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Introduction: Chronic stress has been linked to the pathophysiology of bipolar disorder (BD); however, the underlying mechanism 
remains unclear. In BD patients, hypothalamic-pituitary-adrenal (HPA) axis activity is associated with stress. This study aimed to examine 
the relationship between HPA axis activity and BD symptoms in various clinical states, as well as how personality influences the process.
Methods: This study investigated the differences in HPA axis activity among four BD states. We enrolled 813 BD patients in an 
8-week longitudinal study to examine the relationship between HPA axis activity and symptom trajectories using dynamic temporal 
warping (DTW) analysis and an unsupervised machine learning technique. Furthermore, using mediation analyses, the relationship 
between the HPA axis, personality, and BD symptoms was investigated.
Results: Analysis of variance (ANOVA) analysis showed that glucocorticoid cortisol (CORT) and adrenocorticotropin (ACTH) did 
not differ significantly among the four clinical states of BD. The DTW integrating clustering analysis revealed that the two clusters 
were optimal, with cluster 1 characterized by severe manic symptoms, which then improved, and cluster 2, characterized by milder 
manic severity, which also improved. The two clusters showed different ACTH levels (t = 2.289, p = 0.022), and logistic regression 
analysis revealed a slight positive association between ACTH levels and cluster 1. Furthermore, the mediation analysis indicated that 
ACTH influences curative efficacy via conscientiousness (βc =0.103, p=0.001).
Discussion: In conclusion, we found that a higher level of ACTH is associated with severe manic symptoms, indicating a chronic 
stress response in BD patients. Additionally, the ACTH levels affect short-term BD curative efficacy via the mediation of conscien-
tiousness, providing a psychotherapeutic strategy direction for BD.
Keywords: bipolar disorder, hypothalamic–pituitary–adrenal axis, personality, dynamic time warping analysis, mediation analysis

Introduction
Bipolar disorder (BD) is a category of affective disorders characterized by depressive episodes and hypomanic or manic 
episodes,1 with a global incidence rate of about 2%.2 According to statistics, the total cost of BD in the United States is 
estimated to be $81,559 per patient per year.3 Previous studies have reported that individuals with BD experience more 
negative and stressful life events than the general population.4,5 A better understanding of the underlying pathophysiol-
ogy may aid in improving diagnostic accuracy and patient treatment stratification;6 however, the pathophysiology 
mechanism of BD remains unclear.

Concerning the pathophysiology of BD, one intriguing finding in mice is that exposure to unpredictable chronic mild stress 
has been associated with BD pathogenesis.7 Chronic stress is a critical etiologic factor of affective disorders;8,9 and individuals 
with BD are exposed to a substantial accumulated stress load over their lifetimes.10 We hypothesize that chronic stress should 
be adequately managed to alleviate BD symptoms. Stress activates the hypothalamic-pituitary-adrenal (HPA) axis, which then 
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releases glucocorticoid hormones.11 The pathway is initiated by the individual’s stress response in the central nervous system, 
and a signal is relayed to the hypothalamus, which then activates the corticotropin-releasing hormone (CRH). CRH diffuses to 
the anterior pituitary gland to release adrenocorticotropin (ACTH) secretion into the circulation, which then travels down to 
the adrenal cortex to release the glucocorticoid cortisol (CORT). Cortisol suppresses its own production by inhibiting both 
CRH and ACTH secretion, resulting in a closed loop.12 Several investigations have demonstrated that stress stimulates the 
HPA axis and increases cortisol secretion.13 The role of HPA axis activity in the pathology of BD needs to be further clarified 
so that we can explore the association between stress and BD symptoms changing trajectory.

Patients with BD exhibit vulnerability to stress, resulting in aberrant HPA axis activation. It indicates that HPA axis 
activity might be a biomarker of the disorder.14–18 However, the HPA axis activity mechanism in BD is more complex 
than previously thought, as both hyperactivity and hypoactivity of the HPA axis are associated with affective 
disorders.16,19 The hypothesis could explain the phenomenon that stress is initially manifested as hypercortisolism at 
the beginning but is believed to, over time, contribute to the development of hypocortisolism.20,21 Previous studies have 
shown that abnormal HPA axis activity in BD may vary depending on the state of the disease.16,22–24 While abnormal 
HPA axis activity remained in clinical remission and euthymic stage,25 this suggests that HPA axis abnormality is an 
endophenotype of the illness rather than an epiphenomenon. Previous studies compared manic and depressive episodes. 
There has been no study comparing HPA axis hormone levels in BD patients at different clinical stages such as mania, 
depression, mixed, and remission.

HPA axis activity is influenced by genetics and early negative life events.26,27 In BD patients, an abnormal HPA axis is 
associated with elevated manic mood symptoms.24 It is noteworthy that BD patients with abnormal HPA-axis activity have 
a higher frequency of affective episodes and a lower quality of life than those with normally functioning HPA-axis.16 Age, age 
of onset of BD, number of episodes, and mood stabilizers are found to predict HPA axis activity in BD.28,29 Chronic stress 
appears to dysregulate HPA axis activation, increasing the risk of disease onset or relapse.30 Stress management can improve 
BD prognosis by eliminating factors that impact HPA activation. Stress can be of various types and associated with personality 
features;31 for instance, personality dimensions, such as low conscientiousness and high neuroticism, can make people 
vulnerable to environmental stress. However, we did not address how personality influences the relationship between HPA 
axis activity and BD symptoms.

This study aimed to investigate the relationship between HPA axis activity and BD symptoms using a longitudinal study 
design. We hypothesize that HPA axis hyperactivity would predict BD symptoms’ changing trajectory. Furthermore, this study 
attempted to investigate how personality traits influence the relationship between HPA axis activity and BD symptoms, with the 
mediation effect of personality expected to be found in BD patients.

Methods
Participants
This study was conducted at West China Hospital of Sichuan University (outpatient department) from December 2018 to 
December 2019. The study included 813 patients with BD who met Diagnostic and Statistical Manual of Mental 
Disorders IV (DSM-IV) criteria, aged 18–65 years, and completed the study procedure, which included four clinical 
states: manic episode (N = 227), depressive episode (N = 466), mixed state (N = 80), and remission state (N = 40). 
Exclusion criteria included a history of substance abuse within the previous three months, unstable or severe physical 
disease, metabolic or endocrine disease, and pregnant or lactating women. All 813 patients received at least one mood 
stabilizer; additional medications were atypical antipsychotics, antidepressants, and benzodiazepines. Every participant 
signed an informed consent form following a detailed description of the study. The study conformed to the principles of 
the Declaration of Helsinki and was approved by the Institutional Ethics Board of the Chinese Clinical Trial Registry 
(The registration number is ChiECTR-20180187).

Procedures
Expert psychiatrists performed all experimental procedures (see participant flowchart in Figure 1). At baseline, general 
demographic information, clinical evaluation, NEO Five-Factor Inventory (NEO-FFI) assessments, and hormone 
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determination were conducted. The optimum treatment strategy was then selected by the researchers based on their 
evaluation of the patients’ symptoms. The following three major categories were employed to evaluate the medication 
treatment models: 1. Triple-therapy Group: Combination of three types of drugs (mood stabilizer (MS) + antidepressants 
(AD) + atypical antipsychotics (AA)); 2. Double-therapy Group: Combination of either two of the aforementioned 
medications (eg, MS + AA, MS + AD); and 3. Monotherapy Group (MS). Follow-up visits were scheduled for weeks 4 
and 8, respectively. At each visit, the clinical assessments were performed by expert psychiatrists. Unscheduled follow- 
up visits were offered if requested by the patients.

Clinical Assessment
Current and lifetime diagnostic status was confirmed with Structured Clinical Interview for DSM-IV Axis I disorders 
(SCID-I),32 the official diagnostic tool for the diagnostic and statistical manual of psychiatric disorders.1 The duration of 
the SCID-I is 30–90 minutes. Demographic data included age, gender, family history, the age of BD onset, duration time 
for diagnosis, and the number of affective episodes. Clinical assessment and symptom evaluation were conducted at 
baseline, week 4 and week 8, via administration of the Montgomery Asberg Depression Rating Scale (MADRS),33 

Young Mania Rating Scale (YMRS),34 and Clinical Global Impression (CGI).35 A trained member of staff completed the 
clinical assessments to measure the current mood state.

NEO Five-Factor Inventory (NEO-FFI)
The personality traits were evaluated using the NEO-FFI, a commonly used test in clinical psychology. The Chinese 
version of the inventory showed good reliability and validity.36 It describes personality in terms of five board factors: 
neuroticism, extroversion, openness, agreeableness, and conscientiousness according to an individual’s response to a set 
of 60 questions, with each subscale comprising 12 items scored on a 5-point scale. In our study, only 170 participants 
completed NEO-FFI.

Figure 1 Flow chart of the study design.
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Hormone Determination
The CORT and ACTH levels were measured when the subject was included in our study at a single time point (8:00 AM– 
9:00 AM). As there is significant variation in the literature in the timing of blood draws for CORT and ACTH, to deal 
with this limitation, the blood samples for serum analyses in this study were collected between 8:00 and 9:00 Am, when 
hormone levels peaked in the diurnal cycle.37 According to the manufacturer’s instructions, plasma CORT and ACTH 
levels were measured using the chemiluminescence immunoassay kit (AutoLumo A2000). The normal range level for 
CORT was 147.3–609.3 nmol/L, and a range for healthy subjects of 5.0–78 ng/L was used for ACTH. The West China 
Hospital of Sichuan University, which performs these assays regularly, provided all of the normal ranges of the above 
hormones for healthy subjects.

Statistical Analyses
One-way analysis of variance (ANOVA) or Chi-square analysis was performed to test for differences in BD states in 
general demographic variables and hormone levels. A repeated-measures ANOVA with a post-hoc analysis using 
Bonferroni’s multiple comparisons was performed. Multiple linear regression analysis was performed to explore the 
elementary predictors of HPA axis activity. Analyses were performed using the Statistical Package for the Social 
Sciences, 26.0 (SPSS 26.0, IBM Corp., Armonk, NY, USA). The Kolmogorov–Smirnov test was used to determine 
the normal distribution of all variables. For comparisons between multiple means, nonparametric tests of Kruskal–Wallis 
were used. All statistical significance was set to a two-tailed p-value of 0.05.

We used a dynamic time warping (DTW) algorithm to demonstrate the symptoms’ trajectory. MADRS, YMRS, and 
CGI scores were used to record temporal changes in symptom severity at baseline, 4 weeks, and 8 weeks. We then used 
k-means clustering analysis with Ward linkage to identify clusters of similar symptom trajectories. The number of 
clusters was computed by combining four measures: Silhouette scores, the Calinski-Harabaz index, the Davies–Bouldin 
(DB) index, and the Dunn validity index. The above analyses were performed using python’s dtw38 and sklearn.cluster 
packages. Furthermore, differences between clusters were compared using the Student’s t-test or Chi-square analysis. 
Using logistic regression analysis, we investigated the association between HPA axis activity and the resulting symptom 
trajectory clusters.

Mediation analysis is ideally suited to investigating HPA axis-personality-BD symptoms relationships and has 
increasingly been applied to psychological data with interactions rather than functioning independently. Mediation 
models were performed using Analysis of Moment Structures software (AMOS, IBM SPSS Amos 21.0.0). In all the 
present study mediation models, HPA-axis hormone secretion was the independent variable (X). Depending on the 
condition, CGI, YMRS, MADRS, and YMRS changing scores representing the therapeutic efficacy were the dependent 
variables (Y). Personality traits were the mediators (M). The mediational effects of personality on the HPA-axis for BD 
symptoms were examined using causal mediation models.

Results
Demographic Characteristics of BD Across Different Clinical States
We included 813 BD patients in our study for hormone testing and 8-week follow-up visits. Of the BD patients, 227 were 
in the manic episode (mean age, 33.91±14.10 years), 466 were in the depressive episode (mean age 35.62±14.17 years), 
80 were in the mixed state (mean age 33.65±11.96 years), and 40 were in the remission state (mean age 32.35±14.34 
years). ANOVA revealed no significant differences among states of BD in age, family history, and age of onset (p > 
0.05). In contrast, the female ratio of the depression episode group was higher than the other groups (χ2=46.22, p<0.001), 
this could be explained by the higher prevalence of depression among females. The duration time for diagnosis differed 
significantly among groups (F3813=4.35, p=0.005), and post-hoc t-tests with Bonferroni’s multiple comparison correction 
revealed that the manic group had a shorter duration time than the depression group. It indicated that clinicians would 
spend more time identifying the depression state of BD patients. For an overview of all demographic characteristics, see 
Table 1.
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Clinical Features and Hormones of BD Patients in Different Clinical States
The symptom severity measured by CGI was significantly differed among groups. As shown in Table 1, the CGI scores 
were lower in the remission group (M=2.15, SD=0.74) than other three groups (F3813=46.31, p<0.001). Moreover, the 
depression group (M = 4.58, SD = 0.88) was more severe than the mixed (M = 4.16, SD = 1.16) and manic groups (M = 
4.28, SD = 1.20). The difference between the manic and mixed groups was insignificant. ANOVA revealed a significant 
omnibus difference in YMRS scores (F3813=198.40, p<0.001) and MADRS scores (F3813=169.55, p<0.001) across four 
BD clinical states. Post-hoc tests revealed that the manic group (M=26.22, SD=10.29) had higher YMRS scores than the 
mixed (M=21.01, SD=8.37), remission (M=4.90, SD=5.48), and depression groups (M=4.14, SD=6.13); and that the 
mixed group had higher YMRS scores than the remission and depression groups. There was no significant difference 
between the remission and depression groups in YMRS scores. MARDS post-hoc tests identified that the depression 
(M=26.46, SD=8.68) and mixed groups (M=26.84, SD=9.76) were higher than the remission (M=8.78, SD=8.24) and 
manic (M=8.55, SD=9.36) groups; while there was no significant difference between depression and mixed groups or 
between the remission and manic groups. As shown in Table 1, CORT and ACTH levels did not differ significantly 
among the four clinical states associated with BD in the baseline.

Predictors of HPA-Axis Activity in BD
Table 2 presents the results from the stepwise multivariate regression analyses. Initial analyses included personality 
(neuroticism, extroversion, openness, agreeableness, and conscientiousness), symptom severity (YMRS scores, MADRS 
scores, and CGI scores), age, the age of first time to diagnose, number of affective episodes, and duration time for 
diagnosis. Only conscientiousness predicted ACTH levels (β = −0.271, p < 0.001); neuroticism, extroversion, and 
openness predicted CORT levels (neuroticism-CORT, β = −0.223, p = 0.021; extroversion -CORT, β = −0.311, p = 0.001; 
and openness -CORT, β = −0.163, p = 0.043, respectively). Age, number of affective episodes, and symptom severity, 
among others, did not qualify as potential independent predictors.

The HPA Axis Characteristics of Manic Symptom Trajectory Clusters
The Manic Symptom Trajectory Clusters
The optimal number of clusters was selected as two after calculating the Silhouette scores (0.62), the Calinski-Harabaz 
index (2388), the DB index (0.67), and the Dunn validity index (0.02). (Depicted in Figure 2) The findings revealed that 
the two clusters represented distinct symptom trajectories: cluster 1 was characterized by severe manic symptoms, which 
then improved; cluster 2 was characterized by milder manic severity, which also improved. Cluster 1 had higher YMRS 
scores and lower MADRS scores than cluster 2 at all three-time points. Chi-square analysis showed no difference 

Table 1 Demographic Characteristics, Clinical Features, and HPA Axis of Patients with BD at Baseline (N= 813)

Variables Manic 
Group [1]

Mixed 
Group [2]

Remission 
Group [3]

Depression 
Group [4]

F/χ2 p Eta Post-hoc

N=227 N=80 N=40 N=466

Age (years) 33.91(14.10) 33.65(11.96) 32.35(14.34) 35.62(14.17) 1.37 0.251 0.07 -

Gender M/F 112/115 41/39 18/22 116/330 46.22 <0.001*** - -

Family history 18 11 4 45 2.35 0.504 - -

The age of onset 27.71(12.41) 25.91(7.70) 24.08(9.50) 27.60(11.71) 1.53 0.205 0.08 -

Number of affective episodes 3.41(2.78) 4.00(1.73) 2.88(0.83) 3.14(3.31) 3.10 0.026* 0.11 -

Duration time for diagnosis (month) 15.67(21.73) 20.24(23.16) 29.28(29.51) 20.60(23.96) 4.35 0.005** 0.13 1<3

YMRS 26.22 (10.29) 21.01 (8.37) 4.90 (5.48) 4.14 (6.13) 466.11 <0.001*** 0.79 3/4<2<1

MADRS 8.55 (9.36) 26.84 (9.76) 8.78 (8.24) 26.46(8.68) 239.37 <0.001*** 0.69 3/1<2/4

CGI 4.28 (1.20) 4.16 (1.16) 2.15 (0.74) 4.58 (0.88) 72.99 <0.001*** 0.46 3 <1/2< 4

ACTH 32.05 (18.29) 29.22 (16.93) 30.57 (22.76) 29.07 (16.86) 1.52 0.207 0.08 -

CORT 380.67 (192.69) 423.64 (155.29) 452.74 (212.82) 405.29 (183.94) 2.417 0.065 0.09 -

Notes: *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.
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between the medication treatment models of the two clusters (χ2=1.686, p= 0.430). There were no differences in CGI 
scores at baseline and 4 weeks, with only a slight but significant difference being identified at the 8-week follow-up visit 
(Depicted in Table S1 and Figure 3).

The Association Between the HPA Axis and the Two Symptom Clusters
As shown in Table S1, cluster 1, which had higher YMRS scores, had higher ACTH levels than cluster 2 (t= 2.289, 
p=0.022); there was no significant difference in CORT levels between the two clusters. Furthermore, logistic regression 
analysis revealed a slight positive relationship between ACTH levels and cluster 1, which was characterized by severe 
manic symptoms before improving (β = 0.15, Ward= 7.553, p = 0.006). However, no association was found between 
CORT levels and clusters (p = 0.432).

Mediation Effect Analysis of Personality on the HPA Axis–BD Symptom Relationship
Mediation analysis quantifies how a variable termed mediator influences the effects of an independent variable on 
a dependent variable. In an 8-week follow-up, we tested the personality for mediation in the association between HPA- 

Table 2 The Independent Correlates of HPA According to the Multiple Linear Regression (N=170)

Variables ACTH CORT

β t p β t P

Neuroticism −0.111 −1.622 0.106 −0.223 −2.340 0.021*

Extroversion 0.001 0.021 0.984 −0.311 −3.290 0.001**
Openness −0.081 −1.158 0.248 −0.163 −2.041 0.043*

Agreeableness 0.025 0.336 0.737 −0.041 −0.509 0.611

Conscientiousness −0.271 −3.418 0.000*** 0.078 0.948 0.345
YMRS 0.115 0.991 0.323 0.112 1.363 0.175

MADRS −0.009 −0.119 0.905 −0.036 −0.441 0.660

CGI 0.072 0.885 0.378 −0.057 −0.713 0.477
Age 0.079 0.991 0.323 0.064 0.790 0.431

The age of onset 0.033 0.417 0.667 0.074 0.908 0.365

Number of affective episodes −0.038 0.417 0.667 0.088 1.111 0.269
Duration time for diagnosis −0.136 −1.723 0.087 0.005 0.059 0.953

Notes: *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.

Figure 2 K-means subtyping via dynamic time warping (DTW) algorithm. 
Notes: Green means manic symptom trajectory cluster 1; golden represents manic symptom trajectory cluster 2.
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axis activity and therapeutic efficacy in BD patients. In our study, mediation analysis was present when: (i) HPA-axis 
hormone secretion correlated with personality trait scores (βa); (ii) personality trait scores were correlated with BD 
symptom severity changing scores (βb); (iii) personality trait scores were correlated with BD symptom severity changing 
scores without adjusting the model for the mediator (βc); and (iv) the model provided good fitness (p < 0.05). Figure 4 
depicts one mediation model with good fitness (CMIN/DF=5.843, p=0.001; RMSEA=0.169). According to the ACTH- 
Conscientiousness-CGI changing scores mediation model, ACTH was mediated by conscientiousness to CGI changing 
scores (βc = 0.103, p = 0.001) but not directly related to CGI changing scores (βc = 0.065, p = 0.411). ACTH was found 
to be inversely related to conscientiousness (βa = −0.264, p < 0.001). Conversely, conscientiousness was negatively and 
directly related to YMRS scores (βb = −0.147, p = 0.041). The indirect effect of ACTH on CGI changing scores through 
conscientiousness was significant, accounting for 37.86% of the total effect (See Figure 4). In an 8-week follow-up, we 
tested the hypothesis that the mediator personality trait could explain part of the association between HPA axis activity 
and therapeutic efficacy in BD patients.

Figure 3 Symptom profiles of the two clusters. 
Notes: **p ≤ 0.01, ***p ≤ 0.001; green means cluster 1; golden represents cluster 2.

Figure 4 Mediation effects of personality on the relationship between ACTH levels and symptoms (N = 170). 
Notes: *P<0.05, **P<0.01, ***P<0.001. The ACTH – Conscientiousness – CGI changing scores mediation model showed good model fit index: CMIN/DF=5.843, p=0.001; 
RMSEA=0.169. ACTH was negatively related to conscientiousness (βa=−0.264, p<0.001). In turn, conscientiousness was negatively related to CGI changing scores (βb= 
−0.147, p=0.041). Indirect effect of ACTH on therapeutic efficacy measured by CGI changing scores through conscientiousness (ab)= 0.039, direct effect (c’) = 0.065 
(p=0.411), total effect (c) = 0.103 (p=0.001).
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Discussions
The present study examined the association between the HPA axis activity and BD symptoms in different states. 
Furthermore, the role of personality in the relationship between the HPA axis activity and symptoms was explored. We 
found no significant difference in CORT and ACTH plasma levels among the four clinical states. The current longitudinal 
study achieved two clusters with distinct manic symptom trajectories over 8 weeks using DTW analysis and unsupervised 
machine learning technique, and ACTH levels varied between the two clusters. The higher the level of ACTH, the more 
severe the manic symptoms, indicating a correlation between the HPA axis activity and short-term BD curative efficacy. 
Multiple regression analysis revealed that conscientiousness predicted higher levels of ACTH. Furthermore, using an 
8-week follow-up prospective cohort study design, the ACTH-Conscientiousness-CGI changing scores mediation model 
was established, indicating that conscientiousness mediated the relationship between ACTH and BD symptoms.

In our study, four different groups were subdivided based on the clinical states of BD: results showed no difference in 
CORT or ACTH levels among the four states, suggesting that HPA axis activity abnormality persisted in all forms of BD. 
Previous studies comparing HPA axis activity in different states of BD yielded inconclusive results: patients with depression 
have hyperactivity of the HPA axis compared to BD patients;23 manic symptoms predicted higher CORT levels than 
depression;22 a meta analysis revealed that the manic state yielded the largest effect sizes when compared to depression 
and euthymic conditions.14 The reasons for this inconsistency might lie in the clinical heterogeneity that characterizes BD and 
the opposite patterns of HPA axis activity.24 Moreover, the molecular mechanisms of HPA axis function in BD patients were 
associated with impaired intracellular signaling, and similar alterations were identified in first-degree relatives of BD 
patients.15 It indicated that HPA axis activity was the phenotype of BD rather than an epiphenomenon of the affective episodes.

The current study used DTW analysis and an unsupervised machine learning technique to identify two distinct manic 
symptom trajectory clusters: cluster 1, which had more severe manic symptoms over the 8 weeks, had a higher ACTH level 
than cluster 2, which had milder manic symptoms. Moreover, the logistic regression analysis revealed that ACTH was a short- 
term predictor of manic symptom trajectory. Consistent with evidence that long-term CORT levels were higher in BD and 
were related to the number of manic episodes.39 Conscientiousness has been associated with medication adherence in several 
mental diseases.40 Therefore the association observed here between ACTH and symptoms improvement could also be 
explained by a better medication adherence in these individuals. Moreover, HPA axis activity activates biological pathways 
in the brain and body, promoting adaptation to a stressful environment. Previous research has linked chronic stress to the 
etiology of BD,8,9 and BD patients are likely to be exposed to chronic stress throughout their lives.10 We proposed that HPA 
axis activity could be a marker of BD patients’ stress response. Stress responses to physiology and behavior depend highly on 
the stimulus types and categorize stress into physical and psychogenic. Psychogenic stressors such as affective symptoms and 
an unstable environment activate neurons in the caudal region of the dorsomedial medulla and the medial amygdala, which 
then activate the HPA.41 Although we have not fully elucidated the physiological and behavioral mechanisms by which the 
HPA axis functions in stress resilience, personality may contribute to the response strategy. We found that conscientiousness 
was associated with ACTH levels in patients with BD. While this personality trait has previously been linked to CORT but not 
ACTH in posttraumatic stress disorder.42 This implies that the results obtained may be unique to BD.

Furthermore, this is the first study to investigate how personality influences the relationship between the HPA axis 
activity and BD symptoms, and our findings revealed that an ACTH-Conscientiousness-CGI changing scores mediation 
model was established, indicating conscientiousness personality traits mediated the effect of ACTH on BD curative 
efficacy over 8 weeks. Previous studies have shown that BD patients’ personality profiles differ from the healthy 
controls, with higher openness to experience and neuroticism.43,44 According to one study, personality traits can 
distinguish between depression and manic states of BD, and a shared genetic etiology has been proposed for both BD 
and personality traits.43 Conscientiousness was associated with depressive symptoms, whereas manic symptoms were 
associated with increased extraversion and decreased agreeableness.43 Extensive reviews have highlighted amygdala, 
hippocampus, and cortical prefrontal alteration in BD patients.45–47 However, some studies have suggested that the 
conscientiousness personality trait is also associated with amygdala activity.48,49 Recent reviews have linked chronic 
stress disorders to structural and functional abnormalities in the amygdala, cingulate, and hippocampal regions.50,51 
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Therefore, we can hypothesize that HPA axis activation affects BD symptoms via the same neural circuit that includes the 
amygdala, and the association is mediated by personality traits that make people vulnerable to chronic stress.

Limitations
Following are the limitation of our study. First, the hormone levels were determined at a single point in time, although 
ACTH and CORT levels may vary due to circadian variation. The ideal method of establishing the reliability of hormone 
levels is to collect data at multiple time points throughout the day, which is difficult for the real-world study design. To 
address this limitation, we collected the blood samples for hormone determination between 8:00–9:00 AM, as this is 
when HPA axis hormone levels are at their peak in the diurnal cycle. Another limitation was that we did not evaluate the 
impact of pharmacologic therapies on clinical outcomes; however, there was no significant difference in the medication 
treatment model between the two trajectory clusters. Future prospective randomized controlled trials may enable the 
comparative investigation of the effect of HPA axis activity on the therapeutic efficacy of a specific treatment option. 
Finally, our study adopted a short-term follow-up design, limiting our ability to explore the long-term influence of 
personality and the HPA axis BD symptoms. Nevertheless, long-term follow-up will be continued with multiple 
measurements of HPA axis hormones.

Conclusions
We found that a higher level of ACTH is associated with more severe manic symptoms, indicating a chronic stress 
response in BD patients. Additionally, ACTH levels affect short-term BD curative efficacy via the mediation of 
conscientiousness, providing evidence that psychotherapeutic interventions targeting personality to improve the stress 
response would favor clinical outcome prediction.
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