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Methods:
Instruments

Pre-/ Postnatal Stress Questionnaire (NPQ-PSQ)

To assess the overall adversity during pregnancy, the Pre-/ Postnatal Stress Questionnaire (Hellhammer and Hellhammer, 2008, Hellhammer et al., 2012) contains an ‘adversity score’ that measures the individual number of prenatal adverse events. The NPQ-PSQ consists of items about prenatal maternal stressors (such as traumatic stress, chronic stress, low social support, family conflicts, partnership problems, sexual harassment, physical threat), medical complications, drug intake, malnutrition or smoking, socioeconomic variables (such as financial constraints, monthly income, parental education), birth complications (such as caesarean section, forceps delivery, hypoxia), birth risk factors, birth outcome (such as size, weight, and head circumference at birth), length of gestation, postnatal adversity, and childhood trauma. The presence or absence of any prenatal event is assessed by binary questions. If any question has been affirmed by the mother, she was asked to specify the week of gestation for each particular event.   

The NPQ-PSQ further contains a rating scale on perceived maternal stress during pregnancy, on a 0- to 10-point Likert scale, where 0 means ‘no perceived stress’ and 10 means ‘high perceived stress’. 
Childhood Trauma Questionnaire (CTQ)
The NPQ-PSQ data on postnatal adversity were validated by the accordant subscales of the Childhood Trauma Questionnaire (CTQ, German adaptation, (Bernstein & Fink 1998)), a reliable and valid self-rating questionnaire that is used to investigate subject’s childhood trauma history. It measures 3 types of abuse (physical, sexual, emotional), and 2 types of neglect (physical, emotional). The CTQ is the most validated and widely used retrospective trauma questionnaire. 

Self Rating Instruments for Sub-Domains of BPD and Symptoms Severity  
To assess the impact of prenatal adversity on different sub-domains of borderline symptomatology, we applied measures on borderline-specific domains, such as impulsivity (Impulsive Behavior Scale, UPPS, German adaptation, (Schmidt et al., 2008)), affective instability (Affective Lability Scale, ALS, (Harvey et al., 1989)), identity disturbance (Identity Disturbance Questionnaire, IDQ, (Wilkinson-Ryan and Westen, 2000)), dissociative behaviour (Dissociative Experience Scale, FDS, German adaptation, (Spitzer et al., 2004)), sensation seeking (Sensation Seeking Scale, SSS-V, German adaptation (Beauducel et al., 2003)), borderline symptoms in general (Borderline Symptom List, BSL, (Bohus et al., 2001)) and borderline symptoms severity (Borderline Personality Disorder Severity Inventory, BPDSI, (Arntz et al., 2003)). 

A history of psychiatric diagnoses in participant’s mothers were obtained by self-reports about psychiatric or psychotherapeutic treatments and psychiatric diagnoses, given by a psychiatrist or clinical psychologist.

Results

Postnatal Adversity 

We also found a high prevalence of postnatal adversity and childhood trauma in patients with BPD. Borderline patients reported significantly more often of childhood sexual abuse (BPD: n=49 (49%); CG: n=5 (5%); p<.001), physical maltreatment (BPD: n=41 (41%); CG: n=4 (4%); p<.001) and emotional neglect (BPD: n=63 (63%); CG: n=14 (14%); p<.001) compared to healthy controls. These findings could be confirmed in the total scores of the corresponding CTQ subscales: sexual abuse (BPD: 9.37 (SD=5.92); CG: 5.53 (SD=2.10); t190=5.98; p<.001), physical maltreatment (BPD: 8.66 (SD=5.45); CG: 5.66 (SD=1.59); t191=5.16; p<.001), emotional neglect (BPD: 13.34 (SD=6.63); CG: 8.05 (SD=3.40); t190=6.91; p<.001). PSQ and CTQ subscales were highly correlated (sexual abuse: rpb=.720; p<.001, physical maltreatment: rpb=.728; p<.001, emotional neglect: rpb=.574 p<.001). 

Birth Outcome and Maternal Data

There were no significant differences in birth outcome between borderline patients and healthy controls (Table 2). Birth weight, size at birth, head circumference and gestational length differed not significantly; as well as duration of delivery and time when the mother came to know to be pregnant. The same applies to mother’s size and body weight, which differed not significantly between both groups. However, mothers of borderline patients were slightly younger than mothers of healthy controls and had a lower level of education, whereas father’s educational level differed not significantly between the BPD group and the control group (maternal education: Mann-Whitney U: p=.008; paternal education: Mann-Whitney U: p=.616). For detailed information on parental educational level, see Table S2.

Discussion

Specificity of the Findings and possible underlying Mechanisms

The effects of prenatal adverse conditions on offspring’ mental health in humans has been demonstrated in large cohort studies where adverse conditions during fetal life (for instance maternal malnutrition, maternal infection, etc.) or markers of prenatal adversity - such as low birth weight - were associated with a high incidence of major affective disorders and schizophrenia (Brown et al., 2000, Gale and Martyn, 2004, Khandaker et al., 2012, Thompson et al., 2001). A recent meta-analysis found evidence to support weak associations between low birth weight and later depression (Wojcik et al., 2012). Furthermore, prenatal adversity, manifested in low birth weight, has been shown to affect the risk of major depressive disorders in adolescent girls (Costello et al., 2007). 
With respect to an elevated PTSD risk, recent findings implicate prenatal adversity as a major contributor to a possible biological risk factor for PTSD (Berkowitz et al., 2003, Engel et al., 2005, Yehuda et al., 2005). In a similar manner, prenatal adversity might increase the risk for BPD. So we suppose that – after exposure to prenatal adversity - postnatal environmental conditions, neurobiological factors and/or genetic factors may then determine the developmental course of BPD. 

Retrospective Design

Most of our knowledge about the long-term consequences of prenatal adversity on human health has, of necessity, been obtained from retrospective studies. These retrospective studies report an association of prenatal adversity and evidence of adverse outcome, such as attention deficits, anxiety, mild intellectual impairment, language deficits, depression and schizophrenia in the exposed offspring (Koenig et al., 2002, Kofman, 2002, Weinstock, 2001). To minimize possible retrospective effects, we strove to collect as objective information as possible. Therefore, we gathered objective information about medical complications, birth risk factors, birth outcome and maternal data from prenatal medical records. Although prenatal medical records were available from just 37.5% of participants, we could - at least to a certain extent - validate the provided information. Furthermore, information on pre- and perinatal life events base primarily on mother’s statements who personally completed the NPQ-PSQ (90.5% of mothers). All participants were instructed to review the interview questions carefully together with their mothers prior to the interview. To further reduce possible recall effects, information was obtained from diverse sources (mothers, fathers, further relatives and the participants themselves). To further assure objectivity, we applied strict exclusion criteria: If participants were not able to provide information at first hand, they were not empowered to take part in the study. Furthermore, each participant rated the validity of the provided information on a 0- to 10-point Likert scale. We generally obtained high mean scores in both, the patient group and the control group (BPD: 8.08; CG: 8.67 from maximum 10). 

Another possible issue of retrospectively designed studies is the limited validity of maternal mental disorders during pregnancy. Those information based on self-reports about psychiatric or psychotherapeutic treatments and psychiatric diagnoses, given by a psychiatrist or clinical psychologist. Future prospective studies should directly assess the mental health status of the mother during pregnancy.

The most important predictors of our study - namely prenatal tobacco exposure and prenatal medical complications – constitute variables of a relatively high validity and objectivity. According to Jaspers et al. (2010), maternal recall of smoking during pregnancy shows an excellent validity with a kappa of .77 and a high concordance rate between maternal reports of smoking and actual documented smoking behavior after more than one decade postpartum. Another important predictor in our study, namely ‘prenatal medical complications’, could have been verified by comparison with medical records. Therefore, the most important prenatal variables of the present study were somewhat verifiable. Nevertheless, despite the fact that we verified some of the assessed information, we cannot exclude a residual risk of recall bias, given the fact that several of the assessed items (e.g. maternal psychosocial stress during pregnancy) are not documented in prenatal medical records. On the other hand, there is increasing evidence that also more ‘subjective’ variables, such as perceived stress or anxiety, seem to be associated with offspring behavior later in life. Thus, prospective studies have examined the self-report maternal anxiety rather than direct evidence of psychosocial stress during pregnancy and found that the exposed infants and children show more behavioral abnormalities and symptoms of psychopathology compared with children of non-anxious mothers (de Weerth et al., 2003, Linnet et al., 2003, Van den Bergh et al., 2005, Wurmser et al., 2006). Furthermore, perceived stressors, such as partnership strain during pregnancy, has been shown to account for a substantial percentage of the variance in fearfulness and cognitive ability in the offspring (Bergman et al., 2007). However, despite the fact that mothers usually have the most precise information about the time of their pregnancy, those data might eventually be biased to some extent by a phenomenon called ‘response shift bias’. Mothers of borderline patients may possibly rate their pregnancy as being characterized by more prenatal adversity due to the fact that their child developed BPD. To overcome that issue, additional family informants (such as fathers or other close relatives) contributed further information so that the data stem from different sources. Nevertheless, future studies are essential to assess prenatal stress and maternal affective states in a prospective, longitudinal design.

Postnatal Adversity 

Although there is clear evidence for an association of prenatal adversity with later mental health problems, it is important to take other factors into account that may affect offspring health. Postnatal adversity for example is known to be an important risk factor for later psychopathology and has been shown to be associated with a broad range of mental disorders (Green et al., 2010, Lobbestael et al., 2010, McLaughlin et al., 2010). Although the causal pathways are tremendously complex, a number of environmental characteristics are known to increase the risk of later psychopathology, so for example a history of sexual abuse, emotional neglect or physical maltreatment (Bandelow et al., 2005, Rutter, 2005). Especially BPD is a disorder which is characterized by a high prevalence of childhood adversity (Zanarini et al., 1997). In the present study, we confirmed the high rates of adverse childhood experiences which accounted for a high percentage of the variance explained for the diagnosis of BPD. The effects of postnatal adversity were even stronger than the prenatal effects.  Both, pre- and postnatal adversity seems to program brain structures that underlie emotional functioning and endocrine responses to stress during specific sensitive periods of brain development. However, in human studies, it is difficult to fully disentangle pre- from postnatal adverse effects, because experimental designs are not feasible. Thus, it is possible that postnatal adversity may confound prenatal programming effects and therefore it is essential to take postnatal factors into account when assessing the effects of prenatal risk factors. In the present study, we strictly controlled for childhood trauma and for parental socioeconomic status in all relevant analyses. We chose a very conservative statistical approach – a hierarchical regression analysis – which aims to statistically disconnect the potentially confounding factors. However, despite adjusting for these factors, there may still remain a possible risk of residual confounding effects. Especially parental socioeconomic variables may act on the fetus both, pre- and postnatally. Thus, a full delineation of prenatal risk factors - independently from those variables - is hardly possible. We aimed to address that issue by a consequent adjustment for postnatal adversity and parental socioeconomic status in all applied statistical models. On the other hand, controlling for those variables may conceal fetal effects, because those influences may affect the offspring already in utero; e.g. due to poor nutrition, low medical care or adverse maternal health-related behavior. This may explain why in some studies significant associations attenuated or disappeared due to adjustment for parental socioeconomic variables or other indicators of continuing adversity (Schlotz and Phillips, 2009). It even may be possible that the assessed prenatal risk factors ‘prime’ for postnatal adversity. In this way, postnatal adverse events could result from prenatally acquired disturbances which may promote their postnatal occurrence or make the individual vulnerable for adverse effects later in life (Pawlby et al., 2011, Plant et al., 2012). With respect to the present study, it is possible that the high percentage of variance explained for prenatal factors (25.7%) may be more relevant than the value after adjustment for postnatal factors (10.4%). In sum, evidence supports the assumption of long-lasting effects of prenatal adversity on mental health and behavioural abnormalities but also illustrates the issue of controlling for postnatal environmental factors. Future studies should not only control for potential confounding postnatal risk factors, but should also investigate their role in the pathway from prenatal influences to mental health problems later in life.

Genetic Factors

Another issue that deserves consideration is the fact that the associations we found may potentially be confounded by genetic factors. Genetic factors may account for maternal health related behavior during pregnancy as well as for psychopathological outcome in the offspring.

However, existing studies suggest that the effects of prenatal adversity on behavioral problems later in life cannot be accounted for by genetic factors alone (Hultman et al., 2007, van Os et al., 2001). Thus, twin studies revealed independent effects of prenatal adversity (low birth weight) on later psychopathology/behavioral problems that were not explained by shared genetic factors (Hultman et al., 2007, van Os et al., 2001). 

There is now increasing evidence, suggesting that gene x prenatal environment interactions may impact postnatal behavior (Schlotz and Phillips, 2009). Data from our research group suggest gene x prenatal environment interactions as well as independent prenatal effects on the BPD diagnosis and associated BPD traits later in life (Schwarze et al., in preparation).

A major topic of future research should be the separation of genetic and fetal environmental effects, e.g. by assessing mothers who are biologically unrelated to their offspring (for instance, due to a donated embryo or egg; (see Thapar et al., 2007)). 

Furthermore, there may remain effects of a possible gene-environment correlation. According to the individual’s genome, a subject chooses – to a certain extent - its environmental conditions, which – in turn – may have retroactive effects on the individual itself. In case of borderline patients, it may be possible that individuals with higher scores in trait impulsivity may choose a more dangerous environment as well as a disadvantageous social context - which may increase the risk for adverse early life experiences – that may contribute to an elevated risk for developing BPD. These confounding effects cannot be excluded and may kept in mind when interpreting those data. On the other hand, it is known that prenatal adverse events (such as tobacco smoke exposure or prenatal maternal stress) may also contribute to forming temperamental traits (such as impulsivity, affective instability or externalizing behavior). It is plausible that an infant or child with ‘difficult’ temperamental traits and behaviors may be more challenging for its parents, teachers, peers, etc., so that the risk of adverse experiences increases secondarily due to prenatal programming processes. However, on an individual’s level, it is not yet possible to differentiate if those traits stem from genetic variables or from prenatal environmental influences.  
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	Table S1.  Axis I and II Comorbidities in Patients with BPD

	
	Frequency

	Diagnosis
	N
	%

	DSM-IV Axis II Comorbidities
	
	

	Cluster A Personality Disorder
	27
	27

	Cluster B Personality Disorder
	21
	21

	Cluster C Personality Disorder
	52
	52

	DSM-IV Axis I Comorbidities
	
	

	Panic Disorder
	24
	24

	Social Phobia
	21
	21

	Specific Phobia
	32
	32

	Generalized Anxiety Disorder
	21
	21

	Posttraumatic Stress Disorder
	31
	31

	Obsessive Compulsive Disorder
	12
	12

	Major Depression
	37
	37

	Dysthymia
	10
	10

	Somatoform Disorders
	15
	15

	Eating Disorders
	15
	15

	Substance Abuse / Dependency
	41
	41

	Attention Deficit Hyperactivity Disorder
	28
	28.9


N= Number.
	Table S2. Parental Education

	
	N (%) 

	Maternal Education
	Patients
	Controls

	University degree
	5 (5%)
	16 (16%)

	Technical college degree
	1 (1%)
	7 (7%)

	High school graduation
	5 (5%)
	7 (7%)

	Secondary school graduation
	34 (34%)
	28 (28%)

	Secondary general school graduation
	52 (52%)
	39 (39%)

	No school leaving certificate
	3 (3%)
	3 (3%)

	Paternal Education
	
	

	University degree
	18 (18.8%)
	21 (21%)

	Technical college degree
	4 (4.2%)
	8 (8%)

	High school graduation
	7 (7.3%)
	5 (5%)

	Secondary school graduation
	19 (19.8%)
	20 (20%)

	Secondary general school graduation
	44 (45.8%)
	40 (40%)

	No school leaving certificate
	4 (4.2%)
	6 (6%)


N= Number
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