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Abstract

Background—Dysregulation of HPA axis has been widely described in subjects with bipolar 

disorder (BD), including changes in cortisol levels during mood episodes and euthymia. However, 

most of the studies were done with medicated BD patients with variable length of illness, which 

was shown to interfere on peripheral cortisol levels. Therefore, the present study aims to evaluate 

plasma cortisol levels in drug-naïve BD subjects during the first manic episode, as well as 

investigate the relationship between plasma cortisol levels and manic symptomatology.

Methods—Twenty-six drug-naïve patients were enrolled meeting criteria for a first manic 

episode in bipolar I disorder. Severity of mania was assessed using the Young Mania Rating Scale 

(YMRS). The control group included 27 healthy subjects matched by age and gender. Cortisol was 

quantified using a direct radioimmunoassay.

Results—Plasma cortisol levels were decreased during first manic episode compared to healthy 

controls. Higher cortisol levels were positively associated with the presence of irritability 

(dysphoria), while elated mania showed lower cortisol levels compared to controls.
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Limitation—Data including larger samples are lacking.

Conclusion—Higher cortisol in dysphoric mania compared to predominantly elated/euphoric 

mania may indicate a clinical and neurobiological polymorphic phenomenon, potentially involving 

a higher biological sensitivity to stress in the presence of irritable mood. The present findings 

highlight the importance to add a dimensional approach to the traditional categorical diagnosis for 

future neurobiological studies in BD.

Keywords

Cortisol; Bipolar disorder; Mania; Depression; Stress; Dimensional

1. Introduction

The relationship between stress and mood disorders is well documented (Hammen, 2005; 

Kessler, 1997). Changes in the Hypothalamic-Pituitary-Adrenal (HPA) axis represent one a 

potential link between stress and the risk for mood disorders (McEwen, 2008). Altered HPA 

axis activity have mostly been demonstrated in remitted and non-remitted subjects with 

bipolar disorder (BD) (Vieta et al., 1999; Watson et al., 2004). Most of these studies were 

done under pharmacological treatment and report an association between depressive 

episodes and higher cortisol levels or non-suppression in the dexamethasone suppression test 

(DST) (Rush et al., 1997; Rybakowski and Twardowska, 1999; Schmider et al., 1995). 

Abnormal DST results are more common during depressive episodes in the course of BD 

than major depressive disorder (Rush et al., 1997; Rybakowski and Twardowska, 1999; 

Schmider et al., 1995). However, it is unclear whether these abnormalities are related to 

manic symptoms (Bradley and Dinan, 2010; Walker et al., 2008). In addition, symptoms 

such as anxiety, insomnia and agitation are highly correlated with cortisol levels 

(Rybakowski and Twardowska, 1999). However, no study evaluated cortisol levels in first 

manic episode.

HPA axis function is compromised in BD according to the following data: HPA axis 

hyperactivity, higher cortisol levels, a decrease in glucocorticoid receptors and lower 

negative feedback (Daban et al., 2005; Watson et al., 2004). Increased cortisol levels in BD 

episodes were found during euthymia (Deshauer et al., 2003), depression, mania (Schmider 

et al., 1995; Linkowski et al., 1994), and mixed states (Cassidy et al., 1998). Abnormalities 

in the HPA system have been described in young offspring of subjects with BD (Ellenbogen 

et al., 2004), suggesting these changes precede the onset of mood episodes. In this context, 

some authors have hypothesized that HPA system abnormalities could be an endophenotype 

of mood disorders (Mello et al., 2007), while others speculate that it would be trait marker in 

BD and thus an indicative of a core pathophysiological process (Daban et al., 2005). In 

contrast, subjects with post-traumatic stress disorder (PTSD), which is highly comorbid with 

BD, show decreased cortisol levels, potentially associated with hypothalamic-pituitary-

adrenal (HPA) axis underactivity, and/or changes in glucocorticoid receptor sensitivity 

(Yehuda and Seckl, in press).

Reports of HPA axis function in mania are inconsistent. Some studies found no changes on 

cortisol suppression on the DST (Schlesser et al. 1980; Evans & Nemeroff 1983), while 
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others described non-suppression rates comparable to those found in depression (Godwin et 

al., 1984). Moreover, it has been suggested that patients with mixed episode exhibit DST 

non-suppression more likely than those with pure mania. Patients with pure mania exhibit 

normal cortisol suppression while individuals in a mixed episode patients show cortisol non-

suppression (Evans & Nemeroff 1983). Other studies confirmed the abnormal cortisol 

suppression in BD, especially in mixed-episode patients (Krishnan et al., 1983; Swann et al., 

1992).

Only one study evaluated medication-free subjects with BD (Swann et al., 1992). 

Medications usually used to treat mood episodes are known to alter glucocorticoids levels 

(Eroğlu et al., 1979; Gattaz et al., 1985; Meltzer et al., 1984; Pepin et al., 1989; Watson et 

al., 2007; Zobel et al., 2001). Treatment-free BD subjects in mania (not first episode) had 

elevated cerebrospinal fluid (CSF) and urinary free cortisol excretion compared with healthy 

subjects. Importantly, mixed mania had significantly higher morning plasma cortisol, post-

dexamethasone plasma cortisol than pure mania (Swann et al., 1992). However, to the best 

of our knowledge, no study has evaluated HPA axis activity in drug-naïve BD patients 

during the first manic episode.

This study aimed to investigate plasma cortisol levels during the first manic episode in drug-

naive BD I patients compared to matched controls, also evaluating the potential association 

with symptoms severity.

2. Materials and methods

Twenty-six drug-naïve patients meeting criteria for a first manic episode were enrolled in 

this study. Diagnosis was established by two psychiatrist using the Structured Clinical 

Interview for DSM-IV (SCID) (DSM-IV, 2000). Subjects with other Axis I disorders and/or 

severe or unstable medical illnesses were excluded from the study. All subjects were 

medically healthy, as determined by physical and neurological examination and laboratory 

tests. Severity of mania was assessed using the Young Mania Rating Scale (YMRS). The 

control group included twenty-seven age and gender matched healthy individuals (±3 years) 

evaluated with the SCID. The Hospital Espirita Ethics Committee, Porto Alegre, Brazil, 

approved the study. Written informed consent was obtained from all the participants in this 

study.

Blood samples were obtained using vacutainer tubes and kept on ice, collected at 4:00–6:00 

pm. Samples were centrifuged at 3000×g for 15 min and stored at −80 °C until assay. 

Samples were assayed for cortisol by a sensitive radioimmunoassay using commercial kits 

(Human Cortisol RIA Kit from Diagnostic Systems Laboratories) Inc.

2.1. Statistical analysis

First, t-tests were used to compare the cortisol values between patients and controls (after 

confirming normal distribution using the Kolmogorov-Smirnov test). Cortisol levels are 

expressed as ug/dL and we used mead and SD to express results for the groups. YMRS 11 

items (elation/euphoria, motor activity, sexual interest, sleep, irritability, speech, language/

thought disorder, thought content, disruptive/aggressive behaviour, appearance and insight) 
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and cortisol levels were tested for Pearson correlation. Group comparisons of demographic 

variables used ANOVAs for continuous measures and Fisher’s Exact Test for categorical 

variables. All analyses were conducted using Stata statistical software, version 10.0 

(Statacorp, College Station, TX, USA). Results were considered significant at p<0.05, two-

tailed.

3. Results

Patients and controls did not differ in age (25±3.82 vs 26.11±4.62, p=0.34). The distribution 

of cortisol levels for patients and controls is shown in Fig. 1.

Plasma cortisol levels were lower in the first episode of mania patients (9.01ug/dL±1.15) 

compared to healthy controls (14.45 μg/dL±1.68) (p=0.01, df=51).

Regarding the association between YMRS items and cortisol levels we observed a positive 

correlation between plasma cortisol levels and irritability (p<0.001, r=0.6). Conversely, 

cortisol levels negatively correlated with motor activity (p<0.001, r=0.5) and elation/

euphoria (p<0.001, r=0.78). There was also a negative correlation between irritability and 

elation/euphoria (p<0.001, r=0.55) (Fig. 2).

No association between cortisol levels with total YMRS (p=0.09), gender (p=0.5) or age 

(p=0.11) was observed in the patients group.

4. Discussion

To the best of our knowledge, this is the first study to evaluate cortisol levels in drug naïve 

BD subjects during the first manic episode. This study found a decrease in cortisol levels in 

the first manic episode compared to healthy controls. Also, lower cortisol levels in euphoric 

mania were observed while higher levels were associated with the presence of irritability. 

Importantly, an inverse association between euphoria and irritability was observed, thus 

reinforcing the potential dual HPA regulation in elated manic states and dysphoric mania.

These findings may reflect early neurochemical changes of mania. It was previously 

proposed that when mania becomes more severe and dysphoric, cortisol levels tend to 

increase to above the observed in euthymia (Joyce et al., 1987). In our study, lower cortisol 

levels were observed compared to controls in classic mania. Similarly, lower cortisol levels 

have been described in subjects with post-traumatic stress disorder (PTSD); this biological 

finding has been associated with partial primary adrenal insufficiency, hypothalamic-

pituitary-adrenal (HPA) axis underactivity, increased negative feedback sensitivity and/or 

changes in glucocorticoid metabolism (Yehuda and Seckl, 2011). These suggested 

biological effects may also underlie the findings described in the present investigation.

It is important to mention that all BD subjects here evaluated were drug-naïve. Indeed, 

previous studies on cortisol levels in mood disorders research only investigated medicated 

subjects, which may represent a potential bias. For instance, anti-psychotic drugs were found 

to increase CSF cortisol levels (Gattaz et al., 1985). Also, lithium and other mood stabilizers 

showed to alter glucocorticoids response and levels (Bschor et al., 2003; Watson et al., 
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2007; Zobel et al., 2001). Also, the length of illness may impact on HPA activity. Thus, the 

present finding may represent a true biological effect.

Similar to our findings, few studies have shown differences between mixed/disphoric manic 

and pure manic states (Swann et al., 1994; Cassidy et al., 1998). Swann et al. (1992) 

reported in a sample of unmedicated classic and mixed mania, DST suppression in both 

groups, but higher in mixed state than pure mania (Swann et al., 1992). Furthermore, mixed 

episode, associated with increased irritability, had significantly higher plasma and CSF 

cortisol levels, as well as elevated post-dexamethasone plasma cortisol.

In our sample, elation/euphoria was negatively correlated with cortisol levels, while 

irritability had a positive association. That is in agreement with early studies suggesting that 

dysphoric mania may be a distinct affective state (McElroy et al., 1992). Dysphoric mania 

could be a form of atypical mania, a stage-related, a severe form, or even a transitional state 

between mania and depression (Himmelhoch et al., 1976; Carlson and Goodwin, 1973; 

Frederick K Goodwin and Jamison, 2007). Recently, the American Psychiatric Association 

announced that DSM-5 will include in diagnose of mania a mixed specifier, with an item 

defined as “proeminent dysphoria” (http://www.dsm5.org/ ).

Strengths of this research include the sample only including drug-naïve subjects during the 

first manic episode, thus potentially limiting biases such as time of illness and 

pharmacological status. Also, the exclusion of subjects with clinical and psychiatric 

comorbidities allowed us to better identify potential state biomarkers in mania. Limitations 

include the lack of cortisol response parameters and suppression tests.

In sum, the first episode of mania showed an associated with lower cortisol levels compared 

to healthy controls, with higher cortisol levels associated with proeminent irritability 

compared to elated mania. We propose that dysphoric mania may have a higher biological 

sensitivity to stress.

Overall, the present findings suggest the need to add a dimensional diagnosis to the 

traditional categorical diagnosis in neurobiological studies in BD when evaluating HPA 

activity and other peripheral biomarkers. Further studies are required to confirm these 

findings.
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Fig. 1. 
Plasma cortisol levels (μg/dl) in first episode drug-naïve mania versus healthy controls.
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Fig. 2. 
A) Association between cortisol (μg/dl) and elevated mood (YMRS item 1) in the first 

episode drug-naïve mania; B) Association between cortisol (μg/dl) and irritability (YMRS 

item 5) in the first episode drug-naïve mania; and C) Association between elevated mood 

and irritability in the first episode drug-naïve mania.
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