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Personality reliably predicts life outcomes ranging from social and material resources to mental health
and interpersonal capacities. However, little is known about the potential intergenerational impact

of parent personality prior to offspring conception on family resources and child development across
the first thousand days of life. We analysed data from the Victorian Intergenerational Health Cohort
Study (665 parents, 1030 infants; est. 1992), a two-generation study with prospective assessment of
preconception background factors in parental adolescence, preconception personality traits in young
adulthood (agreeableness, conscientiousness, emotional stability, extraversion, and openness),

and multiple parental resources and infant characteristics in pregnancy and after the birth of their
child. After adjusting for pre-exposure confounders, both maternal and paternal preconception
personality traits were associated with numerous parental resources and attributes in pregnancy

and postpartum, as well as with infant biobehavioural characteristics. Effect sizes ranged from small
to moderate when considering parent personality traits as continuous exposures, and from small to
large when considering personality traits as binary exposures. Young adult personality, well before
offspring conception, is associated with the perinatal household social and financial context, parental
mental health, parenting style and self-efficacy, and temperamental characteristics of offspring. These
are pivotal aspects of early life development that ultimately predict a child’s long-term health and
development.

Personality reflects individual patterns of thought, emotions and behaviour, which fundamentally shape the
way people engage in social and intimate relationships, education, and work, as well as respond to adversity’.
Personality traits are often described along five dimensions: agreeableness, conscientiousness, emotional stability/
neuroticism, extraversion, and openness*. These personality traits predict important outcomes ranging from
subjective wellbeing and mental health, interpersonal relationships including marriage to occupational success
and community engagement. Personality has therefore been described as one of the strongest and most consist-
ent predictors of within-generation consequential and enduring life outcomes®®, with effect sizes equivalent to
those of cognitive skills and socio-economic characteristics®.

A possibility that these consequences of personality may extend beyond an individual’s own lifespan has
received comparatively less attention, despite long-standing theoretical formulations that parent personality
plays a central role in shaping child development”®. For example, Belsky’s seminal determinants of parenting
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model highlights parental personality as a potential determinant of multiple aspects of the social ecology in
which children are raised®. At one level of this ecology, parents’ personality traits may influence the material
and social resources that they bring to the role of parenthood. This idea is consistent with prior evidence that
people higher in agreeableness, conscientiousness and emotional stability report increased relationship satisfac-
tion and reduced interpersonal conflict>’, while extraversion predicts size and quality of social supports, and
many personality traits predict occupational and financial attainment>®. Such social and material supports are
particularly important in the transition to parenthood and children’ early development®!®. However, the role of
parent personality in shaping this social context into which children are born including social support, intimate
partner relationships, life stressors and finances, remains underexplored!!.

Personality may also influence the individual capacities and interpersonal approach that parents bring to
the role of parenting, and the relationship they form with their infant. For example, higher levels of emotional
stability, which is broadly associated with reduced risk of life stress and psychopathology'*'4, may support
parents in navigating the unique stressors of pregnancy and early parenthood and manage disruptions to work,
relationships, sleep, and daily functioning'>™”. Prior studies also suggest that on average, parents higher in
agreeableness, conscientiousness, emotional stability, extraversion, and openness, engage in warmer and more
structured parenting'®. Thus, through the accumulation and provisioning of relational, and material resources,
parents’ preconception personality traits have the potential to shape the perinatal context for offspring.

Parent personality may also play a role in shaping infant biobehavioural characteristics. For example, there
is some mixed evidence of associations between maternal personality in pregnancy and offspring preterm birth
and birthweight'. Earlier studies have also suggested cross-sectional associations between parent personality
traits and their infant temperamental correlates®*?!. For example, maternal neuroticism is correlated with infant
stress reactivity. These associations suggest intergenerational inheritance processes which may operate via both
biological and environmentally-mediated adaptations. However, given that personality traits change over time’,
associations between parent personality and infant biobehaviour could reflect bidirectional parent-child effects or
influences of perinatal factors on parent reported personality. Examination of parent personality before offspring
conception could shed some light on these processes through clearer temporal sequencing, but these prospective
associations remain unexplored.

Taken together, emerging evidence suggests potential links between parent personality traits and many aspects
of the perinatal ecology including accumulated parental assets and resources, and early-emerging infant biobe-
havioural characteristics. However, there remain important gaps in knowledge. Much prior research focuses on
mothers, or else considers ‘parental’ personality without distinguishing the potentially different roles of mothers
and fathers (e.g.”>'>?!). This is in contrast to the broader literature on intergenerational origins of child devel-
opment, which recognises the potential differences in biological and social pathways for men and women®>%,
Additionally, prior studies have typically limited the scope of their examination to a single ecological outcome
domain (e.g., parent mental health'>""7, infant birth outcomes'?, or infant temperament?>*!). Examining outcomes
across multiple domains within the one study can provide a more comprehensive examination of the role of
parent personality across the broader perinatal ecology*. Lastly, prior research has assessed personality during
pregnancy or postpartum, often cross-sectionally with outcomes. Such assessment may be affected by perinatal
factors such as sleep disturbance and mental health problems. Moreover, it is now understood that individual
differences in personality traits are not fixed but can change over time'. Here, our interest is in the role of par-
ents’ personality in the years before offspring conception in shaping the perinatal ecology for future offspring®.

The purpose of this study was to examine the extent to which parental personality, prior to conception, pre-
dicts diverse aspects of the perinatal ecology at the level of the infant, the parent and broader social context. Our
overall aim was to provide an initial map of the broad pattern of associations between maternal and paternal
preconception personality and diverse perinatal outcomes. Specifically, we examined prospective associations
between maternal and paternal pre-pregnancy young adult agreeableness, conscientiousness, extraversion, and
openness, and a range of infant, parental, and contextual outcomes during pregnancy and the first year postpar-
tum that are foundational for healthy development. We used data from the Victorian Intergenerational Health
Cohort Study (VIHCS), a unique cohort with prospective assessment of women and men up to 10 years before
pregnancy, during pregnancy, and postnatally.

Methods

Sample. VIHCS is an ongoing prospective intergenerational study of preconception predictors of infant and
child health, described elsewhere?. It arose from a cohort study commencing in 1992 in the state of Victoria,
Australia (The Victorian Adolescent Health Cohort Study; VAHCS)?. Briefly, a sample of 1943 Victorian mid-
secondary school students (1000 female) were recruited via a two-stage cluster sampling design and assessed
six-monthly during adolescence (VAHCS Waves 1-6: mean age 14.9-17.4 years), and three times in young
adulthood (VAHCS Waves 7-9: 20.7, 24.1 and 29.1 years). VIHCS began in 2006, during the ninth wave of
VAHCS. Between 2006 and 2013 (participants aged 29-36 years), encompassing median maternal and paternal
age for Australian births?®, VAHCS participants were screened six-monthly for pregnancies via SMS, email, and
phone calls. Participants reporting a pregnancy or recently born infant were invited to participate in VIHCS, and
asked to complete telephone interviews in trimester three, two months postpartum and one year postpartum for
each infant born during VIHCS screening. Participants’ parents or guardians provided informed written con-
sent at recruitment into VAHCS, and participants provided informed verbal consent at every subsequent wave.
Protocols were developed in accordance with relevant ethical guidelines and research codes, and approved by
the human research ethics committee at the Royal Children’s Hospital, Melbourne (VAHCS #21009/33168 and
VIHCS #26032).
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Measures. Preconception personality traits. Traits are commonly defined across a five-dimensional person-
ality taxonomy, known collectively as the ‘Big Five’: agreeableness, conscientiousness, emotional stability, extra-
version, and openness™*. Parents’ pre-pregnancy personality traits were assessed in VAHCS in young adulthood
(mean participant age 24.0 years, SD = 1.4, IQR =23.7-24.4), using the NEO Five Factor Inventory (NEO-FFI)%.
The NEO-FFI is a 60-item scale that assesses the ‘big five’ domains of personality. It has shown sound reliability,
and construct and predictive validity in adult populations including in Australia and Canada®**!. Response op-
tions ranged from 1 (strongly disagree) to 5 (strongly agree). An overall mean scale score for each personality
domain was created, with higher scores reflecting higher levels of the named domain. We then calculated stand-
ardised mean scores such that we could assess effects of changes in units of standard deviations. We used these
standardised continuous scores for primary analyses. We also created binary personality variables for use in sup-
plementary sensitivity analyses. In the absence of validated cut-points, we dichotomised the continuous score
for each trait at< 15th percentile (i.e.,<1 SD below the mean) to denote more extreme low levels of each trait.

Perinatal outcomes. A range of indicators of family material and social resources (household income, stressful
life events, social support, partner relationship quality), parental capacities and approach (depressive symptoms,
hostile parenting, parental warmth, anxious parenting, parental self-efficacy, parent-infant bonding), and infant
characteristics (gestational age at birth, birthweight, size for gestational age, temperamental approach, coopera-
tion, distractibility, persistence, reactivity, and rhythmicity) were assessed in trimester three of pregnancy and/
or at one year postpartum. All outcomes were assessed by maternal report, except for father mental health which
was assessed by paternal report. For each outcome, scale scores were standardised so that effect sizes can be
interpreted in units of standard deviations, to facilitate comparison across outcomes and between mothers and
fathers. All outcomes were coded such that high scores denote high levels of the named construct. Validated
scales were used for most outcomes. Detailed information on these variables, including references for scale
development, validity and reliability where available, are provided in Supplementary Appendices A and C.

Covariates. As recommended for analysis of multiple outcomes, we adjusted for a common set of potential
confounders to facilitate comparison of the adjusted estimates?’. These were selected according to the modi-
fied disjunctive cause criterion, identified in prior literature as pre-exposure variables (to establish temporal
sequencing) that were associated with the exposure and/or outcomes, or a proxy for a potential common cause of
exposure and outcomes, but unlikely to act as an instrument (associated with outcome only via exposure)®?. The
following variables were included: participants’ parents’ high school non-completion and separation/divorce;
participants’ high school non-completion, positive parental bond with own mother and father, life stressors,
daily smoking, binge drinking, mental health problems, underweight, and overweight. All were assessed using
validated scales or physical measurements by trained researchers as appropriate. Detailed information is in Sup-
plementary Appendices B and C.

Statistical analysis. We followed an ‘outcome-wide’ framework designed for analysis of multiple outcomes
to address an overarching conceptual question®’. In addition to allowing a comprehensive single investigation,
this approach has been designed to (a) improve efficiency of science through presentation of findings in a single,
rather than multiple sequential publications; (b) increase transparency and decrease publication bias by facilitat-
ing the reporting of null findings, along with those for which there seems evidence of an association; (c) reduce
researcher degrees of freedom in analytic decisions by applying one consistent decision set to the analysis of all
outcomes (precluding post-hoc analytic changes on a per-association basis); and (d) facilitate comparison of
standardised effect sizes across outcomes®.

All analyses were conducted separately for mothers and fathers. The characteristics of parents and infants in
the study sample were summarised as mean and standard deviation (SD) for continuous variables and frequency
and percent for categorical variables. Each parent personality trait was also summarised as mean and SD, in
total and stratified by pre-exposure covariates. Pearson’s correlation coeflicients were estimated to describe the
correlations amongst preconception personality traits, amongst perinatal outcomes, and between personality
traits and outcomes.

To model unadjusted and adjusted associations between each personality trait and perinatal outcome we
used linear generalised estimating equations (GEE), with an exchangeable correlation matrix to account for
family clustering where more than one pregnancy per participant was included. The distributions of outcomes
by exposure were assessed using locally weighted scatterplot smoothing (LOWESS) figures, with approximately
linear patterns of association deeming modelling of the mean via regression assuming a linear trend for the
exposure appropriate. Models were run first unadjusted and then fully adjusted for all pre-exposure covariates.
We present effect sizes from the linear regression analyses as standardised beta coeflicients, and uncertainty as
95% confidence intervals (CI).

All analyses included participants who responded at least once in each phase (preconception and perinatal).
Among these, there were very low levels of missing data on preconception and postnatal variables (1-2% missing
data on each of the five personality exposure variables, 0-6% missing data on each of the 16 postpartum vari-
ables; Supplementary Table 1). Due to challenges in detecting pregnancies prospectively, a greater proportion
of participants missed the antenatal interview resulting in higher missingness on those six variables (25-45%;
though nonetheless comparable with other major cohort studies of a similar timescale, particularly in the con-
text of this study’s high retention rates)*. Incomplete data were handled using multiple imputation by chained
equations**~*%. We imputed 55 complete datasets separately for mothers and fathers.

Ethics approvals for this study do not permit the data to be made publicly available, due to limitations of
participant consent and concerns regarding potential re-identifiability. Upon request, the dataset subset can
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be made available to a named individual for the purpose of replication of research findings. Requests to access
the dataset can be submitted through our institutional data access protocol: https://lifecourse.melbournechildr
ens.com/data-access/. Analysis code is publicly available at: https://osf.io/cb4g7/?view_only=6956aa751637490
78017ada2e40cafe2. Stata 16 was used for all statistical analyses®”. Figures were created using R [4.2.0]*%, RStudio
[2.5]%, readxl*, ggplot2*!, extrafont*?, ggthemes*’, and viridis*.

Results

Sample characteristics. The sample included 398 women with 609 infants, and 267 men with 421 infants.
The flow of participants through VIHCS is presented in Supplementary Fig. 1. Demographics of those screened
for, identified as eligible for and participating in VIHCS broadly matched those of the original adolescent cohort
(VAHCS)*. Basic demographics of the sample and proportion of missing data in each variable are presented
in Supplementary Table 1. Around one in three participants came from a household where neither parent had
completed high school, and one in five participants had parents who were separated or divorced. Men reported
more binge drinking in adolescence and higher rates of high school non-completion, while women reported
more adolescent mental health problems. The mean gestational age at birth of infants was 39.2 weeks. Stand-
ardised mean scores were comparable between men and women for all traits except agreeableness, which was
higher in women, and emotional stability, which was higher in men. For both men and women, mean levels of
most personality traits varied across pre-exposure participant demographic, mental health, and behavioural
characteristics (Supplementary Table 2).

Correlations (a) amongst parent preconception personality traits, and (b) amongst perinatal outcomes, are
shown in Supplementary Tables 3 and 4 respectively. The strongest between-trait correlations were observed for
emotional stability, correlated with extraversion and conscientiousness in both men and women, and additionally
with agreeableness in women (all 0.31 <r<0.44). Overall, as expected, correlations between perinatal outcomes
were typically larger within versus across domains (e.g., parental outcomes correlated with other parental out-
comes; Supplementary Table 4). In women, the largest cross-domain correlations were observed between social
resources and parental outcomes (e.g., postnatal social support and parent-infant bond r=0.28) and, in turn,
between parenting and infant traits (e.g., hostile parenting and infant reactivity r=0.25). In men, the social con-
text and parenting were not assessed, so observed cross-domain correlations were fewer. There were correlations
(r<0.14) between paternal income, depressive symptoms, and infant outcomes.

Associations between each personality trait and perinatal outcome. Figure 1 shows the correla-
tions between each preconception personality trait and perinatal outcome, separately for mothers and fathers.
Overall, we observed correlations between maternal and paternal personality traits and many perinatal out-
comes. For both mothers and fathers, correlations were mostly strongest for family and parental outcomes, and
smaller for infant outcomes.

Figure 2 and Supplementary Table 5 show adjusted associations between each maternal preconception per-
sonality trait and perinatal outcome. The observed pattern of correlations remained broadly unchanged after
adjustment for all pre-exposure individual, family and demographic confounders. The preconception personality
traits for which we observed the strongest adjusted associations with outcomes across domains were emotional
stability, extraversion, and agreeableness. Emotional stability was associated with many outcomes across all
domains including the social context, parental functioning, and infant traits, with the strongest associations
observed for ante- and postnatal depressive symptoms (adjusted antenatal 8 =—0.33 [95% CI —0.44, —0.22];
postnatal f =-0.31 [95% CI —0.40, —0.23]). Extraversion was also associated with many outcomes across all
domains including the financial and social context, parental functioning, and infant traits, with the strongest
associations observed for the parent-infant bond (8 =0.18 [95% CI 0.09, 0.27]). Agreeableness was associated
with multiple contextual and parental outcomes, with the strongest associations observed for antenatal social
support (8 =0.22 [95% CI 0.13, 0.32]) and partner relationship (8 =0.24 [95% CI 0.13, 0.34]). Conscientiousness
and openness were associated with parenting, with the strongest associations observed for conscientiousness
with the parent-infant bond (8 =0.15 [95% CI 0.06, 0.24]) and openness with parental self-efficacy (8 =-0.15
[95% CI —0.25, — 0.06]).

When considered by outcome domain, of the parental and contextual outcomes, some of the most notable
maternal adjusted associations were as follows: household income with extraversion (8 =0.13, corresponding to
a AUD $15,988 [95% CI $3015, $28,962] increase in peAriconceptional income per standard deviation increase in
extraversion); the social context with agreeableness (8 range 0.17-0.24); depressive symptoms with emotional
stability, with effect sizes roughly double those of the other maternal traits; and the parent-infant bond with all
maternal traits (8 range 0.12-0.22). Of the infant outcomes, approach and distractibility were most strongly
associated with maternal extraversion (approach g =0.11 [95% CI 0.02, 0.19]; distractibility 8 =0.10 [95% CI
0.01, 0.19]), while cooperation, rhythmicity and reactivity were most strongly associated with maternal emotional
stability (8 =range 0.12-0.15).

Figure 3 and Supplementary Table 5 show adjusted associations between each paternal preconception per-
sonality trait and perinatal outcome. The observed pattern of correlations remained broadly unchanged after
adjustment for all pre-exposure individual, family and demographic confounders. For all traits except for con-
scientiousness, the strongest adjusted associations were observed with perinatal income (8 range 0.11-0.18). For
conscientiousness, the strongest association was with infant size for gestational age (8 =-0.15 [95% CI —0.28,
—0.03]). When considered by perinatal outcome, the most notable paternal adjusted associations were as follows:
household income with all traits, with the strongest associations observed for emotional stability ( B =0.18, cor-
responding to a $12,488 [95% CI $1178, $23,799] increase in periconceptional income per standard deviation
increase in emotional stability); infant size for gestational age with paternal conscientiousness (8 =—0.15 [95%
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Figure 1. Correlations between parent personality traits and perinatal (a) family material and social resources,
(b) parental capacities and approach, and (c) infant biobehavioural characteristics, by sex of parent (maternal
n=609, paternal n=421), in imputed data. A agreeableness, C conscientiousness, Em emotional stability, Ex
extraversion, O Openness. For all variables, high scores denote high levels of the named construct. Omitted
cells indicate that those outcomes were not assessed in fathers. Numbers are Pearson’s r correlation coefficients.
Colours represent strength of correlation between parent personality traits (on the horizontal axis) and perinatal
outcomes (on the vertical axis), whether positive or negative.
CI -0.28, —0.03]); and infant approach and distractibility with paternal extraversion (approach B =0.11 [95%
CI 0.00, 0.22]; distractibility 8 =0.16 [95% CI 0.04, 0.27]) and paternal openness (approach 8 =0.13 [95% CI
0.02, 0.23]).
Sensitivity analyses. A similar pattern of results was also observed when models were run with binary
personality exposures (Supplementary Table 6), though with far larger effect sizes consistent with the more
extreme levels of exposure. In women, observed associations were strongest between low agreeableness and each
of social support, partner relationship, and maternal infant-bond (8 ranging from — 0.66 to —0.82), and between
low emotional stability and perinatal depressive symptoms (8 ranging from 0.59 to 0.62). In men, observed
associations were strongest between low emotional stability and income (S ranging from —0.41 to —0.52). In
both men and women, small to moderate associations were also observed between a range of other traits and
outcomes, including infant traits, consistent with findings of the continuous exposure analyses.
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Figure 2. Associations between maternal personality traits and perinatal (a) family material and social
resources, (b) parental capacities and approach, and (c) infant biobehavioural characteristics (n=609), in
imputed data. Models adjusted for participants’ parents” high school non-completion and separation/divorce;
participants” high school non-completion, positive parental bond with own mother and father, stressors, daily
smoking, binge drinking, mental health problems, underweight, and overweight. For all variables, high scores
denote high levels of the named construct. Estimates are presented as standardised betas (B, 95% confidence
intervals), interpretable in units of standard deviations.

Restriction of the analysis sample to those with complete data had little effect on the observed associations
(Supplementary Table 6). Associations were also mostly robust to mutual adjustment for all other personality
traits, with two notable exceptions (Supplementary Table 6). In both men and women, after mutual adjustment
for all preconception personality traits, associations with perinatal depressive symptoms largely attenuated for all
personality traits except emotional stability and openness. In women, after mutual adjustment for all preconcep-
tion personality traits, associations with perinatal social support and hostile parenting largely attenuated for all
personality traits except agreeableness.

Discussion

Both maternal and paternal personality traits assessed up to 10 years before pregnancy predict numerous and
diverse contextual, parental and infant outcomes in offspring early life. Effect sizes associated with incremental
change in personality were small to moderate, but larger when considering a binary exposure of extreme (low)
versus normative levels. The pattern of results was robust to adjustment for confounding factors and substantially
consistent across sensitivity analyses. These findings highlight a potential role of preconception personality in
shaping multiple aspects of the perinatal social ecology®. In turn, these elements of the perinatal context have
previously been found to predict children’s health and development well into adulthood*.

Overall, effect sizes were largest for perinatal family and parental resources and approaches including income,
social support, quality of relationships, mental health, and parenting. This matters, because prior evidence sug-
gests powerful impacts of these ecological factors on children’s ongoing development®'®. Our observed effect
sizes were similar to those reported in prior studies of associations between personality and within-generation
outcomes, as well as next-generation parenting of older children®>”'8. In particular, higher levels of some per-
sonality traits—extraversion, emotional stability, and agreeableness—were associated both with reduced paren-
tal and contextual risks (e.g., depressive symptoms and stressors) and increased protective factors (e.g., social
support, parental self-efficacy). Higher levels of these traits, reflecting interpersonal orientation and emotional
regulation capacities, may have some adaptive qualities in pregnancy and parenthood of infants. For example,
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Figure 3. Associations between paternal personality traits and perinatal (a) family material and social
resources, (b) parental capacities and approach, and (c) infant biobehavioural characteristics (n=421), in
imputed data. Estimates adjusted for participants’ parents’ high school non-completion and separation/divorce;
participants” high school non-completion, positive parental bond with own mother and father, stressors, daily
smoking, binge drinking, mental health problems, underweight, and overweight. For all variables, high scores
denote high levels of the named construct. Estimates are presented as standardised betas (8, 95% confidence
intervals), interpretable in units of standard deviations.

such traits may facilitate garnering of social and financial capital that in turn support family functioning, by
reducing stressors and providing resources and space for parents to focus on attending to infant needs*®. They
may also align with the specific role demands of early parenthood, including a capacity to manage stress and
change, empathy that facilitates responsive nurturing, and joy in interacting with infants. These findings align
with the suggestion that personality traits are useful, policy-relevant markers of context-dependent health risk
and resilience*”*, and extend this to an intergenerational setting.

While smaller, the associations between parent personality and infant characteristics were also notable. For
example, we observed associations between parent personality traits and their infant temperamental correlates
(e.g., parental extraversion with infant orientation-related traits; maternal emotional stability with infant reac-
tivity and regulation-related traits). This finding expands prior work by prospectively demonstrating the early
origins of these continuities from before conception and in infancy?*’. Such intergenerational continuities could
reflect a genetic biological inheritance™. Alternatively, evidence from animal and genetically-informed human
studies®"? suggests a social pathway from parental genetic influences via parental characteristics, behaviour and
resources that shape children’s development (genetic nurture)**. Consistent with this idea, we found positive
associations between parent extraversion and infant approach (reflecting infant comfort in engaging with people
and their environment), as well as many parental and contextual attributes that may influence infant approach
(e.g., parental mental health, warmth, confidence, and supportive social context)**. Maternal emotional stability
similarly predicted both lower infant reactivity and relevant context factors (e.g., increased depressive symp-
toms; lower social support and paternal income). In turn, these early temperament traits have been found to
predict children’ life outcomes®. Together, findings raise testable hypotheses that intergenerational outcomes
of parental personality could operate at least in part via the perinatal social ecology into which children are
born, through accumulation of parental health, interpersonal, and social capital, consistent with the concept of
intergenerational niche construction.

Notably, both maternal and paternal personality traits are associated with family context and infant out-
comes. The role of fathers in early life family context and child development is often neglected®’. We found that
paternal personality traits are associated with many measured aspects of the perinatal social ecology, with effect
sizes in many cases equal or greater than those observed for mothers. For example, consistent with findings of
prior within-generation studies'?, similar associations between lower emotional stability and increased depres-
sive symptoms were observed for both mothers and fathers. Associations between parental extraversion and
infant orientation-related traits were also similar for mothers and fathers, consistent with prior cross-sectional
findings®!. On the other hand, higher levels of paternal interpersonal and self-regulatory personality traits were
associated with sizable increases in perinatal income, with effect sizes much larger than those for mothers. These
differences may reflect paid maternal leave structures in Australia at the time of assessment, which could attenuate
associations in this life phase that have been previously observed for women more broadly across the lifecourse?.
Associations with birth outcomes were also larger for fathers, potentially reflecting different biological processes
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operating periconceptionally?>?. In particular, higher paternal conscientiousness was linked to lower infant size
for gestational age at birth, potentially reflecting a reduction in larger-for-gestational age babies in fathers with
healthy exercise and dietary patterns before offspring conception®*®. Our findings thus highlight the important,
and potentially distinct contribution of fathers’ personality to early life family context and child development.

Strengths and limitations. Strengths of this study include the rare longitudinal data, with prospective
pre-pregnancy assessment of personality and diverse pre-exposure covariates, and perinatal assessment of out-
comes, helping to establish temporal sequencing and reduce the possibility of reverse causation. Our findings
were robust to multiple approaches to missing data, exposure definitions, and levels of adjustment. Our multiple
outcome approach further circumvents potential for publication bias through nonpublication of ‘null’ findings*.
Our inclusion of fathers is valuable given the emphasis on maternal influences across the broader perinatal
literature.

Our findings should also be considered in light of some limitations. The VAHCS parent cohort was recruited
using a stratified random sampling design to be broadly representative of the Victorian adolescent population
at the time?. Attrition was low in VAHCS, with 85% of participants retained across the 20 year study period
and little evidence that those participating in VIHCS differed from the eligible or baseline VAHCS sample?.
As with all cohort studies, however, the possibility of differential recruitment, attrition and non-response, and
changing population demographics over time may have led to underrepresentation of some population groups.
Additionally, the study included infants born when parents were aged between 29 and 36 years to maximise
recruitment across the period of peak fertility in Australia®®. Future research should explore generalisability of
results to older or younger parents, and across other population groups and settings.

Missing data within the achieved sample was very low for the five exposures, 10 covariates, and 16 postnatal
outcomes, but higher for the six antenatal items (though still low compared with major cohorts of a similar
timescale)®?. VIHCS is one of very few long-term preconception cohorts with antenatal data®, due in part to
the challenges of prospectively identifying all pregnancies to an existing cohort. We used multiple imputation
to address potential biases using rich exposure, outcome and covariate information, a robust strategy at higher
levels of missing data than here®, and note that for constructs assessed both antenatally and postnatally when
missing rates were very low, the associations with personality were similar, suggesting minimal bias. We adjusted
for a range of pre-exposure confounders and found little change in effect estimates, but potential for residual
confounding also remains. In addition, while the present study contributes new evidence on preconception
personality in young adulthood, future research may build on these findings by examining the dynamic role of
personality across the preconception parental lifecourse.

Data were collected via self- and maternal-report, as is common in longitudinal studies of this timeframe.
Parents’ perceptions of child, family, and own psychosocial wellbeing are important in their own right and reliable
predictors of next generation outcomes®*%. For example, maternally reported infant inhibition and reactivity pre-
dict diagnostically assessed psychiatric disorder in childhood and adolescence®>**. Prior studies have also found
good agreement between maternal report and medical records of birthweight and gestational age at birth®-¢’.
Importantly, associations with paternal personality traits were less susceptible to these reporting biases because
all outcomes except for paternal depressive symptoms were reported by mothers. Nonetheless, future research
should include observational and informant-rated measures to address potential biases due to measurement error.

It should be noted that standardised effect sizes associated with incremental changes in preconception per-
sonality were mostly small to moderate. This is unsurprising given the complexity of the perinatal ecology and
its many influences. Yet, small effects matter in concert and at scale®®. Further, small standardised effects can
correspond to meaningful real-life differences; for example, in fathers, the observed standardized beta of 0.18
corresponds to an AUD $12,488 increase in income for every standard deviation increase in emotional stability.
Moreover, we found large effect sizes when considering a binary exposure of extreme versus normative per-
sonality trait levels, with effect sizes similar to those commonly observed for proximal and concurrent parental
exposures®’?, a striking finding given our more distal assessment of personality up to 10 years preconception.

Conclusions

The first 1000 days of life are widely considered foundational in brain development, a sensitive phase in which a
biological embedding of the social context carries lifelong consequences for cognitive and emotional capabilities,
and ultimately health and wellbeing. We found that many elements of the perinatal social context that influence
children’s development are associated with parental personality attributes assessed well before offspring con-
ception. We also found evidence of smaller but potentially important continuities in the highest-order parental
personality traits and their infant temperamental correlates, suggesting that these intergenerational continuities
are evident from very early life. In turn, these elements of the early family ecology accumulate and interact in
complex, nuanced ways to influence children’s ongoing development'’. Thus, the cumulative intergenerational
impacts of parent personality may be substantial*®®. Our results highlight the potential intergenerational impli-
cations of personality, by contributing to many foundational aspects of the social ecology which children are
born and raised. These findings lay a groundwork for future hypothesis-driven research to identify whether
associations between parental personality and the perinatal ecology reflect causal processes, the social and bio-
logical mechanistic pathways underpinning associations, and the extent to which these pathways might influence
children’s ongoing development across the life-course.

Data availability
Code for analysis from this paper has been made publicly available at: https://osf.io/cb4g7/2view_only=6956a
a75163749078017ada2e40cafe2. Ethics approvals for this study do not permit the data to be made publicly
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available, due to limitations of participant consent and concerns regarding potential re-identifiability. Upon
request, the dataset subset can be made available to a named individual for the purpose of replication of research
findings. Requests to access the dataset can be submitted through our institutional data access protocol: https://
lifecourse.melbournechildrens.com/data-access/.

Received: 25 July 2022; Accepted: 31 January 2023
Published online: 27 February 2023

References

G W N =

. Costa, P. T. Jr. et al. Personality across the life span. Annu. Rev. Psychol. 70, 423-448 (2019).

. Ozer, D. J. & Benet-Martinez, V. Personality and the prediction of consequential outcomes. Annu. Rev. Psychol. 57, 401-421 (2006).
. Costa, P. T. & McCrae, R. R. Four ways five factors are basic. Pers. Individ. Differ. 13, 653-665 (1992).

. Widiger, T. A. & Crego, C. The Five Factor Model of personality structure: An update. World Psychiatry 18, 271-272 (2019).

. Soto, C. J. How replicable are links between personality traits and consequential life outcomes? The Life Outcomes Of Personality

Replication Project. Psychol. Sci. 18, 711-727 (2019).

6. Roberts, B. W,, Kuncel, N. R,, Shiner, R., Caspi, A. & Goldberg, L. R. The power of personality: The comparative validity of person-
ality traits, socioeconomic status, and cognitive ability for predicting important life outcomes. Perspect. Psychol. Sci. 2, 313-345
(2007).

7. Bornstein, M. H., Hahn, C. S. & Haynes, O. M. Maternal personality, parenting cognitions, and parenting practices. Dev. Psychol.
47, 658-675 (2011).

8. Belsky, J. The determinants of parenting: A process model. Child Dev. 55, 83-96 (1984).

9. Schmidt, K. L. et al. Society to cell: How child poverty gets “Under the Skin” to influence child development and lifelong health.
Dev. Rev. 61, 100983 (2021).

10. Moore, T., McDonald, M. & McHugh-Dillon, H. Evidence review: Early childhood development and the social determinants of
health inequities. Murdoch Child. Res. Inst. (2015).

11. Shin, E. K. et al. Association of maternal social relationships with cognitive development in early childhood. JAMA Netw. Open
2, e186963 (2019).

12. Kotov, R., Gamez, W., Schmidt, FE. & Watson, D. Linking ‘big’ personality traits to anxiety, depressive, and substance use disorders:
A meta-analysis. Psychol. Bull. 136, 768-821 (2010).

13. Cuijpers, P. et al. economic costs of neuroticism. Arch. Gen. Psychiatry 67, 1086 (2010).

14. Lahey, B. B. Public health significance of neuroticism. Am. Psychol. 64, 241 (2009).

15. Asselmann, E., Kunas, S. L., Wittchen, H. U. & Martini, . Maternal personality, social support, and changes in depressive, anxiety,
and stress symptoms during pregnancy and after delivery: A prospective-longitudinal study. PLoS One 15, 1-18 (2020).

16. Roman, M., Bostan, C. M., Diaconu-Gherasim, L. R. & Constantin, T. Personality traits and postnatal depression: The mediated
role of postnatal anxiety and moderated role of type of birth. Front. Psychol. 10, 1625 (2019).

17. Dudley, M., Roy, K., Kelk, N. & Bernard, D. Psychological correlates of depression in fathers and mothers in the first postnatal
year. J. Reprod. Infant Psychol. 19, 187-202 (2001).

18. Prinzie, P, Stams, G. J., Dekovic, M., Reijntjes, A. H. & Belsky, J. The relations between parents’ Big Five personality factors and
parenting: A meta-analytic review. J. Pers. Soc. Psychol. 97, 351-362 (2009).

19. Axfors, C. et al. Investigating the association between neuroticism and adverse obstetric and neonatal outcomes. Sci. Rep. 9, 15470
(2019).

20. Goldsmith, H. H., Losoya, S. H., Bradshaw, D. L. & Campos, J. ]. Genetics of personality: A twin study of the five-factor model and
parent—offspring analyses. In The Developing Structure of Temperament and Personality from Infancy to Adulthood (eds. Halverson
Charles E. J. et al.) 241-265 (Taylor & Francis, 1994).

21. Komsi, N. et al. Transactional development of parent personality and child temperament. Eur. J. Pers. 22, 553-573 (2008).

22. Patton, G. C. et al. Adolescence and the next generation. Nature 554, 458-467 (2018).

23. Sharp, G., Lawlor, D. A. & Richardson, S. S. It’s the mother!: How assumptions about the causal primacy of maternal effects influ-
ence research on the developmental origins of health and disease. Soc. Sci. Med. 213, 20-27 (2018).

24. VanderWeele, T. J. Outcome-wide epidemiology. Epidemiology 28, 399-402 (2017).

25. Roche, B. et al. The niche reduction approach: An opportunity for optimal control of infectious diseases in low-income countries?.
BMC Public Health https://doi.org/10.1186/1471-2458-14-753 (2014).

26. Spry, E. A. et al. The Victorian Intergenerational Health Cohort Study (VIHCS): Study design of a preconception cohort from
parent adolescence to offspring childhood. Paediatr. Perinat. Epidemiol. 34, 86-98 (2020).

27. Patton, G. C. et al. The prognosis of common mental disorders in adolescents: A 14-year prospective cohort study. Lancet 383,
1404-1411 (2014).

28. Australian Bureau of Statistics. Births, Australia, 2012, “Table 1.2 Births, Summary statistics for Victoria-2002 to 2012, data cube:
Excel spreadsheet, cat. no. 33010D0001_2012, viewed 18 August 2015 . http://www.abs.gov.au/ AUSSTATS/abs@.nsf/DetailsPage/
3301.0201220penDocument. http://www.abs.gov.au/ausstats/abs@.nsf/mf/3301.0 (2013).

29. Costa, P. T. & McCrae, R. R. Revised NEO Personality Inventory (NEO-PI) and NEO Five Factor Inventory (NEO-FFI) (Psychological
Assessment Resources, 1992).

30. Hong, R. Y., Paunonen, S. V. & Slade, H. P. Big Five personality factors and the prediction of behavior: A multitrait-multimethod
approach. Pers. Individ. Differ. 45, 160-166 (2008).

31. Murray, G., Rawlings, D., Allen, N. B. & Trinder, J. Neo five-factor inventory scores: Psychometric properties in a community
sample. Meas. Eval. Couns. Dev. 36, 140-149 (2003).

32. VanderWeele, T. J. Principles of confounder selection. Eur. J. Epidemiol. https://doi.org/10.1007/s10654-019-00494-6 (2019).

33. Madley-Dowd, P, Hughes, R., Tilling, K. & Heron, J. The proportion of missing data should not be used to guide decisions on
multiple imputation. J. Clin. Epidemiol. 110, 63-73 (2019).

34. White, I. R., Royston, P. & Wood, A. M. Multiple imputation using chained equations: Issues and guidance for practice. Stat. Med.
30, 377-399 (2011).

35. Bodner, T. E. What improves with increased missing data imputations?. Struct. Equ. Model. 15, 651-675 (2008).

36. Marshall, A., Altman, D. G., Holder, R. L. & Royston, P. Combining estimates of interest in prognostic modelling studies after
multiple imputation: Current practice and guidelines. BMC Med. Res. Methodol. 9, 5 (2009).

37. StataCorp. Stata Statistical Software: Release 16 (2019).

38. R Core Team. R: A language and environment for statistical computing (2018).

39. RStudio Team. RStudio: Integrated Development for R (2019).

40. Wickham, H. & Bryan, J. readxl: Read Excel Files. R package version 1.3.1 (2019).

41. Wickham, H. ggplot2: Elegant Graphics for Data Analysis (2016).

42. Chang, W. extrafont: Tools for using fonts (2014).

43. Arnold, J. B. ggthemes: Extra Themes, Scales and Geoms for ‘ggplot2’ (2019).

Scientific Reports | (2023) 13:3332 | https://doi.org/10.1038/s41598-023-29139-1 nature portfolio


https://lifecourse.melbournechildrens.com/data-access/
https://lifecourse.melbournechildrens.com/data-access/
https://doi.org/10.1186/1471-2458-14-753
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3301.02012?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/3301.02012?OpenDocument
http://www.abs.gov.au/ausstats/abs@.nsf/mf/3301.0
https://doi.org/10.1007/s10654-019-00494-6

www.nature.com/scientificreports/

44. Garnier, S. viridis: Default Color Maps from ‘matplotlib’ (2018).

45. Moore, T., Arefadib, N., Deery, A. & West, S. The first thousand days: An evidence paper. Strong Foundations: Getting it Right in the
First 1000 Days (2017).

46. Booth, A. T., Macdonald, J. A. & Youssef, G. J. Contextual stress and maternal sensitivity: A meta-analytic review of stress associa-
tions with the Maternal Behavior Q-Sort in observational studies. Dev. Rev. 48, 145-177 (2018).

47. Israel, S. et al. Translating personality psychology to help personalize preventive medicine for young adult patients. J. Pers. Soc.
Psychol. 106, 484-498 (2014).

48. Bleidorn, W. et al. The policy relevance of personality traits. Am. Psychol. 74, 1056-1067 (2019).

49. Herzhoff, K., Kushner, S. C. & Tackett, J. L. Personality development in childhood. In Personality Development Across the Lifespan
9-23 (2017). https://doi.org/10.1016/b978-0-12-804674-6.00002-8.

50. Planalp, E. M. & Goldsmith, H. H. Observed profiles of infant temperament: Stability, heritability, and associations with parenting.
Child Dev. https://doi.org/10.1111/cdev.13277 (2019).

51. Schuett, W,, Dall, S. R., Wilson, A. ]. & Royle, N. J. Environmental transmission of a personality trait: Foster parent exploration
behaviour predicts offspring exploration behaviour in zebra finches. Biol. Lett. 9, 20130120 (2013).

52. Eley, T. C. et al. The intergenerational transmission of anxiety: A children-of-twins study. Am. J. Psychiatry 172, 630-637 (2015).

53. Pingault, J. B. et al. Genetic nurture versus genetic transmission of risk for ADHD traits in the Norwegian Mother, Father and
Child Cohort Study. Mol. Psychiatry https://doi.org/10.1038/s41380-022-01863-6 (2022).

54. Moehler, E. et al. Childhood behavioral inhibition and maternal symptoms of depression. Psychopathology 40, 446-452 (2007).

55. Wright, A. J. & Jackson, J. J. Childhood temperament and adulthood personality differentially predict life outcomes. Sci. Rep. 12,
1-9 (2022).

56. Stotz, K. Why developmental niche construction is not selective niche construction: And why it matters. Interface Focus 7, 20160157
(2017).

57. Ramchandani, P. G. & Psychogiou, L. Paternal psychiatric disorders and children’s psychosocial development. Lancet 374, 646653
(2009).

58. Hakulinen, C. & Jokela, M. Personality as determinant of smoking, alcohol consumption, physical activity, and diet preferences.
In Personality and Disease 33-48 https://doi.org/10.1016/b978-0-12-805300-3.00003-7 (2018).

59. Noor, N. et al. Association of periconception paternal body mass index with persistent changes in DNA methylation of offspring
in childhood. JAMA Netw. Open 2, €1916777 (2019).

60. Kretschmer, T. The value of multiple-generation cohorts for studying parenting and child development. Child Dev. Perspect. 15,
83-89 (2021).

61. Kolaja, C. A. et al. Multiple imputation validation study: Addressing unmeasured survey data in a longitudinal design. BMC Med.
Res. Methodol. 21, 1-9 (2021).

62. Kagan, ], Snidman, N. C., Zentner, M. & Peterson, E. Infant temperament and anxious symptoms in school age children. Dev.
Psychopathol. 11, 209-224 (1999).

63. Sayal, K., Heron, J., Maughan, B., Rowe, R. & Ramchandani, P. G. Infant temperament and childhood psychiatric disorder: Lon-
gitudinal study. Child Care Health Dev. 40, 292-297 (2013).

64. Chronis-Tuscano, A. et al. Stable early maternal report of behavioral inhibition predicts lifetime social anxiety disorder in adoles-
cence. J. Am. Acad. Child Adolesc. Psychiatry 48, 928-935 (2009).

65. Gartland, D., Lansakara, N., Flood, M. & Brown, S. J. Assessing obstetric risk factors for maternal morbidity: Congruity between
medical records and mothers’ reports of obstetric exposures. Am. J. Obstet. Gynecol. 206, 152.e1-152.e10 (2012).

66. Shenkin, S. D. et al. Validity of recalled v. recorded birth weight: A systematic review and meta-analysis. J. Dev. Orig. Health Dis.
8, 137-148 (2017).

67. Olson, J. E., Shu, X. O., Ross, J. A., Pendergrass, T. & Robison, L. L. Medical record validation of maternally reported birth char-
acteristics and pregnancy-related events: A report from the Children’s Cancer Group. Am. J. Epidemiol. 145, 58-67 (1997).

68. Gotz, F. M., Gosling, S. D. & Rentfrow, P. J. Small effects: The indispensable foundation for a cumulative psychological science
(2020) (in press).

69. Spry, E. A. et al. Maternal and paternal depression and anxiety and offspring infant negative affectivity: A systematic review and
meta-analysis. Dev. Rev. 58, 0273-2297 (2020).

70. Grote, N. K. et al. A meta-analysis of depression during pregnancy and the risk of preterm birth, low birth weight, and intrauterine
growth restriction. Arch. Gen. Psychiatry 67, 1012-1024 (2010).

Acknowledgements

We thank the families who have participated in the Victorian Intergenerational Health Cohort Study for their
invaluable contributions, as well as all collaborators and the study team involved in the data collection and man-
agement. Data collection for this work was supported by NHMRC [APP1063091; APP1008273; APP1157378],
Australian Rotary Health, Colonial Foundation, Perpetual Trustees, Financial Markets Foundation for Children
(Australia), Royal Children’s Hospital Foundation, and the Murdoch Children’s Research Institute. EAS is sup-
ported by an Alfred Deakin Postdoctoral Research Fellowship from Deakin University, Australia. EAS was further
supported in the preparation of this paper by the ARC (DP180102447), GCP by NHMRC (APP1117873), CAO
by NHMRC (APP1175086), MMB by ARC (DE190101326), KCT by the Canadian Institutes of Health Research
(MFE158141), EJB by a Deakin University Postgraduate Research Scholarship, DH by NHMRC (APP1197488).
Research at the Murdoch Children’s Research Institute is supported by the Victorian Government’s Operational
Infrastructure Program.

Author contributions

E.A.S., G.P, and C.O. conceptualised the study. E.A.S. conceived the idea for the paper and all authors provided
critical feedback on the paper conceptualisation. E.A.S., S.G.D., and S.A. designed the analysis plan with input
from M.M.B., ].C., C.O. and G.P; S.A. conducted the analysis and prepared tables and figures with input from
S.G.D., H.M.H,, M.M.,, and E.A.S;; E.A.S. drafted the manuscript with contributions from C.O., ].A.M., and G.P.
All authors critically revised and reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Scientific Reports |

(2023) 13:3332 | https://doi.org/10.1038/s41598-023-29139-1 nature portfolio


https://doi.org/10.1016/b978-0-12-804674-6.00002-8
https://doi.org/10.1111/cdev.13277
https://doi.org/10.1038/s41380-022-01863-6
https://doi.org/10.1016/b978-0-12-805300-3.00003-7

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-29139-1.

Correspondence and requests for materials should be addressed to E.A.S.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:3332 | https://doi.org/10.1038/s41598-023-29139-1 nature portfolio


https://doi.org/10.1038/s41598-023-29139-1
https://doi.org/10.1038/s41598-023-29139-1
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Parental personality and early life ecology: a prospective cohort study from preconception to postpartum
	Methods
	Sample. 
	Measures. 
	Preconception personality traits. 
	Perinatal outcomes. 
	Covariates. 

	Statistical analysis. 

	Results
	Sample characteristics. 
	Associations between each personality trait and perinatal outcome. 
	Sensitivity analyses. 

	Discussion
	Strengths and limitations. 

	Conclusions
	References
	Acknowledgements


