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Prospective associations between prenatal adversities
and borderline personality disorder at 11-12 years
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Background. The aetiological pathways to borderline personality disorder (BPD) remain only partly elucidated.
Retrospective research indicates that prenatal adversity may be an important early risk factor in the development of
BPD. This requires corroboration with prospective longitudinal studies.

Method. A community sample of 6050 mothers and their children (born between April 1991 and December 1992) were
assessed. Maternal anxiety and depression and maternal alcohol and tobacco consumption were assessed during preg-
nancy (18 and 32 weeks gestation). Postnatal risks, including maladaptive parenting (suboptimal parenting and parent
conflict), family adversity, maternal anxiety and depression and maternal alcohol and tobacco consumption, were
assessed during early childhood. Internalizing and externalizing symptoms were assessed in late childhood. Trained psy-
chologists interviewed children in late childhood to ascertain the presence of BPD (at least five probable/definite symp-
toms).

Results. In unadjusted analyses, all prenatal risk factors (i.e. maternal alcohol and tobacco consumption and maternal
anxiety and depression) were significantly associated with BPD. Following adjustment for sex, birthweight and postnatal
exposure to anxiety and depression respectively, maladaptive parenting, family adversity and child’s internalizing and
externalizing symptoms, prenatal anxiety at 18 weeks gestation [odds ratio (OR) 1.57, 95% confidence interval (CI)
1.18-2.09] and depression at 18 weeks (OR 1.59, 95% CI 1.08-2.32) and 32 weeks (OR 1.57, 95% CI 1.14-2.18) gestation
remained significantly associated with BPD.

Conclusions. This study provides prospective evidence of associations between prenatal adversities and BPD at 11-12
years. Prenatal anxiety and depression were independently associated with BPD, suggesting that they may exert direct
effects on BPD during the prenatal period. This highlights the importance of programmes to reduce maternal stress dur-
ing pregnancy.
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Introduction been associated with BPD, including harsh parenting
(Belsky et al. 2012), physical and sexual abuse
(Widom et al. 2009), insecure attachment patterns
(Fonagy et al. 2011) and being bullied by peers
(Sansone et al. 2010; Wolke et al. 2012). Nevertheless,
these factors only partly explain the development of
BPD, suggesting that a lifespan approach (Geiger &
Crick, 2010) that considers how very early perturba-
tions (e.g. prenatal adversity) may set the individual
on a pathway towards the development of this dis-
order may offer further insights (Crowell et al. 2009).
BPD in youth (i.e. childhood and adolescence) is a
controversial topic. Nevertheless, BPD is unlikely to
appear de novo in early adulthood. Instead, it may be
considered as the continuation of precursor symptoms

Borderline personality disorder (BPD) is a serious men-
tal illness associated with suicidal behaviour, severe
behavioural and emotional dysregulation, high rates
of co-morbid mental disorder, and great costs to so-
ciety (Leichsenring et al. 2011). The aetiological trajec-
tories leading to BPD remain only partly elucidated
(Crowell et al. 2009), although it is recognized that gen-
etic, neurobiological and psychosocial factors all con-
tribute to the development of this disorder (Schwarze
et al. 2013). Several environmental risk factors have
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that first emerge during childhood or early adolescence
(Crowell et al. 2009). There is a growing body of


https://doi.org/10.1017/S0033291714002128

1026 C. Winsper et al.

evidence that BPD in individuals under 18 years of age
is a valid construct. BPD in both childhood (Guzder
et al. 1996; Rogosch & Cicchetti, 2005) and adolescence
(Gratz et al. 2011; Hankin ef al. 2011) has been asso-
ciated with similar risk factors to those reported in
adult BPD. Furthermore, BPD in youth has been
found to predict BPD diagnosis, and other negative
sequalae, up to 20 years later (Wenning, 1990;
Lofgren et al. 1991; Winograd et al. 2008).

There are several potential mechanisms through
which prenatal adversity may increase offspring vul-
nerability to the development of BPD. First, the
Developmental Origins of Health and Disease
(DOHaD) hypothesis states that prenatal adversity
may permanently alter offspring organ structure and
functioning, increasing the risk of mental illness in
later life; that is, there may be direct physiological ef-
fects on the foetus (Raikkonen & Pesonen, 2009;
Schlotz & Phillips, 2009). For example, maternal stress
during pregnancy may cause alterations to the
hypothalamic—pituitary—adrenal (HPA) axis of the foe-
tus (Field et al. 2004; O’Connor et al. 2005; Zhang et al.
2005), manifesting as an inborn tendency towards
emotional and behavioural dysregulation (Crowell
et al. 2009). Second, prenatal adversities may serve as
markers for childhood risk exposure. For example, pre-
natal anxiety and depression could portend maladap-
tive parenting in childhood (Lereya & Wolke, 2012),
which has been found to increase BPD risk. Third,
associations between prenatal adversities and BPD
could be partly attributable to continuing experience
of the same risk during childhood, exposing the child
to chronic stressors, increasing allostatic load and
heightening the likelihood of mental illness (Hostinar
& Gunnar, 2013). For instance, mothers who smoke
during pregnancy are likely to continue smoking fol-
lowing the birth of the child (Eskenazi & Castorina,
1999).

Despite these theoretical linkages, research regard-
ing associations between prenatal adversities and
BPD is sparse. To our knowledge, the first and only
study to specifically explore associations between pre-
natal adversity and BPD reported that patients with
BPD were significantly more often exposed to adverse
intrauterine conditions, including tobacco consump-
tion and maternal stress (Schwarze et al. 2013). This
retrospective study requires replication with prospec-
tive longitudinal research to verify the impact of pre-
natal risk factors on the development of BPD
(Schwarze et al. 2013). In the current study we assessed
prospective associations between prenatal adversities
(tobacco and alcohol consumption and depression
and anxiety) and BPD at 11-12 years while controlling
for relevant confounders. To ascertain whether pre-
natal adversity was an independent predictor of BPD
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rather than proxy for postnatal risk, we simultaneously
controlled for exposure to the same risk during early
childhood (e.g. when assessing associations between
prenatal maternal depression and BPD, we controlled
for postnatal maternal depression).

Method
Participants

The Avon Longitudinal Study of Parents and Children
(ALSPAC) is a UK birth cohort examining the determi-
nants of development, health and disease during child-
hood and beyond. The study has been described in
detail elsewhere (Boyd et al. 2013). ALSPAC recruited
pregnant women in Avon with expected dates of deliv-
ery between 1 April 1991 and 31 December 1992. In
total, 14541 pregnant women were initially enrolled
in the study, and had returned at least one question-
naire or attended a ‘Children in Focus’ clinic by 19
July 1999. Of these initial pregnancies, there were 14
676 foetuses, resulting in 14 062 live births of which
13 988 children were alive at 1 year of age. When the
oldest children were approximately 7 years old, the
sample was bolstered with eligible cases who had
failed to join the study originally. Consequently,
when considering variables collected from the age of
7 onwards, there are data available on 14 701 children
(an additional 713 children). The study website con-
tains details of all of the data that are available through
a fully searchable data dictionary (www.bris.ac.uk/
alspac/researchers/data-access/data-dictionary/).

From the first trimester of pregnancy, parents have
completed postal questionnaires about the study
child’s health and development. The child has
attended assessment clinics, including
face-to-face interviews, psychological and physical
tests. There were 11510 children living in the study
area and eligible for invitation to the 11-year annual as-
sessment clinic. A total of 6423 attended and started
the interview session, although 373 of these children
were excluded because they did not answer at least
eight of the nine BPD questions. This study is therefore
based on 6050 children (mean age 11.7 years).

annual

BPD interview

BPD was assessed using a face-to-face semi-structured
interview: the UK Childhood Interview for DSM-IV
Borderline  Personality = Disorder = (UK-CI-BPD;
Zanarini ef al. 2004). The UK-CI-BPD is based on the
borderline module of the Diagnostic Interview for
DSM-IV  Personality Disorders (DIPD-IV; Zanarini
et al. 1996), which is a widely used semi-structured
interview for all DSM-IV Axis II disorders. The inter-
rater and test-retest reliability of the DSM-III,
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DSM-III-R and DSM-IV versions of this measure have
all proven to be good to excellent (Zanarini et al. 2000;
Zanarini & Frankenberg, 2001). The UK-CI-BPD was
adapted from the CI-BPD (US version). The convergent
validity of the CI-BPD was investigated using 171 ado-
lescents aged 13-17 years; 111 met criteria for BPD and
60 were normal comparison subjects. A Spearman’s p
of 0.89 was obtained when comparing a dimensional
score for BPD on the CI-BPD with the total score on
the Revised Diagnostic Interview for Borderlines
(DIB-R). The inter-rater reliability (x) of the UK-CI-
BPD within this sample was assessed with taped inter-
views of a subgroup of 30 children. x values ranged
from 0.36 to 1.0 (median value 0.88), with 86% of the
x values within the excellent range of >0.75 (Zanarini
et al. 2011). The UK-CI-BPD is the first semi-structured
interview assessing DSM-IV BPD in children and ado-
lescents. Similar to DSM-IV criteria, the interview con-
sists of nine sections: intense inappropriate anger;
affective instability; emptiness; identity disturbance;
paranoid ideation; abandonment; suicidal or self-
mutilating behaviours; impulsivity; and intense un-
stable relationships. Once a trained assessor had
explored each section, a judgment was made as to
whether each symptom was definitely present, prob-
ably present or absent. Each assessor was supplied
with the following guideline: a symptom is classed as
definitely present if it has occurred very frequently
(i.e. daily or at least 25% of the time), and probably
present if it had occurred repeatedly but did not
meet the criterion for definitely present. The derived
outcome variable was BPD probably/definitely pres-
ent, based on the probable/definite presence of five
or more symptoms. Diagnosis of BPD according to
the DSM-IV-TR is based on the presence of five or
more definite features, making our assessment more
sensitive, thereby representing a precursor rather
than clinically diagnosed BPD.

Prenatal exposure variables
Prenatal maternal alcohol consumption

Using a postal questionnaire, mothers were asked at 18
and 32 weeks gestation how many days in the past
month they had consumed the equivalent of 4 units
of alcohol. Responses were coded as none, 1-2, 34,
5-10, >10 days or every day. As >4 units of alcohol
in a day is considered as moderate to high (Kelly
et al. 2009) or binge (Sayal ef al. 2009) drinking during
pregnancy, we used >1 day as the cut-point.

Prenatal maternal tobacco use

Maternal prenatal tobacco consumption was reported
at 18 and 32 weeks gestation. Mothers were asked
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how many cigarettes they had smoked per day in the
past 2 weeks. Consistent with previous research,
responses were coded into the following four categor-
ies: no cigarettes = 0; 1-9 cigarettes = 1; 10-19 cigarettes
=2; and >20 cigarettes=3 (Zammit et al. 2009).

Prenatal maternal anxiety and depression

We used cut-off scores based on established thresholds
to define elevated levels of prenatal anxiety and de-
pression because we wanted to identify clinically rel-
evant levels of these features. Maternal prenatal
anxiety was assessed at 18 and 32 weeks gestation
using the Crown Crisp Experiential Index (CCEIL
Crisp et al. 1978). This is a validated self-rating inven-
tory (Sutherland & Cooper, 1992). Internal consisten-
cies of the CCEI across pre- and postnatal
assessments exceed 0.80 in the ALSPAC sample
(O’Connor ef al. 2002, 2003). The scale included items
such as ‘Do you ever have the feeling you are going
to pieces? Consistent with previous research, we cre-
ated a dichotomous anxiety variable with a cut-point
of 9 or more out of a possible 16 points to represent
those mothers considered to be clinically anxious
(Heron et al. 2004).

Maternal prenatal depression was assessed at 18 and
32 weeks gestation using the CCEI, with questions
such as: ‘Do you feel that life is too much effort?” We cre-
ated a dichotomous depression variable. A score of 0 to 9
was coded as no depression and a score of >10 was
coded as depression symptoms (Wolke et al., unpub-
lished data). Prenatal maternal depression was also
assessed using the Edinburgh Postnatal Depression
Scale (EPDS). Internal consistencies of the EPDS across
pre- and postnatal assessments exceed 0.80 in the
ALSPAC sample (O’Connor et al. 2003; Heron et al.
2004). In line with previous research, a score of 0-12
was coded as no depression, and a score of >13 as de-
pression symptoms (Evans et al. 2012). A cut-point of
13 was used as it has been found to predict clinical de-
pression based on diagnostic criteria (Murray &
Carothers, 1990), and is considered to indicate probable
depressive disorder (Evans et al. 2001).

Potential confounders

Sex

Sex (male: 48.6%; female: 51.4%) was incorporated as a
confounder into the analysis.

Low birthweight

We dichotomized birthweight into low (i.e. <2500 g)
and normal (i.e. >2500 g) categories. This cut-point
is based on the World Health Organization (WHO)
definition (Kramer, 1987), and has been used in studies
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with community populations (Hirve & Ganatra, 1994)
and in reference to prenatal adversity specifically
(Andersson et al. 2004).

Postnatal risk exposures
Maternal alcohol use after birth

Mother’s postnatal drinking was assessed at 8 weeks, 8
months and 33 months following the birth of the baby
and defined in the same way as prenatal alcohol con-
sumption (i.e. >4 units on at least one occasion).

Maternal smoking after birth

Mother’s postnatal smoking was assessed 8 weeks, 8
months and 21 months following the birth of the
baby and was categorized in the same way as prenatal
smoking (i.e. 0, 1-9, 10-19 and >20 cigarettes).

Maternal anxiety after birth

Maternal anxiety was assessed at 8 weeks and 8, 21
and 33 months using the CCEI, and was categorized
in the same manner as prenatal anxiety. Mothers
with high scores (i.e. >9 items) at any of the four time-
points were classed as having anxiety symptoms.

Maternal depression after birth

Maternal depression was assessed at 8 weeks and 8§, 21
and 33 months using the CCEI and the EPDS, and was
categorized in the same way as prenatal depression.
Mothers were coded as having depression symptoms
if they exceeded the cut-point (i.e. CCEI >10; EPDS
>13) at any time-point.

Family adversity

As family adversity has been previously associated
with BPD symptoms, it was incorporated into the
analysis as a confounder. Family adversity was
assessed at 0—4 years (assessments from 0-2 years
and 24 years were summed) using the Family
Adversity Index (FAL see Winsper et al. 2012).
Maternal alcohol consumption, anxiety and depression
items were removed (leaving a scale of 0-22) as they
were included in the multivariate model as postnatal
confounders. As the distribution of the family ad-
versity score was non-normal, we constructed a dichot-
omous family adversity variable with a cut-point of
> 85th percentile.

Maladaptive parenting

The suboptimal parenting index was based on pre-
vious research that reported an association between
maladaptive parenting and BPD (Winsper et al. 2012).
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It included items pertaining to maternal hostility (pre-
school and school period), resentment (preschool
period), hitting (preschool and school period) and
shouting (preschool and school period) from 2 to 7
years of age. Thus, each child had a score between
0 and 7. Because of the non-normal distribution of
this variable, we created a dichotomous suboptimal
parenting variable with a cut-point of >85th percentile.

The parent conflict index was also based on a pre-
viously devised scale found to be associated with
BPD (Winsper et al. 2012). Items pertaining to physical
(physically hurt and throwing things during the pre-
school period) and emotional domestic violence (dur-
ing the preschool period) and parent conflict (during
the preschool and school period) were included.
Thus, each child had a score between 0 and
5. Because of the non-normal distribution of this vari-
able, we created a dichotomous parent conflict variable
with a cut-point of >85th percentile.

Internalizing and externalizing symptoms

As there is a high level of co-morbidity between inter-
nalizing and externalizing problems and BPD (Eaton
et al. 2011), we controlled for these symptoms in late
childhood. The child’s internalizing (i.e. negative emo-
tionality) and externalizing (i.e. conduct disorder,
hyperactivity) symptoms were assessed using the
Strengths and Difficulties Questionnaire (SDQ) when
the child was between 9.5 and 11 years of age. Scores
on the conduct disorder, hyperactivity and negative
emotionality subscales were summed as in previous
research (Winsper & Wolke, 2014). Because of the non-
normal distribution of this variable, we created a
dichotomous internalizing/externalizing variable with
a cut-point of >85th percentile.

Statistical analyses

All analyses were conducted using SPSS version 21
(SPSS Inc., USA). We conducted a series of logistic re-
gression analyses (using the forced entry method) to
assess the associations between prenatal adversities
and BPD. Models A, B, C, D and E were conducted
separately for each prenatal risk factor: thus, we tested
the associations between prenatal maternal alcohol
consumption and BPD first in an unadjusted analysis
(model A); then controlling for sex and birthweight
(model B); then additionally controlling for postnatal
exposure to maternal alcohol consumption (model C);
then additionally controlling for exposure to family ad-
versity, suboptimal parenting and parent conflict dur-
ing childhood (model D); and finally additionally
controlling for the child’s internalizing and externaliz-
ing symptoms (model E). We repeated this analytical
strategy for each prenatal risk factor in turn. Model C
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Table 1. Endorsement of the individual BPD criteria of the
UK-CI-BPD

Percentage of sample

Individual BPD symptoms endorsing symptom®

Anger 24.0
Affective instability 20.2
Emptiness 8.1
Identity disturbance 9.1
Paranoid ideation 13.0
Abandonment 7.2
Suicidal behaviours 4.3
Impulsivity 22.6
Intense interpersonal relationships 13.6

BPD, Borderline personality disorder; UK-CI-BPD, UK
Childhood Interview for DSM-IV Borderline Personality
Disorder.

“Based on probable/definite response.

enabled us to delineate prenatal from postnatal risk
(i.e. to assess whether prenatal adversity is indepen-
dently associated with BPD, rather than representing
a marker for heightened risk due to postnatal ex-
posure). In supplementary analyses, we also assessed
the associations between pre- and postnatal risk fac-
tors; pre- and postnatal risk factors and maladaptive
parenting; and postnatal risk factors and BPD.

Ethical considerations

Ethical approval was obtained from the ALSPAC
Ethics and Law Committee and local research ethics
committees.

Results
Descriptive statistics

Data were available for 6050 children who completed
the UK-CI-BPD at age 11-12 years. Of the children
assessed, 444 (male: 7.3%; female: 7.4%) reported five
or more probable/definite BPD symptoms. This preva-
lence of BPD is comparable to that reported (5.9%) in a
large national representative study of adults (Grant
et al. 2008) and in a community population of
11-14-year-olds (moderate BPD, male: 8.3%; female:
11.5%; severe BPD, male: 2.8%; female: 3.8%;
Bernstein et al. 1993) in the USA. Anger, affective insta-
bility and impulsivity were the most commonly
endorsed symptoms. Table 1 shows the percentage en-
dorsement of each BPD criterion. A statistical compari-
son of participants with and without the completed
borderline interview indicated that those lost to at-
trition were more often boys, of ethnic minority, low
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birthweight and born to mothers of lower educational
level. They were also more likely to have been born
into family adversity, have a lower IQ and a psychiatric
diagnosis at 7-8 years (Winsper et al. 2012). Mothers
who dropped out of the study were also significantly
more likely to smoke or drink and experience de-
pression or anxiety during pregnancy (Table 2).

Correlations between pre- and postnatal adversity

Binge drinking during pregnancy was significantly cor-
related with binge drinking after the birth of the baby
(at 18 weeks Kendall's 7 correlation=0.21, p<0.001;
and at 32 weeks Kendall's 7 correlation=0.23, p<
0.001). Smoking during pregnancy was very strongly
correlated with smoking after the baby was born (at
18 weeks Spearman’s correlation=0.75, p<0.001; and
at 32 weeks Spearman’s correlation=0.81, p<0.001).
Prenatal anxiety at 18 (Kendall’s 7 correlation=0.38,
p <0.001) and 32 (Kendall's 7 correlation=0.40, p<
0.001) weeks was significantly correlated with postnatal
anxiety. Prenatal depression at 18 (Kendall’s 7 corre-
lation=0.30, p<0.001) and 32 (Kendall’s 7 correlation
=0.35, p<0.001) weeks was significantly correlated
with postnatal depression. As the correlations between
pre-and postnatal smoking were very high (>70%), we
conducted a collinearity diagnosis. Variance inflation
factors (VIFs) and tolerance values indicated no issue
with multicollinearity (Goodarzi et al. 2012).

Associations between pre- and postnatal adversity
and subsequent family adversity, maladaptive
parenting and BPD

Pre- and postnatal anxiety, depression and alcohol con-
sumption were associated with suboptimal parenting
and parent conflict, as shown in the online
Supplementary Table S1. Pre- and postnatal smoking
were associated with parent conflict. Unadjusted asso-
ciations between postnatal adversities and BPD are
reported in online Supplementary Table S2. Postnatal
maternal anxiety, depression, smoking, family ad-
versity, suboptimal parenting and parent conflict
were all significantly associated with BPD.

Associations between prenatal risk factors and BPD:
unadjusted and adjusted associations

Associations between prenatal risk exposures and BPD
are reported in Table 3. Associations between each
prenatal risk factor and BPD are presented separately
for each model. In unadjusted analyses (model A), all
prenatal risk exposures (alcohol, smoking, anxiety
and depression) were significantly associated with
BPD. Following control for birthweight and sex
(model B), alcohol consumption at 32 weeks, prenatal
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Table 2. Analysis comparing prenatal factors for those who dropped out to those who remained in the study

BPD interview

BPD interview not

BPD interview available as reference

Characteristic not available available category
n (%) n (%) OR (95% CI)*

Prenatal anxiety at 18 weeks

No 5171 (81.4) 4675 (86.1) [reference]

Yes 1179 (18.6) 756 (13.9) 0.71 (0.64-0.78)
Prenatal anxiety at 32 weeks

No 4071 (80.6) 4716 (85) [reference]

Yes 1194 (19.4) 829 (15) 0.73 (0.66-0.81)
Prenatal depression at 18 weeks

No 5802 (91.9) 5090 (94.3) [reference]

Yes 509 (8.1) 306 (5.7) 0.69 (0.59-0.79)
Prenatal depression at 32 weeks

No 5456 (88.6) 5032 (91) [reference]

Yes 704 (11.4) 496 (9) 0.76 (0.68-0.86)
Prenatal alcohol at 18 weeks

No 5752 (81.4) 5006 (85) [reference]

Yes 1317 (18.6) 882 (15) 0.77 (0.70-0.85)
Prenatal alcohol at 32 weeks

No 3660 (80.7) 3553 (84.7) [reference]

Yes 878 (19.3) 640 (15.3) 0.75 (0.67-0.84)
Prenatal smoking at 18 weeks

None 5405 (75.2) 5141 (86.9) [reference]

1-9 per day 740 (10.3) 400 (6.8) 0.57 (0.50-0.65)

10-19 per day 745 (10.4) 279 (4.7) 0.39 (0.34-0.45)

>20 per day 299 (4.2) 94 (1.6) 0.33 (0.26-0.42)
Prenatal smoking at 32 weeks

None 4318 (72.2) 4608 (86) [reference]

1-9 per day 594 (9.9) 335 (6.3) 0.53 (0.46-0.61)

10-19 per day 789 (13.2) 316 (5.9) 0.38 (0.33-0.43)

>20 per day 282 (4.7) 100 (1.9) 0.33 (0.26-0.42)

BPD, Borderline personality disorder; OR, odds ratio; CI, confidence interval.

*Boldface indicates that the 95% CI does not include 1.00.

smoking, anxiety and depression remained signifi-
cantly associated with BPD. After additionally control-
ling for postnatal exposure to the same risk factor
(model C), prenatal anxiety at 18 weeks and prenatal
depression at 18 and 32 weeks remained significantly
associated with BPD. After additionally controlling
for maladaptive parenting and family adversity
(model D), prenatal anxiety at 18 weeks and prenatal
depression at 18 and 32 weeks remained significantly
associated with BPD. These associations remained in
the final analysis (model E), which additionally con-
trolled for child’s externalizing and internalizing
symptoms.

Discussion

To the best of our knowledge, this is the first study to
test the prospective associations between prenatal
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adversities and BPD at age 11-12 years. Congruent
with previous retrospective research, all prenatal
adversities were significantly associated with BPD.
These associations remained significant after control-
ling for sex and birthweight, with the exception of al-
cohol consumption at 18 weeks.

Associations between prenatal anxiety and
depression and BPD

Prenatal anxiety and depression were significantly cor-
related with postnatal anxiety and depression, and
postnatal anxiety and depression were significantly
associated with BPD. Prenatal anxiety at 18 weeks ges-
tation and prenatal depression at 18 and 32 weeks ges-
tation remained significantly associated with BPD after
controlling for postnatal anxiety and depression re-
spectively. This indicates that the associations between
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Table 3. Associations between prenatal adversities and BPD: unadjusted analysis and controlling for confounders
Prenatal exposures BPD status n (%) Model A Model B Model C Model D Model E
Maternal alcohol at 18 weeks®

No 353 (7.1) [reference] [reference] [reference] [reference] [reference]

Yes 80 (9.1) 1.32 (1.02-1.70)  1.28 (0.99-1.66) 1.26 (0.96-1.65) 1.19 (0.91-1.56) 1.17 (0.89-1.54)
Maternal alcohol at 32 weeks

No 209 (5.9) [reference] [reference] [reference] [reference] [reference]

Yes 51 (8.0) 1.39 (1.01-1.91) 1.39 (1.00-1.91) 1.34 (0.96-1.86) 1.27 (0.91-1.77) 1.24 (0.89-1.74)
Maternal tobacco at 18 weeks®

None 342 (6.7) [reference] [reference] [reference] [reference] [reference]

1-9 days 44 (11.0) 1.73 (1.25-2.42) 1.73 (1.24-2.42) 1.33 (0.86-2.08) 1.34 (0.86-2.08) 1.33 (0.85-2.07)

10-19 days 32 (11.5) 1.82 (1.24-2.67) 1.83 (1.24-2.69) 1.24 (0.71-2.17) 1.23 (0.70-2.15) 1.22 (0.70-2.14)

>20 days 16 (17) 2.88 (1.66-4.98) 2.93 (1.69-5.08) 1.76 (0.81-3.82) 1.70 (0.78-3.68) 1.74 (0.80-3.78)
Maternal tobacco at 32 weeks®

None 309 (6.7) [reference] [reference] [reference] [reference] [reference]

1-9 days 38 (11.3) 1.78 (1.25-2.54) 1.82 (1.28-2.61) 1.55(0.94-2.55) 1.52 (0.92-2.50) 1.52 (0.92-2.51)

10-19 days 33 (10.4) 1.62 (1.11-2.37)  1.63 (1.11-2.39) 1.16 (0.62-2.15) 1.19 (0.64-2.20) 1.18 (0.63-2.19)

>20 days 11 (11) 1.72 (0.91-3.25) 1.77 (0.93-3.34) 0.97 (0.39-2.44) 1.00 (0.40-2.50) 0.96 (0.38-2.41)
Maternal anxiety at 18 weeks®

No 309 (6.6) [reference] [reference] [reference] [reference] [reference]

Yes 86 (11.4) 1.81 (1.41-2.33) 1.80 (1.39-2.32) 1.65 (1.24-2.20) 1.58 (1.19-2.11) 1.57 (1.18-2.09)
Maternal anxiety at 32 weeks®

No 320 (6.8) [reference] [reference] [reference] [reference] [reference]

Yes 82 (9.9) 1.51 (1.17-1.95) 1.45 (1.12-1.88) 1.31 (0.98-1.75) 1.25(0.93-1.68) 1.23 (0.91-1.65)
CCEI Maternal depression at 18 weeks?

No 354 (7.0) [reference] [reference] [reference] [reference] [reference]

Yes 40 (13.1) 2.01 (1.42-2.85) 2.05 (1.44-2.91) 1.74 (1.19-2.52) 1.63 (1.11-2.38) 1.59 (1.08-2.32)
EPDS Maternal depression at 18 weeks®

No 340 (6.9) [reference] [reference] [reference] [reference] [reference]

Yes 66 (11.15) 1.68 (1.27-2.22) 1.70 (1.29-2.25) 1.52 (1.13-2.06) 1.44 (1.06-1.96) 1.38 (1.02-1.89)
CCEI Maternal depression at 32 weeks®

No 333 (6.6) [reference] [reference] [reference] [reference] [reference]

Yes 60 (12.1) 1.94 (1.45-2.60) 1.84 (1.36-2.48) 1.69 (1.23-2.33) 1.63 (1.18-2.25) 1.57 (1.14-2.18)
EPDS Maternal depression at 32 weeks®

No 335 (6.7) [reference] [reference] [reference] [reference] [reference]

Yes 76 (10.5) 1.61 (1.24-2.10) 1.58 (1.21-2.06) 1.43 (1.06-1.92) 1.35 (1.00-1.82) 1.31 (0.97-1.77)

BPD, Borderline personality disorder; CCEI, Crown Crisp Experiential Index; EPDS, Edinburgh Postnatal Depression Scale.

Model A: crude analysis. Model B: controlling for sex and birthweight. Model C: additionally controlling for postnatal risk.
Model D: additionally controlling for family adversity from 0 to 4 years (with alcohol, anxiety and depression items removed),

suboptimal parenting and parent conflict. Model E: additionally controlling for internalizing and externalizing symptoms.

Boldface indicates significant association.
?Alcohol binge based on Sayal et al. 2009 (>4 units at least 1-2 days in the past month).

PBased on Zammit ef al. (2009).

“CCEI (cut-off point based on Heron et al. 2004: score of >9).
4CCEI based on Wolke et al. (unpublished data) score of >10.
°EPDS based on Evans et al. (2012) score of >13.

Values given as odds ratios (95% confidence intervals).

prenatal anxiety/depression and BPD were not solely
mediated by a link between pre- and postnatal anxi-
ety/depression but instead may represent direct asso-
ciations from the prenatal period. This speculation is
further supported by the observation that further ad-
justment for childhood risk factors for BPD (i.e. family
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adversity and maladaptive parenting) only moderately
attenuated the associations.

Consistent with DOHaD, maternal cortisol may
cross the placenta during pregnancy, disturbing the
ongoing development of the foetus (Van den Bergh
et al. 2005). Thus, prenatal anxiety and depression
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may have lasting effects on offspring neuroendocrine
functioning, impacting on the HPA axis and brain
structures such as the amygdala (Welberg et al. 2000;
O’Connor et al. 2005; Davis et al. 2007; Van den
Bergh et al. 2007; Oberlander et al. 2008; Glover et al.
2010). Dysregulation of the HPA axis engenders hyper-
sensitivity to stress, a core vulnerability observed in
BPD patients (Lieb et al. 2004; Zimmerman &
Choi-Kain, 2009). As BPD patients seem to evince
emotional sensitivity and maladaptive temperamental
traits (e.g. impulsivity, emotional dysregulation) from
infancy onwards (Rogosch & Cicchetti, 2005; Crowell
et al. 2009; Stepp et al. 2012), it is plausible that they
are co-determined by prenatal programming processes
(Schwarze, 2011). As described by the biosocial
developmental model of BPD (Crowell et al. 2009),
prenatal adversity may initiate an early vulnerability
to dysregulation, leading to maladaptive behaviour
that elicits psychosocial conflicts across the child’s
development, further exacerbating emotional, beha-
vioural and cognitive dysregulation. Of note, we
observed robust associations between prenatal anxiety
and depression and subsequent maladaptive parenting
during childhood.

Prenatal alteration of the amygdala (Cratty et al.
1995; Welberg et al. 2000) due to maternal anxiety
and depression could also potentially increase risk of
BPD. The amygdala is a core brain structure implicated
in the processing of emotions, and has been found to
be smaller and more active in individuals with BPD
(Donegan et al. 2003; Minzenberg et al. 2007;
Koenigsberg et al. 2009). Hyperactivity of the amyg-
dala is linked to ‘hypermentalization’ (i.e. an enhanced
sensitivity to the mental states of others), a tendency
observed in adolescents with borderline traits (Sharp
et al. 2011). Crucially, hypermentalization and
emotional dysregulation may interact dynamically
across development. Dysregulation may undermine
socialization processes, reducing opportunities to de-
velop appropriate mentalization skills, whereas hyper-
mentalization may further derail the emotional
regulation system leading to a vicious cycle of overinter-
pretation and anxious rumination (Sharp et al. 2011).
Subsequently, problematic interpersonal relationships
with peers may ensue, further exacerbating burgeoning
BPD symptoms (Sansone ef al. 2010; Wolke et al. 2012).

We found that the association between prenatal de-
pression and BPD did not depend on the timing of
gestational exposure. By contrast, prenatal anxiety at
18 weeks only was significantly associated with BPD.
Previous studies have been inconsistent regarding the
gestational age at which the effects of antenatal ma-
ternal anxiety/stress are most pronounced (Van den
Bergh et al. 2005). O’Connor et al. (2002, 2003) reported
that antenatal anxiety at week 32 was a stronger
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predictor of behavioural/emotional problems than
antenatal anxiety at week 18. However, other studies
have indicated that anxiety/stress during early preg-
nancy may yield stronger effects, with psychological
responses becoming progressively attenuated through-
out pregnancy (Martin ef al. 1999; Glynn et al. 2001;
Laplante et al. 2004; Davis & Sandman, 2012). Future
research may seek to clarify whether there are differen-
tial effects of gestational timing, and whether they may
reflect different underlying mechanisms (Van den
Bergh et al. 2005).

Associations between prenatal tobacco and alcohol
consumption and BPD

Associations between tobacco consumption and BPD
disappeared once postnatal exposure to tobacco was
controlled for. This suggests that associations between
prenatal smoking and BPD may have been mediated
by postnatal smoking. Pre- and postnatal smoking
were very highly correlated and postnatal smoking
was associated with BPD. Studies have reported sign-
ificant associations between postnatal tobacco ex-
posure and externalizing features after controlling for
prenatal tobacco exposure (Weitzman et al. 1992;
Fergusson et al. 1993; Williams et al. 1998), and it has
been suggested that exposure to maternal smoking
during childhood may be even more hazardous than
exposure in utero. Childhood may represent a crucial
period for the neurodevelopmental effects of smoking,
and exposure during this period is likely to be more
prolonged (Eskenazi & Castorina, 1999). Nevertheless,
tackling smoking during pregnancy to reduce adverse
health effects is important (Heinonen et al. 2011;
Benjamin-Garner & Stotts, 2013), especially as mothers
who smoke during this period are highly likely to con-
tinue smoking following the birth of the child (Eskenazi
& Castorina, 1999).

Prenatal smoking was significantly associated with
parent conflict and family adversity during childhood,
suggesting that the association between smoking and
BPD could have been partly mediated by parent confl-
ict and social adversity. It has been speculated that
smoking during pregnancy may be an indicator of a
passive, neglectful parenting style (Brennan, 2005) or
maladaptive personality traits (Bagley, 1992), which
in turn are associated with problematic child psycho-
social development (Brennan, 2005).

It is possible that the lack of significant associations
between prenatal smoking and BPD following control
for postnatal confounders may have been partly at-
tributable to the characteristically mixed symptom
profile of BPD. Robust associations between prenatal
tobacco exposure and conduct/externalizing problems
in offspring have been reported (Button et al. 2005;
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Froehlich et al. 2009; Brion et al. 2010) whereas associa-
tions with internalizing problems seem to be non-
significant (Brion et al. 2010). As BPD comprises both
externalizing and internalizing features, this may
have diluted associations with the BPD outcome.

Associations between prenatal alcohol consumption
and BPD were relatively weak and became non-
significant once postnatal alcohol consumption was
controlled for. The extant literature reports that alcohol
consumption during pregnancy may have several ad-
verse effects on the foetus, sometimes culminating in
the development of foetal alcohol syndrome disorder
(Mukherjee et al. 2005), the features of which have
been likened to BPD (Page, 2003). However, whether
low to moderate alcohol exposure during pregnancy
is harmful remains controversial (Mukherjee et al.
2005; Kelly et al. 2009, 2012).

Our alcohol variable was based on a threshold of >4
units (i.e. two drinks) consumed at any point during
the past month (Sayal et al. 2009). This relatively mod-
erate threshold may have lacked precision, as it has
been previously reported that 1-2 drinks per week or
occasion do not increase the risk of clinically relevant
behavioural difficulties (Kelly et al. 2012). As pre- and
postnatal alcohol consumption was associated with
maladaptive parenting and family adversity, rather
than being a direct cause of BPD, moderate prenatal al-
cohol consumption may be a marker for deprivation
and parenting factors that increase the risk of BPD
(Belsky et al. 2012; Winsper et al. 2012).

Strengths and limitations

This study has several strengths. We used data from a
large prospective dataset that contained information
on both pre- and postnatal risk factors, enabling us
to ascertain whether prenatal risks exerted effects on
BPD independent of postnatal exposure to the same
risk and other confounders. Furthermore, as we con-
trolled for externalizing and internalizing symptoms
in late childhood, this supports the specificity of the
observed associations between prenatal anxiety and
depression and subsequent BPD. BPD at 11-12 years
was assessed using a validated assessment tool. The
UK-CI-BPD was adapted from a well-validated instru-
ment, was piloted and administered by trained psy-
chologists, and showed high inter-rater reliability.
The study also has limitations. First, there was selec-
tive attrition; those who dropped out were more likely
to have experienced prenatal exposure to alcohol and
tobacco consumption and maternal anxiety and de-
pression. However, this reduces the statistical power
and thus works against our hypothesis rather than
inflating associations (Nilsen et al. 2009). Furthermore,
previous simulations with this data resource indicate
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that selective drop-out may lead to an underestimation
of the prevalence of psychiatric disorders but only have
a small impact on the associations between predictors
and outcomes, even when drop-out is correlated with
predictor variables (Wolke et al. 2009). Nevertheless, po-
tential effects of selective drop-out cannot be totally
ruled out. Second, although we used a reliable assess-
ment for BPD (Sharp et al. 2012) with comparable
criteria to the adult diagnosis (i.e. five or more symp-
toms), we do not presently know what proportion of
children evincing BPD symptoms will be clinically diag-
nosed in adulthood. Consistent with the theory of het-
erotypic continuity (i.e. a change in symptoms over
time), it is possible that some of the children evincing
BPD in this sample will not be diagnosed with BPD in
adulthood (Crowell et al. 2009). Nevertheless, previous
research supports the notion that BPD symptoms in
childhood and adolescence predict BPD diagnosis in
adulthood (Wenning, 1990; Winograd et al. 2008).
Furthermore, our results largely converge with those
of a clinical study that reported that adult borderline
patients were more often exposed to a range of prenatal
adversities reported retrospectively (Schwarze et al.
2013). Third, we did not control for genetic factors.
Thus, part of the association between prenatal anxiety
and depression and offspring BPD may be attributable
to an inherited tendency towards mental illness
(Belsky et al. 2012). Nevertheless, depression in particu-
lar is associated with low heritability and candidate
genes have not been reliably identified in genome-wide
analysis (Wray et al. 2010). Fourth, prenatal risks were
prospectively self-reported by mothers, potentially lead-
ing to under-reporting of these factors (Stockwell et al.
2004). However, we found that the prevalence of
reported alcohol consumption (approximately 15% of
mothers) greatly exceeded the prevalence reported in
a more recent cohort study that used retrospective
reporting of alcohol consumption in pregnancy (Kelly
et al. 2009). Fifth, because of the observational nature
of the study, we cannot conclude that associations rep-
resent causality (Hill, 1965). Considering that the exper-
imental induction of depression or anxiety is not
possible, the prospective collection of data and control
for relevant confounders is suggestive of potential cau-
sal mechanisms.

Overall, our findings support the hypothesis that ex-
posure to prenatal adversity is prospectively associated
with BPD at 11-12 years, and may portend exposure to
future risks for BPD, including maternal mental illness
and maladaptive parenting. An extension to this work
may be the use of structural equation modelling to con-
sider how pre- and postnatal risks combine (i.e.
through moderated or mediated associations) to in-
crease risk of BPD. Future prospective studies may in-
corporate physiological markers (e.g. cortisol) and
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genetic loci to further elucidate how the development
of BPD unfolds from the prenatal period onwards
(Beauchaine et al. 2009). Elucidation of “pre-disease’
pathways could facilitate the identification of vulner-
able individuals, and furnish the development of
early intervention programmes to delay or prevent
later life disease (Van den Bergh et al. 2007).
Associations between prenatal anxiety/depression
and BPD seem to be especially robust, highlighting
the importance of intervention programmes to reduce
stress during pregnancy (Van den Bergh et al. 2005).
Cognitive-behavioural treatment during gestation, or
even prior to conception, may offer one fruitful ap-
proach (Facchinetti et al. 2004).

Supplementary material

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/50033291714002128.
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