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Abstract

Background—The lifecourse perspective suggests a pathway may exist among maternal
exposure to stressful life events prior to conception (PSLES), infant birthweight, and subsequent
offspring health, whereby PLSEs are part of a “chains-of-risk” that set children on a certain health
pathway. No prior study has examined the link between PSLEs and offspring health in a
nationally-representative sample of US mothers and their children. We used longitudinal,
nationally-representative data to evaluate the relation between maternal exposure to PSLEs and
subsequent measures of infant and toddler health, taking both maternal and obstetric
characteristics into account.

Methods—We examined 6,900 mother-child dyads participating in two waves of the nationally-
representative Early Childhood Longitudinal Study-Birth Cohort (n=6,900). Infant and toddler
health outcomes assessed at 9 and 24 months included overall health status, special health care
needs, and severe health conditions. Adjusted path analyses examined associations between
PSLEs, birthweight, and child health outcomes.
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Results—In adjusted analyses, PSLEs increased the risk for very low birthweight (VLBW,
<1,500 grams), which, in turn, predicted poor health at both 9 and 24 months of age. Path analyses
demonstrated that PSLEs had small indirect effects on children’s subsequent health that operated
through VLBW.

Conclusion—Our analysis suggests a chains-of-risk model in which women’s exposure to
PSLEs increases the risk for giving birth to a VLBW infant, which, in turn, adversely affects
infant and toddler health. Addressing women’s preconception health may have important
downstream benefits for their children, although more research is needed to replicate these
findings.
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INTRODUCTION

Despite advances in health care and implementation of social service and early intervention
programs, the prevalence of children with disabilities in the US remains high and may even
be increasing among some groups. [1] Recent data from the National Health Interview
Survey found that the prevalence of childhood disabilities rose 16% from 2001 to affect
nearly 6 million US children in 2011, with notable increases observed for children with
neurodevelopmental and mental health disorders. [1] Understanding factors that influence
these trends is essential to inform intervention efforts that seek to improve children’s
developmental and health trajectories.

The lifecourse perspective conceptualizes health as arising from cumulative effects of events
that occur across the lifespan, as well as from intergenerational effects. [2—6] Disparities in
child health are thus consequences of both exposures before and during pregnancy and early
life exposures. In a previous study, Witt et al. found that a woman’s exposure to stressful life
events prior to conception (PSLES) increased her risk for having a very low birthweight
(VLBW) infant. [7] In turn, a large body of literature demonstrates that low birthweight
contributes to infant and childhood morbidity. [8-11] The lifecourse perspective suggests a
pathway may exist among PSLEs, birthweight, and subsequent child health, whereby PLSEs
are part of a “chains-of-risk” that set children on a certain health pathway. In this scenario,
PSLEs increase a woman’s risk of having a VLBW baby, and VLBW, in turn, contributes to
poor health in early childhood. [6] Understanding the direct and/or indirect relationships
between PSLEs and children’s early health could elucidate mechanisms linking children’s
health to the preconception experiences of their mothers, and thus lend insight into how
these “chains-of-risk” might be interrupted.

Using a nationally-representative sample of Danish women, Li et al. found that maternal
bereavement (e.g., death of a parent, spouse, or close relative) within 6 months prior to
pregnancy was associated with attention deficit hyperactivity disorder[12] and adolescent
overweight[12] in offspring. Class et al. noted associations between women’s preconception
stress and infant mortality in a Swedish cohort. [13] While these European-based studies are

J Epidemiol Community Health. Author manuscript; available in PMC 2016 March 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cheng et al.

Page 3

among the first to suggest that women’s exposure to PSLEs may affect the immediate and
long-term health of offspring, no study has examined the relation between PSLEs and
obstetric and child health outcomes in a national cohort of US families.

We used longitudinal data from the nationally-representative Early Childhood Longitudinal
Sudy, Birth Cohort (ECLS-B) to evaluate maternal exposure to PSLEs and subsequent
measures of infant and toddler health (overall health status, diagnoses of special health care
needs, and the presence of severe health conditions), taking both maternal and obstetric
characteristics into account.

METHODS

Data Source

Measures

The ECLS-B is a nationally-representative, longitudinal cohort study of nearly 10,700 US
live-born infants. The probability sample was drawn from the ~4 million US children born
in 2001, with oversampling of children from minority groups, twins, and children born at
low and very low birthweights, based on registered births from the National Center for
Health Statistics vital statistics system. The sampling frame excluded births to mothers
under 15 years and children adopted or deceased before the initial collection wave. Data for
this study were from the first two waves, which occurred when children were 9 and 24
months of age. [14]

Parents of participating children in the ECLS-B provided informed consent and the data
collection procedures were approved by National Center for Education Statistics (NCES) as
ensuring confidentiality. We obtained a license agreement with NCES for analysis of ECLS-
B’s restricted data. We rounded unweighted sample sizes to the nearest 50 to comply with
NCES guidelines. [14]

Participants were eligible for this study if the survey respondent was the biological mother
(n=10,550); we excluded 450 children missing birth certificate data. For each child sampled
as a twin (n=1,500), we randomly selected one child from each pair to remain in the sample.
Testing models with multiples removed did not influence our findings. Given the previously
identified relationship between PSLEs and VLBW, [7] we then restricted our sample to
children born with VLBW (<1,500 grams) and normal birthweight (NBW; between 2,500—
3,999 grams). Our final sample thus consisted of 6,900 children and their mothers who
participated in the second ECLS-B data wave and who had complete covariate information.

To evaluate the robustness of the results, we repeated analyses comparing children born
LBW versus NBW (Appendix 1) and included children born LBW and high birthweight
(HBW; =4000 grams) with NBW children as the reference outcome (Appendix 2).

Stressful Life Events Prior to Conception—Our approach to defining PSLES is
detailed elsewhere. [7, 15] Briefly, we derived the date of conception using birth certificate
information on the length of gestation and the infant’s date of birth. We coded women as
having experienced a PSLE if they reported that one or more of the following events
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occurred prior to conception: (1) death of their mother; (2) death of their father; (3) death of
a previous live born child; (4) divorce; (5) separation from partner; (6) death of a spouse; or
(7) problems with infertility (Appendix 3). These experiences are considered stressful life
events and/or have been operationalized as such in previous research. [16-19] In our sample,
nearly 75% of women who experienced any PSLE had an event occur within 1 year prior to
conception (data not shown).

Very Low Birthweight—Birthweight (continuous grams) was derived from the birth
certificate. We used a cutpoint of <1,500 grams to denote VLBW and the 2,500-3,999 gram
range to denote NBW.

Infant and Toddler Health—We examined three child health binary indicators, assessed
by maternal report at 9 and 24 months: (1) overall health status, reported on a 5-point Likert
scale and dichotomized as “excellent, very good, or good” versus “fair or poor;” (2) a
clinically diagnosed special health care need (SHCN); and (3) any severe health condition,
defined as asthma, respiratory illness, ear infection or any gastrointestinal-related illness that
required an emergency room visit or overnight hospitalization. SHCNs included blindness,
difficulty seeing, difficulty hearing or deafness, problem with mobility or using legs, and
heart defects. Additional SHCNs assessed at 9 months included diagnoses of cleft lip or
palate, failure to thrive, problem with arms or hands, Down syndrome, Turner syndrome,
Spina Bifida, and any other special needs or limitations and at 24 months included diagnoses
of developmental delay, epilepsy or seizures, mental retardation, lactose intolerance, and
food allergies or sensitivities. Children whose mothers endorsed any of these conditions at
either time point were considered to have SHCNs. As a sensitivity analysis, we excluded
genetic disorders/chromosomal abnormalities from our definition of SHCN; results were
consistent with the main findings.

Maternal Health, Stress, and Sociodemographic Factors—Birth certificate data
determined if women had experienced any pregnancy complication (e.g., anemia, eclampsia)
or had chronic a condition (e.g., cardiac disease, chronic hypertension). At 9 months, self-
reported maternal health was coded on a 5-point Likert scale ranging from 1 (excellent) to 5
(poor). Pre-pregnancy body mass index (BMI) was calculated from measured height and
self-reported weight prior to pregnancy (dichotomized as overweight or obese [BMI = 25]
versus normal or underweight [BMI <25] or unknown). We evaluated timing of initiation of
prenatal care (first trimester; second or third trimester; or no prenatal care), whether the
child was a singleton or multiple, and the number of prior live births/parity (0 versus =1).
Women were coded as having experienced a stressful life event during pregnancy if they
indicated that the death of a close relative, divorce, or partner separation occurred during
their pregnancy.

Birth certificate data also provided maternal age in years, race/ethnicity (non-Hispanic

white; non-Hispanic black; non-Hispanic Asian/Pacific Islander; non-Hispanic other race; or
Hispanic); marital status (married or living with partner; separated, divorced or widowed; or
never married); and health insurance (private; any public; or no insurance). At 9 months, we
assessed socioeconomic status (SES; defined using composite index generated by NCES that
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incorporated parental education, occupation and household income), and US region of
residence.

Analyses

Descriptive analyses were conducted using survey procedures from SAS (v9.2, Cary, NC);
we generated summary statistics to describe sample characteristics and used chi-square and
t-tests to evaluate differences in covariates between women who did and did not experience
any PSLE and by children’s VLBW status. We then used MPlus (v7.1, Los Angeles, CA) to
conduct path analyses using linear probability models (with binary outcomes) that assessed
direct and indirect effects of PSLEs and VLBW on: (1) overall child health; (2) SHCN; and
(3) severe health conditions. This approach enabled us to account for multiple sequential and
temporal pathways and to specify and test both direct effects (e.g., of PSLEs on infant and
toddler health) and indirect effects (e.g., of PSLESs on infant and toddler health via
birthweight) of PSLEs on the outcomes of interest. [20] Linear probability path analysis
models were used to derive interpretable estimates of direct and indirect effects, specifically
so that coefficients represented the percent change in the probability each child health
outcome for a one-unit change in each independent variable, holding everything else
constant (e.g., the change in the probability of having a child in fair/poor health when the
mother was exposed to any PSLE compared to none). Analyses adjusted for appropriate
covariates (see Figure 1) and accounted for ECLS-B’s complex sampling design.

RESULTS

Tables 1 and 2 present descriptive statistics and bivariate associations of covariates and child
health outcomes to PSLEs and VLBW status. In the entire sample, 19.0% of women
experienced any PSLE; 28.6% of children who were born VLBW had mothers who
experienced any PSLE (Table 1). At 9 months, 2.4% of infants were in fair/poor health,
6.4% had SHCN, and 7.5% had severe health conditions (Table 2); by 24 months, the
percentage of toddlers with SHCN increased to 15.5%. VLBW children were more likely to
have poor health, SHCN, and severe health conditions at 9 and 24 months than NBW
children (all p<0.01).

Table 3 and Figure 2 summarize path model coefficients for the direct and indirect effects
between PSLEs, VLBW and child health outcomes at 9 and 24 months. Path models for
each of the three health outcomes demonstrated good model fit (Table 3), suggesting that no
important paths had been omitted. As expected, there was a significant direct effect of
PSLEs on VLBW, such that women exposed to PSLEs had a higher probability of delivering
a VLBW infant. In turn, being born VLBW showed direct effects on all three child health
measures at 9 and 24 months, ranging from a 4.1% increase in the probability of fair/poor
health at 24 months to a 26.5% increase in the probability of SHCN at 9 months. Fair/poor
health status, SHCN, and severe health conditions at 9 months were significantly associated
with increased probability of similar adverse health status at 24 months (fair/poor health
=13.2%, 95% CI: 6.0-20.4; SHCN B=28.3%, 95% CI: 22.4-34.1; severe health conditions
[3=20.6%, 95% CI: 15.7-25.4).
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Although PSLEs did not display significant direct effects on any health outcome at 9 or 24
months, small but statistically significant indirect effects were observed such that PSLEs
affected the probability of fair/poor health (3=0.03%, 95% CI: 0.01-0.05), SHCN ($=0.15%,
95% CI: 0.06-0.24) and severe health conditions ($=0.05%, 95% CI: 0.01-0.08) at 9 months
through the effect of PSLEs on VLBW. While the total indirect effect of PSLEs on child
health at 24 months was not significant, the specific indirect effects of PSLEs on child
health at 24 months that operated through VLBW were statistically significant (Table 3).

In sensitivity analyses, neither the direct effect from PSLEs to LBW nor the indirect effects
from PSLEs to outcomes at 9 or 24 months through LBW were significant (Appendix 1).
Comparing VLBW children to all other children weighing >1,500 grams yielded similar
results (Appendix 2).

DISCUSSION

In this population-based cohort of US families, we found evidence for a small indirect
association between women’s exposure to stressful life events in the preconception period
and the likelihood of fair or poor health, special health care needs, or severe health
conditions in offspring. As hypothesized, the effects of PSLESs on these early markers of
children’s health operated via a “chain-of-risk” model, [6] whereby PSLEs increased the risk
of VLBW, which, in turn, increased the risk of children’s poor health. These findings are
consistent with our previous study in the ECLS-B, which indicated that exposure to PSLES
increases the risk for VLBW, [7] and with a large body of evidence demonstrating the
deleterious effects of VLBW on children’s long-term health. [8-11] The path models
identified here suggest that women’s exposure to PSLES may not exert a direct effect on
early child health but could, via an indirect pathway, place very young children at risk
through the increased risk of being born VLBW. Although the effects were relatively small,
our findings highlight the potential importance of women’s preconception environment and
suggest avenues for future research.

Preconception stress has been previously examined as a determinant of perinatal outcomes.
For example, using data from the ECLS-B, Witt et al. found that exposure to at least one
PSLE increased the odds of VLBW by 38%. [7] In separate studies, the authors also found
associations between PSLEs and the likelihoods of PTB among teenage mothers[15] and of
delivering via medically-indicated Cesarean section. [15] Similar associations have also
been noted in Danish populations. [21] Fewer studies have examined the prospective effect
of preconception stress with outcomes after the perinatal period, although some European-
based evidence ties preconception stress to the risk of infant mortality, [13] childhood
ADHD, [12] overweight status in adolescence, [12] and adult affective disorder in men. [22]
Still, other studies have reported null associations. [23-25] To our knowledge, the present
study is the first to expand on this work by comprehensively testing the relations among
maternal exposure to PSLEs, VLBW, and early child health in a national cohort of US
families.

Several mechanisms may explain our findings. The accumulation of stress across the
lifecourse has been theorized to increase allostatic load or “weathering,” leading to a decline
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in reproductive health. [2, 26] High cortisol levels or immune dysfunction during pregnancy
could contribute to neuroendocrine, immune, and inflammatory processes that are associated
with poor birth outcomes. [27, 28] Women’s exposure to PSLES may also have epigenetic
effects in utero that, in turn, increase children’s susceptibility to disease. [29] This
hypothesis is supported by research showing heightened levels of total Immunoglobulin E
(IgE, a biomarker of atopic risk) in cord blood of children born to mothers exposed to
interpersonal trauma. [30] Alternatively, women exposed to stressors might be more likely
to engage in negative health behaviors, such as smoking, a correlate of both infant
birthweight[31] and children’s health. [32] However we note that the percent differences we
found in this study were, in most cases, small, as exposure to PSLEs is likely only one
component of a more comprehensive set of intergenerational pathways linking maternal and
child health. Other factors may play important roles in these pathways (e.g., gestational age,
shared environmental risks, maternal stress reactivity) that may spillover to influence the
child. Research should identify additional preconception risk factors and determine how
they influence social, behavioral, and physiological processes that contribute to health
outcomes in the next generation, and pinpoint specific critical periods (e.g. in utero, neonatal
period, etc.) in which the effects of PSLES are most salient. This may help us better
understand the biological mechanisms connecting PSLEs and child health and the potential
intergenerational transmission of stress.

We note several limitations. Children who died before 9 months of age were not eligible to
participate in the ECLS-B, potentially leading to conservative estimates of the effect of
PSLEs on birthweight and child health. The ECLS-B retrospectively collected limited data
on PSLEs and may not have comprehensively captured the spectrum of stressors women
experience. This might have resulted in misclassification. The number of individuals who
endorsed specific PSLEs was small so we were unable to examine the independent effects of
each type of event. The null finding of an indirect effect of PSLEs on child health through
LBW could be explained by several mechanisms, including misclassification of infant
birthweight[33, 34] or undetected dose-response effects. Alternatively, this finding may
indicate that the effects of stressors on child health operate only via extreme effects on fetal
growth. These hypothesized pathways could be examined in future research. Birth
certificates may incorrectly report some information. [35] Our SCHNs measure may not
have included important conditions; conditions were also reported by mothers, potentially
resulting in misclassification. Mothers who experienced PSLEs and/or gave birth to VLBW
babies may have different expectations for their child’s health. Although not available in the
ECLS-B, future work validating our findings using medical record data is warranted.

Despite these limitations, our findings suggest that a pathway may exist between PSLEs,
VLBW, and early indicators of child health, thereby serving as an important first step to
understanding an intergenerational link between maternal and child health that has not been
previously examined among US populations. Our path analyses allowed for the
decomposition of direct and indirect effects of preconception and obstetric factors on early
child health, a notable advancement over previous work. Although the effects we found
were mostly small and potentially conservative given data limitations, they complement
those in other populations by suggesting that women’s preconception stress exposure is
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associated with a slightly elevated prevalence of poor health in offspring. Future work,
utilizing more complete data from prospectively designed studies, is needed to replicate
these findings and elucidate the mechanisms by which these processes might occur.

Current approaches to understanding the link between maternal and child health have
traditionally focused on women’s health during pregnancy and postpartum, but growing
evidence indicates that there may be opportunities to focus research and prevention efforts
further upstream. Women experiencing stress before their pregnancies may need more
support than is provided in standard care. While PSLEs themselves may not be preventable,
making appropriate mental health and social services accessible to vulnerable women could
buffer their effect on obstetric outcomes, thus also potentially benefiting the health of their
children.

In conclusion, our analyses suggest that women’s exposure to PSLEs not only increases the
risk for having a VLBW infant, but may also be associated with children’s future health.
Better understanding the intergenerational risk pathways connecting maternal and child
health may enhance efforts to reduce children’s health disparities. One strategy — targeting
women’s preconception health — would not only address women’s own unmet needs, but
may also indirectly benefit the early health of their children. Future research should explore
this hypothesis and investigate the extent to which children’s early health outcomes are
associated with specific sensitive developmental periods (e.g., maternal adverse childhood
events, the immediate preconception period, or the perinatal period). This may offer insight
into etiologic mechanisms leading to these outcomes and help pave the way for preventive
interventions. Our findings emphasize that adopting an intergenerational lifecourse approach
may aid such efforts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What isalready known on this subject?

Emerging evidence suggests that women’s exposure to stressful life events prior to
conception (PSLEs) may affect the immediate and long-term health of offspring. Such
evidence supports a lifecourse approach to understanding health and development. No
study has examined the relationship between PSLEs and obstetric and child health
outcomes in a nationally-representative sample of US mothers and their children.

What this study adds?

This study provides an empirical application of the lifecourse approach using nationally
representative longitudinal data from the US. Using path analyses, we show that
women’s exposure to PSLESs may not exert a direct effect on early child health but, via an
indirect pathway, place very young children at risk through the increased risk of being
born very low birthweight.
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Infant Health at
Birthweight 9 months

Health at
24 months

Figure 1.
Figure 1 displays the direct and indirect effects included in the path models. Primary direct

effects of interest (depicting relationships among exposure to stressful life events prior to
conception, infant birthweight, and child health outcomes) are shown with solid black
arrows. Direct effects for groups of adjustment variables are shown with solid gray arrows.
Maternal factors are depicted in pink and infant and child outcomes are depicted in green.
Variables included as sociodemographic factors are: maternal chronic conditions, number of
children born, parity, maternal age, race/ethnicity, marital status, health insurance status,
socioeconomic status, and region of residence. Variables included as pregnancy-related
factors are: pregnancy complications, prepregnancy body mass index, and initiation of
prenatal care. Specific indirect effects are shown as dashed black arrows, and map the
hypothesized pathway through intermediate variables.
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Figure 2.
Figure 2 summarizes the path analyses results of selected direct and total indirect effects of

maternal exposure to stressful life events in the preconception period on very low
birthweight and child health at 9 and 24 months of age. Weighted results are presented as
percent changes and corresponding 95% confidence intervals, controlling for pregnancy
complications, maternal chronic conditions, prepregnancy body mass index, initiation of
prenatal care, plurality, parity, exposure to any stressful life event during pregnancy,
maternal race/ethnicity, maternal age, marital status at birth, health insurance coverage,
family socioeconomic status, and US region of residence. Direct effects from very low
birthweight status to each child health variable at 24 months are also included. Solid lines
represent direct effects and dashed lines indicate total indirect effects. SHCN = Special
health care need.
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