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Background: Borderline Personality Disorder (BPD) is a chronic, debilitating, and difficult to treat condition. BPD has recently been linked to steroid hormone dysregulation and medical conditions characterized by disturbed androgen metabolism. This study aimed to investigate cortisol and testosterone levels in BPD, and changes in hormones following psychological treatment.

Methods: Participants with BPD (n = 33) completed a 12-week Dialectical Behavior Therapy group program. Pre and post salivary testosterone and cortisol were analyzed. Baseline hormones in the BPD group were compared to age-and-sex matched controls (n = 33). Non-parametric tests were utilized to investigate group differences, pre-post treatment hormone and symptom changes, and associations between symptoms and hormone levels.

Results: Participants with BPD had significantly higher testosterone levels than controls. Mean testosterone levels in females with BPD were double that of female controls. Testosterone and cortisol levels were related, and some BPD symptoms were associated with with hormone levels. BPD symptoms reduced significantly with treatment, however pre to post hormone levels did not change.

Conclusions: This study supports an association between BPD symptoms and neuroendocrine dysfunction at baseline, however we found no reduction in hormone dysfunction post treatment. Further research into relationships between stress signaling and neuroendocrine disturbances in BPD may inform aetiological and treatment models.

Trial registration: Australian New Zealand Clinical Trials Registry ACTRN12618000477224. Registered on 3 April 2018.
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1. Introduction

Borderline personality disorder (BPD) is characterized by symptoms of emotion dysregulation, self-injurious behaviors, and interpersonal difficulties (American Psychiatric Association, 2013). The development of BPD is currently understood to be a complex interplay of biological (genetics, temperament), psychological (comorbid anxiety, low self-esteem), and socio-environmental factors (e.g., trauma, bullying, caregiver attachment) (Stepp et al., 2016; Winsper et al., 2016; Winsper, 2018). The Biosocial Developmental Model of BPD estimates that development of this disorder begins at an epigenetic level, and builds throughout the course of infancy through to emerging traits in late adolescence (Crowell et al., 2009). The model asserts that a mismatch between infant temperament and parental response to high emotional needs represents a major risk factor, with potential to carry forward into social deficits and emotional dysregulation during childhood. Recent evidence supports positive genetic associations between BPD and Neuroticism and Openess personality traits (Streit et al., 2022). Additionally, a systematic review by Skabeikyte (2021) identified difficult childhood temperament as a risk factor for an increasing trajectory of BPD features during adolescence. These links are interpreted to indicate that both genetic (personality and temperament) and environmental factors (e.g., early life interpersonal traumatisation) may contribute to the development of BPD (Streit et al., 2022). These factors together may contribute to maladaptive traits in cognitive, interpersonal, emotional, and behavioral domains that develop in adolescence, and often continue through to adulthood unless early intervention is provided (Winsper et al., 2016; Winsper, 2018).

Personality disorders are estimated to impact approximately 7.8 % of the population worldwide, with a prevalence of 2.8% for cluster b (antisocial, borderline, narcissistic and histrionic) disorders (Winsper et al., 2020). Despite its prevalence, BPD continues to be difficult to treat and many affected people experience symptoms across their lifespan (Cristea et al., 2017). Psychotherapy is currently identified as a first line intervention for BPD, with pharmacotherapy (e.g., antidepressants, mood stabilizers, and antipsychotics) recommended as a secondary or concurrent intervention (National Institute for Health and Clinical Excellence (NICE), 2011). However, pharmacotherapy does not change the course of the disorder and is predominantly used to treat co-morbid conditions and specific symptoms (e.g., depression, anxiety, mood lability) (National Collaborating Centre for Mental Health (UK), 2009).

While evidence-based treatments are available, these are relatively labor-intensive, with high attrition rates (Landes and Chalker, 2016). Some individuals do not seek or respond to treatment (Woodbridge et al., 2021) and continue to experience symptoms long-term. The higher rates of suicidality, risk taking behavior, and self-harm within this population represents significant personal, psychological, social and health care costs (Cristea et al., 2017). Given the limitations of pharmacological and psychological treatments for BPD, there is a need for targeted interventions.

Emerging research is examining the potential role of neuroendocrine dysfunction in the development and maintenance of symptoms of BPD, which may inform aetiological models and intervention approaches. Elevated impulsivity, aggression, risk taking, emotion dysregulation, and interpersonal difficulties have been linked to atypical cortisol and testosterone levels in healthy and clinical populations (Rausch et al., 2015; Winsper et al., 2016), suggesting potential relevance to BPD symptoms. Cortisol is a commonly studied biomarker of stress and functioning of the hypothalamic-pituitary-adrenal (HPA) axis, which regulates stress signaling and stimulates the release of adrenocortico-trophic hormone (ACTH) from the pituitary. ACTH, in turn, stimulates adrenal cortisol release. Previous studies have reported higher basal cortisol levels within BPD samples (Lieb et al., 2004; Rausch et al., 2015). Other studies have found no such effect, or only in BPD participants with co-morbid trauma histories (Jogems-Kosterman et al., 2007; Dettenborn et al., 2016). A recent review and meta-analysis by Thomas et al. (2019) reported inconsistencies within the cortisol and BPD literature, with some studies reporting higher and some lower cortisol levels in individuals with BPD, however only 12 studies were available. This highlights the need for further research to better understand the complex nature of HPA-axis dysfunction in individuals with BPD. The HPA axis is known to share close bidirectional influences with the hypothalamic-pituitary-gonadal (HPG) axis to support the balance of reproduction and survival (Acevedo-Rodriguez et al., 2018). Testosterone, the main male sex hormone, is an output of the HPG axis and is synthesized in the testes and in smaller quantities in the ovaries (Sher, 2013). Although males produce around ten times the testosterone of females, it plays important physiological roles and is linked to cognitive functioning and psychological wellbeing in both sexes, with females being more sensitive to its effects (Sher, 2013). Bidirectional influences between the HPA and HPG axes are indicated through the effects of stress on reproductive functions and the effects of sex hormones on psychological wellbeing (Liening et al., 2010; Zilioli et al., 2015). Previous studies (Zilioli et al., 2015) provide support for the dual-hormone hypothesis positing that cortisol and testosterone levels are often related due to the modulating role of the HPA and HPG axes on each another. Higher levels of testosterone have been shown to influence aggression and risk taking behavior (Montoya et al., 2012; Mehta et al., 2015). Interestingly, a high rate of comorbidity of polycystic ovary syndrome (PCOS), a condition characterized by increased testosterone, has been noted in females with BPD (Roepke et al., 2010; Rausch et al., 2015; Dettenborn et al., 2016; Trisno et al., 2016; Tan et al., 2018). As well as being associated with reproductive, endocrine and metabolic features, PCOS is linked to psychological distress and negative mood states including anger and hostility (Borghi et al., 2018). These findings lead to the suggestion that testosterone disturbances may be associated with symptoms of BPD. There is currently a lack of research reporting correlations between BPD symptoms and testosterone levels however higher testosterone levels in BPD have been proposed as a potential mechanism contributing to aggressive symptoms in BPD (Rausch et al., 2015; Dettenborn et al., 2016).

It is plausible that understanding neuroendocrine dysfunction could lead to improved understanding of BPD etiology. Studies have begun to explore changes in HPA axis activity in response to pharmacological treatments, but not psychological treatments (Rinne et al., 2003). Furthermore, while hormone level changes over time in response to psychological treatment has been assessed in other clinical conditions such as PTSD (Olff et al., 2007), to our knowledge there are no studies of hormone changes in BPD associated with psychological treatment. Therefore, a greater understanding of neuroendocrine changes in response to psychological treatments may inform more specific interventions to support those experiencing this complex mental health issue.

The aim of this study was to measure baseline levels of cortisol and testosterone in participants diagnosed with BPD compared with matched controls. We also aimed to measure hormone levels in relation to a 12-week group manualised DBT-based group intervention, by comparing pre-post hormone levels and relationships to symptom levels and symptom changes. We hypothesize that: (1) Participants with BPD will have higher levels of testosterone compared with matched controls, (2) Testosterone and cortisol levels in participants with BPD will be positively related to BPD symptoms (3) There will be an association between testosterone and cortisol levels (3) There will be a significant reduction in testosterone and cortisol levels in particpants with BPD following treatment, and (4) Hormone changes will be associated with symptom change following treatment.



2. Method


2.1. Participants

Due to missing data the final sample comprised of 33 participants in the BPD group (n = 28, 84.8% female) between the ages of 18 and 59. The BPD group were participating in a longitudinal study examining the efficacy of a stepped care treatment model (Pickard et al., 2021) and were invited to participate in a sub-study investigating hormone levels. Recruitment for the BPD group occurred via the local community mental health central intake line. Referrals that appeared to endorse symptoms indicative of BPD (e.g., emotional dysregulation, self-harm, and suicidal behaviors) were invited to undergo the Structured Clinical Interview for DSM-5 (SCID-5) to verify a BPD diagnosis conducted by a trained psychologist. Participants provided their written consent and were randomized to the treatment condition, where they were offered a 12-week group treatment at the local community mental health service (which was step 1 of the larger stepped care treatment program), or continued their treatment as usual (TAU). The full inclusion and exclusion criteria and randomization protocol of the original study are published elsewhere (Pickard et al., 2021). The present study utilized questionnaire data collected during the group treatment, for those participants who also consented to participate in the saliva sub-study. Baseline hormone levels were then compared to age and sex matched healthy controls (n = 33) analyzed using the same methods. The study was approved by the University of Wollongong's Human Ethics Committee (HREC no. 2017/362). Exclusion criteria for the control group were neurological conditions, sleep disorders, kidney or liver disease, current treatment for diabetes, taking psychoactive medications, St John's Wort or steroids.



2.2. Procedures
 
2.2.1. Group treatment

the BPD group engaged in weekly treatment sessions over a 12-week period at the local mental health service by two trained psychologists. treatment provided was manualised according to dialectical behavior therapy (DBT) principles, which is an evidenced based treatment for BPD that provides skills in mindfulness, emotional regulation, distress tolerance, and interpersonal effectiveness (Linehan, 1987). sessions were 2 h each in duration.



2.2.2. Clinical evaluation

Participants with BPD were clinically assessed pre and post treatment as previously reported (Pickard et al., 2021) and specific measures in this study are as follows.

The Inventory of Statements About Self-injury (ISAS) is a well validated self-report measure examining the frequency and function of non-suicidal self-injury, and has shown sensitivity and consistency within a BPD population (Klonsky and Glenn, 2009). The “functions” section of this measure comprised of 39 items with 3 response options “0 – not relevant to me”, “1 – somewhat relevant to me”, and “2 – very relevant to me”. This measure was selected for use as an outcome measure relating to aggression toward the self and impulsivity. From item scores, 13 subscales are derived: (1) affect regulation, (2) anti-dissociation, (3) anti-suicide, (4) marking distress, (5) self-punishment, (6) autonomy, (7) interpersonal boundaries, (8) interpersonal influence, (9) peer bonding, (10) revenge, (11) self-care, (12) sensation seeking, and (13) toughness. Detailed explanations of these subscales are described elsewhere (Klonsky and Glenn, 2009).

Participants were asked to rate each of the DSM-5 BPD criteria problem areas for its current severity over the past 2 weeks (1 = none of the time to 6 = all of the time) in order to measure BPD symptomology, an approach that has previously demonstrated good internal consistency and predictive validity (Miller et al., 2018). Reliability for the measure of BPD symptoms has been previously reported α = 0.819 (Woodbridge et al., 2021). We asked two questions in relation to DSM-5 BPD Criterion 9; a question about distrust (paranoia), and a question about things feeling unreal (dissociative experiences), following the McLean Screening Instrument for BPD (MSI-BPD) method (Zanarini et al., 2003). An MSI-BPD cut off score of 7 was used to indicate current caseness.

Finally, the Difficulties in Emotion Regulation Scale (DERS) is a measure designed to capture multiple dimensions of emotion regulation and dysregulation (Gratz and Roemer, 2004). The DERS has also demonstrated clinical utility within a BPD sample receiving outpatient DBT group treatment, which is a similar sample to the current study (Osborne et al., 2017; Hallion et al., 2018). The DERS is comprised of 41 items and items are rated according to relevance to the responder. Responses are “1 – almost never”, “2 – sometimes”, “3 – about half the time”, “4 – most of the time”, and “5 – almost always”. This measure was selected as an outcome measure for treatment. Higher scores on this measure also indicate greater dysfunction in emotional regulation, and five subscales are procured from item score patterns: (1) non-acceptance of emotional responses, (2) difficulty engaging in goal-directed behavior, (3) impulse control difficulties, (4) lack of emotional awareness, (5) limited access to emotion regulation strategies, and (6) lack of emotional clarity. Detailed descriptions of each subscale are described elsewhere (Hallion et al., 2018).




2.3. Saliva sampling

BPD group saliva samples were taken between 10 and 11 AM in week one and week twelve of group treatment and stored frozen at −30°C until assay. All samples underwent one freeze thaw cycle prior to analyses. The matched control group data was derived from an existing pool of data that were sampled between 2 and 4 PM. Due to the different time of sampling between groups, the between-group comparisons for cortisol are not interpreted, as these may be affected by diurnal cortisol variations.


2.3.1. Assay procedure

On the day of assay, samples were thawed and analyzed using commercially available kits (Salimetrics, USA) according to the manufacturer's instructions. Thawed samples were centrifuged at 1500 × g for 15 min to collect clear saliva and this saliva was used without further processing for all assays. All samples were brought to room temperature before adding to the assay wells and all samples were analyzed in duplicate. The cortisol assay had a sensitivity of 0.003 μg/dL, with an intra assay variability of 4%, and an inter assay variability of 5.4%. The testosterone assay had a sensitivity of 1 pg/dL with an intra assay variability of 3.2%, and inter assay variability of 4.6%.




2.4. Statistical analyses

Data processing was performed using SPSS version 27.0.1.0 (SPSS, IBM, USA).

Independent-Samples Mann–Whitney U-tests were utilized to test our initial hypothesis that testosterone and cortisol level differences would be observed between the BPD group (n = 33, 28 female) and matched controls (n = 33, 28 female). We then utilized the pre and post treatment data (repeated measures) in the BPD group only, to test the remaining hypotheses. Males were excluded from pre-post analyses due to sex hormone differences, coupled with the disproportionately small male proportion (males comprised 15.2% of the sample, n = 5). The onset of the global SARS-2-CoV pandemic prevented further saliva collection, this combined with natural attrition in previous groups resulted in a reduced sample size, n = 17 female participants remained with pre-and-post treatment data utilized for analyses. T-tests were conducted to determine if there was a significant difference in baseline hormone profiles between participants who completed all measures across time and those that only completed measures at Time 1. No significant difference was found.

We then investigated if hormone levels and BPD symptom levels changed between pre-post group treatment, using Wilcoxon signed ranks tests. To investigate relationships between testosterone and cortisol levels, of relevance to the dual hormone hypothesis, we correlated cortisol and testosterone levels and symptoms in the pre and post treatment conditions. Pre and post hormone and psychometric measure change scores were then calculated to investigate whether hormone change was associated with symptom change, using Spearman's correlations. It was hypothesized that changes in hormone levels from pre to post treatment would be associated with reductions in BPD symptomology as measured by psychometric data.




3. Results


3.1. Participant characteristics

Participant characteristics, hormone levels and psychometric scores are provided in Table 1.


TABLE 1 Participant characterisitcs, hormone levels, and psychometric scores, by group.
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3.2. Group comparison of hormone differences at baseline

Independent-Samples Mann–Whitney U-tests were conducted to determine if there were differences in hormone levels (testosterone and cortisol) between the matched controls and BPD group. Cortisol scores for BPD participants (mean rank = 40.14) were significantly higher than for controls (mean rank = 26.86), U = 763.50, z = 2.809, p = 0.005. Testosterone scores for BPD participants (mean rank = 42.27) were also significantly higher than for controls (mean rank = 24.73), U = 834.000, z = 3.713, p = < 0.001.



3.3. Hormone related change in BPD group across treatment

Wilcoxon signed rank tests were used to investigate changes in cortisol and testosterone levels from pre (baseline) to post-treatment (n = 17). Cortisol elicited a non-significant median change between pre and post-group treatment, z = −1.823, p 0.068, two tailed. Relative to their pre-treatment cortisol levels, 5 participants had reduced cortisol levels (sum of ranks = 115), whilst 12 participants had increases in cortisol levels. No ties were observed.

Testosterone also showed a non-significant median change at z = −0.308, p = 0.758, two tailed. Relative to their pre-treatment testosterone levels 7 participants experienced a reduction in the amount of testosterone (sum of ranks = 83), whilst 10 participants experienced an increase in testosterone. No ties were observed.



3.4. Symptom level change in BPD group across treatment

A Wilcoxon signed rank test was used to examine changes in the number of BPD symptoms endorsed on the McLean's Screening Measure for Borderline Personality Disorder (MSI-BPD) from pre (baseline) to post-treatment (n = 17). BPD symptom scores reduced between pre-treatment and post-treatment reaching statistical significance at, z = −2.142 (corrected for ties), ties = 7, p = 0.03, two tailed. Relative to their pre-treatment rankings, 8 participants experienced a reduction in the amount of endorsed BPD symptoms on the MSI-BPD (sum of ranks = 48), whilst 2 participants experienced an increase in symptoms, and 7 reported the same amount of symptoms post-treatment. A large effect size was observed, at r = 0.52.

To determine change in severity of BPD symptoms a Wilcoxon signed rank test was conducted on total severity scores on the McLean's Screening Measure for Borderline Personality Disorder (MSI-BPD) from pre to post treatment. Pre treatment scores (Mdn = 27.60) showed a significant decrease compared with Post treatment scores (Mdn = 20.00), T = 24.5, p = 0.024. Relative to their pre-treatment rankings, 11 participants reported a reduction in the severity of endorsed BPD symptoms on the MSI-BPD, whilst 5 participants experienced an increase in symptom severity, and 1 participant reported the same severity of symptoms post-treatment. A small effect size was observed, at r = 0.39.

Wilcoxon signed rank tests were then conducted on individual symptoms to determine the effectiveness of treatment on specific BPD symptoms. A significant change in severity for mood symptoms from pre treatment (Mdn = 4.00) with post treatment scores (Mdn = 2.00), T = 0.45, p = 0.007. A reduction in mood symptoms was reported by eight participants post treatment, with seven participants reporting no change in mood symptoms. A large effect size was observed at r = 0.69. A non-significant decrease in remaining symptoms was noted from pre treatment to post treatment scores.



3.5. Correlations between hormones and BPD symptoms

Two-tailed Spearman's correlations were utilized to investigate associations between hormones and symptoms at time 1 (Table 2) for the female BPD group participants (n = 17). Salivary cortisol and testosterone levels showed strong positive correlations at pre-treatment (baseline) (r = 0.632, p = 0.003). The same correlations were performed post-intervention (Table 3). Post-treatment cortisol levels were moderately correlated with testosterone, impulse control difficulties, limited access to self-regulation strategies, and strongly correlated with lack of emotional clarity. Post-treatment testosterone levels were moderately correlated with total frequency and function of non-suicidal self-injury (ISAS total scores) and total BPD symptom severity (MSI-BPD total scores). The same correlations were performed on the change scores, however there were no significant correlations between hormone change and symptom change scores (not shown).


TABLE 2 Baseline Spearman's correlations for variables in female participants with borderline personality disorder.
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TABLE 3 Post-treatment Spearman's correlations between variables in female participants with borderline personality disorder.
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4. Discussion

This study was the first, to our knowledge, to explore hormone levels in individuals with BPD over the course of DBT treatment. We also completed one of the few comparisons of hormone levels between particpants with BPD and healthy controls. Additionally, we examined relationships between cortisol and testosterone levels to better understand links between HPG and HPA axis functioning. Further, we examined correlations between cortisol and testosterone levels and BPD symptoms.

We predicted that the BPD group would have higher levels of testosterone compared with matched controls, based on the findings of prior studies investigating neuroendocrine dysfunction, and the observation of higher prevalence of medical conditions characterized by endocrine dysfunction and disturbed androgen metabolism in BPD (Rausch et al., 2015; Dettenborn et al., 2016; Tan et al., 2018). This prediction was supported, with higher salivary levels of testosterone in the BPD group compared with matched controls, suggesting neuroendocrine involvement in BPD. Our finding of increased testosterone in females with BPD is consistent with prior findings (Roepke et al., 2010; Rausch et al., 2015; Dettenborn et al., 2016). This study therefore adds to a small but growing body of literature indicating that BPD is associated with neuroendocrine dysfunction, particularly disturbed androgen metabolism.

We also predicted that cortisol and testosterone levels would be related, in view of the dual-hormone hypothesis. The hypothesis asserts that the HPA and HPG axes modulate one another, which is supported by prior studies of healthy and clinical samples (Zilioli et al., 2015). In the current study, baseline testosterone and cortisol results were strongly postively correlated across the BPD and control participants, supporting hypothesized relationships between the HPA and HPG axes. It may be that relationships between cortisol, testosterone levels and BPD in the current and previous research are linked to stress exposure and development of maladaptive stress responses. Childhood adversity is a strong risk factor for BPD (Ferber et al., 2021) and repeated or chronic activation of the HPA axis may lead to disturbances in stress reactivity. Due to the crossover between the HPA and HPG axes, chronic activation of the HPA axis may lead to HPG dysregulation, androgen disturbances and increased risk of metabolic conditions (Ferber et al., 2021).

We predicted reductions in cortisol and testosterone levels between pre and post treatment in the BPD group. Our results indicated that there were no significant differences in hormone levels between the two time points. Therefore, in the present sample, hormone levels did not significantly change in response to treatment. However, many participants significantly improved following the group DBT treatment, having a reduction in BPD symptoms endorsed on the McLean's Screening Instrument for Borderline Personality Disorder (MSI-BPD). Therefore, treatment may provide psychological means to increase coping and reduce symptoms, which may not directly be reflected in changes to hormone levels in the time period of the study. BPD is a complex disorder that can have severe impact upon intrapersonal and interpersonal functioning and has been related to genetic vulnerability. The group treatment included in the current study is relatively brief for the complexity and severity of dysfuntion associated with BPD. While there was a significant reduction in symptoms endorsed by participants, it is plausible that the non-significant change in hormone levels may be associated with dose level, i.e., 12 sessions or time required for change in hormone levels (>12 weeks). Given BPD is established by adolescence and relationships between stress and altered hormonal functioning of the HPA and HPG axes are likely to be chronic, further prospective research over longer time periods would aid in understanding associations between BPD, steroid and androgen hormone dysregulation and associated medical conditions.

Importantly we found correlations between the number of BPD symptoms endorsed BPD symptom-severity and both cortisol and testosterone. Post-treatment cortisol levels were moderately correlated with impulse control difficulties, limited access to self-regulation strategies, and strongly correlated with lack of emotional clarity. Post-treatment testosterone levels were moderately correlated with total frequency and function of non-suicidal self-injury and total BPD symptom severity. This study expands on previous findings of higher testosterone levels in BPD (Rausch et al., 2015; Dettenborn et al., 2016) by showing direct correlations between BPD symptoms and testosterone levels. Links between BPD symptoms and hormone levels may have important implications for aetiological models and intervention approaches and the current findings therefore warrant further investigation. In particular, it would be of interest to further investigate links between neuroendocrine dysregulation, specific symptom types and higher level neurobiological functions such as impaired inhibition.

Additionally, we also predicted that hormone related change would be associated with symptom change following treatement. The concept that hormone dysfunction could be influenced by psychological treatment has been explored in other clinical populations (e.g., in PTSD, see Olff et al., 2007). However, this is the first study to our knowledge in individuals with BPD. We did not find significant associations between these variables, however, more research is needed with larger samples. Current evidence supports several psychological interventions such as, schema therapy, psychodynamic and mentalisation based approaches as efficacious in treating BPD symptoms (Katakis et al., 2023). It is plausible these alternative treatments related to both length and theoretical orientation may expect similar findings.

The current study had several strengths. Firstly, the utilization of a structured clinical measure (SCID-V) to verify BPD diagnosis in participants, and recruitment through a local community mental health service likely increased diagnostic validity, as prior studies have relied on self-reporting of symptoms for inclusion (Cristea et al., 2017). Secondly, to our knowledge this is the first longitudinal study of BPD investigating hormone level changes over the course of psychological treatment and associations to self report measures. Additionally, the inclusion of both testosterone and cortisol allowed consideration of HPA and HPG axis involvement and associations.

Some methodological limitations need to be discussed. Firstly, the sample size was relatively small. Previous studies of testosterone in BPD have had samples sizes of n = 18, n = 55 and n = 30 participants with BPD (Roepke et al., 2010; Rausch et al., 2015; Dettenborn et al., 2016), highlighting the paucity of research and need for further studies with larger sample sizes. Additionally, the BPD participants reported a range of medications and medical conditions, whereas the controls did not. Another methodological limitation was the different timing of saliva collection between groups. The BPD group had morning saliva collections, whereas control data was collected in the afternoon. Because of diurnal cortisol variations, we have not interpreted the between-group differences in cortisol levels, but focused on testosterone. Testosterone levels are relatively stable during the course of the day, and are unlikely to be impacted by differences in sampling times (Liening et al., 2010).

Another methodological limitation is the exclusion of male participants in the secondary analyses, which investigated hormone and self report measures over the course of treatment. Despite there being similar prevalences across sex for BPD, males are often underrepresented within BPD samples (Sansone and Sansone, 2011), and this was also evident in our treatment group. Due to sex differences in testosterone and cortisol levels (DeSoto and Salinas, 2015), males were included for the comparison with sex-matched controls, but removed from the pre-post treatment analyses where the control group was no longer involved.

The results indicate that the complex relationships between BPD and endocrine dysregulation warrant further research to better understand between-group differences, sex differences and relationships to symptoms and treatments. Additionally, further research is needed to understand how neuroendocrine disturbances may link to other, higher level, neurobiological processes such as impaired inhibition by the frontal cortex.



5. Conclusions

Testosterone levels in females with BPD were double that of matched controls. There were moderate-strong correlations between cortisol and testosterone and BPD symptoms in females with BPD. Therefore, our study provides further evidence of neuroendocrine dysfunction in BPD, associated with the HPG axis. Testosterone levels were also strongly correlated with cortisol levels, supporting an interplay between stress signaling and HPG activity. Further research is needed to understand relationships between stress exposure, stress signaling and related neuroendocrine disturbances. The current findings add to a small but growing number of studies finding testosterone association with BPD. In conjunction with other studies they support a need for integrative (physical and psychological) assessment and treatment guidelines for this complex mental health issue and its associated physical health conditions.
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