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REGULAR ARTICLE

Prenatal stress and risk of behavioral morbidity from age 2 to 14
years: The influence of the number, type, and timing of stressful
life events
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Abstract

The maternal experience of stressful events during pregnancy has been associated with a number of adverse consequences for behavioral development in
offspring, but the measurement and interpretation of prenatal stress varies among reported studies. The Raine Study recruited 2900 pregnancies and
recorded life stress events experienced by 18 and 34 weeks’ gestation along with numerous sociodemographic data. The mother’s exposure to life stress
events was further documented when the children were followed-up in conjunction with behavioral assessments at ages 2, 5, 8, 10, and 14 years using
the Child Behavior Checklist. The maternal experience of multiple stressful events during pregnancy was associated with subsequent behavioral problems
for offspring. Independent (e.g., death of a relative, job loss) and dependent stress events (e.g., financial problems, marital problems) were both
significantly associated with a greater incidence of mental health morbidity between age 2 and 14 years. Exposure to stressful events in the first 18 weeks
of pregnancy showed similar associations with subsequent total and externalizing morbidity to events reported at 34 weeks of gestation. These results
were independent of postnatal stress exposure. Improved support for women with chronic stress exposure during pregnancy may improve the mental
health of their offspring in later life.

The hypothesis that prenatal maternal stress and anxiety di-
rectly affect neurobehavioral development remains under scru-
tiny (Kofman, 2002). Maternal stress experience during preg-
nancy has been associated with an increase in perinatal risks
such as preterm birth (Dole et al., 2003; Wadhwa et al.,
2001) and low birth weight (Paarlberg et al., 1999; Rondo
et al., 2003). These factors in turn may lead to adverse cognitive
and developmental outcomes for the child (Talge, Neal, & Glo-
ver, 2007; Van den Bergh, Mulder, Mennes, & Glover, 2005;
Wadhwa, Sandman, Porto, Dunkel-Schetter, & Garite, 1993).

Stress in pregnancy has also been associated with increased
risks for difficult infant temperament (Austin, Hadzi-Pavlovic,
Leader, Saint, & Parker, 2005), poor infant motor development
(Huizink, Robles de Medina, Mulder, Visser, & Buitelaar,
2003), attention-deficit/hyperactivity disorder (Rodriguez &
Bohlin, 2005), and adolescent psychosis (Spauwen, Krabben-
dam, Lieb, Wittchen, & van Os, 2004). In one study, maternal
antenatal anxiety accounted for around 15% of the attributable
load for overall behavioral problems in 4-year-old children
(O’Connor, Heron, Golding, Beveridge, & Glover, 2002).

Studies describing the associations between maternal stress
during pregnancy and psychological outcomes in offspring
have utilized many different measurement approaches. The
measurement of stress has encompassed anything from the
experience of major psychological trauma or bodily threat to
the experience of more common stressors such as money or
relationship problems (Glynn, Dunkel-Schetter, Wadhwa, &
Sandman, 2004). Stress has also been conceptualized as ma-
ternal anxiety (O’Connor et al., 2002) and both state and trait
anxiety (Kofman, 2002). The measurement of stressful life
events has posed a challenge for researchers in medicine
and the social sciences (Brugha & Cragg, 1990; Dohrenwend
& Dohrenwend, 1978; Monroe & Reid, 2008; Wethington,
Brown, & Kessler, 1995). Stressful life events represent situ-
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ations or environmental conditions requiring change or adjust-
ment (Lobel, 1994). Measures range from large format life
event inventories (Holmes & Rahe, 1967) to short measures
of stress (Cohen, Kamarck, & Mermelstein, 1983), but all
measures face the challenge of how to account for interper-
sonal differences in the appraisal and adjustment to stressful
life experiences (Talge et al., 2007).

What remains unknown is whether the (a) number, (b) type,
and (c) timing of stress events have an individual or joint bear-
ing on subsequent child behavioral development. Because of
the variation in stress measurement, a dose–response relation-
ship between the number of events experienced and behav-
ioral outcomes has not been firmly established. Exposure to
multiple stressors during pregnancy is likely to be common;
not only does pregnancy incite a number of changes in the
mother’s life circumstances that can be stressful, but pregnancy
and birth can be viewed as stressful life experiences in their
own right (Geller, 2004; Robertson, Grace, Wallington, &
Stewart, 2004). Pregnancy is also a time of emotional and so-
cial upheaval and the affective and physical adjustments that
are required include changes in employment, interpersonal re-
lationships, and financial security (Saunders, Lobel, Veloso,
& Meyer, 2006; Seguin, Potvin, St-Denis, & Loiselle, 1995).
Therefore, an analysis of the effect of an accumulation of stress
exposure is important. The type of stressful event experienced
may differentially determine the impact on behavioral develop-
ment, and some authors argue that failing to separate differ-
ent types of stressful life events could hinder the generalization
of results (Paarlberg, Vingerhoets, Passchier, Dekker, & Van
Geijn, 1995; Rudolph & Hammen, 1999). The stress-genera-
tion model of depression suggests that the nature of stressful
life events differs according to whether they are independent
(events whose occurrence is outside the individual’s control),
such as the death of a family member or friend, or dependent
(events that an individual at least partly contributes to), such as
relationship problems and moving house (Hammen, 1991; Ru-
dolph & Hammen, 1999; Safford, Alloy, Abramson, & Cross-
field, 2007). In addition, there are conflicting results as to the
importance of gestational age at the time of exposure to stress
(Kofman, 2002), with some animal (Schneider, Roughton,
Koehler, & Lubach, 1999) and human (Glynn, Wadhwa, Dun-
kel-Schetter, Chicz-Demet, & Sandman, 2001; Laplante et al.,
2004; Malaspina et al., 2008; Paarlberg et al., 1999) studies
indicating greater risk earlier in pregnancy. Other studies have
found that the effect of stress on behavioral outcomes is more
pronounced later in gestation (Hedegaard, Henriksen, Sabroe,
& Secher, 1993; O’Connor et al., 2002). Because of critical
periods of fetal development and differences in how women
perceive and react to stress at different times in pregnancy, in-
formation on timing may be essential for understanding the na-
ture and severity of outcomes due to stress exposure (Glynn
et al., 2004; Talge et al., 2007).

Retrospective recall of stress experience is known to be un-
reliable (Entringer et al., 2008), and human studies on the long-
term impact of prenatal stress are made difficult as many of the
environmental stressors in the prenatal environment continue

to exert an influence on child development in the postnatal
environment (Van den Bergh et al., 2005). There are only a
few studies that have the capacity to examine the impact of pro-
spectively collected stress exposure data in pregnancy on out-
come measures collected through to early adolescence, and to
adjust for later stress experience to isolate pregnancy-specific
effects (O’Connor et al., 2002). In this study, we used data
from the Western Australian Pregnancy Cohort (Raine) Study.
The aim of this study was to determine the impact of maternal
stressful life events experienced during pregnancy on offspring
behavioral outcomes over 14 years, with differentiation be-
tween the number, type, and timing of stressful life events as
predictors of behavioral problems in children and adolescents.

Method

Study design

The Western Australian Pregnancy Cohort (Raine) Study is a
prospective population-based pregnancy cohort study of 2868
live births followed from 16 weeks’ gestation until the adoles-
cent years.

Participants

Pregnancies were recruited between May 1989 and Novem-
ber 1991 (N ¼ 2,900) at King Edward Memorial Hospital
(KEMH; Western Australia’s only tertiary obstetric centre),
and nearby private clinics in Perth, Western Australia. The
full summary of enrolment methods has been published else-
where (Newnham, Evans, Michael, Stanley, & Landau, 1993).
In brief, the study recruited women with a pregnancy between
16 and 20 weeks’ gestation (mean ¼ 18 weeks), with suffi-
cient English language skills, an expectation to deliver their
baby at KEMH, and an intention to reside in Western Australia
to allow for follow-up of the child.

Participants provided data regarding psychosocial and
demographic characteristics at enrolment, which was then up-
dated with further data collection at 34 weeks’ gestation. Clin-
ical data relating to the pregnancy and birth were collated and
the families were followed up at ages 1, 2, 3, 5, 8, 10, and 14
years using questionnaires in addition to physical assessments.
Each participant in the study provided informed consent at en-
rolment and again at each follow-up. The protocols for the
study were approved by the Human Research Ethics Commit-
tees at KEMH and/or Princess Margaret Hospital for Children
in Perth, Western Australia.

Attrition bias

We were able to recruit 90% of those eligible for the study and
the initial sample was representative of the KEMH popula-
tion. Those who were socially disadvantaged were less likely
to remain in the study in the early years, but by 14 years the
population was similar to the Western Australian population
(Li et al., 2008; Robinson et al., 2010). At the 14-year fol-
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low-up, 1,860 study children and their families were eligible
for follow-up (357 deferred participation, 207 were unable to
be traced, 412 had withdrawn, and 32 were deceased). The
cohort participation rates are presented in Figure 1.

Outcome variable

Child Behavior Checklist (CBCL). Child behavioral data were
collected at the 2-, 5-, 8-, 10-, and 14-year follow-ups. The
CBCL for Ages 2–3 (CBCL/2–3), a 99-item, empirically
validated measure of child behavior by parent report was
used at the 2-year follow-up (Achenbach, Edelbrock, & How-
ell, 1987). At further follow-ups the CBCL for Ages 4–18
(CBCL/4–18), a 118-item instrument, was administered (Achen-
bach, 1991). The CBCL has demonstrated good sensitivity

(83% overall) and specificity (67% overall) to a clinical psychi-
atric diagnosis and good test–retest reliability in a Western Aus-
tralian clinical calibration (Zubrick et al., 1997) and has been
widely used internationally in peer-reviewed literature on child
behavioral development (Bérubé & Achenbach, 2007).

The raw scores produced by the CBCL were converted into
T scores for total, internalizing (withdrawal, somatic com-
plaints, anxious/depressed), and externalizing (delinquency,
aggression) behavior as specified by the manual for each of
the follow-up years (Achenbach, 1991). The recommended
clinical cutoff scores (T � 60) were applied to the CBCL T
scores to obtain three binary variables indicative of clinically
significant scores on the total, internalizing, and externalizing
problem scales (Achenbach, 1991). Scoring above this clinical
cutoff is referred to as behavioral morbidity in this study.

Figure 1. The Western Australian Pregnancy Cohort (Raine) Study participation rates at each follow-up from birth to 14 years and the reasons for
not participating at each follow-up.
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Predictor variable

Life stress events. We aimed to explore the experience of life
stress events in pregnancy by examining the number, type,
and timing of events experienced. Mothers were asked at 18
weeks’ and 34 weeks’ gestation whether or not they had experi-
enced any of 10 major life stress events selected from the 67-
item life stress inventory developed by Tennant and Andrews
(1976). These included pregnancy problems, death of a close
friend or relative, separation or divorce, marital problems,
problems with children, job loss (involuntary), partner’s job
loss (involuntary), money problems, residential move, or other
stressful event. The question on the 18-week gestation ques-
tionnaire asked whether any of the events had been experi-
enced since becoming pregnant and, on the 34-week gestation
questionnaire, whether any of the events had been experienced
within the last 4 months, ensuring that the same event was not
counted twice. As with previous studies, responses were re-
corded as “yes” or “no” in order to maximize effective recall
(Carmichael, Shaw, Yang, Abrams, & Lammer, 2007).

Number of stress events experienced. We computed a total
stressful life events index score by summing the number of
“yes” responses to the listed events, giving equal weight to
each. This index was computed for all stressful life events
reported throughout pregnancy. In order to compare those
mothers who experienced stressful events during pregnancy
with those who experienced no stressful events, we categor-
ized the total life stressful events index score into a categorical
indicator representing those mothers who experienced zero,
one, two, three, four, five, and six or more stressful events.

Type of stress events experienced. We separated events that
were considered to be independent (beyond the individual’s
control) as opposed to dependent (at least partly within the
individual’s control; Hammen, 1991; Rudolph & Hammen,
1999; Table 1). This categorization was based on the Hammen
model that differentiates between the effects of stress exposure
versus stress generation (Hammen, 1991). The number of “yes”

responses was summed and two continuous variables were cre-
ated measuring (a) the number of independent stress events and
(b) the number of dependent stress events experienced.

Timing of stress events experienced. Finally we computed
separate index scores for all events reported at 18 and at 34
weeks’ gestation. The number of “yes” responses was summed
and two continuous variables were created measuring (a) the
number of stress events at 18 weeks’ gestation and (b) the num-
ber of stress events experienced by 34 weeks’ gestation. As al-
ready noted, the questionnaires were worded to ensure that the
same event was not counted twice.

Control variables

The control variables selected for adjustment in our analysis
included numerous pre- and perinatal factors known to be as-
sociated with both prenatal stress experience and mental health
outcomes in children (Robinson et al., 2008). These variables
included maternal sociodemographic characteristics from the
prenatal period including maternal age (years), maternal edu-
cation (highest year of secondary education completed), and
maternal ethnicity (Caucasian compared with non-Caucasian;
Aboriginal mothers were excluded from the study because
there were too few cases). Maternal cigarette smoking during
the first 18 weeks of pregnancy (cigarettes per day) was in-
cluded in the model, as was the number of standard alcoholic
drinks consumed per week at 18 weeks’ gestation, total family
income (�$24,000 per annum compared with .$24,000 per
annum), and the presence of the biological father in the family
home (yes/no). We also controlled for gestational age (in
weeks, centered at the mean), birth weight (in grams, centered
at the mean), and breastfeeding duration in months (Li et al.,
2008). We did not have a measure of maternal psychopathol-
ogy during pregnancy, but we did have a measure of whether
the mother had ever been treated for an emotional or mental
health problem at the child’s 8-year follow-up (yes/no). Fi-
nally, we adjusted for the experience of stressful events at the
2-, 5-, 8-, 10-, and 14-year follow-ups using the same life stress

Table 1. Type of stress experienced at each measured time point in pregnancy

18 Weeks
(N ¼ 2,785)

34 Weeks
(N ¼ 2,545)

Type of Stress Life Event Experienced n % n %

Independent Death of a relative 149 5.4 138 5.4
Death of a friend 55 2.0 43 1.7
Your own job loss (not voluntary) 83 3.0 36 1.4
Your partner’s job loss (not voluntary) 135 4.8 135 5.3
Pregnancy problems 724 26.0 510 20.0

Dependent Separation or divorce 113 4.1 77 3.0
Residential move 454 16.3 465 18.3
Marital problems 246 8.8 183 7.2
Problems with your children 175 6.3 163 6.4
Money problems 782 28.1 663 26.1
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event questionnaire administered during pregnancy. The pri-
mary caregiver was asked to report which events had been
experienced in the previous 12 months.

Statistical analysis

Frequency data were compared for all outcome, predictor, and
control variables, and the percentages of study children scor-
ing above the clinical cutoff for total, internalizing, and exter-
nalizing morbidity at each follow-up were graphed. We used lo-
gistic regression models with generalized estimating equations
(accounting for repeated observations of the same individuals
over time) to examine the relationships between our predictor
variables and clinically significant T scores (binary indicator,
T � 60) from age 2 to 14 years after establishing that there
were no significant interactions between any of our predictor
variables and the child’s age at follow-up ( p , .05). The first
of our models assessed the relationship between the number
of stressful events experienced, the second model compared
independent stress events with dependent stress events, and
the third model compared events occurring by 18 weeks’ ges-
tation with those occurring by 34 weeks’ gestation. All of
our three generalized estimating equations models first exam-
ined univariate relationships, followed by the inclusion of all
control variables from pregnancy, and finally the inclusion of
the prenatal and postnatal variables, including the experience
of stress events in the 12 months preceding each follow-up.
This allowed us to examine the effect of adjustment on our
models. When we adjusted for maternal psychopathology at
the 8-year follow-up, there was no change in the magnitude
or direction of our results, and therefore we did not include
this variable in our models. We also examined gender inter-
action effects but these were not significant, and therefore
male and female offspring are combined in our models.
SPSS 15.0 was used for the analyses.

Results

The most commonly reported stressful events experienced in
pregnancy were financial difficulties, pregnancy complica-
tions, and residential moves (Table 1). Dependent stress events
were more common than independent stress events, and most
events were more commonly reported at 18 weeks’ gestation
than at 34 weeks’ gestation. At each follow-up, the children
born to women who experienced three or more stressful events
in pregnancy (n¼ 929) had higher rates of behavioral problems
across total, internalizing, and externalizing domains (Figure 2).
The mothers who experienced greater numbers of stressful
events in pregnancy were also more likely to experience stress-
ful life events in the 12 months preceding each subsequent
follow-up (Table 2). These mothers also were more likely to
be younger mothers, to have completed fewer years of high
school, to be living apart from the father of the child during
pregnancy, to have a low family income, and to smoke more
heavily (all p , .001). The dichotomization of the maternal
stress experience variable (less than three stress events com-

pared with three or more stress events) for the purposes of com-
paring frequency data was based on the results observed in Ta-
ble 3 and Figure 3.

Number of stress events experienced

The results for each additional stress event experienced dur-
ing pregnancy (up to six or more events) compared with no
stress events are presented in Table 3. The maternal experi-
ence of one or two stress events in pregnancy was not signif-
icantly associated with clinically significant CBCL T scores
for their child to age 14 when compared with the children
of mothers who had experienced no stress events. However,
for total behavioral morbidity the maternal experience of three
to six or more events during pregnancy was associated with in-
creased child behavioral morbidity in the fully adjusted model.
The experience of five and six or more events was associated
with a significant risk for increased internalizing morbidity
after adjustment for all confounding factors, whereas external-
izing morbidity was higher in the children of mothers who re-
ported four or more events when compared with the children
of mothers who reported no stressful events. The odds ratios
observed decreased following adjustment for potential con-
founders measured in the prenatal period and then again after
postnatal variables were also included in the models. We graphed
the adjusted odds ratios for total, internalizing, and externalizing
behavioral morbidity (Figure 3) and an association between
increasing stress events and morbidity was observed consistent
with a log–linear relationship.

Type of stress events experienced

Given there was a log–linear relationship between the number
of prenatal stress events experienced by the mother and child
behavioral outcomes, we analyzed the total number of inde-
pendent stress events and the total number of dependent stress
events as continuous variables (Table 4). The number of inde-
pendent and dependent events experienced were significantly
positively correlated (Spearman r ¼ .244, p , .001). The
number of both independent and dependent stress events ex-
perienced showed a significant positive relationship with to-
tal, internalizing, and externalizing morbidity before and after
adjustment, although the effect of independent stress events
on externalizing behavioral morbidity was not significant at
p , .05 ( p ¼ .065). For total and externalizing behavior,
the odds ratios were higher for dependent stress events com-
pared with independent stress events, whereas the results for
internalizing behavior were similar after pre- and postnatal
confounders were included in the model. There was no signif-
icant difference between the odds ratios for independent com-
pared with dependent events for any of our outcomes.

Timing of stress events experienced

We included the total number of events experienced at 18 and
34 weeks’ gestation as continuous variables in our final model
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Figure 2. Total, internalizing, and externalizing morbidity (T � 60) by the number of stressful events experienced throughout pregnancy (less
than three events, greater than or equal to three events).
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(Table 5). The number of stress events experienced at 18 and 34
weeks’ gestation showed a significant positive relationship with
increased behavioral morbidity, and again, these relationships
changed very little with adjustment for pre- and then postnatal

factors. Although internalizing morbidity was similarlyaffected
by stress events at 18 and 34 weeks’ gestation, stress events ex-
perienced early in pregnancy showed slightly higher odds ratios
predicting total and externalizing morbidity compared with

Table 2. Frequency data by number of stressful life events experienced throughout pregnancy for
participants in the 14-year follow-up who completed the Child Behavior Checklist/4–18 (N ¼ 1,744)

,3 Stress Events
(N ¼ 1,043)

3+ Stress Events
(N ¼ 560)

Mean SD Mean SD pa

Perinatal factors
Gestational age (weeks) 39.0 1.7 38.9 2.0 .221
Birth weight (g) 3377.9 540.6 3351.0 558.9 .360

Postnatal factors
Breastfeeding duration (months)
Number of life stress events

8.4 7.2 7.7 7.2 .069

2 years 1.1 1.3 2.1 1.7 <.001
5 years 1.1 1.3 2.0 1.6 <.001
8 years 1.1 1.2 1.8 1.6 <.001
10 years 1.2 1.2 1.9 1.4 <.001
14 years 1.4 1.3 2.2 1.5 <.001

Median 1.0 2.0

n % n % pb

Gender of child .287
Male 542 52.0 282 50.4
Female 501 48.0 278 49.6

Maternal age at conception <.001
,20 years 46 4.4 55 9.8
20–24.9 years 156 15.0 138 24.7
25–29.9 years 334 32.1 156 27.9
30–34.9 years 314 30.2 144 25.8
35+ years 191 18.3 66 11.8

Maternal education <.001
,High school completion 532 51.1 343 61.5
High school completion 509 48.9 215 38.5

Father living with family <.001
Yes 981 94.1 472 84.3
No 62 5.9 88 15.7

Low family income in pregnancy <.001
≤$24,000 per annum 208 20.9 181 34.2
.$24,000 per annum 787 79.1 349 65.8

Maternal ethnicity .248
Caucasian 955 91.6 519 92.7
Non-Caucasian 88 8.4 41 7.3

Smoking in pregnancy <.001
None 852 81.7 402 71.8
1–5 daily 80 7.7 46 8.2
6–10 daily 41 3.9 42 7.5
11–15 daily 34 3.3 36 6.4
16–20 daily 26 2.5 20 3.6
21+ daily 10 1.0 14 2.5

Alcohol in pregnancy .993
No alcohol 534 51.2 283 50.5
≤1 drink/week 264 25.3 148 26.4
2–6 drinks/week 206 19.8 109 19.5
7+ drinks/week 39 3.7 20 3.6

Note: Column percentages are presented, but missing data are not. The bold values indicate significant results.
aThe p value for the difference in the mean score.
bThe p value for the linear by linear trend.
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stress at 34 weeks’ gestation. Therewas no significant difference
between the odds ratios for events at 18 weeks’ compared with
events at 34 weeks’ gestation for any of our outcomes.

Discussion

This study on the number, nature, and timing of prenatal psy-
chosocial stress on emotional development of the child sug-
gests that the maternal experience of stressful events during
pregnancy is associated with higher behavioral morbidity for
offspring in childhood and adolescence when compared with
the offspring of mothers with no experience of stressful events
during pregnancy. Both independent and dependent stressors
were associated with increased behavioral problems, and the ef-
fect of stress experience at 18 weeks’ gestation showed a slightly

higher risk than stress experienced at 34 weeks’ gestation for to-
tal and externalizing behavior. The maternal experience of mul-
tiple stressful events during pregnancy was also associated with
(a) an increased likelihood for the mother to be further exposed
to stressful events after birth and (b) indicators of general social
disadvantage. Our findings show that the effect of stress events
in pregnancy remained a significant predictor of behavioral
problems in children and adolescents independent of pre- and
postnatal confounding variables.

Our results concerning the relationship between the num-
ber of stressful events in pregnancy and behavioral impact on
the child support a linear dose–response relationship. We
have previously shown that increasing numbers of prenatal
stress events experienced resulted in increased behavioral
problems for children in the preschool years and these data

Table 3. Adjusted logistic regression analysis showing effect of each additional stress event during pregnancy (compared
with no events) on clinically significant Child Behavior Checklist T scores (binary indicator, T ≥ 60)

Stress Events

None One Two Three Four Five Six or More

Total behavior
Unadjusted ORa Ref. 1.30 1.30 2.68** 2.50** 3.34** 6.14**
95% CI 0.91, 1.85 0.91, 1.87 1.87, 3.84 1.67, 3.77 2.11, 5.28 4.09, 9.22
p .149 .151 ,.001 ,.001 ,.001 ,.001
Adjusted OR prenatalb Ref. 1.19 1.20 2.26** 2.15** 2.76** 5.17**
95% CI 0.82, 1.72 0.82, 1.75 1.55, 3.31 1.40, 3.32 1.72, 4.42 3.33, 8.02
p .365 .356 ,.001 0.001 ,.001 ,.001
Adjusted OR all variablesc Ref. 1.15 1.02 1.86** 1.62* 2.12* 4.14**
95% CI 0.78, 1.68 0.69, 1.52 1.25, 2.77 1.04, 2.52 1.25, 3.61 2.56, 6.69
p .488 .905 .002 .033 .005 ,.001

Internalizing behavior
Unadjusted ORa Ref. 1.32 1.3 2.01** 1.73* 2.79** 5.22**
95% CI 0.95, 1.83 0.93, 1.83 1.41, 2.88 1.16, 2.58 1.83, 4.24 3.60, 7.58
p .103 .131 ,.001 .007 ,.001 ,.001
Adjusted OR prenatalb Ref. 1.27 1.26 1.83** 1.57* 2.62** 5.11**
95% CI† 0.90, 1.79 0.88, 1.80 1.25, 2.67 1.04, 2.37 1.72, 3.98 3.39, 7.70
p .167 .214 .002 .032 ,.001 ,.001
Adjusted OR all variablesc Ref. 1.31 1.23 1.55* 1.38 2.14** 4.22**
95% CI 0.92, 1.88 0.84, 1.79 1.03, 2.33 0.88, 2.15 1.33, 3.43 2.70, 6.58
p .14 .295 .034 .158 .002 ,.001

Externalizing behavior
Unadjusted ORa Ref. 1.17 1.02 1.82** 2.48** 2.90** 4.54**
95% CI 0.84, 1.64 0.73, 1.43 1.28, 2.60 1.70, 3.61 1.84, 4.58 3.02, 6.82
p .363 .918 .001 ,.001 ,.001 ,.001
Adjusted OR prenatalb Ref. 1.06 0.96 1.49* 2.09** 2.34** 3.47**
95% CI 0.75, 1.50 0.67, 1.37 1.02, 2.18 1.41, 3.09 1.48, 3.72 2.24, 5.39
p .758 .819 .039 ,.001 ,.001 ,.001
Adjusted OR all variablesc Ref. 1.04 0.84 1.21 1.65* 1.69* 2.53**
95% CI 0.73, 1.51 0.58, 1.21 0.81, 1.82 1.09, 2.51 1.02, 2.80 1.55, 4.14
p .802 .345 .352 .019 .042 ,.001

Note: OR, odds ratio; 95% CI, 95% confidence intervals. The bold values indicate significant results.
aAdjusted for child’s age at follow-up (and child’s age at follow-up squared).
bAdjusted for maternal smoking in pregnancy, maternal alcohol intake at 18 weeks, maternal age at conception, maternal education at pregnancy, total family
income, presence of the biological father in the family home, maternal ethnicity, child’s age at follow-up (and child’s age at follow-up squared).
cAdjusted for maternal smoking in pregnancy, maternal alcohol intake at 18 weeks, maternal age at conception, maternal education at pregnancy, total family
income, presence of the biological father in the family home, maternal ethnicity, child’s age at follow-up (and child’s age at follow-up squared), gestational age
(weeks), birth weight (g), breastfeeding (months), and experience of life stress events within each follow-up period.
*p , .05. **p , .005.
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extend those findings (Robinson et al., 2008). Another study
has found that when mothers experienced six or more life
stress events problem behaviors in their children increased,
but this study was not specific to stress in pregnancy
(Hook, Hagglof, & Thernlund, 1995). Increasing numbers
of prenatal stressful events experienced by the mother have
also been associated with a reduced length of breastfeeding
(Li et al., 2008), and an increased rate of birth defects (Carmi-
chael et al., 2007). Most of the literature implicitly assumes
that the effect of stress is cumulative and additive, implying
that more stress leads to poorer outcomes (Carmichael et al.,
2007; Lobel, 1994). Certainly, a high level of anxiety in preg-
nancy has been linked with adverse mental health outcomes in
the early years based on evidence from a population cohort
study focused primarily on maternal mental health (Field &
Diego, 2008) and a prospective pregnancy cohort study sim-
ilar to that reported here (O’Connor et al., 2002).

Research on the impact of maternal stress suggests that the
experience of traumatic events beyond the individual’s control,
such as major disasters, can influence the development of men-
tal health-related behavioral problems in offspring (Malaspina
et al., 2008). In our study, the experience of both dependent

and independent psychosocial stress events impacted on the
development of child behavioral problems, although stressful
life events that the mother had some control over showed a
slightly stronger association with the development of total
and externalizing morbidity in offspring. The presence of sim-
ilar effects between dependent and independent stress event ex-
posure would indicate that events that are at least partially influ-
enced by the actions of the individual do not vary greatly from
those events beyond the individual’s control in terms of im-
pacting on behavioral outcomes for offspring.

This study observed that stress events experienced before
18 weeks’ gestation as well as between 18 and 34 weeks’ ges-
tation were associated with a higher risk of problem behavior,
but stress events experienced before 18 weeks’ gestation had
slightly more impact on total and externalizing morbidity in
offspring than stress events experienced later in pregnancy.
Previous reports have been divided over the effect of timing
on the development of behavioral problems (Kofman, 2002).
Those that have found time-specific stress influences in preg-
nancy have theorized that the effects are due to critical fetal
developmental stages (O’Connor et al., 2002), although this
theory is yet to be more widely supported (Austin, Leader, &

Figure 3. Odds ratios from the adjusted logistic regression analyses showing the effect of each additional stress event during pregnancy
(compared with no events) on clinically significant Child Behavior Checklist total, internalizing, and externalizing T scores (binary indicator,
T � 60).
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Reilly, 2005). Our results do not allow us to make specific com-
mentsabout the relationship between the experience of the stres-
sor and the developmental window of critical brain function un-
derlying neurobehavioral development during childhood. In
contrast, maternal responsiveness to stressful events is known
to gradually dampen over time due to pregnancy-related phys-
iological changes in stress sensitive hormones (Mastorakos &
Ilias, 2000), which may suggest that life events experienced
later in pregnancy were perceived as less stressful than when
experienced earlier in pregnancy (Glynn et al., 2004; Laplante
et al., 2004).

Potential mechanisms

The etiological pathways of adverse neurobehavioral develop-
ment appear deeply entangled. Possible causal mechanisms

linking stress and neurobehavioral outcomes include (a) stress
sensitivity and consequent psychoneuroendocrine changes un-
derlying poorer behavior (Seckl & Holmes, 2007), (b) inade-
quacies in material circumstances related to child mental health
(Gravelle, 1998; Wolfson, Kaplan, Lynch, Ross, & Backlund,
1999), and (c) maternal deficits in psychosocial domains such
as attachment quality and parenting (Leonhardt, Matthews,
Meaney, & Walker, 2007; Paarlberg et al., 1995).

Stress hormones are believed to contribute to the biological
mechanism underlying the adverse effects of prenatal stress on
fetal development and growth (Newnham, Moss, Nitsos, Slo-
boda, & Challis, 2002; Seckl & Holmes, 2007). Despite preg-
nancy-related alterations in neuroendocrine stress markers
(Kammerer, Taylor, & Glover, 2006), various self-reported
prenatal psychosocial stress variables have been reported to
correlate with elevated maternal adrenocorticotrophin hor-

Table 4. Adjusted logistic regression analysis showing effect of the number of independent and dependent stress events
during pregnancy on clinically significant Child Behavior Checklist T scores (binary indicator, T ≥ 60)

Number of Events

Total Behavior

Independent stress
Unadj. ORa 1.35** Adj. OR prenatalb 1.32** Adj. OR all variablesc 1.23**
95% CI 1.21, 1.50 95% CI 1.18, 1.48 95% CI 1.09, 1.39
p ,.001 p ,.001 p .001

Dependent stress
Unadj. ORa 1.39** Adj. OR prenatalb 1.33** Adj. OR all variablesc 1.29**
95% CI 1.30, 1.49 95% CI 1.23, 1.44 95% CI 1.18, 1.40
p ,.001 p ,.001 p ,.001

Internalizing Behavior

Independent stress
Unadj. ORa 1.35** Adj. OR prenatalb 1.37** Adj. OR all variablesc 1.27**
95% CI 1.22, 1.49 95% CI 1.20, 1.49 95% CI 1.13, 1.42
p ,.001 p ,.001 p ,.001

Dependent stress
Unadj. ORa 1.31** Adj. OR prenatalb 1.29** Adj. OR all variablesc 1.25**
95% CI 1.23, 1.40 95% CI 1.20, 1.40 95% CI 1.15, 1.36
p ,.001 p ,.001 p ,.001

Externalizing Behavior

Independent stress
Unadj. ORa 1.24** Adj. OR prenatalb 1.22** Adj. OR all variablesc 1.12
95% CI 1.12, 1.38 95% CI 1.09, 1.36 95% CI 0.99, 1.26
p ,.001 p ,.001 p .065

Dependent stress
Unadj. ORa 1.38** Adj. OR prenatalb 1.29** Adj. OR all variablesc 1.22**
95% CI 1.28, 1.48 95% CI 1.19, 1.39 95% CI 1.12, 1.33
p ,.001 p ,.001 p ,.001

Note: OR, odds ratio; 95% CI, 95% confidence intervals. The bold values indicate significant results.
aAdjusted for child’s age at follow-up (and child’s age at follow-up squared).
bAdjusted for maternal smoking in pregnancy, maternal alcohol intake at 18 weeks, maternal age at conception, maternal education at pregnancy, total family
income, presence of the biological father in the family home, maternal ethnicity, child’s age at follow-up (and child’s age at follow-up squared).
cAdjusted for maternal smoking in pregnancy, maternal alcohol intake at 18 weeks, maternal age at conception, maternal education at pregnancy, total family
income, presence of the biological father in the family home, maternal ethnicity, child’s age at follow-up (and child’s age at follow-up squared), gestational age
(weeks), birth weight (g), breastfeeding (months), and experience of life stress events within each follow-up period.
**p , .005.
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mone and cortisol levels at around 28 weeks of pregnancy
(Field & Diego, 2008; Wadhwa, Dunkel-Schetter, Chicz-De-
Met, Porto, & Sandman, 1996). Circulating cortisol levels ex-
ceeding basal concentrations appear able to cross the placenta
(Seckl & Holmes, 2007) and to have the potential to nega-
tively affect the development of the fetal stress response sys-
tem (DiPietro, 2004; Sloboda, Challis, Moss, & Newnham,
2005). Premature exposure to elevated cortisol via fetal pro-
gramming could prepare the developing fetus for a world
that the mother perceives as stressful, and the fetal adaptation
to this perceived stressful environment could alter personality
and predispose to behavioral problems through compromising
changes in brain neurotransmitter activity (French, Hagan,
Evans, Mullan, & Newnham, 2004; Sloboda et al., 2005).

However, the evidence for biological pathways linking
stress experienced in pregnancy and behavioral problems is

less than compelling. The strong relationship between stress
in pregnancy and socioeconomic disadvantage could also ex-
plain our results. Low socioeconomic status is associated with
a number of social conditions that can increase children’s expo-
sure to delinquent and aggressive behaviors such as substance
use, neighborhood and domestic violence, and child abuse
(Baum, Garofalo, & Yali, 1999). Further, mothers who experi-
ence stress in pregnancy and later in life may be more likely to
have poor parenting styles (e.g., harsh and physical punish-
ment), which provides a negative role model for the offspring
resulting in the encouragement of externalizing behaviors in
children. These factors can impart their own adverse influence
on child behavioral development and greater exposure may in-
crease vulnerability to the effects of stress (Baum et al., 1999;
Paarlberg et al., 1995). Although we adjusted for various socio-
economic status associated factors and later stress exposure, the

Table 5. Results of logistic regression models with generalized estimating equations examining the effect of stress at 18
and 34 weeks gestation on Child Behavior Checklist morbidity from age 2 to 14 years (N surveys ¼ 9,837)

Number of Events

Total Behavior

18 weeks
Unadj. ORa 1.44** Adj. OR prenatalb 1.36** Adj. OR all variablesc 1.31**
95% CI 1.33, 1.56 95% CI 1.25, 1.49 95% CI 1.19, 1.44
p ,.001 p ,.001 p ,.001

34 weeks
Unadj. ORa 1.45** Adj. OR prenatalb 1.39** Adj. OR all variablesc 1.28**
95% CI 1.33, 1.57 95% CI 1.26, 1.52 95% CI 1.16, 1.41
p ,.001 p ,.001 p ,.001

Internalizing Behavior

18 weeks
Unadj. ORa 1.35** Adj. OR prenatalb 1.31** Adj. OR all variablesc 1.26**
95% CI 1.25, 1.45 95% CI 1.21, 1.43 95% CI 1.15, 1.38
p ,.001 p ,.001 p ,.001

34 weeks
Unadj. ORa 1.40** Adj. OR prenatalb 1.38** Adj. OR all variablesc 1.28**
95% CI 1.29, 1.51 95% CI 1.26, 1.50 95% CI 1.17, 1.40
p ,.001 p ,.001 p ,.001

Externalizing Behavior

18 weeks
Unadj. ORa 1.37** Adj. OR prenatalb 1.29** Adj. OR all variablesc 1.23**
95% CI 1.26, 1.48 95% CI 1.18, 1.41 95% CI 1.11, 1.35
p ,.001 p ,.001 p ,.001

34 weeks
Unadj. ORa 1.38** Adj. OR prenatalb 1.29** Adj. OR all variablesc 1.17**
95% CI 1.27, 1.51 95% CI 1.18, 1.42 95% CI 1.06, 1.29
p ,.001 p ,.001 p .002

Note: OR, odds ratio; 95% CI, 95% confidence intervals. The bold values indicate significant results.
aAdjusted for child’s age at follow-up (and child’s age at follow-up squared).
bAdjusted for maternal smoking in pregnancy, maternal alcohol intake at 18 weeks, maternal age at conception, maternal education at pregnancy, total
family income, presence of the biological father in the family home, maternal ethnicity, child’s age at follow-up (and child’s age at follow-up squared).
cAdjusted for maternal smoking in pregnancy, maternal alcohol intake at 18 weeks, maternal age at conception, maternal education at pregnancy, total
family income, presence of the biological father in the family home, maternal ethnicity, child’s age at follow-up (and child’s age at follow-up squared),
gestational age (weeks), birth weight (g), breastfeeding (months), and experience of life stress events within each follow-up period.
**p , .005.
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situation is likely to be complex (Paarlberg et al., 1995; Talge
et al., 2007; Van den Bergh et al., 2005). It is interesting that at-
tempts to intervene in pregnancy by providing more psychoso-
cial support have had mixed outcomes (Cowan & Cowan, 2002;
Urizar et al., 2004; Villar et al., 1992) and the inconclusive evi-
dence on the general effectiveness of antenatal stress reduction
may point to the intricacy of the socioeconomic, psychosocial,
and biological influences in pregnancy that may relate to prob-
lematic behavior in the offspring.

Our study has a number of strengths, particularly the use of
prospectively collected data over 14 years that included infor-
mation on a wide variety of potential confounders. A pregnancy
cohort of this nature is essential for a rigorous analysis of the
causal influence of stress in pregnancy on child development.
The longitudinal follow-up of child behavior over time, together
with the information collected on later stress exposure allowed
us to examine the long-term effect on children of maternal expe-
rience of life stress events in pregnancy, plus the collection at
two time points in pregnancy allowed us to determine the effects
of timing without counting the same event twice. Our sample
had adequate statistical power and it was population-based
rather than clinical. The inclusion of maternal pregnancy concerns
as a stress event was important because pregnancy and birth are
often viewed as stressful experiences in their own right, particu-
larly as they often initiate other stressful circumstances such as
employment changes, financial pressures, and relationship ad-
justment (Saunders et al., 2006). This inclusion may also have
indirectly brought into consideration other perinatal risks that
may themselves lead to poor child outcomes, such as gestational
hypertension and unplanned caesarean delivery (Saunders et al.,
2006), although we controlled for gestational age and birth
weight to assist in overcoming this limitation.

As a restraint to our study, we were unable to control for
maternal depressive typology in pregnancy. Although there
is evidence to suggest that life stress event scales are a proxy

measure of maternal psychological distress, life stress scales
do not specifically measure depression (Seguin et al., 1995).
Further, when we adjusted for whether the mother had ever
been treated for an emotional or mental health problem by
the 8-year follow-up our results remained the same, although
we acknowledge that some women with mental health prob-
lems may not have sought treatment. The use of the mother as
single informant is potentially a limitation of this study,
although the parent-report CBCL has been well validated
(Warnick, Bracken, & Kasl, 2008). In addition, we could
not be certain that we were truly studying independent as
opposed to dependent stress, as independent stress events
(e.g., death of a relative or divorce) may be followed by a
psychologically stressful aftermath that is influenced by the
individual’s response and involvement (dependent stress).
Finally, we acknowledge the potential for stressful life events
to have occurred between 34 weeks’ gestation and birth,
which had not been recorded in our cohort.

Conclusion

The maternal experience of multiple stressful events during
pregnancy increases the risk of child behavioral problems
during the first 14 years of life, and this effect arises from
both ongoing dependent and independent stressors. Although
the effect of stress in pregnancy on problem behavior later in
childhood was evident at both time points studied, it is of fur-
ther interest that the exposure to life stress events early in
pregnancy was associated with greater risk for total and exter-
nalizing behavioral problems than stress at 34 weeks. These
results clearly demonstrate the need to undertake trials of in-
terventions designed to reduce stress for pregnant mothers,
especially those at a higher risk of exposure to psychosocial
stressors due to social disadvantage, in an attempt to limit
the development of behavioral problems in their offspring.
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