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Abstract

There is debate about the relative importance of timing of stressful events prenatally and over the life course and risk for subsequent depressive/anxious
illness. The aim of this study was to examine the relative roles of prenatal stress and postnatal stress trajectories in predicting depression and anxiety in
early adulthood in males and females. Exposure to life stress events was examined in the Western Australian Pregnancy Cohort (Raine) Study during
pregnancy and ages 1, 2, 3, 5, 8, 10, 14, and 17 years. At age 20, offspring completed the Depression Anxiety Stress Scale. Prenatal stress and trajectories
of stress events from age 1 to 17 were analyzed in linear regression analyses. Five postnatal stress trajectories were identified. In females, medium to
high chronic stress exposure or exposure during puberty/adolescence predicted depression and anxiety symptoms while low or reduced stress exposure
over the life course did not, after adjustment for relevant confounders. High stress early in pregnancy contributed to male depression/anxiety symptoms
independent of postnatal stress trajectory. In females, postnatal stress trajectory was more important than prenatal stress in predicting depression/
anxiety symptoms. Interventions focused on reducing and managing stress events around conception/pregnancy and exposure to chronic stress are
likely to have beneficial outcomes on rates of depression and anxiety in adults.

Stress events have consistently been linked to the develop-
ment of depression and anxiety disorders (Kendler, Kar-
kowski, & Prescott, 1999). Increased exposure to and severity
of stress events have been associated with poorer clinical out-
comes including more severe symptoms (Chapman et al.,
2004), earlier onset (Kessler, 1997), recurrence (Francis,
Moitra, Dyck, & Keller, 2012), and reduced response to treat-
ment (Nemeroff et al., 2003).

When considering the available research, exposure to
stressful events during prenatal life, throughout childhood,
and in adolescence have all been associated with depres-
sive/anxious illness later in life. However, their relative impor-
tance in predicting psychological outcomes remains in ques-
tion. With regard to the timing of stress exposure, some

data suggest that recent life stress events are more relevant
predictors of depression than past events. Up to 80% of
depression in the community occurs after a recent major life
event (Mazure, 1998). Further, a 2007 meta-analysis of pre-
vious research found that the longer the time since the onset
of the stress, the less effect it had on stress hormones (Miller,
Chen, & Zhou, 2007). At the same time, it is clear that not all
individuals who experience major life events will go on to de-
velop depression, which suggests that other factors serve to
increase risk for depressive symptoms after stress.

The theory has been proposed that sensitization to later
stressors may occur in those who have been exposed to early
adverse experiences (Hammen, Henry, & Daley, 2000; Heim
et al., 2002), such that early adversity increases vulnerability
to depression in response to stress in later life (Espejo et al.,
2007). Similarly, chronic or cumulative stress sustained
over a long period of time may increase the risk of affective
illness, especially when combined with recent acute stressors
(Hammen, Kim, Eberhart, & Brennan, 2009; Schilling, Asel-
tine, & Gore, 2008; Vinkers et al., 2014). An alternative hy-
pothesis suggests that moderate life stress early in life may
confer some resilience against the negative effects of later
life stressors, similar to an inoculation effect (Liu, 2015). In
such a case, the opportunity to develop an endogenous stress
response early in life may confer an increased adaptive ability
to respond adequately when the stress system is challenged
again (Gunnar, Frenn, Wewerka, & Van Ryzin, 2009). It
also follows that those deprived of any form of early life stress
may be less prepared to respond appropriately to future stress

Address correspondence and reprint requests to: Carly E. Herbison,
School of Women’s and Infants’ Health (M550), University of Western Aus-
tralia, 35 Stirling Highway, Crawley, WA 6009, Australia; E-mail: carly.her-
bison@uwa.edu.au.

The first author (C.H.) was supported by scholarships from the Australian
Government, Raine Study, and Women and Infants Research Foundation.
We thank Dr. Anne Smith and Dr. Garth Kendall for advice using PROC
TRAJ in SAS. In addition, we thank the Raine Study participants who
took part in each aspect of this research, the Raine Study Team for cohort co-
ordination and data collection, and the National Health and Medical Research
Council (NHMRC) and the Telethon Kids Institute for their longstanding
funding and support of the study. Core funding for the Western Australian
Pregnancy Cohort (Raine) Study is provided by the Raine Medical Research
Foundation; University of Western Australia, Faculty of Medicine, Dentistry
and Health Sciences; Telethon Kids Institute; Women and Infants Research
Foundation; Edith Cowan University; and Curtin University.

Development and Psychopathology 29 (2017), 1443–1454
# Cambridge University Press 2017
doi:10.1017/S0954579417000372

1443

https://doi.org/10.1017/S0954579417000372 Published online by Cambridge University Press

mailto:carly.herbison@uwa.edu.au
mailto:carly.herbison@uwa.edu.au
https://doi.org/10.1017/S0954579417000372


exposures. This concept aligns with the “mismatch hypoth-
esis,” which holds that individuals are more likely to suffer
disease if a mismatch occurs between the early programming
environment and the later life adult environment (Gluckman
& Hanson, 2006).

The timing of stress exposure may be important mecha-
nistically as brain regions regulating the stress response (via
the hypothalamus–pituitary–adrenal [HPA] axis) develop
and mature at different ages (Lupien, McEwen, Gunnar, &
Heim, 2009). The hippocampus attains maturation at the
age of 2 years, the prefrontal cortex matures between 8 and
14 years, and the amygdala continues to mature slowly until
the late 20s (Giedd et al., 1996). Exposure to high levels of
stress during these critical windows of development can im-
pair the growth and maturation of these brain regions (Lupien
et al., 2009). In utero, the fetus may be exposed to stress hor-
mones via placental transfer from the mother. Prenatal stress
exposure in animal models has been shown to affect neurode-
velopment and increase the risk for behavioral changes in the
offspring (Kofman, 2002; Weinstock, 2001). Studies have as-
sociated prenatal stress or anxiety with later symptoms of anx-
iety and depression (Talge, Neal, Glover, & Early Stress
Translational Research and Prevention Science Network,
2007; Van den Bergh, Mulder, Mennes, & Glover, 2005) or
increased stress reactivity (Davis, Glynn, Waffarn, & Sand-
man, 2011) in the child. Epigenetic mechanisms have been
proposed to mediate these effects (Conradt, Lester, Appleton,
Armstrong, & Marsit, 2013; Meaney, Szyf, & Seckl, 2007;
Pena, Monk, & Champagne, 2012; Tyrka, Price, Marsit, Wal-
ters, & Carpenter, 2012). In addition, puberty is marked by
dramatic changes in stress reactivity and exposure to stressors
during this sensitive period can have a lasting impact on the
stress response via the HPA axis (Romeo, 2010a, 2010b).
This may contribute to the increase in psychological disorders
seen to emerge during adolescence, especially in females.
However, stress-provoking events rarely occur in isolation,
and research shows that life stress events in an individual or
family are highly correlated over time. Cole, Nolen-Hoek-
sema, Girgus, and Paul (2006) found that the numbers of ad-
versities experienced in childhood are positively associated
with the number of life stress events in adolescence and adult-
hood. Most studies examining prenatal stress exposure are un-
able to control for stress exposure after birth, and so it remains
to be seen whether the effect of prenatal stress exposure on
mental health outcomes is independent of the effects of later
life stress. Hence, prenatal stress and early life adversity may
be associated with depression predominantly because they are
followed by a trajectory of negative life stress events across
the life span (Hazel, Hammen, Brennan, & Najman, 2008).
Conversely, a recent life stress event may be more likely to
trigger a depressive episode if it is preceded by a certain pat-
tern of stress events from birth. Therefore, a life course ap-
proach is required to explore the relative impact of prenatal
and postnatal timing of stress exposures on offspring mental
health. The developmental pathway of stress exposure may
play a role in identifying subgroups of children at higher

risk of stress sensitivity (Liu, 2015), optimal times for inter-
ventions (Heim & Binder, 2012), and defining subgroups
of depression likely to respond differently to treatment
(Heim, Plotsky, & Nemeroff, 2004).

Many previous studies examining the link between stress
exposure and mental health problems have been cross-sec-
tional or retrospective in nature, or have not been able to ade-
quately examine confounding factors such as early or recent
life stress, socioeconomic status, or parental mental health.
Very few studies have had the capability to examine stress ex-
posure at different developmental stages in the same indi-
viduals and psychological outcomes. As stress events in the
same family are highly correlated over time, analyses taking
repeated measures from the same person into consideration
are vital to our understanding of the relative timing of life
stress exposure and psychiatric outcomes.

The Western Australian Pregnancy Cohort (Raine) Study
provides a unique opportunity to examine family stress event
exposure from the start of pregnancy to 17 years postbirth and
subsequent symptoms of depression and anxiety in young
adulthood. The first aim of this study was to examine longi-
tudinal trajectories of postnatal stress exposure over the first
17 years of life and their relationship with symptoms of de-
pression, anxiety, and stress at age 20 in males and females,
adjusting for appropriate covariates. The second aim was to
examine the relative contribution of prenatal versus postnatal
stress events to depression, anxiety, and stress at age 20. We
hypothesized, first, that trajectories involving high numbers
of stress events during early life and adolescence would pre-
dict symptoms of depression and anxiety by early adulthood;
second, that stress exposure from birth to age 17 would be
more predictive of adult depression and anxiety symptoms
than prenatal stress exposure; and third, that the impact of
stress events across the life span on adult depression and anx-
iety would differ between males and females.

Methods

Participants

The Raine Study, established in 1989, is a prospective cohort
study of 2,868 live births, with longitudinal follow-up from
16 weeks gestation to early adulthood (Newnham, Evans,
Michael, Stanley, & Landau, 1993). Mothers were recruited
from the public antenatal clinic at King Edward Memorial
Hospital and nearby private clinics. After the initial measures
at 16–20 weeks gestation, follow-ups were conducted at 34
weeks gestation and ages 1, 2, 3, 5, 8, 10, 14, 17, and 20 years.
Ethics approval for this study was obtained from King Ed-
ward Memorial Hospital, Princess Margaret Hospital, and
the University of Western Australia. All procedures were car-
ried out with parental written informed consent up to the age
of 18. Participants provided their own consent at age 20.
Racial characteristics were 2,473 (88.2%) Caucasian, 124
(4.4%) Chinese, 74 (2.6%) Indian, 67 (2.4%) Aboriginal,
66 (2.4%) other, and 64 (2.2%) not reported. Of the original
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2,868 participants, 2,076 (72.4%) were retained until the age
20 review (1,473 completed the age 20 review, 603 deferred
from participating, 519 had withdrawn from the study, 236
were lost to follow-up, and 37 had died). As with all long-
term cohort studies, there has been attrition over time with
those lost to follow-up more likely to have higher indices of
social disadvantage. This loss of disadvantaged families to
follow-up is partially offset in the Raine Study by the fact
that the original cohort showed an overrepresentation of so-
cially disadvantaged families (Robinson et al., 2010).

Measurement of stress events

During pregnancy, at 18 weeks gestation, mothers filled out a
questionnaire asking whether any of 11 life stress events had
been experienced since becoming pregnant. At 34 weeks
gestation, the questionnaire was repeated referring to the last
4 months. From age 1 to 17 primary caregivers reported on
the same 11 life stress events occurring in the past 12 months.
These life events were selected from the life stress inventory
developed by Tennant and Andrews (1976). They included
problems with pregnancy, death of a close relative, death of a
friend, marital problems, separation or divorce, problems with
children,own job loss (involuntary), partner’s job loss (involun-
tary), financial hardship, residential move, and “other” stressful
events, as used in other studies (Robinson et al., 2011; Tearne
et al., 2015). We examined high stress during pregnancy (the
sum of18-week and34-weekeventsdichotomizedas 3þ events
vs. ,3 events) and also looked at high stress early in pregnancy
and late in pregnancy (3þ events vs. ,3 events at 18 weeks and
34 weeks). Longitudinal stress exposure, composed of the total
number of family stress events experienced at each age, was
used in trajectory analysis (see below). Additional information
detailing the number and distribution of stress event data at each
time point can be found online in supplementary Figure S.1.

Measurement of depression and anxiety

Symptoms of anxiety, depression, and stress were measured
using the Depression, Anxiety and Stress Scale (DASS-21)
answered by the Raine young adults at age 20. The DASS-
21 is a 21-item self-report questionnaire producing a total
score and three subscale scores designed to measure the
negative emotional states of depression, anxiety, and stress
over the past week (Lovibond & Lovibond, 1995). It is a
shorter version of the original 42-item DASS, more suitable
for research purposes in which final scores are multiplied
by 2 to give the final values. The DASS-21 has been shown
to produce similar results to the full DASS and has the same
factor structure and excellent internal consistency and reli-
ability with Cronbach a values .0.9 for the DASS total score
(Crawford & Henry, 2003; Sukantarat, Williamson, & Brett,
2007). We report the total DASS score as there is strong sup-
port for the derivation and use of the DASS-21 total scale
score rather than independent scores (Osman et al., 2012),
in acknowledgement of extreme comorbidity between de-

pression, anxiety, and stress. We use DASS severity ratings
(normal, mild, moderate, severe, or extremely severe) to inter-
pret the clinical significance of changes in DASS scores by
stress exposure (Lovibond & Lovibond, 1995).

Covariates

We examined a number of covariates that may confound the
relationship between the occurrence of life stress events and
young adult mental health problems.

Baseline covariates. Maternal education (12 or more years of
education vs. less than 12 years of education); family income
(total income �24,000 vs. .24,000 AUD per annum, in ac-
cordance with the poverty line at the time the data were col-
lected); smoking during pregnancy (no cigarettes smoked
vs. any cigarettes smoked); father living at home during preg-
nancy (living at home vs. not living at home); length of gesta-
tion (,37 vs.�37 weeks); and parity (0, 1, and 2 or more chil-
dren). Birthweight and maternal age during pregnancy were
used in their continuous form. The Socioeconomic Indices
for Areas are relative summary measures of socioeconomic
disadvantage created by combining information collected
from the Australian Census data. We used the Index of Relative
Socioeconomic Disadvantage in this study as a continuous so-
cioeconomic indicator where lower numbers represent greater
disadvantage (Australian Bureau of Statistics, 2006). This in-
dex incorporates many different measures of social and finan-
cial status, and we found it to account for more variability in
our models than any other single socioeconomic variable.

Age 20 covariates. Living arrangements (living with family
or relatives vs. living alone, with a partner, child, or flatmate);
smoking at age 20 (no cigarettes smoked vs. any cigarettes
smoked); body mass index (BMI, continuous); alcohol con-
sumption (standard drinks per day); the Index of Relative So-
cioeconomic Disadvantage (see above); and vigorous exer-
cise, moderate exercise, and walking in the form of number
of hours per week were tested in their continuous form.

Parental mental health was measured at the age 14 and 17
reviews where the mother and father of the child were asked if
they had ever been treated for an emotional or mental health
problem (other than postnatal depression). A three-category
parental mental health measure at each age was created for
analyses (neither parent, one parent, or both parents). This
measure is likely to incorporate both genetic and environ-
mental components. The age 14 and 17 parental mental health
measures were highly correlated, and both yielded the same
overall results when used interchangeably in regression mod-
els. The age 14 measure was used in final analyses to mini-
mize data loss as n¼ 1,790 compared to n¼ 1,404 at age 17.

Statistical analyses

We used a latent class growth analysis to derive trajectories of
life stress events from age 1 to age 17 using PROC TRAJ
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within SAS (Jones, Nagin, & Roeder, 2001), and we only in-
cluded individuals in the analysis if they had greater than or
equal to three measures of stress events over the time period
(n ¼ 2,497). This method is designed to identify clusters of
individuals who have followed a similar developmental trajec-
tory (Nagin & Odgers, 2010) and assigns each person to a
group depending on the probability of membership. We sys-
tematically compared a number of different models from two to
seven trajectory classes with linear and quadratic functions for
each group. To determine the best model we used the Bayesian
information criterion statistic, probability diagnostics, and the
practical value of the grouping with respect to the research
question. The final groupings and the posterior probability di-
agnostics were exported to SPSS for linear regression analyses.

Covariates were included from baseline measures (preg-
nancy/birth) and at the time of the outcome (age 20), with
the exception of the longitudinal measure of parental mental
health. These covariates were examined as predictors of
DASS outcomes in univariate analyses before multivariate
linear regression models were constructed to examine the as-
sociations between stress exposure trajectory and young adult
depression, anxiety, and stress. Those covariates that pre-
dicted outcomes significantly ( p , .05) were included in the
final multivariate models. Final linear regression models were
weighted by the probability that each individual belonged
to that particular trajectory, essentially giving greater weight
to more accurate results. All analyses were conducted in
SPSS Statistics version 19 and a was set at p , .05.

Results

Trajectories of stress events: Descriptive results

A five-class model was selected as best describing the trajec-
tories of stress exposure over 17 years. The five-class model
revealed the highest Bayesian information criterion and both
an ascending and descending trajectory with meaningful
numbers of individuals. This model also demonstrated good
model fit based on posterior probabilities of membership to
each trajectory group .70%. The five classes (Figure 1) in-
volved three relatively consistent trajectories and two trajec-
tories that changed over the life course. The low, medium
and high trajectories displayed consistently low, intermediate,
or high levels of stress exposure over 17 years.

The ascending trajectory showed relatively low stress ex-
posure in early life, increasing in the early teens, representing
an adolescent onset of stress exposure. The descending trajec-
tory showed relatively high stress exposure in early child-
hood, decreasing over time to low levels during adolescence,
representing early life stress only. Cohort percentages were as
follows: low (16.7%), medium (30.7%), high (17.2%), as-
cending (27.5%), and descending (7.8%).

The characteristics of individuals classified into these tra-
jectories are shown in Table 1. There were approximately
equal proportions of males and females in each trajectory.
Focusing initially on the three stress trajectories that remained

consistent over time, in the increasing order of low, to me-
dium, to high trajectories, there were increases in the propor-
tions of low-income families, maternal smoking, and stress
events during pregnancy and the percentage of parents treated
for a mental health problem. Conversely, there were decreases
in maternal age and education and fathers present in the fam-
ily home in early life. Similarly, in the offspring at age 20,
with higher levels of chronic stress, there were increases in
BMI and smoking, and more young people were living out-
side the family home (comparing the low to the medium/
high trajectory groups). In line with these observations, we
observed lower socioeconomic status (SES) with higher
chronic stress over the 20 years, as indicated by lower SES-
disadvantage scores both before birth and at age 20. Focusing
on the trajectories that change over time, the descending stress
trajectory clearly displays higher numbers of stress events
during pregnancy and the early years postbirth, at levels
similar to the medium trajectory, while the ascending curve
displays low early life stress events, increasing around ages
10–14. Both of these trajectories show similar maternal age
and education, maternal smoking, proportion of fathers in
the family home, and parental mental health, suggesting a
similar SES. However, the Socioeconomic Indices for Areas
scores at birth and age 20 indicate that the descending trajec-
tory lies near the medium trajectory in terms of SES while the
ascending trajectory SES is higher, lying between the low and
the medium trajectories. Further, we note that mothers of chil-
dren on the ascending stress trajectory had a higher chance of
already having other children than the descending trajectory
and the children exposed to the ascending (adolescent-onset)
stress are more likely to be smokers at age 20 (Table 1).

Relationship of stress trajectories to depression/anxiety
symptoms

A total of 1,214 participants had stress trajectory data and
completed the DASS at the age 20 review. The characteristics
of the DASS scores by trajectory and gender are presented in
Table 2. In the total population, DASS scores were higher in the
high, medium, and ascending stress trajectories compared to the
low trajectory. When we examined gender differences, the
DASS scores were significantly higher in females than in males
across all trajectories except the descending trajectory, where
therewere no gender differences in DASS scores. It is interesting
to note that the range of DASS scores over the five life stress tra-
jectories was approximately4 points in males (15.15–19.23) and
around12points in females (16.41–28.33), suggesting that ahis-
tory of developmental stress may have a greater discriminating
value in predicting depression/anxiety in females than in males.

The medium, high, and ascending stress trajectories pre-
dicted significantly increased total DASS scores at age 20,
with an increase of 5.4–6.9 in total DASS score compared
to the low trajectory (see Table 3). These figures remained
significant after adjustment for early life, socioeconomic,
and parental mental health factors, and alcohol and cigarette
exposure. Upon further investigation by gender, this relation-

C. E. Herbison et al.1446

https://doi.org/10.1017/S0954579417000372 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579417000372


ship was only found in girls with predicted increases in DASS
scores of 5.8–9.5 for females in the medium and high or as-
cending trajectories. There was a trend to significance for in-
creased DASS score in boys in the medium trajectory. For-
mally testing for differences between males and females
using a Trajectories�Sex interaction term in the model indi-
cated that there was a significant difference between males
and females in the high trajectory with depression/anxiety
symptoms at age 20 (High Stress � Female), 8.15 (0.77,
15.54), p ¼ .03. Other Trajectory� Sex comparisons were
not significant and may be limited by small group sizes. Al-
though the descending trajectory commenced with high num-
bers of stress events in the years after birth (levels similar to
the medium trajectory), stress exposure reduced with time
(to levels similar to the low trajectory) by adolescence, and
there was no relationship with DASS scores at age 20.

Relationship of prenatal stress to depression/anxiety
symptoms

High prenatal stress throughout pregnancy (0–34 weeks)
showed a trend to predicting depression/anxiety symptoms
in the total population after adjustment for gender, SES, paren-
tal mental health, and smoking at age 20, B ¼ 3.17 (–0.26,
6.60), p¼ .07, but was not statistically significant and the asso-
ciation reduced when examined separately in males, B ¼ 3.47
(–1.39, 8.34), p ¼ .16, and females, B ¼ 2.56 (–2.29, 7.42),
p ¼ .30. However, when we examined the effect of timing of
stress exposure in pregnancy, high stress early in pregnancy
(0–18 weeks) significantly predicted higher DASS scores in
the total population and in both males and females after adjust-
ment for SES, parental mental health, and smoking at age 20

(see Table 4). In contrast, high stress later in pregnancy (18–
34 weeks) was not associated with DASS scores after adjust-
ment in the total population, B ¼ –0.29 (–4.82, 4.23), p ¼
.90, in females, B ¼ –1.14 (–7.19, 4.90), p¼ .71, or in males,
B¼ –0.14 (–7.14, 6.86), p¼ .97. Testing for gender differences
in the total model by using a Sex�Prenatal Stress interaction
term did not identify a significant difference, suggesting these
results require replication for confirmation

Relative contribution of prenatal stress and postnatal
stress trajectories to depression/anxiety symptoms

In order to test whether there was a contribution of both prenatal
stress and postnatal stress trajectories to depression/anxiety
symptoms, we examined these together in adjusted regression
models with total DASS scores as the outcome (Table 4). In
the total population, there was a significant contribution of early
prenatal stress, and the medium, high, and ascending postnatal
stress trajectories to depression/anxiety symptoms in adult-
hood, after adjustment. However, when we separated the results
by gender, in boys prenatal stress but not postnatal stress trajec-
tory was significantly related to adult DASS score whereas the
reverse was true in girls; postnatal stress trajectory but not pre-
natal stress predicted adult DASS score.

Discussion

In this study, we identified five postnatal trajectories of life
stress events to measure the longitudinal impact of stress
exposure over eight time points from age 1 to 17. These tra-
jectories, consisting of the number and timing of life stress
events, predicted depression, anxiety, and stress symptoms

Figure 1. Trajectories of stress exposure across the life course. The five trajectories of stress exposure and 95% confidence intervals.
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Table 1. Characteristics of participants in the five trajectories of stress exposure

Trajectory

Low Medium High Ascending Descending pa

n (%) at birth 418 (16.7) 767 (30.7) 430 (17.2) 686 (27.5) 196 (7.8)

Pregnancy/Birth Risk Factors

Gender
Female 49 48.8 47.9 49 50.5 .98
Male 51 51.2 52.1 51 49.5

Family income
Low ,$24K 19.9 46.5 64.3 33 39.2 ,.001
≥$24K 80.1 53.5 35.7 67 60.8

Maternal education
,12 years 46.2 64 73.3 53.6 54.6 ,.001
≥12 years 53.8 36 26.7 46.4 45.4

High stress
18 weeks

3+ 1.7 17.1 32.0 5.6 11.8 ,.001
,3 98.3 82.9 68.0 94.4 88.2

34 weeks
3+ 1.4 13.8 25.5 4.4 10.7 ,.001
,3 98.6 86.2 74.5 95.6 89.3

Maternal smoking
Yes 20.7 42.3 53.4 35.8 37.9 ,.001
No 79.3 57.7 46.6 64.2 62.1

Father at home
No 2.2 14.8 23.1 8.1 7.7 ,.001
Yes 97.8 85.2 76.9 91.9 92.3

Gestational age
≥37 weeks 89.7 87.7 87.6 92.4 86.2 .016
,37 weeks 10.3 12.3 12.4 7.6 13.8

Parity
0 45.2 48.1 56.2 44.3 55.6 .009
1 33 30.2 25.3 28.9 27.6
2+ 21.8 21.6 22.1 26.8 16.8

Parental mental health
0 parents 86.1 59.8 43.9 73.7 74.2 ,.001
1 parent 12.7 34.8 48.1 24.2 23.9
2 parents 1.2 5.5 8 2 1.8

SES disadv, mean (SD) 1041.6 (77.8) 1013.2 (78.0) 990.2 (81.6) 1026.6 (78.1) 1006.1 (74.0) ,.001
Maternal age, mean (SD) 30.2 (4.9) 27.2 (5.8) 25.5 (5.8) 28.8 (5.4) 27.9 (6.4) ,.001

Young Adult Risk Factors

n (%) at age 20 246 (20.3) 355 (29.2) 173 (14.3) 329 (27.1) 111 (9.1)

Smoking
Yes 8.7 20.1 16 14.9 8 .001
No 91.3 79.9 84 85.1 92

Living with family
Yes 82.2 74.9 68 78 74.1 .013
No 17.8 25.1 32 22 25.9

SES disadv, mean (SD) 1066.2 (56.6) 1037.2 (72.4) 1019.9 (78.9) 1055.5 (64.5) 1038.8 (63.8) ,.001
BMI, mean (SD) 23.6 (4.1) 25.1 (5.5) 25.8 (6.1) 23.7 (4.4) 24.6 (5.2) ,.001

Note: Data are shown as column percentages unless otherwise specified. In the final subset analyzed with mental health outcomes and covariates (n ¼ 769),
maternal education, prenatal stress, gestational age, and parity did not reach statistical significance , 0.05. SES, socioeconomic status; BMI, body mass index.
aAnalysis of variance p values for continuous data, differences between groups; or x2 p values for categorical data, differences between groups.
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Table 2. Depression, anxiety and stress symptoms by trajectory of stress exposure and gender

DASS Total Score

Total Females Males
(n¼ 1214) (n¼ 648) (n¼ 566)

Difference
in MeansTrajectory Meana SD Mean SD Mean SD pa

Low 17.10 14.95 18.75 15.60 15.15 13.96 .06 3.60
Descending 17.10 14.12 16.41 14.44 17.85 13.87 .6 21.44
Ascending 22.22 20.74 25.36 21.43 18.94 19.54 .005 6.41
Medium 23.47 21.19 27.28 23.05 19.23 18.04 ,.001 8.06
High 23.98 19.96 28.33 22.00 17.72 14.59 ,.001 10.62

Note: DASS, Depression, Anxiety and Stress Scale.
aAnalysis of variance assessing effect of stress trajectory on DASS, F (4, 1209) ¼ 6.44, p , .001.
bAnalysis of variance p values assessing differences between males and females.

Table 3. Trajectory of stress exposure and association with depression and anxiety symptoms for adjusted models

Total Females Males

Trajectory B [95% CI] p B [95% CI] p B [95% CI] p

Low 0.00 0.00 0.00
Descending 2.28

[22.82, 7.39]
.38 0.68

[26.53, 7.89]
.85 4.69

[22.49, 11.86]
.20

Ascending 5.49
[1.89, 9.08]

.003 7.52
[2.21, 12.83]

.006 3.44
[21.38, 8.26]

.16

Medium 5.35
[1.68, 9.02]

.004 5.82
[0.41, 11.24]

.035 4.59
[20.32, 9.50]

.07

High 6.93
[2.36, 11.50]

.003 9.47
[2.99, 15.95]

.004 3.62
[22.78, 10.03]

.27

Note: The final total was n ¼ 769 adjusted for socioeconomic disadvantage at enrollment, gender, parental mental health, and smoking (low in-
come, father living with family, maternal age and education, birthweight, gestational age, smoking in pregnancy, parity, age 20 body mass index,
alcohol consumption, exercise, and living with family were also examined but were removed from models because of a lack of statistical signifi-
cance and therefore limited contribution to the model). Analyses were weighted by the probability that each individual would fall into the allocated
trajectory; however, weighted and unweighted analyses produced similar results.

Table 4. Models for relative contribution of prenatal and postnatal stress trajectory to DASS score

Total Females Males

B [95% CI] p B [95% CI] p B [95% CI] p

High prenatal stress
18 weeksa 5.73 .006 5.71 .06 5.71 .04

[1.67, 9.78] [20.26, 11.68] [0.28, 11.15]
18 weeksb 4.93 .02 3.87 .22 5.83 .04

[0.78, 9.09] [22.28, 10.01] [0.29, 11.38]
Postnatal stress

Low 0.00 0.00 0.00
Descending 1.80 .50 0.34 .93 4.15 .26

[23.40, 7.00] [27.08, 7.77] [23.08, 11.38]
Ascending 5.38 .004 7.53 .007 3.37 .18

[1.70, 9.05] [2.05, 13.02] [21.52, 8.27]
Medium 4.41 .02 5.08 .08 3.58 .17

[0.57, 8.24] [20.62, 10.78] [21.49, 8.66]
High 4.91 .049 8.16 .02 1.07 .76

[0.02, 9.80] [1.16, 15.17] [25.72, 7.85]

Note: DASS, Depression, Anxiety and Stress Scale.
aModeling prenatal stress alone, adjusted for socioeconomic disadvantage, gender, parental mental, health and smoking.
bModeling prenatal stress with postnatal stress, adjusted as per previous model. Analyses were weighted by the probability that each individual would fall into
the allocated trajectory; however, weighted and unweighted analyses produced similar results.
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in early adulthood, especially in girls. In addition, high prena-
tal stress events early, but not late, in pregnancy also predicted
affective symptoms. However, when considering both pre-
and postnatal stress exposure, the effect of prenatal stress ap-
peared to be more important in boys and postnatal stress more
important in girls, although these results require replication in
an independent sample. The results of this study provide evi-
dence that the relative impact of pre- and postnatal stress on
later life mental health may be gender specific.

Trajectories of life stress exposure and adult affective
symptoms

We examined postnatal stress exposure by identifying five
different life stress event trajectories. In the trajectories that
were consistent throughout childhood and adolescence
(low, medium and high trajectories), medium to high num-
bers of stress events predicted increased depression/anxiety
symptoms in girls while there was only a trend to significance
with medium stress events in boys. In contrast, consistently
low numbers of stress events showed no significant associa-
tions with symptoms of depression/anxiety.

To put these changes into perspective, in this general pop-
ulation, although we see 85.6% participants displaying nor-
mal to mild symptoms and 14.4% showing moderate to ex-
tremely severe symptoms, a positive shift of 5 in DASS
scores (as seen in this cohort with moving from low to me-
dium stress) would result in 15% of the population shifting
into a higher category of severity and 5% of the population
moving from normal or mild symptoms into moderate to ex-
tremely severe symptoms of depression and anxiety. In the
girls, we see 82.1% in the normal or mild category and
17.9% in the moderate to extremely severe category. A posi-
tive shift of 10 in DASS scores, as we see in the high versus
low trajectory in girls, would result in almost 10% (9.6%) of
the female population moving from normal to mild symptoms
into moderate to extremely severe symptoms.

Our results are reinforced by other cross-sectional or retro-
spective work showing that the chronic accumulation of stress
exposures across the life span increases depression risk (Vin-
kers et al., 2014), particularly in women (Hammen et al.,
2009). Families in the high/medium trajectories are more
likely to continue experiencing high stress, and this may be
due to the compounding effects of socioeconomic disadvan-
tage (Goodman, Slap, & Huang, 2003). We show here that
high chronic stress is associated with lower maternal age
and education, reduced family income, and SES score.

Unlike responses to acute stressful events that are protec-
tive and adaptive in nature, chronic stress elicits physiological
changes that may have deleterious consequences on higher
brain functioning. This is supported by structural and func-
tional magnetic resonance imagining measuring activity
and volume of different brain regions after exposure to
chronic stress (Ansell, Rando, Tuit, Guarnaccia, & Sinha,
2012; Frodl & O’Keane, 2013; Seo, Tsou, Ansell, Potenza,
& Sinha, 2014). Repeated exposure to stressful life events

have been suggested to predispose individuals to depression
and anxiety via increased allostatic load, or increased “wear
and tear” on the stress system (Juster et al., 2011), and affec-
tive disorders may develop when the adaptive capacity of the
stress system reaches its limit. Therefore, it is a matter of not
only the numbers of stress events experienced over the life
span but also their consistency that contributes to affective
disorders in adulthood. Public health policies that focus on
poverty reduction and education initiatives are likely to
have a positive impact on the cost of chronic mental health
problems that track across the life span.

In comparison with consistent stress exposures, the as-
cending trajectory predicted depression, anxiety, and stress
symptoms in girls but not in boys. These results parallel those
of Boardman and Alexander (2011), who identified four
stress event trajectories in Black and White US adolescents
from age 11 to 21. The two trajectories at greatest risk of de-
pression were the chronic (increasing life stress events from
age 11 peaking at age 14 with a second peak at age 21) and
the peak at 15 (increasing life stress events from age 13, peak-
ing at 15) but not the peak at 17 or minimal stress trajectories
(Boardman & Alexander, 2011). Puberty is marked by dra-
matic changes in neuroendocrinology, most notably via sex
hormone production, but it is also associated with profound
shifts in stress reactivity via the HPA axis (Romeo, 2010a,
2010b). Maturation of the HPA axis occurs during this pe-
riod, and long-term levels of HPA activity are established
that may impact vulnerability to future depression and anxiety
disorders (Goel & Bale, 2009; McCormick & Mathews,
2010). Much evidence points to this window of development
as being particularly sensitive to stress exposure. Therefore,
certain events such as the death of a close relative or marital
problems may be experienced more intensely at this age.

Given these results, adolescence appears to be the ideal
time to examine exposure to stress in order to predict future
depression/anxiety, especially in girls. However, to ade-
quately capture an adolescent-onset trajectory, it is necessary
to consider adolescent stress relative to early childhood expo-
sure. Nonetheless, these results draw attention to a critical pe-
riod in adolescence for the effects of stress impacting longer
term mental health outcomes, justifying the need for targeted
assessment and interventions between the ages of 10 and 14.

Our data suggest that the descending stress trajectory is not
associated with depression and anxiety at age 20: the implica-
tions of this demonstrate the potential benefit of interventions
to reduce exposure to stress in children. Despite starting life
with relatively high early life stress and relatively low SES,
a reduction in exposure to stress over the life course was pro-
tective against depression, anxiety, and stress symptoms. The
benefit of stress reduction is further highlighted when we di-
rectly compare this trajectory to the medium trajectory where
this decrease in stress exposure did not occur. Girls, in particu-
lar, were at higher risk of depression, anxiety, and stress symp-
toms in adulthood if they followed the medium trajectory. In ad-
dition, the descending trajectory showed low exposure to stress
around the time of puberty and adolescence. The absence of an
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association with depression/anxiety suggests, first, that in girls
early life stress alone may not be enough to increase the risk of
affective illness in adulthood; and second, that interventions
aimed at reducing the impact of life stress events in childhood,
especially around puberty, are likely to have beneficial out-
comes on rates of depression and anxiety in adult women.

The ascending and descending stress trajectories had very
different associations with depression/anxiety symptoms; this
raises questions about early life stress exposure and resili-
ence. While girls in the ascending trajectory experienced rel-
atively few early life stress events, they were at increased risk
of depression/anxiety symptoms as adults. Conversely, girls
in the descending trajectory, who experienced higher num-
bers of stress events early in life and lower numbers in adoles-
cence, were at decreased risk of depression/anxiety symptoms
in adulthood. It is possible that the experience of a moderate
stress early in life provides an opportunity to develop resili-
ence against future stress exposure (Sapolsky, 2015). The de-
velopment of an endogenous stress response early in life may
confer an increased adaptive ability to respond adequately
when the system is challenged again (Gunnar et al., 2009).
Mild to moderate stress in utero has been associated with
greater motor and cognitive development (DiPietro, Novak,
Costigan, Atella, & Reusing, 2006). Further, while severe
early life stress has been found to increase HPA axis reactiv-
ity, moderate early life stress reduced HPA axis reactivity
compared to control children with relatively low early life
stress (Gunnar et al., 2009). There is some evidence that those
children who have never experienced how to respond to stress
may be more sensitive to the negative effects of stress expo-
sure later in life, especially during vulnerable windows such
as puberty, as seen in the ascending trajectory here (Seery,
Leo, Lupien, Kondrak, & Almonte, 2013).

Prenatal stress and adult affective symptoms

While many studies have found a relationship between prena-
tal stress or anxiety and offspring mental health problems
(Davis et al., 2011; de Bruijn, van Bakel, & van Baar,
2009; Kofman, 2002; Li, Olsen, Vestergaard, & Obel,
2010; Mueller & Bale, 2008; O’Connor, Heron, Golding,
Glover, & ALSPAC Study Team, 2003; Talge et al., 2007;
Van den Bergh, Van Calster, Smits, Van Huffel, & Lagae,
2008; Weinstock, 2001), the relative contribution of prenatal
stress on a child’s long-term psychopathology is still under
scrutiny due to the limited number of long-term studies in hu-
man populations (Glover & Hill, 2012). When we examined
prenatal stress without adjusting for stress exposure after
birth, we found a significant contribution of high stress expo-
sure early in pregnancy (first 18 weeks), but not stress expo-
sure late in pregnancy (18–34 weeks) to affective disorder
symptoms at age 20. This effect was not observed when we
combined the two pregnancy time points (high stress expo-
sure between 0 and 34 weeks).

The placental enzyme, 11B-HSD2, which inactivates cor-
tisol, is expressed and active from early pregnancy. The ex-

pression of 11B-HSD2 in the placenta rises more than 12-
fold over the course of pregnancy; at the same time there is
a 3- to 4-fold increase in maternal cortisol levels (Konstan-
takou, Mastorakos, Vrachnis, Tomlinson, & Valsamakis,
2017). These physiological changes protect the developing
fetus from exposure to high levels of glucocorticoids; how-
ever, this is only a partial barrier (Davis & Sandman,
2010). In the early stage of pregnancy, high (stress-induced)
maternal cortisol combined with relatively lower expression
of 11B-HSD2 may render the fetus more vulnerable to the ef-
fects of glucocorticoid overexposure whereas later in preg-
nancy the large increase in placental 11B-HSD2 potentially
offers the developing fetus more protection. In addition, the
maternal HPA axis becomes less responsive to stress toward
the end of pregnancy, corresponding to rising cortisol levels,
and this may have a relative protective effect compared to
stress exposures in early pregnancy (Entringer et al., 2010).

Our results are comparable to one study finding maternal
emotional complaints during first trimester to be associated
with behavioral problems in boys (de Bruijn et al., 2009); how-
ever, the authors also found emotional complaints during the
third trimester were associated with behavioral problems in
girls. Our results also contrast those of O’Connor et al.
(2003), who found maternal anxiety during late pregnancy to
be predictive of child emotional and behavioral problems.
Given that specific fetal structures and physiological systems
develop at different times during gestation, it is likely that the
timing of environmental insult may be relevant, affecting those
systems undergoing rapid change at that time. It has been sug-
gested that maternal stress and anxiety may operate via different
mechanisms throughout gestation (Van den Bergh et al., 2005)
or may impact different stress response pathways at different
times during pregnancy (e.g.,HPA axisvs. sympatheticnervous
system; Vedhara et al., 2012). Our results suggest that interven-
tions designed to reduce controllable stressors and the impact of
stress around conception and early in pregnancy may prove ben-
eficial for offspring mental health later in life.

Prenatal stress exposure relative to postnatal stress
exposure and affective symptoms

The data from this longitudinal study suggest that prenatal
and postnatal stress have different contributions to adult de-
pression, anxiety, and stress symptoms in males and females.
In females, after taking postnatal stress trajectory into ac-
count, prenatal stress exposure was no longer significantly re-
lated to DASS. In contrast, in males we found that the contri-
bution of prenatal stress did not change after adjusting for
postnatal stress trajectory, indicating the effect is independent
of postnatal stress exposure. In other words, these results
show that prenatal stress appears to be more important in
males, while stress exposure after birth appears to be more
important in females in terms of predicting affective symp-
toms in adulthood. Although our findings require replication,
some animal studies are consistent with these results, where
stress early in gestation increased behavioral and physiologi-
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cal stress responses in males. Epigenetic studies in these ani-
mals showed methylation differences in stress-related genes
in the amygdala and hippocampus but only in male offspring
(Mueller & Bale, 2008), suggesting a gender-specific response
to the fetal environment. In addition, early life stress causing al-
tered HPA functioning has previously been associated with de-
pression in females but not males (Van den Bergh et al., 2008).
This may indicate that stress exposure manifests differently in
males, and there are reports that boys are more likely to show
other changes including learning and memory (Glover & Hill,
2012), attention-deficit/hyperactivity disorder (Li et al., 2010;
Rodriguez & Bohlin, 2005), and schizophrenia (Levine, Levav,
Yoffe, & Pugachova, 2014). This is consistent with the large
study of Laceulle et al. (2014), which found increased sensitiv-
ity to theeffectsof stressful lifeevents onpsychological difficul-
ties during preadolescence in girls (Laceulle et al., 2014).

Gender-specific effects

The most frequently proposed mechanism to explain the im-
pact of prenatal stress or anxiety on the future health of the
child is in the way elevated maternal glucocorticoids cross
the placental barrier and affect development of the fetal
HPA axis. The placenta bears the same genetic information
as the fetus (XX or XY), and while often overlooked, there
are clear gender differences in placental size, shape, and func-
tion including blood flow, gene expression, action of the 11B-
HSD2 enzyme, sensitivity to hormones, and responses to
environmental stimuli (DiPietro & Voegtline, 2017). These
and other mechanisms are elegantly reviewed elsewhere
and may explain some of the gender differences seen in re-
sponse to prenatal stress (Beijers, Buitelaar, & de Weerth,
2014). Early in postnatal life, the stress response forms in
association with experience of physical and mental stress-
ors, which are modified/ameliorated by primary caregivers/
attachment (Beijers et al., 2014). Later in adolescence, relation-
ships with peers become more important although also in a
sex-specific manner. In this study, we measured the family’s
exposure to life stressevents.Theeffecton thechildmaybemedi-
ated by the parental response to stress, altered parenting quality,
and family functioning, all of which may impact girls more than
boys. There is also clear evidence that gender differences exist
in the HPA axis physiological response to a psychosocial stress.
That is, the release of ACTH from the pituitary and the subse-
quent secretion of cortisol from the adrenal glands. Adult
male cortisol responses to the well-validated Trier Social Stress
Test are reproducibly higher than female responses (Herbison
et al., 2016; Kudielka & Kirschbaum, 2005). Male and female
sex hormones interact with receptors in the brain and the adrenal
glands resulting in gender differences in stress regulation.

Strengths and limitations

This study has a number of strengths, including sample size,
prospective longitudinal design, and the use of the same stress
event measures across 10 time points from pregnancy to age 17.

We have evaluated stress at 2 time points during gestation and
examined gender differences. Further, we measured depression
and anxiety at an age where Australian youth (18–24 years old)
have the highest prevalence of mental illness among all age
groups (Australian Bureau of Statistics, 2009). In addition,
the population sample we use is not clinical; therefore, findings
are relevant to the general Caucasian population.

It is worth mentioning that, although we have delineated
five different stress trajectories, not everyone will fit directly
into a specific trajectory. To take this into account, we weigh-
ted our analyses by the probability that an individual would
belong to their designated trajectory. Our measures of stress
also focus on the more common stress exposures in a popula-
tion, and we do not examine severe trauma, maltreatment,
abuse, and neglect in childhood that may have a different im-
pact on the occurrence of affective disorders. Not all children
are affected in the same way by prenatal or postnatal stress,
many remain unaffected, and many of the symptoms dis-
played by participants in this study are in the subclinical
range. Our measures of prenatal stress precluded the ability
to examine middle pregnancy and late pregnancy separately.
In addition, there are other factors, such as onset of puberty,
individual coping mechanisms and changes in socioeco-
nomic disadvantage, that were not tested in this study that
may impact the mental health of the participants. There is
also the potential for participants’ mental health conditions
to develop and change in future years, possibly influenced
by their experience of life stress events in the past. It is highly
likely that the pathways of stress exposure over the life course
interact with individual genetic and epigenetic predisposition,
and Gene�Environment studies will be important for future
investigation.

Conclusions

These results suggest that both prenatal stress and the pattern
of postnatal stress exposure can influence adult mental health;
further, there appear to be gender differences in the timing of
stress exposure and impact on depression and anxiety symp-
toms. This is important as stress exposure is a potentially
modifiable factor and may have generational effects (Gluck-
man, Hanson, Morton, & Pinal, 2005).

At a population level these results have the potential to
guide interventions in two different ways. The first is in driving
preemptive strategies focused on stress management and re-
ducing controllable stress events in early pregnancy and
throughout early childhood. The second is in guiding the deliv-
ery of mental health support for adolescents at risk due to re-
cent or prolonged stress exposure. These strategies are likely
to have beneficial outcomes on rates of depression and anxiety
in adults and reduce long-term mental health issues.

Supplementary Material

To view the supplementary material for this article, please
visit https://doi.org/10.1017/S0954579417000372.
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