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Abstract
Background  Recent evidences have shown sex-differential cognitive deficits in bipolar disorder (BD) and differences 
in cognitions across BD subtypes. However, the sex-specific effect on cognitive impairment in BD subtype II (BD-II) 
remains obscure. The aim of the current study was to examine whether cognitive deficits differ by gender in youth 
with BD-II depression.

Method  This cross-sectional study recruited 125 unmedicated youths with BD-II depression and 140 age-, sex-, and 
education-matched healthy controls (HCs). The Chinese version of the Measurement and Treatment Research to 
Improve Cognition in Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB) was used to assess cognitive 
functions. Mood state was assessed using the 24-item Hamilton Depression Rating Scale (24-HDRS) and the Young 
Mania Rating Scale (YMRS). Multivariate analysis of covariance (MANCOVA) was conducted.

Result ​ Compared with HCs, patients with BD-II depression had lower scores on MCCB composite and its seven 
cognitive domains (all p < 0.001). After controlling for age and education, MANCOVA revealed significant gender-by-
group interaction on attention/vigilance (F = 6.224, df = 1, p = 0.013), verbal learning (F = 9.847, df = 1, p = 0.002), visual 
learning (F = 4.242, df = 1, p = 0.040), and composite (F = 8.819, df = 1, p = 0.003). Post hoc analyses suggested that 
males performed worse in the above-mentioned MCCB tests than females in BD-II depression.

Conclusion  Our study demonstrated generalized cognitive deficits in unmedicated youths with BD-II depression. 
Male patients performed more serious cognitive impairment on attention/vigilance, verbal learning, and visual 
learning compared to female patients.
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Introduction
Bipolar disorder (BD), characterized by recurring epi-
sodes of depression and mania, is considered to be a seri-
ous and chronic mental illness. ​BD accounts for 4.1% of 
the approximately 1 billion people worldwide who suffer 
from mental illness [1]. According to WHO, BD is the 
leading cause of global burden of illness and cause 6.5% 
of all mental disorders-related disability-adjusted life 
years (DALYs) in 2019 [1]. Among all mental disorders, 
BD has the highest rate of completed suicides [2, 3]. The 
suicide rate in patients with BD is approximately 20–30 
times greater than in the general population, with the 
highest risk occurring during depressive episodes [4, 5].

Enduring cognitive deficit has been reported in patients 
with BD [6–8]. These cognitive deficits include, but 
are not limited to, sustained attention, executive func-
tion, verbal or non-verbal memory and social cognition 
[9–13]. Moreover, cognitive impairments in BD do not 
appear to be explained by symptom fluctuations and have 
been shown to persist after remission of affective symp-
toms [6, 14–16]. Therefore, it has been considered inher-
ent to BD and independent of the affective state [14]. 
More than that, cognitive impairment may lead to poor 
medication adherence and increase the risk of recurrence 
in BD [17]. Furthermore, cognitive deficits contribute to 
poor occupational and social functioning, which can lead 
to poor quality of life and psychosocial disabilities in BD 
patients [18, 19]. Thus, identifying and intervening early 
on cognitive deficits caused by BD are crucial to the com-
prehensive rehabilitation of the illness.

Experimental studies have shown gender-specific 
effects on cognitive deficits in BD, but the results are 
mixed. For example, Carrus and colleagues found that 
male patients had a worse immediate memory than 
female patients in BD [20]. One study showed that males 
performed better than females on spatial working mem-
ory in both BD patients and healthy subjects [21]; how-
ever, another study reported that this sex-specific effect 
existed in healthy subjects but was not sustained in BD 
patients [22]. A further shortcoming of previous stud-
ies is the use of a small battery of neurocognitive tests 
that cannot access a full range of cognitive functions. 
Recently, one study employed a relatively comprehen-
sive neuropsychological battery (i.e., the Repeatable Bat-
tery for the Assessment of Neuropsychological Status 
(RBANS) and the Stroop color-word test) to evaluate 
gender differences in cognition in BD [23]. The results 
revealed that males with BD had greater impairment in 
attention and delayed memory than females, whereas 
there was no sex effect on other cognitive domains, 
including immediate memory. Nonetheless, an important 
limitation of this study was the lack of analysis stratified 
by BD subtypes, because it is possible that the sex-spe-
cific effect on neurocognitive dysfunctions may differ by 

BD subtypes. Unfortunately, ​in terms of previous studies 
on gender-differential cognitive performance, most were 
for BD patients while partly were only for BD subtype I 
(BD-I) patients; there has been little study devoted to BD 
subtype II (BD-II) patients.

Studies have confirmed the group differences in cogni-
tive function between BD-I and BD-II subjects. The ear-
lier research found that BD-I patients performed worse 
global cognition, processing speed, and visual/verbal 
memory than BD-II patients although the differences 
were small [24]. The recent studies also showed that BD-I 
patients might have worse and more widespread cogni-
tive impairments compared to BD-II patients [25, 26], 
but the latter could experience more severe executive 
function impairment [27]. Overall, cognitive deficits dif-
fered across BD subtypes. Hence, there is a need for fur-
ther studies to classify distinct types of BD, which may 
help in providing a scientific basis for precise therapy of 
cognitive deficits in BD.

Given the lack of research on sex-differential cognitive 
deficits in young adult patients with BD-II and the more 
severe deficits in neurocognition during the depressive 
episode of BD [28, 29], the current study would recruit 
unmedicated young adult patients with BD-II depression. 
The aim of this study was to investigate whether cogni-
tive functions were impaired and whether the cognitive 
impairments were affected by gender in unmedicated 
young adults with BD-II depression. We hypothesized 
that the neurocognition declined and the cognitive 
decline differed by sex in unmedicated young adults with 
BD-II depression.

Methods
Subjects
A total of 125 youths/young adults, aged between 17 
and 30 [30], who met Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5) criteria for 
bipolar disorder type II depression were recruited from 
the psychiatry department of First Affiliated Hospital 
of Jinan University in Guangzhou, China. The diagnosis 
was confirmed by two experienced psychiatrists using 
the Structured Clinical Interview for DSM-IV (SCID). 
All patients were in a current depressive episode, with a 
score of greater than 20 on the 24-item Hamilton Depres-
sion Rating Scale (24-HDRS) and less than 7 on the 
Young Mania Rating Scale (YMRS). In addition, labora-
tory tests, complete medical history and physical exami-
nations were conducted on the participants. All patients 
were drug naive or unmedicated for at least 6 months at 
the time of enrollment. The major criteria for exclusion 
were: (1) comorbid with other serious psychiatric disor-
ders, such as autism and mental retardation; (2) comor-
bid with severe somatic illness or organic brain diseases 
(diabetes, traumatic brain injury, etc.); (3) having history 
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of nonpharmacological therapy (e.g., psychotherapy, 
repetitive transcranial magnetic stimulation intervention 
or electroconvulsive therapy) within the 6 months before 
enrollment; (4) having history of alcohol/substance abuse 
or dependence; and (5) being pregnant or lactating.

We also recruited 140 age-, sex- and education-
matched healthy controls (HCs) from the local commu-
nity by advertisements. HCs were carefully screened for 
mental illness with the Structured Clinical Interview for 
DSM-IV Nonpatient Edition (SCID-NP). The exclusion 
criteria were the same as for patients. All participants 
were right-handed and Chinese Han ethnicity.

This study received ethics approval from the Ethics 
Committee of First Affiliated Hospital of Jinan University, 
China. Informed consent was obtained from all partici-
pants after a detailed introduction and explanation of the 
study procedures.

Symptomatic assessment
We collected demographic characteristics and medical 
history of the participants using standardized question-
naires. The severity of depressive and manic symptoms 
was assessed with the 24-HDRS and YMRS [31] by two 
experienced psychiatrists who has received the consis-
tency training (Kappa > 0.8).

Cognitive measure
Cognitive function was assessed using the Chinese ver-
sion of the Measurement and Treatment Research to 
Improve Cognition in Schizophrenia (MATRICS) Con-
sensus Cognitive Battery (MCCB). The applicability of 
MCCB in BD has been confirmed [32]; MCCB is recom-
mended for evaluating cognitive function in BD [33]. The 
clinical validity and test-retest reliability of the Chinese 
version of MCCB in healthy controls and BD patients 
were established [34, 35]. The MCCB comprises 9 tests, 
which measure seven cognitive domains: speed of pro-
cessing (assessed by Brief Assessment of Cognition in 
Schizophrenia: Symbol coding, Trail Making Test Part 
A and Category fluency: Animal Naming), attention ⁄ 

vigilance (assessed by Continuous Performance Test-
Identical Pairs), working memory (assessed by Wechsler 
Memory Scale Spatial span), verbal learning (assessed by 
Hopkins Verbal Learning Test), visual learning (assessed 
by Brief Visuospatial Memory Test), reasoning and prob-
lem solving (assessed by Neuropsychological Assessment 
Battery: Mazes), and social cognition (assessed by Mayer-
Salovey-Caruso Emotional Intelligence Test: Managing 
Emotions). The MCCB was performed by eight gradu-
ate students who had received special training for con-
sistency, taking approximately 70  min to complete. The 
inter-rater correlation coefficient of MCCB was over 0.8 
after training.

Statistical analysis
IBM SPSS version 24.0 (SPSS Inc., Chicago, IL, USA) was 
conducted to all statistical analyses. Continuous variables 
were expressed as mean ± standard deviation and cat-
egorical variables as numbers. Data normality was tested 
with the Kolmogorov-Smirnov (K-S) test. A two-tailed 
p < 0.05 was considered statistically significant.

Variables of demographics and clinical data were non-
normally distributed. Consequently, Mann Whitney 
U-test was used for group differences analyses of contin-
uous variables and Chi-square tests for categorical vari-
able analyses.

Cognitive variables were almost normally distributed. 
Group comparison was performed using Student’s t-test 
and analysis of covariance (ANCOVA) with age and 
education as covariates. To account for sex differences, 
multivariate analyses of covariance (MANCOVA) were 
applied controlling for age and education. Dependent 
variables were the MCCB composite score and its seven 
cognitive domains scores; independent variables were 
sex (male vs. female), group (BD-II depression vs. HCs) 
and sex by group interaction. Post hoc analyses were per-
formed using a two-way analysis of variance (ANOVA). 
Pearson’s correlation was used to examine the associa-
tion of the MCCB with clinical features in patients with 
BD-II depression, and the association among MCCB and 
its subscales separately in patients with BD-II depression 
and HCs, with Bonferroni correction to adjust for mul-
tiple testing.

Results
Demographic and clinical data
A total of 125 unmedicated patients with BD-II depres-
sion (72 females, 57.6%) and 140 HCs (78 females, 
55.7%) were recruited. Table  1 shows the demographic 
data, 24-item HDRS sore and YMRS score. The mean 
age of the patients with BD-II depression and the HCs 
were 22.08 ± 3.40 and 22.49 ± 3.36 years old, respectively. 
There were no significant differences in age, sex and years 
of education between these two groups (all p > 0.05). 

Table 1  Demographic and clinical data of participants [mean 
(SD)]
Demographic BD HCs χ2/z p
Number of subjects N = 125 N = 140 – –
Sex (male/female) 53/72 62/78 0.096 0.757
Age (year) 22.08 ± 3.40 22.49 ± 3.36 -1.083 0.279
Education (year) 14.58 ± 1.93 14.94 ± 1.93 -1.799 0.072
Number of episodes 3.10 ± 1.26 – – –
Duration of illness 
(month)

38.82 ± 34.33 – – –

24-HDRS 25.98 ± 4.84 1.52 ± 2.20 -14.247 <0.001
YMRS 2.55 ± 1.71 0.21 ± 0.75 -12.044 <0.001
BD Bipolar disorder, HCs Healthy controls, 24-HDRS 24-item Hamilton Depression 
Rating Scale, YMRS Young Mania Rating Scale
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Moreover, patients with BD-II depression presented 
with significantly higher 24-item HDRS score than HCs 
(p < 0.001). Besides, no significant sex differential effect 
on age, years of education or symptomatic score was 
observed in either the BD-II depression group or the HCs 
group (Table 2).

Group differences in cognitive performance
Table  3 presents the comparison of the MCCB com-
posite and its seven cognitive domains scores between 
unmedicated patients with BD-II depression and HCs. ​
In neuropsychological testing with MCCB, patients with 
BD-II depression performed worse than HCs in all cog-
nitive domains (speed of processing: F = 0.750, df = 263, 
p < 0.001; attention/vigilance: F = 5.901, df = 263, p < 0.001; 
working memory: F = 0.042, df = 263, p < 0.001; verbal 
learning: F = 1.870, df = 263, p < 0.001; visual learning: 
F = 14.663, df = 263, p < 0.001; reasoning problem solving: 
F = 0.299, df = 263, p < 0.001; social cognition: F = 10.220, 
df = 263, p < 0.001; composite: F = 2.485, df = 263, 
p < 0.001). After controlling for age and education using 
ANCOVA, the comparison results of the above-men-
tioned cognitive functions between patients with BD-II 
depression and HCs remained consistent and statistically 
robust (all p < 0.001).

Sex differences in cognitive performance
When the MCCB test and its seven subtests were ana-
lyzed by MANCOVA, controlled for age and education, 
a significant main effect of group (BD-II depression vs. 

HCs) was still found (Table 4). Post hoc analyses showed 
lower scores of the MCCB test and its seven subtests in 
male patients with BD-II depression than in male HCs 
(all p < 0.001), with similar results among female sub-
jects (speed of processing: p < 0.001; attention/vigilance: 
p = 0.001; working memory: p = 0.003; verbal learning: 
p = 0.001; visual learning: p < 0.001; reasoning problem 
solving: p < 0.001; social cognition: p < 0.001; composite: 
p < 0.001). Furthermore, MANCOVA revealed statisti-
cally significant interaction between gender and group 
for MCCB attention/vigilance (F = 6.224, df = 1, p = 0.013), 
verbal learning (F = 9.847, df = 1, p = 0.002), visual learn-
ing (F = 4.242, df = 1, p = 0.040) and composite (F = 8.819, 
df = 1, p = 0.003) domains. Post hoc analyses suggested 
that female patients had higher scores in attention/vigi-
lance (p < 0.001), verbal learning (p = 0.001), visual learn-
ing (p = 0.006), and composite (p = 0.001) than male 
patients. However, MANCOVA indicated no significant 
group-by-sex interaction or main effects of sex for speed 
of processing, working memory, reasoning problem solv-
ing, and social cognition.

We further investigated the relationship between atten-
tion/vigilance, verbal learning, visual learning and com-
posite in patients and HCs, respectively. In patients with 
BD-II depression, composite was positively associated 
with attention/vigilance (r = 0.517, PBonferroni < 0.001), 
verbal learning (r = 0.471, PBonferroni < 0.001), and visual 
learning (r = 0.423, PBonferroni < 0.001), while verbal learn-
ing was also positively linked to visual learning (r = 0.347, 
PBonferroni < 0.001), with no relationship between 

Table 2  Comparison of sex differences on demographic and clinical data of participants [mean (SD)]
Demographic BD P-value HCs P-value

Male (n = 53) Female (n = 72) Male (n = 62) Female (n = 78)
Age (year) 22.02 ± 3.42 22.13 ± 3.42 0.835 23.06 ± 3.50 22.03 ± 3.20 0.074
Education (year) 14.51 ± 1.76 14.64 ± 2.05 0.775 14.97 ± 2.19 14.92 ± 1.71 0.809
Number of episodes 3.32 ± 1.38 2.94 ± 1.14 0.104 – – –
Duration of illness (month) 37.87 ± 30.38 39.53 ± 37.17 0.687 – – –
24-HDRS 26.75 ± 5.52 25.42 ± 4.23 0.268 1.21 ± 1.86 1.77 ± 2.43 0.213
Y-MRS 2.47 ± 1.60 2.61 ± 1.80 0.639 0.13 ± 0.53 0.21 ± 0.71 0.407
BD Bipolar disorder, HCs Healthy controls, 24-HDRS 24-item Hamilton Depression Rating Scale, YMRS Young Mania Rating Scale

Table 3  MCCB performance by group using T- and Z-scores [mean (SD)]
Cognitive domains Mean T-scores (SD) F df P Adjusted P-value

BD HCs
SOP 46.16 ± 7.80 55.06 ± 7.34 0.750 263 <0.001 <0.001
ATT 47.05 ± 8.28 52.74 ± 6.14 5.901 263 <0.001 <0.001
WM 46.63 ± 10.03 53.02 ± 10.07 0.042 263 <0.001 <0.001
VER 46.30 ± 7.82 52.39 ± 6.60 1.870 263 <0.001 <0.001
VIS 44.82 ± 9.73 52.97 ± 6.85 14.663 263 <0.001 <0.001
RPS 47.90 ± 8.70 53.97 ± 8.78 0.299 263 <0.001 <0.001
SOC 44.10 ± 11.39 54.05 ± 8.92 10.220 263 <0.001 <0.001
COS 43.95 ± 7.41 55.19 ± 6.34 2.485 263 <0.001 <0.001
BD Bipolar disorder, HCs Healthy controls, SD Standard deviation, SOP Speed of processing, ATT Attention/vigilance, WM Working memory, VER Verbal learning, VIS 
Visual learning, RPS Reasoning problem solving, SOC Social cognition, COS Composite
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attention/vigilance and either verbal learning or visual 
learning (Supplementary Material, Figure S1). Similar 
results were obtained after Bonferroni correction in HCs 
(Supplementary Material, Figure S2).

Relationship between cognition and clinical features in 
female and male patients
As shown in Table 5, the associations between cognitive 
functions and clinical index were analyzed separately 
in female and male patients with BD-II depression. In 
female patients, Pearson’s correlation analyses found 
significant negative relationships between MCCB speed 
of processing score and duration of illness (r = − 0.235, 
p = 0.047), MCCB verbal learning score and number of 
episodes (r = − 0.289, p = 0.014), as well as MCCB compos-
ite score and 24-HDRS score (r = − 0.250, p = 0.034). How-
ever, only the association between MCCB verbal learning 
score and number of episodes passed the Bonferroni 
correction (p < 0.05/3 = 0.017). Conversely, no significant 
correlations were determined in male patients between 
any of the cognitive domains and clinical characteristics.

Discussion
The current study is one of the few studies to explore gen-
der differences in cognitive dysfunction among patients 
with BD. ​The present study provides a scientific rationale 
for sex-differential cognitive impairment in BD-II depres-
sion. ​As far as we know, this is the first case-control study 
to investigate the gender-specific effects of neurocogni-
tion in youth/young adult patients with BD-II depression. 
Our study has three major findings: firstly, patients with 
BD-II depression had lower scores on all MCCB cogni-
tive domains compared to HCs; secondly, males patients 
obtained fewer points than females in MCCB tests of 
attention/vigilance, verbal learning, visual learning, and 
composite; thirdly, the MCCB verbal learning score was 
negatively associated with the number of episodes in 
female patients with BD-II depression.

In the current study, we found that youth patients 
with BD-II depression performed worse than HCs in all 
MCCB cognitive domains. These findings were in line 
with previous meta-analyses of cognitive performance 
on MCCB in adult patients with BD [32]. Furthermore, 
one study using the Repeatable Battery for the Assess-
ment of Neuropsychological Status (RBANS) to measure 

Table 4  Comparison of sex differential on cognitive function of T-scores
Cognitive domains BD HCs Group Gender Group*gender

Male Female Male Female P-value P-value P-value
SOP 45.60 ± 7.93 46.57 ± 7.74 55.53 ± 7.45+ 54.69 ± 7.27+ <0.001 0.947 0.338
ATT 43.91 ± 9.55* 49.36 ± 6.33 52.11 ± 6.87+ 53.23 ± 5.48+ <0.001 <0.001 0.013
WM 45.19 ± 9.88 47.69 ± 10.07 53.52 ± 10.36+ 52.63 ± 9.88+ <0.001 0.517 0.175
VER 43.91 ± 8.67* 48.06 ± 6.76 53.15 ± 7.10+ 51.78 ± 6.16+ <0.001 0.114 0.002
VIS 42.43 ± 10.18* 46.57 ± 9.06 53.02 ± 7.27+ 52.94 ± 6.54+ <0.001 0.049 0.040
RPS 48.09 ± 8.84 47.76 ± 8.66 54.90 ± 7.31+ 53.23 ± 9.78+ <0.001 0.358 0.538
SOC 43.45 ± 10.81 44.58 ± 11.85 54.40 ± 9.57+ 53.77 ± 8.43+ <0.001 0.845 0.486
COS 41.66 ± 7.87* 45.64 ± 6.61 55.74 ± 6.76+ 54.74 ± 5.99+ <0.001 0.077 0.003
BD Bipolar disorder, HCs Healthy controls, SD Standard deviation, SOP Speed of processing, ATT Attention/vigilance, WM Working memory, VER Verbal learning, VIS 
Visual learning, RPS Reasoning problem solving, SOC Social cognition, COS Composite 
*Within-group comparison of males and females in patients or in healthy controls: *p < 0.05
+Between-group comparison of patients and healthy controls in males or females: +p < 0.05

Table 5  Correlations between clinical data and MCCB in BD patients
Cognitive domains Male Female

NE DI 24-HDRS NE DI 24-HDRS
SOP 0.180 0.021 0.114 -0.180 -0.235* -0.091
ATT -0.078 -0.184 -0.014 -0.064 -0.008 -0.049
WM -0.126 -0.179 0.167 0.082 0.106 0.075
VER -0.074 -0.082 0.177 -0.289* -0.143 0.024
VIS 0.008 0.098 -0.072 -0.097 -0.038 -0.027
RPS -0.109 0.056 0.032 -0.163 -0.020 -0.083
SOC -0.025 0.090 0.117 -0.122 -0.173 0.045
COS -0.057 -0.052 0.138 -0.080 -0.075 -0.250*

NE Number of episodes, DI Duration of illness, 24-HDRS 24-item Hamilton Depression Rating Scale, SOP Speed of processing, ATT Attention/vigilance, WM Working 
memory, VER Verbal learning, VIS Visual learning, RPS Reasoning problem solving, SOC Social cognition, COS Composite

The bold contents have statistically significant
*p < 0.05



Page 6 of 10Huang et al. BMC Psychiatry          (2024) 24:345 

cognitions also indicated multidomain cognitive impair-
ments of adult patients with BD-II depression [36]. 
Together with previous findings, the current study results 
suggested a wide range of cognitive deficits in patients 
with BD-II depression. The widespread cognitive decline 
may be involved in multiple pathological mechanisms in 
patients with BD-II depression. Prior research has found 
that anomalous neuronal function and metabolism, aber-
rant neuroendocrine system, inflammation, etc., play 
an important role in the pathogenesis of cognitive defi-
cits in depressed patients with BD-II. For example, our 
previous studies have revealed an association between 
abnormal neuronal connectivity/neurometabolism and 
cognitive dysfunction in patients with BD-II depression 
[37, 38]. There is also evidence that serum brain-derived 
neurotrophic factor (BDNF), including its levels and gene 
polymorphism, contribute to the mechanism of cogni-
tive deficits in BD-II depression [36, 39]. Additionally, 
abnormalities in the neuroendocrine system (e.g., cor-
ticosteroids and thyroid hormone) are possible causes 
of impairments in multiple cognitive domains in BD-II 
depression [40, 41]. Moreover, ​appreciation of the role 
of inflammation in the cognitive deficits of BD-II depres-
sion is widely recognized and better understood [42–45].

The results of the present study illustrated gender dif-
ferences in neurocognitive performance in youth patients 
with BD-II depression. Specifically, male patients per-
formed worse cognition compared to male healthy con-
trols, as did female patients related to female healthy 
controls; male patients also had more severe cognitive 
impairment than female patients in the domains of atten-
tion/vigilance, verbal learning, and visual learning. In 
healthy controls, however, no significant sex-divergent 
effects on cognitive performance were observed. Addi-
tionally, verbal learning showed a positive correlation 
with visual learning, but none of them were related to 
attention/vigilance. In other word, loss of attention and 
learning ability was more profound in male patients than 
female patients. These results agreed with prior studies 
on cognitive function [23, 46, 47], which implicated that 
gender is a potential moderator for cognitive deficits in 
patients with BD-II depression. However, the subjects of 
most previous research on sex-differential cognition in 
BD have been in a wide age span, from young to middle-
aged adults. As we all known, cognitive function tends 
to decline with advancing age. Thus, the large age span 
might have an impact on the reliability of the results of 
the previous studies on gender differences in cognition in 
BD. The current study, which recruited only young adults 
aged 17–30, can make up for this shortcoming. Nonethe-
less, the consistent findings from our study and previous 
studies further support the gender effect on cognitive 
deficits in BD-II depression.

The underlying mechanism by which gender affects 
neurocognition in patients with BD-II depression is com-
plex and likely multifactorial. Cerebral sex dimorphism 
has been suggested to be associated with sex-related cog-
nitive deficits. Jogia et al. [48] found that women with 
BD had increased activation in the left caudate during 
decision-making task and reduced activation in the right 
ventrolateral prefrontal cortex during fearful facial affect 
categorization task compared to men with BD, while 
these affected brain regions are related to emotional and 
cognitive regulation. Notably, the anterior cingulate cor-
tex is a key region for cognitive function in BD [49–51]. 
Many studies have reported significant volume decline 
in the left anterior cingulate cortex in patients with BD 
[52–54]; however, recent research stratifying the analysis 
by sex revealed that the volume reduction in left anterior 
cingulate cortex is only observed in male BD patients 
[55]. Furthermore, the increased thickness of the right 
anterior cingulate cortex occurred only in male patients 
with first-episode BD [56]. Mitchell et al. [57] also showed 
that in adolescent patients with BD, males had a smaller 
left supramarginal gyrus and right inferior parietal lobule 
than females, which were link to cognitive impairments. 
Taken together, sexually dimorphic in brain structural 
and functional abnormalities may be a plausible mecha-
nism underlying sex-based effect on neurocognition in 
BD-II depression. Usually, the sex dimorphism of brain 
structures is correlated with the effects of sex hormones 
[58]. Sex hormones, particularly estrogen, may play 
an important role in the sexual dimorphism in cogni-
tive impairment of BD-II depression [59]. Estrogens can 
either directly act on multiple brain regions, including the 
hippocampus and prefrontal cortex, to participate in cog-
nitive function or improve neurocognition by modulating 
multiple brain neurotransmitter systems, including dopa-
mine, serotonin and glutamate [60–62]. Research has 
further shown that estrogens have neuroprotective and 
anti-inflammatory effects and are important for women’s 
health and neurocognition [63–66]. In female patients 
with BD, estrogens can regulate BDNF concentrations of 
multiple brain regions such as the hippocampus, mitigate 
oxidative stress, and deactivate inflammatory response, 
which may be the underlying mechanism of better neu-
rocognitive performance in female patients with BD 
[59]. Apart from that, the expression of gender dispar-
ity in cognitive function may be influenced by genetic 
factors [67]. A prior study investigating the sex-specific 
role of three BDNF single-nucleotide polymorphisms 
(SNPs) (rs6265, rs7103411, and rs7124442) in cognitive 
aging showed that there was only a relationship between 
rs6265 and processing speed in females and no correla-
tion between BDNF SNPs and cognition in males [68]. ​
A recent animal study also reported that the multigen-
erational inheritance of the relationship between histone 
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modifications and age-associated cognitive decline was 
sex-specific [69]. In addition, others have concentrated 
on the potential impact of inflammation. It appears that 
sex-related variability in exacerbated inflammation may 
underlie sex-mediated differential cognitive decline in 
BD-II depression. ​For instance, one study found that 
immediate verbal learning and delayed verbal learning 
performed better and were negatively related to C-reac-
tive protein (CRP) concentrations in female patients with 
BD, whereas no correlation was observed between cog-
nition and CRP in male patients with BD [46]. Another 
study demonstrated upregulated Suppressors of cytokine 
signaling (SOCS) genes only in male patients with BD 
[70], while inflammation has certain causal relationships 
with cognitive function [71]. Overall, female patients per-
formed better in multiple cognitive domains than male 
patients in BD-II depression, which may be linked to 
brain structure and function, sex hormones, genetic fac-
tors, and inflammation. Unfortunately, few studies have 
examined the gender-differential cognitive deficits in BD, 
the gender-differential cognitive impairment across sub-
types of BD, and the gender-differential cognitive dys-
function in BD-II. ​Future and more in-depth studies are 
needed to address the sex-specific effect on neurocogni-
tion and the underlying mechanisms in BD-II depression.

The current study also revealed an inverse correlation 
between MCCB verbal learning score and number of epi-
sodes in female patients, which implied that illness recur-
rence may impair the verbal learning in BD-II depression 
female patients. Previous study has reported multi-epi-
sode patients with BD performed poorly on several cog-
nitive domains like memory and executive function [72, 
73], but no sex-specific analysis was conducted. Recur-
rent episodes of illness negatively affect cognition may 
through causing progressive damage to brain structure 
and function. It has been implied that multiple episodes 
could further dilate enlarged lateral ventricles [74] and 
reduce cerebellar vermis volume in patients with BD [75]. 
In addition, episode frequency was negatively related to 
left superior frontal cortex thickness in patient with BD 
[76]. Borgelt et al. also found that multi-episode bipolar 
subjects had lower regional activation across prefrontal-
striatal-amygdala networks and lower glutamate and 
N-acetylaspartate concentrations in the anterior cingu-
late cortex related to those of first-episode bipolar sub-
jects [77]. Yet, evidences have demonstrated that females 
appear to have a higher hazard of recurrence than males 
in BD [78, 79]. Based on the aforementioned, we specu-
lated that recurrent episodes in female patients lead to 
secondary damage to brain parenchyma and second-
ary changes in cerebral functions, thereby causing the 
decline of verbal learning in BD. Herein, special atten-
tion should be paid to preventing or diminishing recur-
rence in female patients with BD. There are, however, no 

studies available on the mechanisms underlying sex dif-
ferences in the effect of relapse frequency on cognition 
in BD or BD subtypes. Further systematic exploration in 
this aspect is necessary.

There were several limitations of the present study. 
First, this was a cross-sectional study, which cannot draw 
long-term effects of gender differences in cognitive func-
tions. Further studies with larger samples and longitu-
dinal designs are mandatory to address this concern. 
Second, we evaluated the sex-specific effect on cogni-
tion only in young adult patients with BD, so our results 
may not apply to other populations of patients with BD. 
Future studies employing different clinical populations 
are required to demonstrate whether sex-differential 
neurocognitive performance exists throughout the lifes-
pan in patients with BD-II depression. Third, we did not 
simultaneously recruit patients with BD-I. Currently, 
the group differences in cognitive functions across BD 
subtypes have been shown; however, it is not yet known 
whether these group differences are mediated by gender. 
In the future, a systematic investigation of this aspect will 
be appropriate. Fourth, although we excluded subjects 
with a history of alcohol/substance abuse or dependence, 
we did not have data on cigarette or alcohol consump-
tion, which could have been covariates in our analyses. 
Fifth, given the lack of demographic information on 
duration of illness and number of episodes that might 
affect cognition in HCs, we did not include these char-
acteristics as covariates. Future studies should control 
for as many covariates as possible. Finally, the current 
study was a symptomatic study and was not involved in 
pathological mechanisms. ​The exact mechanism of the 
sex-specific impact on cognition of patients with BD-II 
depression requires further exploration.

Conclusion
Our study demonstrated generalized cognitive deficits 
in unmedicated youths with BD-II depression. More-
over, male patients performed more serious cognitive 
impairment in attention/vigilance, verbal learning, and 
visual learning compared to female patients. Recurrent 
episodes of BD may aggravate the dysfunction of verbal 
learning in female patients. The present study provides 
an initial scientific rationale for sex-differential cognitive 
deficits in patients with BD-II depression. ​However, stud-
ies with larger samples, longitudinal designs and diverse 
clinical populations are necessary to increase effective-
ness and universality of the results in the future.
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