impact disease risk throughout the lifetime19 and may 

also have inter-generational consequences if, for example, exposures adversely affect the 

intrauterine environment and fetal development.35 Maternal stress-induced activation of the 

hypothalamic-pituitary-adrenal (HPA) axis can result in increased cortisol during pregnancy, 

altering immune and oxidative balance.36,37 Similar effects can occur following stress that 

precedes pregnancy: trauma can increase maternal cortisol levels during pregnancy 

independent of response symptoms during pregnancy, suggesting such events may result in 

altered long-term HPA functioning, 17 potentially due to epigenetic modification.38,39 

Infants exposed prenatally to elevated cortisol or maternal traumatic stress have been shown 

to exhibit impaired stress responses themselves, including elevated pre-stress cortisol and 

decreased stress-response cortisol,40 and impaired cardiorespiratory recovery following 

stress exposure.41 Elevated cortisol has also been observed in infants of women with 

exposure to child abuse and comorbid post-traumatic stress.42 HPA responsiveness is 

important in modulating immune function, and dysregulation may influence an infant’s 

response to a viral challenge.43

Our findings suggest that childhood trauma may be uniquely associated with respiratory 

health in offspring, relative to trauma experienced throughout the lifecourse. This finding is 

broadly consistent with other studies showing that children of mothers who experienced 

childhood trauma are more likely to have adverse health outcomes, including obesity 44 and 

behavioral problems.45 Markers of anxiety, such as the startle response, have been shown to 

be heighted in children of women reporting exposure to child abuse even after adjustment 

for maternal depression and the child’s own trauma exposure.46 While the mechanisms 

driving these associations remain speculative, likely involving both behavioral and 

biological factors,47 the sensitivity of children to trauma is well recognized.48 The long 

lasting neurobiological effects of traumas during childhood may contribute to the differential 

associations we observe when compared to total lifetime traumatic experiences.

By focusing on Medicaid recipients living in a large city in the southern United States, we 

have identified an important risk factor for bronchiolitis in an understudied, low-income 

population. Our study of this demographic is particularly relevant since low-income urban 

women experience high rates of traumatic experiences.49 The prevalence of traumatic stress 

exposure in our study was consistent with previous reports, including a predominantly 

African-American cohort where 86% of women reported ever having a TLE.50 Identification 

of childhood trauma as a possible risk factor for infant bronchiolitis in this population 

informs understanding of risk factors for bronchiolitis and highlights the need for treatment 

and prevention strategies related to trauma and stress management.

Conclusions

Bronchiolitis is a common and sometimes severe infection during infancy, and the associated 

burden on healthcare systems is large.3,5 Our study suggests that women with exposure to 

childhood trauma – particularly multiple traumas - may be at increased risk of having an 

infant who develops bronchiolitis in their first year of life. While exposure to multiple 

childhood trauma types was rare in our study (3%), our findings illustrate a potential 

etiologic relationship between early life trauma and adverse outcomes in offspring that 
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warrants additional investigation. Future studies that incorporate additional measures of 

childhood trauma and incorporate additional biomarkers of HPA activity or epigenetic 

measures are needed. Further, strategies that help modify long-term effects of childhood 

trauma during or prior to pregnancy can also be considered in efforts to lessen the burden of 

this common illness during infancy.
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Social Media Quote

Women who experienced multiple types of traumatic life events during childhood may 

have an infant with an increased risk bronchiolitis in the first year of life, according to 

results from a prospective prenatal cohort study linked to Medicaid data.

Adgent et al. Page 13

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2020 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Synopsis

Study question

Using linked prospective cohort and Medicaid data, this study examined the association 

between maternal childhood and lifetime traumatic stress exposures and infant 

bronchiolitis

What is already known

Bronchiolitis is a lower respiratory tract infection that commonly affects term, otherwise 

healthy infants. Maternal stress during pregnancy may influence fetal immune system 

development, and there is some support that prenatal stress is associated with 

bronchiolitis in infants.

What this study adds

This study specifically investigates maternal traumatic stress experienced across the life-

course (including prior to pregnancy) in relation to infant bronchiolitis. Results suggest 

that women exposed to multiple traumatic events in childhood are at increased risk of 

having an infant with bronchiolitis.
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Figure 1. 
Flow diagram for study entry.
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Table 2.

Risk ratios (95% confidence intervals) for the association between maternal traumatic life events and infant 

bronchiolitis

Maternal lifetime traumatic events Unadjusted RR Adjusted RR
a

0–2 1.00 (Reference) 1.00 (Reference)

3 0.83 (0.52, 1.33) 0.91 (0.57, 1.45)

4–5 0.74 (0.49, 1.12) 0.85 (0.57, 1.29)

6+ 1.00 (0.69, 1.44) 1.11 (0.75, 1.64)

a
Multivariable log-binomial regression analysis adjusted for maternal race, age, education, asthma, social support and smoking; infant sex, and 

birth weight. RR: risk ratio
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Table 3.

Maternal childhood traumatic events and infant bronchiolitis (n = 629)

Number of maternal 
childhood traumas

Bronchiolitis (n) No Bronchiolitis (n) Total (n) Unadjusted RR (95% CI) Adjusted RR (95% CI)
a

0 72 291 363 1.00 (Reference) 1.00 (Reference)

1 39 141 180 1.09 (0.77, 1.54) 1.12 (0.80, 1.59)

2 16 50 66 1.22 (0.76, 1.96) 1.31 (0.83, 2.07)

3 9 11 20 2.27 (1.34, 3.84) 2.65 (1.45, 4.85)

a
Multivariable log-binomial regression analysis adjusted for maternal race, age, education, asthma, social support and smoking; infant sex, and 

birth weight. RR: risk ratio
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