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Abstract
Background
The gonadal hormone testosterone not only regulates sexual behavior but is also involved in social behavior and cognition in both sexes. Changes in testosterone secretion in response to stress have been reported. In addition, stress associated mental disorders such as borderline personality disorder (BPD) and posttraumatic stress disorder (PTSD) are characterized by alterations in basal testosterone metabolism. However, testosterone changes to stress have not been investigated in mental disorders such as BPD and PTSD so far.

Methods
In the study described, we investigated testosterone reactivity to an acute psychosocial stressor, the Trier Social Stress Test (TSST). Our sample consisted of young adult women with BPD (n = 28), PTSD (n = 22) or both disorders (n = 22), and healthy control (n = 51). Based on previous studies on basal testosterone secretion in these disorders, we expected the stress-associated testosterone reactivity to be higher in the BPD group and lower in the PTSD group, when compared to the healthy control group.

Results
The study could demonstrate an increase in testosterone after acute stress exposure across all groups and independent of BPD or PTSD status. Different possible explanations for the absence of a group effect are discussed.

Conclusions
From the results of this study, we conclude that stress-related changes in testosterone release are not affected by BPD or PTSD status in a female patient population. This study expands the knowledge about changes in gonadal hormones and stress reactivity in these disorders.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s40479-021-00145-x.
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Introduction
Borderline Personality Disorder (BPD) is, among other symptoms, characterized by externalizing behavior, risk taking, antagonism, aggression and impulsivity [29, 34]; behavioral dispositions which have been associated with elevated testosterone levels [17, 28, 52]. In fact, previous studies could demonstrate higher basal testosterone levels in female BPD patients [18, 54, 56], potentially as a consequence of a disturbed androgen metabolism in this patient group [56]. Another mental disorder which is frequently comorbid with BPD is PTSD [51, 64]. Both disorders are associated with traumatic, highly stressful experiences in developmental periods, a factor that has been identified to have lasting effects gonadal hormone regulation [22]. In contrast to BPD, PTSD seems to be associated with reduced testosterone levels: low basal testosterone levels [55] as well as a blunted testosterone reactivity to a CO2 inhalation challenge [39] have been shown to promote the development of PTSD, an association with anti-anxiolytic effects of testosterone as well as suppressive effects on HPA activity has been discussed [30]. Testosterone concentrations in cerebrospinal fluid were significantly lower in patients with PTSD when compared to healthy controls [48].
In the current study, we investigated the influence of acute stress on testosterone levels in BPD and PTSD patients, compared to healthy controls. The rational for the study is that both disorders are characterized by abnormal patterns in stress responsivity: symptoms of BPD are oftentimes triggered by stressful situations [9], emotional and behavioral deficits are adversely affected by stress [9, 11, 42, 63]. While divergent response patterns to acute social stress could be demonstrated for cortisol and the autonomic nervous system in BPD [1, 20, 59, 65] and PTSD [46, 62], the testosterone response to acute stress in this patient group has been neglected so far.
While testosterone is secreted in a typical diurnal rhythm. The secretion is also responsive to situational demands [10]. Beyond its primary function in the regulation of sexual behavior, testosterone is in particular relevant in the context of dominance and submission, i.e. in controlling behavior related to hierarchy and social status and dominance behavior [23]. Testosterone levels have been associated with dominance, assertiveness and status seeking; the hormone is released in situations where one’s rank or status is threatened or in situations where status can be gained ([7, 8, 15, 27, 33, 36, 40]; G. A [49].; T [50, 61].). However, testosterone is not only important in negotiating the social hierarchy: it is fundamental for contest and competition in general, e.g. in sports. Elevated testosterone reactivity is related to greater persistence in pursuing goals, greater self-confidence and self-efficacy, as well as greater motivation to perform [24].
Previous studies have investigated the effects of stress on testosterone levels, but the results are equivocal. Testosterone was shown to decrease after prolonged stress exposure [5, 26, 43], but also following acute stress such as the presentation of stressful movie scenes [32] or military survival training [5, 47], anticipatory stress [58] or performance feedback [12]. However, other studies could not corroborate the effect of decreasing testosterone levels after stress exposure [31, 38]. On the other hand and related to its motivation-increasing and anti-anxiolytic effects, the so-called “challenge hypothesis” states that an surge in testosterone levels can be expected in anticipation of a challenge [2]. The main sources of real-life stress in the modern world occur in the social sphere. Social-evaluative stressors are characterized by the fact that they challenge the social self [41]. Reported effects of studies using the TSST, a validated and well-established protocol to induce acute social stress in the laboratory, have also been ambiguous in this regard, with either no change after stress [57] or increased testosterone levels [44], potentially mediated by anxiety, social dominance and status [3, 19, 37, 53]. It has been proposed that initial stages of the stress response could be accompanied by an increase in testosterone release, potentially due to increased sensitivity of gonadal cells to luteinizing hormone; this effect should be more pronounced in dominant individuals and chronic stress [13].
While the research mentioned above allow an estimation of basal testosterone levels in these patient groups, according to our information there are no studies on stress-related testosterone reactivity in these populations. In the present study we investigated testosterone reactivity after acute stress in patients with BPD, PTSD, BPD-PTSD and healthy controls. Stress was induced in the laboratory using the Trier Social Stress Test (TSST), a frequently used and validated stressors in experimental settings. Testosterone in saliva was assessed as a dependent measure. We had different expectations about how both groups of patients react to our manipulation, i.e. what influence stress would have on testosterone reactivity.
In BPD, stress can trigger and increase severity of symptoms [9, 11, 42, 63] and basal testosterone levels are chronically elevated [18, 54, 56]. Taken together, we predicted that in BPD the testosterone level should increase after acute stress. On the other hand, lowered testosterone levels and reactivity to physical stress are associated with PTSD [39, 55]. We thus expected a decrease in testosterone levels after stress induction in this group. These opposite effects should cancel each other out in the group of borderline patients with PTSD. With regard to effects in the healthy control group (HC) we remained agnostic due to the inconsistency in previous research findings. Formally expressed, we expected the following response pattern of testosterone after stress: BPD > [BPD-PTSD = HC] > PTSD.
Methods
Participants
The study design was approved by the local ethical committee and in accordance with the latest version of the Declaration of Helsinki. All participants provided written informed consent. Healthy participants and outpatients received monetary compensation (100€) for their participation. We recruited outpatients with BPD, PTSD and healthy participants by public announcements and inpatients from the Department of Psychiatry and Psychotherapy, Campus Benjamin Franklin, Charité Universitätsmedizin Berlin. The described experiment was part of a larger study [21, 46].
Diagnostic criteria for BPD and PTSD were assessed by using the Structured Clinical Interview for DSM-IV axis I and II (SCID) [66]. Healthy participants were excluded if they met diagnostic criteria for any DSM-IV axis I or axis II disorder, reported a history of psychiatric or psychotherapeutic treatment or reported intake of any medication. Any autoimmune or somatic diseases, diseases related to the central nervous system, metabolic or endocrine disorders, infections at the time of study participation, pregnancy, and a body mass index (BMI) below 17.5 and above 30 kg/m2 led to exclusion. In addition, healthy participants had no current or previous diagnosis of mental disorder.
We recruited 125 participants, of which two aborted the experiment and had to be excluded. The final dataset consisted of 123 participants: 28 patients with BPD, 22 patients with PTDS, 22 participants with both BPD and PTSD and 51 healthy controls.
Procedure
Testing sessions were held at 4 pm in the afternoon. We used the Trier Social Stress Test (TSST) as a standardized psychosocial stress test [41] and the Placebo-TSST (P-TSST) as the control condition [35]. Experimental testing took place with at least 1 week between testing sessions, the order of TSST and P-TSST was randomized between participants. Both sessions were conducted within the same menstrual cycle phase (follicular or luteal).
The TSST reliably induces activation of the HPA axis and consists of three phases: preparation, a speech in front of a trained two-person committee and an arithmetic task (5 min each). The speech is based on a job interview: the participant should imagine that she has applied for a self-chosen position and has now been invited to an interview. She should convince the committee that she is the best candidate for the position. Meanwhile, the committee members take notes on the behavior of the “applicant”, a camera and a microphone are supposed to be used for later analysis of speech, facial expressions and gestures. The arithmetic task requires the participant to subtract as quickly and correctly as possible from a four-digit number in steps of 13. The P-TSST is designed to be as similar as possible to the TSST (including orthostatic load) without being stressful to the participant. In an empty room, the participant is asked to talk aloud about a topic of his choice after a preparation phase and to do an easy arithmetic task afterwards (participant is asked to add up the number 15 starting at 0). In an empty room, the participant is asked to talk aloud about a topic of his choice after a preparation phase. As a further part of this study, an experimental memory task was conducted 30 min after TSST onset, with findings being reported elsewhere [21].
Subjective mood and stress ratings
We used the German version of the ‘Multidimensional Mood State Questionnaire (MDMQ)’ [60] to assess mood immediately before and after the (P) TSST (+ 20 min) and additionally + 80 min after (P) TSST onset. This questionnaire reflects subjective mood state, participants had to rate their current mood on 16 items, related to three dimensions: ‘good vs. bad’, ‘calm vs. nervous’ and ‘awake vs. tired’.
In addition, participants filled out a questionnaires before and after (P) TSST to assess their expectations and experience of the stress manipulation. Specifically, this established 9-item questionnaire [4] asks the participant how challenging, strenuous, controllable, demanding, stressful, new and threatening the situation was expected/experienced, how much they expect to show/have shown a good performance and how important it would be/was for them to show a good performance.
Sampling and analysis of salivary testosterone
For the determination of salivary testosterone levels, saliva samples were collected using neutral Salivettes® (Blue Cap; Sarstedt, Germany). For sample collection, participants were instructed to move the cotton swab for 1 min around their mouths in a circular pattern to ensure homogenous saliva collection from all salivary glands, without actively chewing on it. Samples were subsequently stored at − 80 °C before further biochemical analyses were performed in the Neurobiology Laboratory of the Dept. of Psychiatry, Charité Universitätsmedizin Berlin.
We sampled saliva at six time points during each testing session: two baseline measurements − 15 min and directly before (P-)TSST, as well as + 20, + 30, + 45 and + 80 min after (P-)TSST onset. Participants were not allowed to drink immediately before collecting salivary samples and were asked not to consume any food, caffeine and sugar containing drinks 1 h before testing.
For the determination of salivary testosterone levels, saliva was recovered from the Salivette® collection system by centrifugation (1000 x g, 2 min., 4 °C). Testosterone levels were determined in 50 μl of saliva using a competitive immunoassay (IBL/TECAN, Hamburg, Germany). The assay procedure followed the manufacturer’s recommendations. The limit of detection was 2 pg /ml, the precision parameters (coefficient of variation; CV) for medium concentrations at 50 pg/ml were determined to average below 5% CV for intra- and 10% CV for inter-assay variance.
Statistical analysis
SPSS version 22.0 was used for all statistical analyses. Initially we assessed basal testosterone levels for deviating patterns and excluded participants with basal testosterone levels (defined as the averaged pre-TSST values of both testing sessions) above 3 SD from the mean of the total sample (n = 16). Because testosterone values were non-normally distributed (Kolmogorov—Smirnov p < .05), data were log-transformed. Basal testosterone levels vary considerably between individuals and since we were interested in reactivity, we calculated change scores [3]: for this purpose, the two baseline values were averaged and subtracted from the respective post-intervention values. We used mixed-measures analysis of variance (ANOVA) to investigate the effects of acute stress on testosterone levels, with the between-subjects factor ‘group’ (BPD, PTSD, BPD-PTSD, healthy controls) and the within-subjects factors ‘stress’ (TSST vs. P-TSST) and ‘time’ (+ 20, + 30, + 45, + 80). Testosterone in saliva was measured as a dependent measure. To analyze differences between groups, Bonferroni corrected post-hoc tests were used. Demographic and clinical characteristics were analyzed with one-way ANOVA for continuous variables or chi2 test for dichotomous variables across groups. Subjective mood and stress ratings were analyzed by repeated measures ANOVAs, with the between-subjects factor ‘group’ and the within-subjects factors ‘stress’ and ‘time’. For testing of statistical significance, p-values smaller than 0.05 were considered to indicate significance. In case of violations of sphericity, reported p-values were Greenhouse-Geisser corrected.
Results
Sample characteristics
Groups did not differ with regard to educational status, BMI and the intake of oral contraception. Patients in the PTSD group were significantly older, compared to patients in the BPD-PTSD and BPD groups and healthy controls. Also, there were more smokers in the patient groups than in the healthy controls (see Table 1). In the BPD patient group, 19 patients received psychotropic medication, 1 patient took three and 9 took two different drugs. A total of 9 patients received no psychotropic medication. In the BPD-PTSD patient group, 15 patients received psychotropic medication, 2 patients took three and 5 took two different drugs. A total of 7 patients received no psychotropic medication. In the PTSD patient group, 5 patients took two different drugs. A total of 12 patients received no psychotropic medication. In the healthy control group, no participant received psychotropic medication (see Supplementary Table 1 for details about menstrual cycle phase, comorbid disorders and psychotropic medication).
Table 1Demographic characteristics (mean, standard deviation)


	 	BPD (n = 28)
	BPD-PTSD (n = 22)
	PTSD (n = 22)
	Healthy Controls (n = 51)
	Statistics
	p

	Age in years (Mean, SD, Range)
	27.54 (6.33)
19–43
	29.82 (8.38)
19–47
	39.59 (7.73)
24–51
	31.69 (9.19)
19–52
	F(3,119) = 9.53
	<.001 PTSD > BPD=
BPD-PTSD=HC

	Smoker (n/y)
	12/16
	9/13
	9/13
	42/9
	χ2(3) = 20.39
	<.001

	Years of Education (Mean, SD)
	11.61 (1.87)
	11.33 (1.74)
	11.45 (1.79)
	11.69 (1.39)
	F(3,118) = 0.27
	.847

	BMI in kg/m2 (Mean, SD)
	23.51 (3.71)
	23.52 (3.09)
	24.86 (4.62)
	22.53 (2.76)
	F(3,117) = 2.40
	.071

	Oral contraception (n/y)
	21/7
	16/6
	18/4
	29/22
	χ2(3) = 20.39
	.126


Abbr.: BPD Borderline Personality Disorder, PTSD Post-traumatic stress disorder, BMI Body Mass Index



Subjective mood and stress ratings
MDMQ
For all three dimensions of the mood questionnaire, significant effects of stress manipulation were found over time (interaction ‘stress x time’): good/bad (F2,198 = 63.30, p < .001, ηp2 = .39), calm/nervous (F2,198 = 51.87, p < .001, ηp2 = .34), and awake/tired (F2,198 = 5.26, p = .007, ηp2 = .05).
To better understand the exact nature of the interaction effects, Bonferroni-corrected paired samples t-tests were carried out for the P-TSST and the TSST condition. In the placebo condition, mood significantly improved (good vs. bad) directly after P-TSST at + 20 min (t106 = 3.05, p = .003) and at + 80 min (t105 = 3.23, p = .002) when compared to baseline (0 min). In the TSST condition, mood was significantly worse directly after TSST at compared to baseline (t106 = 8.36, p < .001). In the placebo condition, participants felt less nervous directly after P-TSST at + 20 min (t106 = 3.27, p = .001) and at + 80 min (t105 = 5.08, p < .001) when compared to baseline (0 min). In the TSST condition, participants felt more nervous directly after TSST at compared to baseline (t106 = 8.61, p < .001). In the placebo condition, participants felt less nervous directly after P-TSST at + 20 min (t106 = 3.27, p = .001) and at + 80 min (t105 = 5.08, p < .001) when compared to baseline (0 min). In the TSST condition, participants felt more nervous directly after TSST at compared to baseline (t106 = 8.61, p < .001). No individual comparison was significant for the ‘awake vs. tired’ dimension (see Supplement Figure S1a-c).
There were also differences in all three dimensions between the groups (main effect ‘group’): good/bad (F3,99 = 25.11, p < .001, ηp2 = .43), calm/nervous (F3,99 = 17.82, p < .001, ηp2 = .35), and awake/tired (F3,99 = 17.59, p < .001, ηp2 = .35). To better understand the exact nature of these interaction effects, Bonferroni-corrected independent samples t-tests were carried out to compare each group against the others. Across conditions and measurements, the patient groups reported to be in a worse mood (BPD: t66 = 6.98, p < .001, BPD-PTSD: t58 = 7.88, p < .001, PTSD: t63 = 5.69, p < .001), to be more nervous (BPD: t66 = 6.52, p < .001, BPD-PTSD: t58 = 6.58, p < .001, PTSD: t63 = 5.76, p < .001) and more tired (BPD: t66 = 6.62, p < .001, BPD-PTSD: t58 = 4.23, p < .001, PTSD: t63 = 5.59, p < .001) than the healthy controls. However, patient groups did not differ significantly among each other (see Supplement Figure S2).
For the dimension ‘good vs. bad’ a three-way interaction between ‘stress x time x group’ was significant (F6,198 = 2.32, p = .034, ηp2 = .07): although all groups reported worse mood immediately after the TSST, this was more pronounced in BPD and BPD-PTSD than in the other groups. To better understand the exact nature of this interaction, Bonferroni-corrected paired samples t-tests were carried out for the P-TSST and the TSST condition, separate for each group. The patients in the BPD (t23 = 7.96, p < .001) and BPD-PTSD (t15 = 6.58, p < .001) group as well as the healthy controls (t45 = 5.62, p < .001) reported significantly worse mood in the stress condition immediately after the TSST (+ 20 min) when compared to baseline (see Supplement Figure S3).
Subjective stress questionnaire
In the subjective stress questionnaire, we found significant interactions ‘stress x time’ for the following items: participants experienced the TSST as more challenging (F1,103 = 77.96, p < .001, ηp2 = .43), strenuous (F1,103 = 129.48, p < .001, ηp2 = .58), demanding (F1,103 = 119.11, p < .001, ηp2 = .54), stressful (F1,103 = 139.01, p < .001, ηp2 = .57) and threatening (F1,103 = 124.68, p < .001, ηp2 = .55), less controllable (F1,103 = 112.68, p < .001, ηp2 = .52) and had less confidence in their performance (F1,103 = 102.30, p < .001, ηp2 = .50) when compared to the non-stressful P-TSST.
We also found an interaction ‘stress x time x group’ for the question “I expect the situation to be threatening” and “I experienced the situation as threatening” (F3,103 = 6.44, p < .001, ηp2 = .16): while all groups experienced the TSST as more threatening than expected when compared to the P-TSST, this effect was more pronounced for the patient groups (BPD, BPD-PTSD and PTSD). To better understand the exact nature of this interaction, Bonferroni-corrected independent samples t-tests were carried out between groups, separate for the P-TSST and the TSST condition. The patient groups prior to P-TSST indicated a higher expectation that the situation would become threatening than the control group (BPD: t68 = 5.06, p < .001, BPD-PTSD: t60 = 4.59, p < .001, PTSD: t65 = 2.88, p = .005), but did not differ among each other. After the TSST, the patient groups agreed more strongly with the statement that the situation was threatening than the control group (BPD: t68 = 3.36, p = .001, BPD-PTSD: t60 = 3.59, p = .001, PTSD: t65 = 3.71, p < .001), but again did not differ among each other (see Supplement Figure S4).
Testosterone response to stress
We found a significant main effect of ‘time’ (F3,273 = 4.69, p = .005, ηp2 = .05), indicating changes in testosterone levels across measurements, and a significant interaction between ‘stress x time’ (F3,261 = 3.46, p = .02, ηp2 = .04), which suggests that this change was affected by the stress manipulation (see Fig. 1, see Supplement Table S2 for raw values and Supplement Figure S5 for group specific results). The main effect of ‘stress’ (F1,261 = 0.38, p = .54, ηp2 = .004) was not significant.
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Fig. 1Testosterone reactivity after stress manipulation (TSST) and non-stressful placebo intervention (P-TSST). Data points represent change scores (testosterone score at time of measurement minus the average of two baseline samples). Testosterone values were log-transformed. Post-hoc tests showed a significant increase in testosterone levels + 20 min after TSST compared to the baseline. Error bars represent ±1 SEM


To better understand the exact nature of the interaction effect, we calculated separate repeated measures ANOVAs for TSST and P-TSST. The effect of ‘time’ was statistically significant for the TSST condition (F3,297 = 7.81, p < .001, ηp2 = .073), which was not the case in the placebo condition (P-TSST: F3,294 = 2.82, p = .044, ηp2 = .028) after adjusting for multiple testing. Subsequently, we calculated paired-sample t-tests, testing the change from the baseline for each individual measurement point. After Bonferroni correction there was a significant difference only for the change from baseline at the first measurement time after + 20 min in the TSST condition (t100 = 2.64, p = .010): testosterone levels increased from baseline after the TSST.
None of the effects involving the factor ‘group’ turned out to be significant: neither BPD nor PTSD had a moderating effect on testosterone reactivity after stress (‘group’: F1,91 = 1.06, p = .37, ηp2 = .034, ‘group x stress’: F3,91 = 1.34, p = .27, ηp2 = .042, ‘group x time’: F9,273 = 0.53, p = .83, ηp2 = .017, ‘group x stress x time’: F9,273 = 0.94, p = .49, ηp2 = .03).
Correlations between testosterone response and subjective measures
In an exploratory analysis, we investigated the correlations between the peak testosterone responses in the TSST condition (change score at + 20 min) and the three dimensions of the MDMQ as well as the nine items of the subjective stress questionnaire. None of those correlations was significant, with all p > .05.
Discussion
The aim of this study was to investigate the influence of different psychiatric disorders, specifically BPD and PTSD, on testosterone reactivity after stress. We assumed that the testosterone response would be different in both disorders and would differ from a healthy population. We could not confirm our primary hypothesis: while testosterone increased across groups after stress, we found no between-group differences in testosterone reactivity to stress.
In the stress condition (TSST), participants exhibited increased testosterone reactivity compared to the non-stress control condition (P-TSST). We were thus able to replicate previous studies [3, 19, 44, 53]. The increase in testosterone levels after TSST corresponds to elevated testosterone levels during competition and could be an indication that the participants regarded the psychosocial stress situation as a personal challenge. The TSST with an authoritarian committee and a threat to the participants’ social self corresponds to a situation in which dominance and submission are negotiated, and that tend to increase testosterone secretion. Besides that, the anabolic functions of testosterone could exert a protective and regenerative role against potential negative consequences of stress [44]. Nevertheless, this effect is in contrast to other previous studies that found no effect [31, 57] or a reduction in testosterone after stress [32, 38]. We can only speculate about the causes of the deviating findings. A major difference is the composition of our sample. In comparison to the latter studies, our sample was comparatively large, consisted mainly of patients with mental disorders and exclusively of female participants. Compared to the healthy control group, patient groups in our sample experienced worse mood after the TSST and felt more threatened by the situation. Even if no statistically significant group differences in testosterone reactivity were found, our clinical sample may have been more susceptible to the stress manipulation than the average healthy population. Furthermore, it has been argued that the testosterone production in men and women follows different metabolic pathways and is primarily of adrenal origin in women – which could make testosterone secretion in women more responsive to stress [27, 53].
The main aim of the study was to investigate disorder-specific patterns in the stress response of testosterone. For BPD as well as for PTSD this relationship was not investigated so far. Also for other psychiatric disorders there is hardly any data available, the only study known to us was conducted in male adolescents with anxiety disorder and found an increase of testosterone after stress in patients but not in the control group [25]. Since such disorder-specific response patterns have been shown for other biological stress systems in BPD and PTSD, this assumption also seemed justified for testosterone. Assuming that anger, aggressiveness, and antagonizing behavior characterize BPD and that stress has a contribution to BPD symptoms, we hypothesized to find an increased release of testosterone after stress in this group. This increased secretion would have provided an explanatory model to mechanistically explain this aspect of BPD. Furthermore and based on the existing literature, we expected to find the opposite pattern for BPD. However, in our study there were no differences between groups in this respect. What could be potential causes? As stated in the introduction, studies on the influence of stress on testosterone reactivity in healthy participants have shown heterogeneous results. While more recent studies using the TSST found either no effects or an increase in testosterone, those effects were comparatively small. No such studies have previously been conducted in patients with BPD and PTSD. Our sample was rather large (n > 100) and given an error probability of 1-β = 0.9, statistical power was sufficient to detect small to medium sized effects of η2 = 0.2 or higher. Statistical power might not have been sufficient to detect smaller between-group effects. Initially we speculated that the two disorders are characterized by opposing response patterns. Thus, these potentially existing effects may have mutually neutralized each other in total in our study, without becoming statistically significant as a between group effect. However, the statistical parameters for effects involving the factor ‘group’ were very small and no descriptive differences were apparent. We therefore have reason to believe that these effects do exist in the population we were investigating. Another possible explanation is the composition of our sample: we conducted the study only on women. Although the vast majority of PTSD patients are women [14], the associations between PTSD and testosterone described in the existing literature have, to the best of our knowledge, only been investigated in men and in a military context. For BPD, there is also evidence of altered testosterone metabolism in female patients [18, 54]. However, gender differences exist for BPD in different domains such as impulsivity or aggressiveness, which could be at least partly related to underlying neurobiological and endocrinal differences [6, 45, 54]. Furthermore, very recent findings suggest that the relationship between testosterone on the one hand and anger/aggression on the other differs between men and women [16]: the experience of stressful life events (assessed by the ‘Stressful Life Events Screening Questionnaire’, SLESQ) and higher levels of testosterone in relation to cortisol reactivity were positively associated with anger and antisocial behavior in (healthy) male participants, but not in female participants. Taken together, there are indications that the association between psychiatric disorders on the one hand and stress/testosterone on the other could be different in men and women.
Conclusions
This study is, to our knowledge, the first to investigate this subject in BPD and PTSD patients. It thus represents an important extension to studies that have investigated the effect of stress on other physiological parameters such as sympathetic nervous system activity and cortisol reactivity. We could demonstrate a stress responsivity of testosterone secretion, with increased levels after acute stress exposure. Yet, we could not confirm our main hypothesis of group-level differences with regard to stress induced testosterone release. The study aimed to provide a biological explanatory model for certain symptoms of BPD, from which therapeutic options could have potentially emerged. Future studies could examine subgroups of BPD and stratify by behavioral response patterns to stress, i.e. patients more prone to anger and aggressiveness vs. more “passive” coping strategies such as dissociation. Furthermore, we have only investigated the relationships within a female only sample. This is representative insofar as both disorders are mostly found in women. However, there are indications that the relationships examined are different in men. Future studies should also take these gender differences into account.
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