Neuropsychiatric Disease and Treatment downloaded from https://www.dovepress.com/

For personal use only.

Neuropsychiatric Disease and Treatment

3

Dove

ORIGINAL RESEARCH

The correlation between longitudinal changes
in hypothalamic—pituitary—adrenal (HPA)-axis
activity and changes in neurocognitive function
in mixed-state bipolar Il disorder

Hsuan-Han Lee,' Cheng-Ho
Chang,' Liang-Jen Wang,?
Chih-Ching Wu,** Hsing-
Ling Chen,® Ti Lu,' Ru-Band
Lu®’ Sheng-Yu Lee'®8?

'Department of Psychiatry, Kaohsiung
Veterans General Hospital,
Kaohsiung, Taiwan; 2Department of
Child and Adolescent Psychiatry,
Kaohsiung Chang Gung Memorial
Hospital and Chang Gung University
College of Medicine, Kaohsiung,
Taiwan; *Department of Medical
Biotechnology and Laboratory
Science, College of Medicine, Chang
Gung University, Taoyuan, Taiwan;
“Department of Otolaryngology-
Head & Neck Surgery, Chang Gung
Memorial Hospital, Linkou, Taiwan;
*Department of Nuclear Medicine,
Kaohsiung Veterans General Hospital,
Kaohsiung, Taiwan; ¢Department of
Psychiatry, National Cheng Kung
University Hospital, Tainan, Taiwan;
’Institute of Behavioral Medicine
Sciences, College of Medicine

and Hospital, National Cheng

Kung University, Tainan, Taiwan;
8Department of Psychiatry, Faculty
of Medicine, Kaohsiung Medical
University, Kaohsiung, Taiwan;
’Department of Psychiatry, College
of Medicine, National Yang-Ming
University, Taipei, Taiwan

Correspondence: Sheng-Yu Lee
Department of Psychiatry, Kaohsiung
Veterans General Hospital, 386
Da-Chung Ist Road, Kaohsiung, Taiwan
Tel +886 7 342 2121

Email shirleylee.ncku@gmail.com

This article was published in the following Dove Press journal:
Neuropsychiatric Disease and Treatment

Introduction: In this study, we aim to determine 1) the differences in cortisol in patients with
bipolar II disorder (BD-II) and control subjects and 2) the correlation between cortisol levels
and cognitive function in patients with BD-II during a 24-week follow-up period.

Methods: We recruited a total of 32 BD-II patients and 30 healthy control subjects. The BD-II
patients were assessed for clinical severity and serum cortisol level at baseline and at weeks 8,
16, and 24. The Brief Assessment of Cognition in Affective Disorders (BACA) was adopted
to evaluate cognitive function at baseline and endpoint (week 24). Meanwhile, we assessed the
controls for serum cortisol level and BACA at baseline.

Results: We observed that the BD-II group had a higher serum cortisol level and lower BACA
composite scores compared with the healthy controls at baseline. A significant correlation was
found between changes in Verbal Fluency, a subset of BACA, and changes in serum cortisol
level after the 24-week follow-up, controlling for age, gender, years of education, and clinical
severity (P<<0.001).

Conclusion: We propose that serum cortisol may be involved in the psychopathological
mechanisms of cognitive decline in BD-II.

Keywords: bipolar II disorder, cognitive function, cortisol level, correlation

Introduction
A subtype of bipolar disorder (BD), bipolar II disorder (BD-II), is chronic with frequent
and intense depressive episodes.! Patients with BD-II often receive delayed diagnoses
and miss out on timely treatment because they frequently have positive experiences
during hypomanic episodes.? Previous evidence has indicated that patients with BD-II
are at a greater risk of both attempting and committing suicide than patients with
bipolar I disorder (BD-I) or major depressive disorder due to its prolonged course, and
hence the condition results in a greater burden both on patients and society.**
Various studies have observed cognitive impairment across several domains in
BD including executive functions, processing speed, attention, memory, and social
cognition during acute and euthymic states.>’ Previous studies have shown that
poorer cognitive function was more common in BD-II than in BD-1.* Cognitive
impairment may subsequently have a negative effect on drug adherence and recovery
of BD-IL.# Glahn et al’ reported that BD patients in the remission stage continued to
experience attention deficit, which may represent a trait rather than a state variable.'”
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Some researchers have proposed that the underlying
pathophysiology of BD may be associated with cognitive
decline in patients with BD.!!:12

Dysregulation of the Hypothalamic—Pituitary—Adrenal
(HPA) axis has been suggested to play a role not only in the
pathophysiology of BD,'? but also in the cognitive dysfunc-
tion of BD." Changes in cortisol, which is the main product
of the HPA axis, are considered disturbances in the HPA axis
and have been associated with mood disturbances in BD.!
Both hypercortisolism and hypocortisolism were observed as
HPA-axis disturbances in BD and depression,'®!” and were
associated with a lower quality of life. Relative hypocorti-
solism was found to be accompanied by a heightened level
of inflammation,'® which is considered the pathogenesis
of depression.”” A meta-analysis reported greater morning
cortisol levels in BD patients in the euthymic state compared
with controls.”® Furthermore, a lower chronic cortisol con-
centration may predict longer periods of stability in affective
disorders.?’ Since cortisol exerts fundamental homeostatic
effects on cognitive and affective processes, changes in
cortisol levels have been found to affect cognitive function.?
In both animal and human models, cortisol demonstrated a
reversible negative effect on cognition.?? While a significant
correlation between depression and cortisol level has been
reported,” recent studies have found no association between
either the awakening cortisol level** or the chronic cortisol
concentration?® with cognitive impairment in any domain.
However, few studies have focused on the correlation
between the alteration of cortisol and cognitive function in
BD-II patients.

Both cortisol level and cognitive function change
depending on the state of the disease. However, previous
studies have mainly focused on cross-sectional associations
instead of the longitudinal association of cognitive function
and cortisol. We believe that a longitudinal approach may
better reflect the correlation between changes in cortisol,
clinical symptoms, and cognitive function from a within-
individual perspective. Therefore, the purposes of this study
were to investigate 1) the differences in cortisol level and
cognitive function between BD-II patients and controls at
baseline and 2) the correlation between longitudinal changes
of cortisol level and cognitive function after a 24-week
follow-up period.

Methods

The Institutional Review Board for the Protection of Human
Subjects at Kaohsiung Veteran’s General Hospital has
examined and approved this research protocol. Prior to the

start of the study, we completely described the study to all
participants and obtained their written informed consent.

Patient selection

We recruited BD-II patients between 18 and 65 years old
from acute ward and outpatient clinics of the Psychiatric
Department at Kaohsiung Veterans General Hospital. All
patients were first diagnosed by a senior psychiatrist accord-
ing to the criteria of the Diagnostic and Statistical Manual
of Mental Disorders, fourth edition (DSM-IV-TR).* Then,
the patients were given a structured interview by a clinical
psychologist using the Chinese Version of the Modified
Schedule of Affective Disorder and Schizophrenia-Life
Time,?® which has good inter-rater reliability,” in order to
confirm the DSM-IV-TR diagnosis. Since recent studies
have suggested that a 2-day duration of hypomania is
more prevalent in the community than a 4-day duration
of hypomania,?®>* we adopted the 2-day minimum for
hypomania when diagnosing BD-II in the current study.
Patients with any major mental illnesses besides BD-II, such
as borderline personality disorder, substance-use disorder,
and cognitive disorders, were excluded, as were patients
taking over-the-counter medications, such as statins, that
may have affected their metabolic profile.

None of the recruited patients had a previous history
of taking mood stabilizers or antipsychotics. We assessed
symptom severity at baseline and performed regular
follow-up evaluations each month for next 6 months. The
patients were evaluated using clinical assessments of mood
symptoms and the collection of blood samples at baseline, as
well as at the end of every 2-month period (points of assess-
ment: baseline, week 8, week 16, and week 24). We used
the 17-item Hamilton Depression Rating Scale (HDRS)*
to evaluate the severity of depressive symptoms and the
11-item Young Mania Rating Scale (YMRS) to determine
the severity of manic symptoms.* Throughout the follow-up
period, all patients received open-label valproate treatment
(500 mg and 1,000 mg daily [S0-100 pwg/mL in plasmal).
We also allowed up to 8 mg of lorazepam per day for night-
time sedation or agitation during the study. Other permitted
concomitant medication included fluoxetine (=20 mg/daily)
for depressive symptoms and risperidone (=3 mg/daily) for
associated psychotic symptoms.

Twenty milliliters of whole blood were drawn from the
antecubital vein of each patient to analyze serum cortisol
concentrations at baseline and at weeks 8, 16, and 24. Before
the blood sampling, we instructed the patients to avoid
stress and unusual physical activity for a period of 24 hours.
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Between 8:00 and 10:00 am, after the patients had fasted for
8 hours and rested for 20 minutes, we collected fasting serum
samples of hormones. The Brief Assessment of Cognition
in Affective Disorders (BACA), a neuropsychological test,
was performed upon recruitment, as well as at the end of
the follow-up period at 24 weeks, right after the patient’s
blood was drawn.

Healthy controls

Thirty healthy volunteers were recruited from both the com-
munity and the hospital, with the majority coming from the
health check-up clinic in the Family Medicine Department.
We excluded individuals from the control group if they had
any major or minor mental illness (mood disorders, anxiety
disorder, psychotic disorder, personality disorder, substance-
use disorders) or a family history of psychiatric disorder
among their first-degree relatives.

Following the initial evaluation, the healthy subjects had
their blood drawn and their serum cortisol levels analyzed
as baseline levels. They also received a one-time neuropsy-
chological evaluation at baseline using BACA.

Neuropsychological testing
We adopted the BACA to evaluate objective cognitive func-
tioning in patients with mood disorders.* This instrument
consists of seven subtests, including Verbal Memory (List
Learning), Working Memory (Digit Sequencing), Processing
Speed (Verbal Fluency; Token Motor Task; Symbol Coding),
Reasoning and Problem Solving (Tower of London [TOL]),
and tests of affective interference (emotional distractibility
and affective memory) and emotional disinhibition, which are
then summed up as affective composite scores.**3” This
assessment takes approximately 45 minutes.

The score for each BACA subtest was standardized using
T- or z-scores. The composite z-score of BACA was the
summation of the z-score of each BACA subtest determined
by comparing a patient’s performance in each subtest to that
of the control group.’*¥¥4° A T-score of 50 demonstrates
average functioning with regard to the healthy population
with the same age and gender; the SD was 10 points. In the
current study, we utilized the T-score developed from the
Mandarin-speaking norm,*” which was already controlled
for age and gender for statistical analysis.

Blood assays
Serum cortisol levels were measured with radioimmunoas-
say using commercially available kits (IBL Gesellschaft

Fir Immunchemie Und Immunbiologie MBH, Hamburg,
Germany).

Statistical methods

We utilized the statistical software package SPSS (Version
18.0) to analyze the data results, and P-values less than 0.05
were considered statistically significant.

We adopted independent ¢-tests to analyze the numerical
data related to the differences in clinical characteristics and
cognitive performance at baseline between BD-II patients
and healthy controls and the chi-squared test to analyze dif-
ferences in categorical demographic variables. The correla-
tions between baseline cortisol level and baseline cognitive
function in both BD-II patients and controls were analyzed
using the Pearson correlation.

We then used multiple linear regression models to
evaluate 1) the change of clinical characteristics over the
24-week follow-up period and 2) the possible correlations
of cortisol levels with BACA performance. The general-
ized estimating equation (GEE) approach was developed
to analyze longitudinal or repeatedly measured research
designs in order to produce more efficient and unbiased
regression estimates.*! The GEE uses the generalized linear
model to estimate more efficient and unbiased regression
parameters compared with ordinary least squares regression
models in part because GEE allows for the specifications of
a working correlation matrix that accounts for the form of
the within-subject correlation of responses on dependent
variables of such different distributions as normal, binomial,
and Poisson. The GEE models use all the data available for
each subject and can handle missing data in longitudinal
studies under the assumption that such data are missing
completely at random.* Therefore, the parameter estimates
may be compromised if the probability of any missing data
depends on the previous values of the dependent variable.*
In order to assess the changes in clinical characteristics
during the 24-week follow-up, we set the cortisol level and
BACA with each subscore as independent variables. The
treatment duration was also set as an independent variable,
which was considered the effect of change over time. Since
the GEE models use all the data available for each subject,
we used all the cortisol samples available from each assess-
ment for analysis. To evaluate the correlations between
change of cortisol levels and BACA performance, we set
each outcome (BACA with each subscore) as a dependent
variable. In each model, cortisol, treatment duration, years
of education, and HDRS and YMRS scores were included as
independent variables. We interpreted the effect of cortisol
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as the relationship between the change of cortisol and the
change of cognitive performance.

Results

Participants characteristics

We recruited a total of 32 BD-II patients and 30 healthy
control subjects. The baseline characteristics of these par-
ticipants are shown in Table 1. The categories of affective
states were based on clinical evaluation according to the
HDRS and YMRS rating scales without applying dura-
tion criteria: depressive (HDRS-17>8 and YMRS<S),
hypomanic (YMRS>7 and HDRS-17<8), and mixed state
(HDRS-17>7 and YMRS>7).* Compared with the healthy
controls, the BD-II group was noted to be significantly older
with fewer years of education, higher serum cortisol levels,
and poorer performance in the BACA (composite scores).
The study flow is shown in Figure 1.

Table 2 provides the details of patients’ characteristics
during the entire follow-up period. Only a total of 10 patients
completed the entire 24-week follow-up period. We observed
that both HDRS and YMRS improved significantly after
24 weeks of treatment (P<<0.001). The changes in cortisol
level and cognitive function of each subtest of BACA are
shown in Figures 2 and 3. A significant improvement was

also noted in Verbal Fluency and several subtests in affective
interference and emotional disinhibition (Table 2). However,
the significance in improvement of Verbal Fluency did
not survive correction for multiple comparison by setting
P<0.05/8=0.00625 as significant. Moreover, we found no
significant changes in the cortisol level or performance of the
BACA composite score and other subscores after completing
the follow-up.

Finally, we evaluated the correlation between change of
cortisol levels and change in BACA performance following
the 24-week follow-up period. We found a significant cor-
relation between changes in Verbal Memory (P<<0.001),
Token Motor (P=0.003), and Verbal Fluency (P<<0.001),
as subsets of BACA, and changes of serum cortisol level
after controlling for clinical severity (HDRS and YMRS
scores) and years of education. The significant correlation
between changes in Token Motor (P=0.003), Verbal Fluency
(P<0.001), and Tower of London (P=0.002) with changes
of serum cortisol level remains even after controlling for
clinical severity (HDRS and YMRS scores), years of educa-
tion, medication, type of mood episode, borderline features,
past psychotic episode, and other Axis I disorders (Table 3).
However, neither the changes in the BACA composite score
nor other subsets correlated with changes in serum cortisol

Table I Comparison of baseline characteristics of the BD-II patients and healthy controls

BD-IlI Healthy T P-value
controls

Number, n 32 30
Gender, n (male/female) 12/22 8/22
Age, years (mean + SD) 37.9+10.8 30.4+5.8 35 0.001
Years of education, years (mean £ SD) 13.9+2.2 16.4£1.3 5.2 <0.001
Age at onset, years (mean * SD) 13.8+4
HDRS score (mean * SD) 15.5£3.6
YMRS score (mean + SD) 11.7£3.1
Cortisol, ug/dL (mean + SD) 10.3+3.5 74123 37 0.001
BACA (composite T score) (mean £ SD) 3591114 50.1£12.0 4.4 <0.001
Past hospitalization, n (yes/no) (2/30)
Number of hospitalization for those ever hospitalized |
Lifetime history of psychotic symptoms (yes/no) (0/32)
Family history of affective disorders, n (yes/no) (0/32)
Axis | comorbidity, n

Panic disorder (yes/no) 11721

GAD (yes/no) 15/17

Other anxiety disorders (phobia, PTSD; yes/no) 9/23

Mood state at baseline (depressive/hypomanic/mixed) (5/2/25)
Medication, n

Use of fluoxetine (yes/no) 28/4

Use of valproate 32/0

Use of risperdal 10

Borderline features 7

Abbreviations: HDRS, Hamilton Depression Rating Scale; YMRS, Young Mania Rating Scale; BACA, Brief Assessment of Cognition in Affective Disorders; GAD, generalized

anxiety disorder; PTSD, post-traumatic stress disorder; BD-II, bipolar-Il disorder.
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Figure | Study flow chart.
Abbreviation: BD-II, bipolar-Il disorder.

Table 2 Characteristics, cortisol level, and performance of cognitive test in the BD-II patients at baseline and each follow-up

Baseline Week 8 Week 16 Week 24 P-value Effect size
(Cohen’s d)
Number, n 32 20 13 10
Gender, n (male/female) 12/22 5/15 3/10 2/8
Age, years (mean + SD) 37.9+10.8 36.5+9.9 34.2+10.1 34.8+10.6
Years of education, years (mean £ SD) 13.9+2.2 13.4+2.2 13.6+2.4 14.0+2.5
Age at onset, years (mean * SD) 13.8+4 13.6+4.2 14.0+4.8 14.0£5.0
HDRS score (mean * SD) 15.543.6 9.7+3.2 9.0+2.7 9.9+1.5 <0.001%** 1.43
YMRS score (mean + SD) 11.743.1 9.412.1 8.9+2.7 8.4+2.0 <0.00** 1.06
Mood state at baseline, n (depressive/hypomanic/mixed) (5/2/25) (3/0/7)
Cortisol, pg/dL (mean + SD) 10.3+3.5 11.1+4.9 10.5+3.7 9.4+4.5 0.67 0.12
BACA (mean £ SD)
Verbal Memory (T score) 43.7+10.0 44.4+10.5 0.42 0.15
Token Motor (T score) 45.948.7 46.415.9 0.34 0.18
Digit Sequencing (T score) 44.248.1 46.0+4.0 0.43 0.15
Verbal Fluency (T score) 39.9+10.8 41.8+11.0 0.008** 0.51
Symbol Coding (T score) 38.3+10.6 36.0£13.1 0.69 0.08
Tower of London (T score) 47.2+12.2 48.6+12.7 0.48 0.14
BACA composite scores 31.9£19.0 33.9+20.7 0.07 0.35
Affective interference test (mean + SD)
Total affective scores 44.1+6.7 42.519.1 0.38 0.17
Total non-affective scores 47.1£10.1 39.945.8 <0.001** 0.72
Cued affective words 45.5+6.4 43.615.9 0.29 0.23
Cued non-affective words 51.8+6.5 43.11£7.0 0.001** 0.67
Affective interference test: delayed (mean + SD)
Correct affective words 54.2+4.2 51.0£7.7 0.21 0.24
Non-affective correct words 52.1+4.7 47.019.3 0.06 0.36
Affective false alarms 46.4+10.4 47.1£8.5 0.75 0.06
Non-affective false alarms 46.317.7 46.617.9 0.87 0.03
Emotion inhibition test (mean + SD)
Color naming score 40.7£7.7 41.245.0 0.97 0.0l
Neutral color word score 39.448.0 38.617.3 0.45 0.15
Affective color word score 38.5%9.2 389474 0.015 0.47
Neutral word score 38.6+10.1 41.6£7.0 0.36 0.18
Affective composite T score 39.1+9.3 349184 0.13 0.29
BACA (composite T score) 35.9+11.4 33.1%11.4 0.53 0.12

Notes: We adopted the GEE method to evaluate the change of clinical characteristics over the 24-week follow-up period by setting each BACA subscore as an independent
variable and the treatment duration as an independent variable as well, which was interpreted as the effect of change over time. **P<0.05.

Abbreviations: HDRS, Hamilton Depression Rating Scale; YMRS, Young Mania Rating Scale; BACA, Brief Assessment of Cognition in Affective Disorders; GEE, generalized
estimating equation; BD-II, bipolar-Il disorder.
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Figure 2 Changes in cortisol level at baseline and endpoint.
Abbreviation: BD-II, bipolar-Il disorder.

level (Table 3). We observed no significance in the correla-
tions between baseline cortisol level and baseline cognitive
function in either BD-II patients or healthy control subjects
(Table S1). The correlation between levels of cortisol and
cognitive testing (BACA) only in mixed-state BD-II patients
(N=25) over 24 weeks of follow-up is shown in Table S2.

Discussion

Our study reported higher serum cortisol levels and lower
BACA composite scores at baseline in BD-II patients com-
pared with the healthy controls. We also found a significant
correlation between longitudinal changes in serum cortisol
level and longitudinal changes in Verbal Fluency, a BACA
subset, after the 24-week follow-up period, controlling for
age, gender, clinical severity, and years of education.

Our results finding a higher serum cortisol level in
BD-II patients compared with healthy controls agreed with
a previous study of BD-I patients."® Since all of our BD-II
patients had been previously diagnosed, they had never been
exposed to lithium in the past. Our patients had both elevated
HDRS and YMRS scores, indicating irritability. Therefore,
our results also agree with Valiengo et al,* who demonstrated
that elevated cortisol levels were positively associated with
irritability (dysphoria).

In the current study, we observed significant improvement
in both Verbal Fluency and clinical severity in the BD-II
group after 24 weeks of treatment. However, no significant

improvement was noticed in BACA composite scores or
BACA subscores. Since we found a significant correlation
between changes in Verbal Fluency and serum cortisol level
after the 24-week follow-up, Verbal Fluency may possibly
be highly affected by manic symptoms and related to disease
state. Our results partially agree with those of Solé et al,** who
reported that half of BD-II patients were cognitively impaired
even during the euthymic state. In a 6-week follow-up study,
Xu et al*’ also observed cognitive impairment in executive
function and memory. Our study tried to prolong the follow-up
and treatment period to 24 weeks, but we only found signifi-
cant improvement in one aspect of cognitive function, while
the others remained unimproved. Our finding may indicate
that cognitive dysfunction is a trait but not a state for BD-II.
Furthermore, we reported no significant decrease in cortisol
level after 24 weeks of treatment. Since no previous studies
have investigated the longitudinal change of cortisol in BD-II
over a 24-week span, our study provides initial evidence that
greater morning cortisol levels may also be a trait of BD-II.

We initially found no significant correlations between
baseline cortisol level and baseline cognitive function in
either BD-II patients or healthy controls. Our cross-sectional
finding agrees with the study of van der Werf-Eldering et al,>*
who reported no association between cortisol level and cog-
nitive function in patients with BD. Furthermore, we found
no significant correlation between longitudinal change of
BACA composite score and cortisol level changes in BD-II
after 24 weeks of follow-up. A 5-year longitudinal study also
reported no correlation between changes in cortisol and cog-
nitive performance in a community-dwelling population.*
Herane-Vives et al?® also reported no association between
chronic cortisol concentration and cognitive impairment in
patients with BD-I. However, no such longitudinal study
has yet been performed for BD-II. In the BACA subsets, we
found a significant correlation between changes in Token
Motor Task and Verbal Fluency and serum cortisol level after
the 24-week follow-up period, after controlling for clinical
severity, years of education, disease state, medication used,
and borderline features. Our finding partially agrees with a
previous 4-year prospective study*’ that found a significant
association between change in cortisol level and Verbal
Fluency, but only in elderly women in community dwell-
ings. The Verbal Fluency tasks in BACA are divided into
two parts: in the first part, participants are given 1 minute
each to come up with words in the animal category starting
with a provided mandarin word, thus involving several
cognitive activities, including working memory, cognitive
flexibility, and self-monitoring,* which are mediated by both
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Verbal Fluency (T score); (F) Mean Symbol Coding (T score); (G) Mean Tower of London (T score); (H) Mean affective composite (T score).

Abbreviations: BACA, Brief Assessment of Cognition in Affective Disorders; BD-II, bipolar-I| disorder.

the temporal and frontal cortex.’! 11beta-Hydroxysteroid
dehydrogenase type 1 (11beta-HSD1) catalyzes the change of
circulating inert cortisone to cortisol. The mRNA for 11beta-
HSD1 is expressed in the human hippocampus and frontal
cortex. In aging humans, administration of the inhibitor for
1 1beta-HSD1 was shown to improve Verbal Fluency.*? Our
finding further supports the correlation between cortisol level
and Verbal Fluency. Nevertheless, a specific mechanistic
study is still necessary to clarify such correlations. Token

Motor Task represents the motor function of the patients.
Our finding also agrees with a past finding that serum cortisol
concentration correlated negatively to motor speed, psycho-
motor speed, and reaction time in postmenopausal women.>?
On the other hand, the inflammatory change observed during
cortisol disturbances'® may also influence cognitive function,
and an inverse relationship between C-reactive protein and
cognitive function was reported in BD.> Previous studies
have associated cognitive function decline with an increase
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Table 3 Correlation between levels of cortisol and cognitive testing (BACA) over 24 weeks of follow-up

Cortisol Cortisol

Model A Model B

B Wald »2 P-value B Wald 3* P-value
BACA total (composite T score) 0.38 0.2 0.65 —-0.78 0.19 0.66
Verbal Memory (T score) -39 15.7 <0.001* 1.28 11.85 0.001*
Token Motor (T score) 1.4 8.6 0.003* 1.36 8.60 0.003*
Digit Sequencing (T score) 0.26 0.85 0.36 0.20 0.27 0.60
Verbal Fluency (T score) -2.2 88.1 <0.001* -2.24 89.86 <0.001*
Symbol Coding (T score) 0.02 <0.001 0.98 0.15 0.16 0.69
Tower of London (T score) 0.93 0.24 0.62 2.16 9.49 0.002*
Affective composite (T score) 0.57 1.29 0.26 0.36 1.35 0.25

Notes: Controlling for age, gender, years of education, and scores of HDRS and YMRS. We adopted the GEE method to evaluate the correlations between change of cortisol
levels and changes in performance of BACA by setting each outcome (BACA with each subscore) as a dependent variable. Model A: controlled for treatment duration, years
of education, and HDRS and YMRS scores. Model B: controlled for treatment duration, years of education, HDRS and YMRS scores, type of drug treatment (fluoxetine yes/
no; risperidone yes/no), type of mood episode (depressive, hypomanic, mixed), presence of borderline PD features, past hospitalization, lifetime of psychotic symptoms, family

history of affective disorder, and axis | comorbidity. *P<<0.05/8=0.00625 as significance.

Abbreviations: BACA, Brief Assessment of Cognition in Affective Disorders; HDRS, Hamilton Depression Rating Scale; PD, personality disorder; YMRS, Young Mania

Rating Scale; GEE, generalized estimating equation.

in inflammatory markers in healthy subjects.>> However, we
did not include cytokine levels in our assessment. Additional
studies of the correlation between change of cytokine and cor-
tisol are warranted. Furthermore, we did not find any correla-
tion of changes in cortisol levels with other subsets of BACA
including Symbol Coding, TOL, or Affective scores. Since
Verbal Fluency tasks require several cognitive processes, as
previously mentioned,” Verbal Fluency may be more vulner-
able to the organic influence of hypercortisolism.

Our study has some limitations that should be mentioned.
First, after 24 weeks of follow-up, our study number (N=10)
is relatively small and thus has limited power. Since the
current study is a pilot study, increasing the sample size and
decreasing the drop-out rate in a future study are needed to
confirm our current findings. If we had only used the most
conservative method of analyzing only the 10 patients left at
week 24 and the same 10 patients at baseline and eliminated
the other 22 patients who left the study early, none of the
correlations between change of cortisol level and change of
cognitive function would be significant. Therefore, the current
study results need to be interpreted with caution. In addition,
the 24-week duration was designed to avoid learning effect. A
cognitive test which could be repeated more frequently with
little learning effect may be needed to decrease the follow-up
duration and the high dropout rate. The present study also did
not evaluate or control for stressful life events, which may
also be highly correlated with cortisol levels. When evaluating
cognitive function, it is necessary to consider the influence
of mood symptoms. Even in healthy controls, subthreshold
mood symptoms may affect some neurocognitive dysfunc-
tions. However, in the current study, we did not evaluate the
HDRS and YMRS scores in the normal controls. We will

try to include this assessment in future studies. In addition,
euthymic BD-II patients were not included in this study either.
However, we controlled for mood symptom when evaluating
the correlation between cortisol and cognitive function in
BD-II patients. Third, we used the norm developed for BACA
scores for the Mandarin-speaking population®’ instead of the
English norms.* Again, our study results should be interpreted
with caution since they may differ for the English norms.*
Furthermore, the control sample differs significantly from
the bipolar sample with regard to age and years of education.
Since cortisol levels may increase with age and cognitive
function decline may be related to the years of education,” a
future study would need a control sample that more closely
matches the patient group. We also adopted the 2-day dura-
tion for diagnosing hypomania instead of the 4-day duration
provided in the DSM-IV-TR criteria. The current positive
findings may not be generalizable to studies that adopt the
DSM-IV-TR criteria for hypomania. Moreover, cortisol lev-
els vary throughout the day. Therefore, the 2-hour window
(between 8 and 10 am) of collection time may be too wide,
which may negatively affect the current findings. However,
we had to provide the convenience of arriving between 8§
and 10 am for the patients and controls since blood samples
were collected in the hospital. Future studies with a more
confined window of collection time may be required. Since
the use of antidepressants may contribute to the regulation
of the cortisol system,*® the change of cortisol level in the
current study may differ from the BD patients who did not
receive antidepressants in their first episode. Nevertheless,
we attempted to control the use of antidepressants and other
medications in all the analyses to minimize such influence.
In addition, some demographic data were still lacking which

submit your manuscript

2710

Dove

Neuropsychiatric Disease and Treatment 2018:14


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Changes of cortisol level and neurocognitive function in bipolar Il

should be added in future studies: the number of past mood
episodes including hypomanic, depressive, mixed episodes;
whether past episodes were seasonal pattern or rapid cycling,
the patient’s marital status; and axis I comorbidity (other than
borderline personality disorder). Finally, the longitudinal
correlation between other neuroendocrine parameters and
cognitive function with even longer follow-up periods are
necessary to support the current findings.

In conclusion, we observed increased serum cortisol
levels and poorer cognitive performance in patients with
BD-II compared to healthy controls. We also report a sig-
nificant correlation between longitudinal changes in serum
cortisol level and cognitive function after 24 weeks of
standard treatment. Based on our findings, we propose that
serum cortisol may be involved in the psychopathological
mechanisms of cognitive decline in BD-II patients. Although
studies with larger populations are needed in the future, our
results can serve as a reference for treatments that decrease
cortisol, as a new therapeutic alternative, for attenuating
cognitive decline in BD-II patients.
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Supplementary materials

Table S| Correlations between cortisol and all BACA scales at baseline

Test and subtests BD-II Controls
r P-value r P-value

BACA (composite T score) —0.11 0.65 -0.14 0.48
Verbal Memory (T score) 0.17 0.48 —-0.20 0.32
Digit Sequencing (T score) —0.08 0.74 0.04 0.86
Token Motor (T score) —-0.28 0.26 —-0.13 0.53
Verbal Fluency (T score) -0.20 0.42 —0.001 0.99
Symbol Coding (T score) -0.25 0.30 —-0.08 0.70
Tower of London (T score) 0.13 0.6l —0.14 0.47
Affective composite (T score) -0.09 0.71 —-0.10 0.63

Notes: Pearson correlation was used to evaluate the correlation between cortisol level and BACA performances in all the BD-II patients at baseline.
Abbreviation: BACA, Brief Assessment of Cognition in Affective Disorders; BD-II, bipolar Il disorder.

Table S2 Correlation between levels of cortisol and cognitive testing (BACA) in mixed-state BD-Il patients over 24 weeks of

follow-up

Cortisol Cortisol

Model A Model B

B Wald 22 P-value B Wald 22 P-value
BACA total (composite T score) —-0.61 0.15 0.70 -0.61 0.75 0.70
Verbal Memory (T score) -0.2 0.5 0.58 1.1 5.2 0.024
Token Motor (T score) —-0.02 0.005 0.94 —-0.02 0.002 0.97
Digit Sequencing (T score) 0.1 0.06 0.8l 0.43 2.80 0.10
Verbal Fluency (T score) -2.3 1,662 <0.001* -2.26 1,656 <0.001*
Symbol Coding (T score) 0.28 0.07 0.79 0.23 0.32 0.57
Tower of London (T score) —-0.32 0.06 0.8l 2.99 11.67 0.001*
Affective composite (T score) 0.12 0.06 0.8l 1.00 9.8 0.002*

Notes: Controlling for age, gender, and years of education, and scores of HDRS and YMRS. *P<<0.05/8=0.00625 as significance. We adopted the GEE method to evaluate
the correlations between change of cortisol levels and changes in performance of BACA by setting each outcome (BACA with each subset) as a dependent variable. Model A:
controlled for treatment duration, years of education, and HDRS and YMRS scores. Model B: controlled for treatment duration, years of education, HDRS and YMRS
scores, type of drug treatment (fluoxetine yes/no; risperidone yes/no), type of mood episode (depressive, hypomanic, mixed), presence of borderline PD features, past

hospitalization, lifetime of psychotic symptoms, family history of affective disorder, and axis | comorbidity.

Abbreviations: BACA, Brief Assessment of Cognition in Affective Disorders; BD-II, bipolar Il disorder; HDRS, Hamilton Depression Rating Scale; PD, personality disorder;

YMRS, Young Mania Rating Scale; GEE, generalized estimating equation.
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