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ABSTRACT

Objective Examine the relationship between
preconception stress and offspring birth weight.

Setting Population-based cohort study linked with state-
based administrative perinatal data.

Participants 6100 births from 3622 women from the
1973-1978 cohort of the Australian Longitudinal Study

of Women’s Health who (1) recorded a singleton birth
between January 1997 and December 2011; (2) returned
at least one follow-up survey within 3years of conception;
and (3) had complete data on perceived stress prior to
conception.

Primary outcome measures Linear generalised
estimating equations were used to examine the
relationship between preconception stress and a
continuous measure of birth weight, exploring differences
based on birth order and stress chronicity. The minimal
sufficient adjustment set of covariates was determined by
a directed acyclic graph.

Results For all births, there was no relationship between
moderate/high acute or chronic stress and offspring birth
weight in grams. Among first births only, there was a trend
towards a relationship between moderate/high chronic
stress and offspring birth weight. Offspring sex was
associated with birth weight in all models, with female
babies born lighter than male babies on average, after
adjusting for covariates (p<0.0001).

Conclusions Effects of preconception stress on birth
weight was largely driven by time to conception. With

the timing of stress critical to its impact on obstetrical
outcomes, preconception care should involve not only
reproductive life planning but the space to provide
interventions at critical periods so that optimal outcomes
are achieved.

INTRODUCTION

The intrauterine environment is not only crit-
ical for facilitating the growth trajectory of
the fetus, but also has long-term health conse-
quences.1 * Early life programming through
an adverse intrauterine environment (via
altered structure and function of cells and
physiological systems) increases susceptibility
to a myriad of diseases. In particular, low birth
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Strengths and limitations of this study

» This is the first study to explore the role of precon-
ception perceived stress as a risk factor for birth
weight using population level prospective survey
data linked with administrative obstetrics data.

» Prospective examination of preconception stress re-
duced retrospective recall bias.

» The stability of the findings was verified by exam-
ining preconception stress and birth weight using
multiple definitions as well as accounting for off-
spring birth order by delineating between first births
and all births.

» We were unable to control for pregnancy intentions,
which may have confounded the relationship as
unintended pregnancies are associated with poorer
birth outcomes.

weight (LBW, <2500 g), a crude indicator of
suboptimal in utero environment, has been
associated with cardiovascular disease, meta-
bolic disorders, psychiatric disease as well as
increased risk of neonatal, infant and prema-
ture adult mortality.”” Despite advances in
obstetrical care, international rates for LBW
have remained relatively stable in developed
countries at around 6% over the past 20
years.” In Australia the proportion of LBW live
births has increased from 6.0% to 6.5% since
2012.7® To achieve optimal birth outcomes,
it is important to identify modifiable factors
attributable to LBW.

Research has identified a number of
modifiable risk factors for LBW including
pre-existing and pregnancy-related medical
conditions, prenatal care, environmental
exposures and adverse health behaviours.’
To date, adverse maternal health behaviours
such as poor maternal nutrition, tobacco
smoking and heavy alcohol use have been
the most widely examined.'”" Despite the
implementation of antenatal interventions
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based on these risk factors, the incidence of LBW has
not reduced. Research in the area requires a shift in
focus from individual attribution and responsibility of
health behaviours to understanding the inequalities that
underpin such behaviours. As such, identifying additional
factors that contribute to increased risk of adverse birth
outcomes is therefore imperative. Importantly, health
behaviour is a multidimensional concept that reflects
cumulative life experience and is largely determined by
contextual factors and responses to stress (including the
development of allostatic load)."

The role of stress in poor obstetrical outcomes has
received increased attention recently. Much of this
research has come from clinic-based studies,14 with the
findings dependent on how stress is operationalised and
the number of additional contributing factors included
in the model. A 2014 systematic review of cohort studies
found strong evidence for a relationship between stressful
life events before or during pregnancy and poor obstet-
rical outcomes.'” The most consistent evidence was for
preconception stress. Although few studies have exam-
ined preconception stress, Witt and colleagues used
national population-level data to find that exposure to
at least one stressful life event prior to conception (eg,
death of a family member, divorce or fertility problems)
increased the odds of having a very LBW baby (<1500 g)
by 38%.'° Similarly, analysis of almost 7000 mother—child
dyads, resulted in a small indirect association between
women’s exposure to stressful preconception life events
and offspring poor health at 9 and 24 months, mediated
through very LBW."” Another study found that exposure to
preconception chronic stressors (those that had enduring
impact such as those experienced in childhood), but not
acute stressors (events of limited duration), was associ-
ated with LBW for first and second births."®

Current thinking surrounding the role of stress in
health outcomes suggests that stress is complex and
involves more than the simple physiological response
to a stressor.'’ High perceived stress in pregnancy was
found to be a stronger risk factor for preterm birth than
exposure to stressful life events.* Another study found
both stressful life events and perceived stress during
pregnancy were associated with an increased risk of deliv-
ering a very LBW baby.?' Less research has examined the
role of preconception perceived stress and adverse birth
outcomes. However, preconception poor mental health
was found to be the most significant risk factor for preg-
nancy complications, making women 40% more likely
to have a pregnancy complication and nearly twice as
likely to give birth to a LBW baby. This suggests that the
chronicity of stress (experienced on multiple occasions
across time) may be at the core of poor birth outcomes
such as LBW.* Further, a relationship between LBW and
flattened diurnal cortisol slopes (a proxy for perceived
stress) in mothers during the period between one birth
to the next has been identified.”

In this study, we used longitudinal population-level cohort
data linked to administrative birth data to examine the

temporal relationship between preconception perceived
stress and offspring birth weight. We aimed to explore
whether this association differed by stress chronicity (acute
vs chronic); and birth order (first birth vs subsequent
births).

METHODS

Overview of study design

This study involved data from the 1973-1978 cohort of
the Australian Longitudinal Study on Women’s Health
(ALSWH), a national population-based study of health
and well-being. Women were randomly sampled through
the national health insurer’s database (Medicare Australia)
with women from rural and remote areas sampled at twice
the rate as those from urban areas.” The cohort has been
surveyed on roughly a 3-year rolling schedule since 1996.
Women who completed follow-up surveys are largely repre-
sentative of similarly aged women in the population, with a
slight overrepresentation of married, Australian-born and
tertiary educated women.” For the current study, ALSWH
survey data were linked with state-based administrative
perinatal data from New South Wales (NSW), Queensland
(QLD) and Western Australia (WA). The perinatal data sets
cover all births recorded in state-based public and private
hospitals (as well as home births). Data are collected by
attending midwives and medical practitioners and provide
information on live births and stillbirths of at least 20 weeks’
gestation or birth weight of at least 400 g (except for WA
where births are included if gestational age is at least 20
weeks or if gestation is unknown, birth weight is at least
400g). While the specific information provided in these
data sets is state dependent, provided information includes
maternal demographic characteristics, maternal medical
and obstetrical information, labour and delivery informa-
tion, birth information for the child, as well as maternity
and postnatal care (including model of care, place of birth
and discharge information). ALSWH data were linked to
the NSW, QLD and WA perinatal data sets using probabi-
listic matching for the period 1997-2011.

Participants

This study included women and their children from the
1973-1978 cohort (aged 18-23 at baseline). Women from
the full cohort (N=14247) were eligible for inclusion if they
(1) resided in one of the eligible states for linkage to the
administrative birth records (ie, NSW, QLD or WA) and
had a singleton birth recorded in the administrative data
sets from January 1997 to December 2011; (2) returned
an ALSWH survey in either 1996 (Survey 1), 2000 (Survey
2), 2003 (Survey 3), 2006 (Survey 4) or 2009 (Survey 5)
within 3years preceding the estimated conception date
(see figure 1); and (3) had complete data on preconcep-
tion stress in the 3years preceding the estimated concep-
tion date. The estimated conception date was determined
using children’s date of birth and length of gestation in the
administrative data sets. The proportion of women who
returned a survey and had a linked singleton birth within
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Australian Longitudinal Study on
Women's Health (ALSWH) 1973-78
cohort completed baseline survey

N=14,247 women

y

Women with no PDC record of a
singleton birth for NSW, QLD or WA
between January 1997 - December
2011
N=8,252 women

Linked PDC records for a singleton
birth from NSW, QLD and WA
between January 1997 - December
2011
N= 9,683 births

Women with PDC records for
singleton births from NSW, QLD
and WA between January 1997 -

December 2011
N= 5,995 women

N= 5,995 women linked with 9,683
singleton births

&

A4

No ALSWH preconception survey
completed within 3 years of birth
N= 2,357 women and 3,555 births

Women and linked PDC births with
preconception survey completed
within 3 years of birth
N= 3,638 women and 6,128 births

Preconception survey with missing
data on perceived stress

A

N=16 women and 28 births

Eligible women and linked PDC
births for analysis
N=3,622 women and 6,100 births

Figure 1 Flow diagram showing the selection of participants, using the 1973-1978 cohort of the ALSWH linked with Perinatal
Data Collections (PDC) from New South Wales (NSW), Queensland (QLD) and Western Australia (WA). Women who were not
eligible for inclusion (N=8252) resided outside NSW, QLD or WA (eg, Victoria, Tasmania, South Australia, the Australian Capital
Territory or the Northern Territory) and could not have their birth records linked; resided within NSW, QLD or WA but did not
give birth during the observation period, had a plural birth or had missing data on the exposure. Among eligible women, nearly
half of all women (47.6%) had a single child in the linked data set, 38.7% had two children and 11.6% had three children. Only
about 2% of all women had more than three children in the data set (maximum 7). ALSWH data linked to PDC records at each
survey included 899 (14.7% of records) at Survey 1; 1092 (17.9% of records) at Survey 2, 1630 (26.7% of records) at Survey 3,
1827 (30.0% of records) at Survey 4 and 652 (10.7% of records) at Survey 5.

3years following the survey across each of the survey waves
is shown in online supplemental table 1. The final sample
for analysis included 6100 births from 3622 women.

Measures

Maternal data were mainly extracted from the ALSWH
surveys, whereas offspring data were derived from the
linked perinatal data sets.

Outcome: birth weight. Birth weightin grams was treated
as a continuous variable (recorded in grams). Analyses
were conducted separately for all recorded births and for
first births only. A woman’s first birth was identified on
the basis of: (1) no prior birth recorded in the administra-
tive data and (2) information was provided on the child’s
date of birth in ALSWH Surveys 3-6 and there was no
child date of birth preceding the first observed adminis-
trative record. Previous research has demonstrated good

agreement between ALSWH recorded births and state-
based perinatal data sets.*

Main risk factor variable: perceived stress. The Perceived
Stress Questionnaire for Young Women (PSQYW)
was used to assess preconception levels of perceived
stress. Women were asked to rate how stressed they had
felt across 10 life domains within a 12-month period.
Responses were recorded on a 5-point scale from ‘not
stressed at all’ to ‘extremely stressed’. Mean scores over
time were computed to reflect the chronicity of precon-
ception stress. Acute stress was determined using the
woman’s most recent preconception stress score (ie, at
the survey prior to conception). Chronic stress was deter-
mined for women with two or more stress scores recorded
prior to conception (with at least one occurring at the
survey prior to conception). Chronic stress scores were
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calculated as the average of all available stress scores up
to conception. Given that stress was measured on average
every 3 years, chronic stress measures covered a minimum
period of 6years prior to conception and a maximum
period of 15 years prior to conception. Similar propor-
tions were noted for women who reported the experience
of chronic stress at two, three and four time points (25%-—
29%), with only a small number of women experiencing
stress at all five time points. Both chronic and acute stress
scores were dichotomised as either none/minimal (score
<1) or moderate/high (score >land <4). The PSQYW
is an adequate measure of overall perceived stress and
is able to capture broad sources of perceived stress for
young women.?” This scale has demonstrated acceptable
internal consistency (Cronbach’s alpha=0.75) for the
1973-1978 cohort, comparable to the commonly used
14-item Perceived Stress Scale, and convergent as well as
discriminant validity.* * This measure of perceived stress
has been used previously to assess the association between
perceived stress and various health outcomes.*

Covariates

Maternal and offspring sociodemographics: Marital status
(partnered/not partnered), area of residence (major
city/inner regional/outer regional/remote) and highest
educational qualification (year 12 or less/non-university
tertiary education/university or higher) were ascertained
from the ALSWH surveys. Maternal age at child’s birth,
offspring sex (male/female), gestational age (reported
in weeks), preterm birth status (<37 weeks) and state
in which the birth occurred were measured using the
administrative data sets.

Health behaviours: Maternal preconception smoking
status was categorised as ‘non-smoker’, ‘ex-smoker and
‘current smoker’. Alcohol consumption was determined
from survey items relating to frequency and quantity,
with risk categorised based on Australian National Health
and Medical Research Council guidelines into (1) ‘non-
drinker’, (2) ‘rarely drinks’ (maximum 2 standard drinks
per day, <7 drinks per week), (3) ‘low risk’ (>7and <14
drinks per week) and (4) ‘high risk’ (=15 or more drinks
per week). Preconception body mass index (BMI) was
calculated based on self-reported height and weight and
categorised as underweight (<18.5 m?), healthy weight
(18.5-24.99m?%), overweight (25-29.99m* and obese
(=30 m?).*

Physical and reproductive histories: Diagnosed or
treated chronic health conditions experienced in the
past 3years that may impact on birth weight (ie, diabetes,
hypertension and asthma), as well as history of miscar-
riage, were measured using the ALSWH surveys. Given
that maternal stress may be causally related to both still-
birth and birth weight, stillbirths were retained in the
data set.

All ALSWH covariate measures were obtained from the
most recent survey within 3years prior to conception.

Determining the potential causal pathway in the
preconception stress-offspring birth weight

Preconception alcohol use

Offspring gestational age

Figure 2 Directed acyclic graph (DAG) showing the
hypothesised causal mechanisms between preconception
stress (exposure) and birth weight (outcome) taking into
account potential measured confounders and mediators.
According to the DAG, preconception stress may be
mediated through health behaviours such as maternal
smoking and alcohol consumption and confounded by
factors such as maternal age, marital status, highest
educational qualifications and area of residence.

relationship: Measured confounders for which adjust-
ment was required in the multivariate models were iden-
tified using a directed acyclic graph (DAG) constructed
using DAGitty software (V.2.2) to identify the minimal
sufficient adjustment set of covariates (see figure 2). The
DAG shows the main exposure (preconception stress)
and outcome (offspring birth weight). As perceived
stress can influence health behaviours such as maternal
smoking and alcohol consumption either directly or indi-
rectly, these were determined to be on the causal pathway
between the exposure and outcome (ie, potential medi-
ators). Maternal age, marital status, highest educational
qualification and area of residence were identified as
potential confounders. Although BMI is included in the
causal model, it was determined to be both a mediator
and confounder of the preconception stress-birth weight
relationship. Given that BMI was assumed to be influ-
enced by both marital status and educational attainment,
adjustment for these two variables was determined suffi-
cient to account for confounding by BMI. As such, BMI
was excluded from the models. Gestational age was also
considered as a mediator of the preconception stress-
birth weight relationship and as such was excluded from
the model. Offspring sex was presumed to directly influ-
ence the outcome only. Although not a confounder, it was
included in the model since it may explain variation in
the outcome.

Statistical analyses
Sample characteristics: X* analyses and independent
t-tests were used to examine sociodemographic and
health-related differences according to LBW status (yes/
no) delineating LBW as <2500 g.

Estimating the causal effects of preconception stress
on birth weight: For analyses including all eligible births
for each woman, there was potential non-independence
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(correlation) among the offspring birth weights of the
same mother, so linear models in a generalised esti-
mating equation (GEE) framework were used to estimate
effects. An exchangeable working correlation matrix
was assumed for the GEE. The effect estimate for stress
represents the estimated mean change in offspring birth
weight (in grams) for women with moderate/high stress
compared with none/minimal, adjusted for all covariates.

Linear regressions were performed separately for stress
chronicity (acute vs chronic). Subgroup analyses were
undertaken by birth order (first birth vs subsequent
births). Given the low rate of missing data (<5%) in the
eligible sample for each analysis, complete case analyses
were performed, assuming data were missing completely
at random. A sensitivity analysis was also performed with
chronic stress measured as a continuous variable (trend
in preconception stress over time). Here, using survey
return dates, mean stress scores for women with multiple
stress scores in the preconception period (with at least
one occurring in the 3years prior to conception) were
estimated as a linear change per year between Survey 1
and the most recent preconception survey through linear
regression. Stress scores were regressed against the survey
return date separately for each woman and the average
slope over time was derived. This slope was used as the
risk factor variable, adjusting for baseline stress.

Power calculation: Given the fixed sample sizes, detect-
able differences in mean birth weight between women
reporting none/minimal and moderate/high stress were
calculated for the subset of first births. A sample size of
2166 with an exposed/unexposed ratio of 0.4 and an SD
of 570g per exposure group was assumed for the acute
stress exposure. At a two-tailed significance level of 0.05
the sample had 80% power to detect a difference of 76g
in birth weight between the exposure groups. At signif-
icance levels of 0.01 and 0.001, we had 80% power to
detect differences of 83g and 113 g, respectively.

All statistical analyses were programmed using SAS soft-
ware, V.9.4 of the SAS System for Windows (SAS Institute).

Patient and public involvement

Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of our
research. Women provided explicit written consent to
participate in the ALSWH as well as for linkage to admin-
istrative health records prior to 2005. From 2005, an ‘opt-
out’ consent process was approved by the data custodians
for data linkage, with participants regularly reminded
of this process. ALSWH participants who decline health
record linkage are excluded from linked data requests.

RESULTS

Sample characteristics

There was a total of 6100 linked births for the 3622
women, with 2166 being first births. Among all 3622
women, nearly half (47.6%) had a single child, 38.7%
had two children and 11.6% had three children. Only

about 2% of all women reported more than three chil-
dren (max=7). The mean (SD) age of women at birth
was 29.8 (3.8) years and time from survey completion
to conception was 1.44 (0.85) years. Cohort characteris-
tics are shown in table 1. Among all 6100 linked births,
217 babies were classified as LBW. Of these women, the
majority reported one LBW baby (n=184), with 15 women
reporting two LBW babies (n=30) and 1 woman reported
three LBW babies (n=3). LBW was significantly associated
with preterm birth, maternal smoking, alcohol consump-
tion, BMI (particularly for those who were underweight),
as well as maternal history of hypertension and asthma.
Sample characteristics according to stress chronicity
(acute stress and chronic stress) for first births and all
births are shown in online supplemental tables 2-5.

Stress chronicity

High correlation was found between acute and chronic
stress measures, both for first births and all births (see
online supplemental tables 6 and 7). Among women
reporting moderate/high acute stress, approximately
80% reported moderate/high chronic stress across
multiple surveys. Similarly, among women reporting
none/minimal acute stress, 83% reported none/minimal
stress across multiple surveys.

The longitudinal relationship between preconception stress
and birth weight

For all births, there was no relationship between
moderate/high acute or chronic stress and offspring birth
weight in grams (see table 2). In first births only, there
was a trend towards a relationship between moderate/
high chronic stress and offspring birth weight. Offspring
sex was associated with birth weight in all models, with
female babies born lighter than male babies on average,
after adjusting for covariates (p<0.0001). For all births,
women who were not partnered also had babies that were
on average lighter.

Sensitivity analysis

Similar findings were reported when stress was consid-
ered as a continuous measure (see online online supple-
mental table 8).

DISCUSSION

Main finding

To our knowledge, this is the first study to explore the
role of preconception perceived stress as a risk factor for
birth weight using population level prospective survey
data linked with administrative obstetrical data. We have
added to the body of literature surrounding stress and
birth outcomes by demonstrating that we were unable
to identify a clear association overall between levels of
preconception stress and LBW. This contrasts with find-
ings from a recent systematic review that suggested the
strongest relationship between stress and poor obstetrical
outcomes was associated with the preconception period,
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Open access

||

Birth weight Low birth
>25009g weight Total
Source  Characteristic Class/statistic (N=5883) % (N=217) % (N=6100) % P value

Admin Gestational age (weeks) Mean (SD) 39.3 (1.32) 33.6 (5.05) 39.1(1.92) <0.0001
Missing (n) 0

Admin Offspring sex Male 51.0 53.0 51.0 0.5806
Female 49.0 47.0 49.0
Missing (n) 0

Admin Maternal age Mean (SD) 29.8 (3.81) 29.5(4.23) 29.8(3.83) 0.3735

ALSWH  Educational attainment Year 12 or less 35 35 35 0.0712
Non-university tertiary 25 31 25
University or higher degree 40 34 40
Missing (n) 121

ALSWH  Alcohol intake Non-drinker 10 12 10 0.0414
Rarely drinks (maximum 2 51 42 51
standard drinks/day, <7/week)
Low risk (<=14 drinks/week) 35 44 35
High risk (=15 drinks/week) 3.3 23 3.3
Missing (n) 72

ALSWH  Residential area Major city 52 55 52 0.2462
Inner regional 27 22 27
Quter regional/remote 21 23 21
Missing (n) 10
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Table 1 Continued

Birth weight Low birth
>2500g weight Total
Source  Characteristic Class/statistic (N=5883) % (N=217) % (N=6100) % P value
ALSWH  History of hypertension Yes 3.0 8.4 3.2 0.0001
Missing (n) 193
ALSWH  History of asthma Yes 12 18 12 0.0050
Missing (n) 193
ALSWH Previous miscarriage Yes 17 22 17 0.1424
Missing (n) 1186

Admin, administrative medical record (Perinatal Data Collection (PDC) and Midwives Notification System); ALSWH, Australian Longitudinal

Study on Women'’s Health (self-reported data).

although the evidence was limited.'® The findings of the
current study have important implications for the delivery
of mental health and family planning services prior to
conception with the timing of stress exposure critical.

Interpretation
Our primary finding is supported by research that failed
to find an association between preconception stressful life
events and small for gestational age.” Only three studies
have previously examined preconception stress and birth
weight outcomes.'® '” ** While these studies found that
stress increased the odds of having an LBW baby, they
were focused on negative life events, including the loss of
a previous child, and not perceived stress. Differences in
study findings may also be attributable to highly traumatic
life events prior to conception potentially inducing post-
traumatic stress disorder (PTSD). PTSD has been linked
with reduced offspring birth weight with the effect stron-
gest among those who were still symptomatic.”” Precon-
ception perceived stress may play the greatest role in
impacting fetal development if still unresolved at the time
of conception, thereby contributing to hypothalamic-
pituitary-adrenal dysregulation and allostatic load.
Some evidence suggests that pregnancy-specific stress is
associated with a stronger relationship with obstetrical
outcomes than general anxiety and perceived stress.”
Additionally, women who have experienced prior preg-
nancy loss are more likely to experience low mood and
excess anxiety during a subsequent pregnancy.” Repeated
exposure to psychological insult has been found to acti-
vate and sensitise the nervous system, where a response
to decreasingly intense stimuli such as minor stressors
may occur through anticipatory action.*’ Alternatively,
as we found a high correlation between the experience
of acute and chronic perceived stress for both first births
and all births, with 80% of women reporting moderate/
high stress across multiple surveys, the impact on fetal
outcomes may be influenced by personality. Personality
traits have been found to shape not only the perception
of an event but also coping with, and physical recovery
from stress."’ Future research examining preconception
stress therefore needs to consider not only the timing of

exposure but also type of exposure and coping mecha-
nisms across the life course that may have lasting impacts
on birth outcomes, such as unresolved bereavement.

Strengths and limitations
We were able to examine the impact of preconception
perceived stress on offspring birth weight using over 10
years of population-level linked data for women in their
prime childbearing years. By prospectively examining
preconception stress we were able to reduce retrospec-
tive recall bias. We verified the stability of our findings by
examining preconception stress and birth weight using
multiple definitions as well as accounting for offspring
birth order by delineating between first births and all
births, with no significant changes in estimates observed.
This provides confidence in the study findings. Although
we were only able to obtain linked administrative birth
data for three of the eight Australian states and territories,
our rate of LBW babies was found to be similar to other
reports among the Australian population, suggesting
that our findings are generalisable.” The linkage of self-
report maternal data to objective administrative birth data
added further weight to our findings by reducing partici-
pant recall bias. Particularly, we were able to account for
length of gestation, an important indicator in LBW.
There were however some limitations. Preconception
stress was measured at the survey prior to the estimated
date of conception, with the timing of the exposure varying
up to a maximum of 3years preconception. The timing of
preconception stress exposure may have been critical to
the physiological expression of stress, with preconception
stress experienced closer to conception playing a greater
role on LBW. Additional research is required to examine
perceived stress experienced at regular intervals to estab-
lish critical exposure periods as women transition from,
and through preconception to the antenatal period.
Further, it is possible that the results were underestimated
as women who experienced transient but intense levels of
stress throughout their lives may not have been classified
as having preconception stress. While descriptive data
was provided on previous miscarriage, we did not include
prospective data on miscarriage as a potential outcome
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Variable Category Beta coefficient 95% lower 95% upper

Acute stress

Stress category (ref=none/minimal) Moderate/high stress -2.57 -33.95 28.82

Maternal age (years) 5.59 1.09 10.09
Education (ref=year 12 or less) Non-university tertiary -13.77 -53.76 26.21
Residential area (ref=outer regional/ Inner regional 14.31 -29.78 58.40
remote)

Intercept 3574.21 3525.00 3623.42

Offspring sex (ref=male) Female -135.26 -162.96 -107.55

Marital status (ref=partnered) Not partnered -46.55 -83.80 -9.31

Education (ref=year 12 or less) University or higher degree 13.58 -28.19 55.36

Residential area (ref=outer regional/ Major city -25.88 -69.50 17.73
remote)

First births (N=2166)

Intercept 3418.22 3341.06 3495.39

Offspring sex (ref=male) Female -139.13 -187.61 -90.65

Marital status (ref=partnered) Not partnered 14.34 -40.55 69.22

Education (ref=year 12 or less) University or higher degree 42.31 -22.55 10717

Residential area (ref=outer regional/ Maijor city 14.80 -51.68 81.29
remote)

Chronic stress

Stress category (ref=none/minimal) Moderate/high -52.85 -106.91 1.22
Offspring sex (ref=male)  Female 16580 21730 11431
Maternal age (years) -5.32 -14.77 412
Marital status (ef=partnered)  Notpartnered 4854 1110 10819
Education (ref=year 12 or less) Non-university tertiary —-64.50 -140.49 11.49
Continued
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Table 2 Continued

Variable Category Beta coefficient 95% lower 95% upper
Education (ref=year 12 or less) University or higher degree -9.26 —77.70 59.19
Residential area (ref=outer regional/ Inner regional 57.50 -26.09 141.09
remote)

Residential area (ref=outer regional/ Major city 36.88 -34.21 107.98
remote)

*Binary classification derived from mean stress scores where acute stress (dichotomised as none/minimal and moderate/high) was measured
at the most recent survey prior to conception and chronic stress (measured at two or more time points prior to conception including one as
the survey prior to conception) was averaged across available data point and dichotomised similarly to acute stress.

related to stress. In addition, as we examined covari-
ates measured in the preconception period, we did not
include chronic disease experienced during the gesta-
tion period. Gestational hypertension and pre-eclampsia
have been found to be key drivers of LBW and small for
gestational age. While pre-eclampsia has been associated
with preconception blood pressure levels it is likely that
the inclusion of these variables would push the result
further to the null.***® We were also unable to adequately
capture variables that may have had an influence on the
risk factor variable and the outcome like Aboriginal and
Torres Strait Islander status and socioeconomic status,
although educational attainment is often included in
epidemiological research as a proxy for socioeconomic
position.46 Likewise, we were also unable to control for
pregnancy intentions, which may have confounded the
relationship as unintended gregnancies are associated
with poorer birth outcomes.”” Such reproductive health
factors and their causal relationship with stress should
be explored in future analyses. Similarly, given the crude
nature of ILBW as a measure of the in utero environment,
the relationship between preconception stress and other
fetal outcomes such as gestational age, gestational length
and intrauterine growth restriction requires further
examination.

Implications and conclusion

With an increase in research surrounding the effect of
stress on health, including long-term and intergenera-
tional transmission, there is the assumption that stress at
any point in the lifespan is detrimental to maternal and
infant outcomes. However, we need to be cautious about
the message that is delivered to young women regarding
the role of stress and pregnancy outcomes. The findings
from this study suggest that the experience of stress prior
to conception does not necessarily impact negatively on
birth weight. What we should glean from this is that there
are critical periods in which interventions for women
who experience stress and mental health concerns may
alter vulnerabilities and improve obstetrical outcomes if
administered prior to conception.

As part of a life course perspective to women’s health,
preconception healthcare has received increased atten-
tion, although there is still a lack of formalised framework.
To date, there has been a strong interest in supporting

health behaviour change (eg, smoking, alcohol consump-
tion and obesity) that impact on fertility and obstetrical
outcomes with adolescence and young adulthood iden-
tified as key intervention points. Preconception health
plans that also include stress and mental health interven-
tions will provide early intervention to reduce poor preg-
nancy outcomes as interventions during pregnancy have
been met with limited success. With approximately 40%
of pregnancies among reproductive-aged women unin-
tended," and these rates markedly higher among women
under age 24 years," waiting to provide mental health
interventions in the antenatal period will often be too late
to prevent adverse birth outcomes. Preconception care
therefore involves not only reproductive life planning but
also the space in which to provide interventions so that
optimal outcomes are achieved not only for the mother,
but also the baby.
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