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Background: Cognitive impairment is a prevalent feature throughout the course
of bipolar disorder (BD) and may contribute to recurrent episodes and poor
prognosis. Despite its significant clinical impact, the biological mechanisms
underlying cognitive impairment in BD remain poorly understood,
complicating treatment efforts. The NR2B subunit of the N-methyl-D-
aspartate (NMDA) receptor, encoded by the GRIN2B gene, plays a critical role
in cognitive functions.

Methods: In this study, we measured the methylation levels of the promoter
region of the GRIN2B gene in peripheral blood samples from patients with
bipolar depression and healthy controls using the MassARRAY method.
Cognitive performance was assessed through a series of standardized
neuropsychological tests. Subsequently, we analyzed the correlation between
GRIN2B gene promoter methylation levels and cognitive performance in patients
with bipolar depression.

Results: We identified aberrant methylation levels at multiple CpG sites within the
GRIN2B gene promoter region in patients with bipolar depression compared to
healthy controls. These methylation changes were significantly associated with
impairments in several cognitive domains, including attention and executive
function, even after adjusting for potential confounding factors. These findings
suggest that aberrant methylation in the GRIN2B gene promoter region may play
a critical role in cognitive impairment in bipolar depression.

Conclusions: DNA methylation levels in the GRIN2B gene promoter region may
represent a potential therapeutic target for addressing cognitive impairment in
bipolar depression. These findings provide a theoretical foundation for future
clinical diagnosis and the development of targeted treatment strategies.
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1 Introduction

Bipolar disorder (BD) is a complex and severe mental health
condition that affects over 70 million individuals globally (1).
Historically, BD has been recognized for its significant impact on
global health, ranking as the sixth highest cause of disability
worldwide as reported by (2). The depressive phase of BD is
particularly concerning, as it often marks the onset of the
disorder and is associated with substantial psychosocial
impairment and an elevated risk of suicide (3). Cognitive
impairment is regarded as a core feature of bipolar disorder, with
research indicating that it persists throughout the disorder’s course,
including during periods of remission (4),t his cognitive
dysfunction spans multiple domains, impacting areas such as
attention, memory, and executive function (5, 6). Moreover,
cognitive impairment may hinder emotional regulation in
individuals experiencing bipolar depression, potentially leading to
recurrent episodes and contributing to a poor prognosis. Such
impairments exacerbate the overall disease burden and negatively
affect the quality of life for those affected (7, 8). Therefore,
addressing cognitive impairment in patients with BD, particularly
those with bipolar depression, is crucial. However, the mechanisms
underlying cognitive impairment in BD patients remain
poorly understood.

The N-methyl-D-aspartic acid receptor (NMDAR) plays a
critical role in synaptic plasticity and memory formation.
Notably, overexpression of the GRIN2B gene, which encodes the
NMDAR 2B subunit, has been shown to enhance synaptic function
and improve cognitive performance (9, 10). Recent studies have
demonstrated that patients with bipolar disorder exhibit reduced
NMDAR activity in key brain regions, such as the dorsolateral
prefrontal cortex, anterior cingulate gyrus, and hippocampus,
suggesting that the GRIN2B gene may play a pivotal role in the
pathophysiology of BD (11). Furthermore, genetic association
studies in the Chinese Han population have identified a
significant positive correlation between specific single nucleotide
polymorphisms (SNPs) in the GRIN2B gene and bipolar disorder
(12, 13). However, it should be noted that mRNA levels of GRIN2B
were not significantly associated with BD in these studies.

The interaction between genetic and environmental factors is a
major contributor to the pathogenesis of BD (14). In fact,
environmental factors can be as influential as genetic inheritance
in the development of BD, with childhood stress being a primary
source of environmental influence (15, 16). Epigenetics, which
represents the interplay between genetic and environmental
factors, has been implicated in the pathophysiology of bipolar
disorder (17-19). Among various epigenetic mechanisms, DNA
methylation is considered the most stable and significant mode of
epigenetic regulation in BD (20, 21). This process primarily occurs
in the promoter regions of genes (22).

Previous studies have found that cognitive deficits in rats
exposed to subchronic phencyclidine stimulation are associated
with increased DNA methylation levels at the promoter region of
the GRIN2B gene in the prefrontal cortex and hippocampus (23).
Similarly, cognitive decline in patients with schizophrenia has been
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linked to altered methylation levels in the GRIN2B gene promoter
(24). However, current research on GRIN2B gene methylation and
cognitive function has primarily focused on animal models. Given
this context, we hypothesize that changes in DNA methylation
levels in the promoter region of the GRIN2B gene in patients with
bipolar depression may lead to reduced expression of NMDAR
receptor subunits and glutamatergic dysfunction, thereby affecting
cognitive function. To test this hypothesis, we compared the
cognitive functions of patients with bipolar depression and
healthy controls while measuring DNA methylation levels in the
promoter region of the GRIN2B gene in peripheral blood. We
further correlated these changes with cognitive functions and other
clinical data.

2 Methods
2.1 Participants

The sample size was calculated using G*Power (version 3.1.9.7)
based on a correlation analysis between GRIN2B promoter DNA
methylation and cognitive function, with an expected correlation
coefficient (r) of 0.45 (24). With a significance level (o) of 0.05 (two-
tailed) and 80% power (1-B), the required sample size was 39
participants per group (25). Due to recruitment challenges and
strict inclusion/exclusion criteria, the final sample included 31
patients with bipolar depression cognitive impairment and 39
healthy controls. Post-hoc power analysis indicated 75% power for
detecting the expected correlation in the case group. Rigorous
quality control were performed to ensure the robustness of
the findings.

The patients with bipolar depression were recruited from
attending the outpatient and inpatient clinics of the Department
of Clinical Psychology at the People’s Hospital of Xinjiang
Autonomous Region from April 2023 to December 2023. The
inclusion criteria were: (1) Meeting the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) criteria for
bipolar disorder; (2) A definitive diagnosis confirmed by two senior-
level psychiatrists; (3) Age between 18 and 55 years, without gender
restrictions; (4) A total score above 20 on the 24-item Hamilton
Depression Scale (HAMD-24) and a score below 7 on the Young
Mania Rating Scale (YMRS); (5) A lower secondary school
education level or above, with the ability to complete a cognitive
functioning assessment. Exclusion criteria were: (1) A history of
serious or chronic physical illnesses; (2) Intellectual disability; (3)
Other mental disorders; (4) Presence of drug, alcohol, or other
psychoactive substance abuse or dependence; (5) Pregnant or
breastfeeding women; To minimize the potential impact of pre-
admission treatments on GRIN2B gene methylation and cognitive
functioning in bipolar depressed patients, we excluded individuals
who had received electroconvulsive therapy, psychiatric
medication, or systemic psychotherapy in the past six months.
Additionally, venous blood samples were collected from all patients
upon admission, during which cognitive function was assessed and
refined. A total of 31 patients with bipolar depression, meeting the
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above criteria, were included in the study as the bipolar depression
group, referred to as BDP.

Hospital staff and students from the Medical University were
recruited as the control group during the same period and were
required to fulfill the following criteria. The inclusion criteria were:
(1) No mental illness or family history, as assessed by a Senior
psychiatrist; (2) At least a lower secondary school education or
above, and able to complete a cognitive functioning assessment; (3)
An age range between 18 years old and 55 years old, with no gender
restrictions. The exclusion criteria were the same as for the BDP
group. A total of 39 healthy controls were included in the study as
healthy controls (HC). This study was approved by the Ethics
Committee of the Xinjiang Uygur Autonomous Region People’s
Hospital (Ethical lot number: KY2023020968). All subjects
volunteered to participate in this study and signed an informed
consent form either by themselves or through their legal guardians.

2.2 Sociodemographic and clinical
assessment

General information was collected from both groups using a
self-designed questionnaire, which included age, sex, Chinese
ethnicity, years of education, smoking and drinking history, and
Body Mass Index (BMI). The duration of illness and age of onset
were additionally recorded in patients with bipolar depression, and
their clinical symptoms were assessed and scored using the
Hamilton Depression Scale (HAMD-24) and the Young Mania
Rating Scale (YMRS). These scales are widely used in patients with
bipolar disorder and have demonstrated good reliability and validity
(26, 27). All researchers were trained to ensure
assessment consistency.

2.3 Cognitive evaluation

We used a series of neuropsychological tests to assess various
dimensions of cognitive function.(1)Montreal cognitive assessment
(MoCA):This scale includes cognitive function dimensions such as
visuospatial and executive functions, naming, language, abstraction,
memory, attention, orientation, etc. The scores for each dimension are
summed to give a total score of 30 points (28); (2)Trail Making Test A
(TMT-A):This scale is Used to reflect attention and information
processing speed, with results based on the total completion time
(29-31); (3)Digit Span Test (DST):This scale is designed to assess
short-term memory and attention (32), consisting of two parts: Digit
Span Forward (DS-F), Digit Span Backward (DS-B);(4)Stroop Color
and Word Test (SCWT):This test is divided into three parts, each
assessing different aspects of the subject’s executive function. The
number of correct readings in each of the three parts is recorded,
with better executive function represented by higher accuracy in the
color-word section (33, 34). All participants underwent cognitive
function assessments conducted by uniformly trained psychiatrists in
a quiet, standardized psychometric room before the initiation of any
new treatment.
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2.4 DNA methylation detection

The MassARRAY technique (35) was used to assay the
methylation level of CpG sites in the promoter region of the
GRIN2B gene. (1) Approximately 5 mL of peripheral venous
blood was drawn into EDTA anticoagulant tubes (BD, USA)
within 24 hours of hospital admission, prior to the initiation of
any new pharmacological treatments. This approach was
implemented to minimize the potential confounding effects of
psychotropic medications on DNA methylation patterns. The
whole genome DNA was extracted using a solution-based DNA
extraction kit (Wuhan Genenode Biotech, China). The extracted
DNA was then stored at -80°C after quality control. (2) We used the
Agena EpiDesigner program (http://www.epidesigner.com) to
design the primer scheme for the target sequence, which was
synthesized by Xinjiang Ouyi Biotech in China. The forward
primer sequence was 5 -aggaagagagagTTGATTTATGG
AAAATATAGTAAGGGT T-3’, and the reverse was 5°-
cagtaatacgactcactatagggagaaggctTCTAAATTTAA
ATCTCACACTCAAAA A-3’. The products of the primer sequence
PCR pre-test were successfully detected by electrophoresis and
subsequently analyzed in a DNA methylation assay.(3) The DNA
was modified and purified with sodium bisulfite using the EZ DNA
Methylation—GoldTM Kit (Zymo Research, USA), enriched and
amplified by PCR, followed by shrimp alkaline phosphatase
digestion, transcriptional cleavage, and resin purification. The
resin-purified products were then transferred to a 384-well
SpectroCHIP® bioarray (Axygen, USA) by the Agena
Nanodispenser RS1000 Spotting Instrument (Axygen, USA) for
spotting. The spotted SpectroCHIP chips were further analyzed by
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF-MS) using a MassARRAY Analyzer
4.0 mass spectrometer (Axygen, USA) to produce mass spectra.
Finally, the mass spectrometry methylation levels were obtained by
Epityper 1.2 software (Sequenom, USA). A total of 12 CpG sites in
the promoter region of the GRIN2B gene located at 1259-1755 bp
(497 bp in length) were detected for methylation levels (Figure 1).

2.5 Statistical analysis

The Statistical Package for the Social Sciences (SPSS) version 27.0
and Origin version 8.5.0 (Pro 2024) were used for data analysis and
visualization. The normality of the data was checked using the one-
sample Shapiro-Wilk test. Comparisons between the two groups were
made using the Student t-test for data that met normality
assumptions, and the Mann-Whitney U-test for data that did not.
Categorical data were analyzed using the chi-square test or Fisher’s
exact test. Spearman correlation were used to examine the correlation
between cognitive impairment and the methylation level of each CpG
site in the promoter region of the GRIN2B gene in patients with
bipolar depression, and further performed a partial correlation
analysis controlling for potential confounders such as age, age of
onset, duration of disease and years of education. To account for
multiple testing in the correlation analysis, the False Discovery Rate
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ctgatﬁatggaaaatacagcaagggtcrtcaatttCGaactacagctcC_GlccttggagatgcttTcCGzcagccmc
ccaCGHgggggcactgtctagetecect CG eecctcageCGeteteC GtC Ggtgetgtteec CGetgCGgeC Gggaggage
CGSccaCGgactCG ggctaagcttettececcttcCGteccecttecatecaccttaccaccecacttceccageacatgaCGSteg

gaagetgecteCGoccagagtettageaagaggagtgagggggtecaggggcttgegggteggeteggeteggeegtategagaaag
aggaca1°ctcacacc&ucccctgggagcagaagcagtatcttccccagcttCGtgggtttctcctcccccCGgagt

cagggtatg CGl2aggtaggggotatetatototctgtatatatete CGCGgeaCGtttttgagtgtgagacccaaatccaga

FIGURE 1

Detected sequences and analyzed 12 CpG sites in the promoter region of the GRIN2B gene.

(FDR) correction was applied using the Benjamini-Hochberg
procedure, with an FDR threshold set at Q=0.05. We note that the
BDP group was categorized into mild cognitive impairment(MCI)
and severe cognitive impairment(SCI) groups based on the MoCA
score (36, 37). Subsequently, a one-way logistic regression analysis
was performed with the mild and moderate-to-severe groups as the
dependent variables, and the methylation rate of each GRIN2B gene
locus, as well as general and clinical information, were used as
covariates. Variables with P<0.1 were then entered into
multifactorial logistic regression to explore the influencing factors
of cognitive impairment severity in bipolar depression patients. The
significance level was set at 0=0.05, with two-sided tests.

3 Results
3.1 Demographic and clinical assessment

A total of 31 bipolar depression patients (23 women) and 39
healthy volunteers (27 women) were included in this study. For the
bipolar depression patients, the median (interquartile range) values
for the duration of illness, age at onset, HAMD-24 score, and YMRS
score were 4 (1.42, 8),20 (16.58, 31),32 (23, 36), and 2 (2, 3),
respectively. There were no statistically significant differences
between the two groups when comparing age, gender, education,
BMI, smoking, or drinking (Table 1, P>0.05).

3.2 Comparisons of cognitive functions
and GRIN2B DNA methylation level
between BDP and HC

3.2.1 Cognitive functions

In Table 2, the BDP group had significantly lower total MoCA
scores than the healthy controls (U=6.799, P<0.001), and their
performance on the MoCA subscales was also inferior to that of the
HC group (P<0.001). In the SCWT, the BDP group showed lower
scores than the HC group in Word-reading (U=3.577, P<0.001),
Color-naming (t=-3.815, P<0.001), and Color-word (t=-4.535,
P<0.001). Performance on DSF (U=3.866, P<0.001) and DSB
(U=2.715, P<0.05) in the BDP group was similarly lower than in
the HC group. The TMT-A completion time in the BDP group was
longer than in the healthy population (U=-4.901, P<0.001).
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3.2.2 GRIN2B DNA methylation level

In this study, a total of 12 CpG sites within the CpG island of the
GRIN2B promoter region were examined for their methylation
levels. Differential methylation sites between the BDP and HC
groups were identified at seven CpG sites, specifically CpGl,
CpG3, CpG5, CpG7, CpGY, CpGl10, and CpGl2. Among these
sites, the differences in methylation levels at CpG3, CpG7, and
CpG10 were particularly prominent, with statistically significant
results (p<0.001). In contrast, no statistically significant differences
were observed in the methylation levels of the other sites between
the two groups (P>0.05, Table 3). Further analysis revealed that the
methylation levels of CpG1 and CpG7 in the BDP group were lower
than those in the HC group (p<0.05). In contrast, the methylation
levels of CpG3, CpG5, CpG9, CpG10, and CpG12 in the BDP group
were higher than those in the HC group (p<0.05).

3.3 Cognitive test performance in relation
to GRIN2B methylation levels and portion
of demographic and clinical variables in
BDP group

In the correlation heat map (Figure 2), the level of CpG4
methylation at sites in the promoter region of the GRIN2B gene
was positively correlated with naming (r=0.389, P=0.031) and
abstraction scores (r=0.397, p=0.027) on the MoCA subscales, as
well as with word scores on the SCWT (r=0.363, p=0.045).
Additionally, the level of CpG7 methylation was positively
correlated with visuospatial and executive function scores on the
MoCA (r=0.409, p=0.022),DS-B scores (r=0.372, p=0.040) and years
of education(r=0.508, p=0.004).Interestingly, we also observed that
the methylation level of CpG11 was positively correlated with color-
word scores on the SCWT (r=0.358, P=0.048). In contrast, the level
of CpG8 methylation was negatively correlated with total MoCA
scores (r=-0.351, P=0.049) and attention scores on the MoCA
(r=-0.449, P=0.011). Moreover, we found that the methylation
level of CpG12 was positively correlated with language scores on
the MoCA (r=0.357, p=0.048) and DS-B scores (r=0.412, p=0.021),
while it was negatively correlated with the time required for TMT-A
completion (r=-0.449, p=0.011). Age also demonstrated significant
correlations: it was negatively correlated with the DS-F score (r=-
0.357, P=0.049) and positively correlated with the time required for
TMT-A (r=0.376, P=0.037). Additionally, the age of onset was
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TABLE 1 Demographic and clinical comparisons of BDP and HC.

Variable X2z p

Age (years) 23 (20, 39) 26 (22, 35) 1.345 0.179
Education (years) 16 (15, 16) 16 (16, 16) 0.604 0.546
BMI (kg/m?) 23.65 £ 0.75 23.17 £ 0.52 0.538 0.592
Gender (male/female) (8,23) (12,27) 0.208 0.648
Smoking (Y,N) (6,25) (8,31) 0.014 0.904
Drinking (Y,N) (6,25) (7,32) 0.023 0.881

Age of Onset 20 (16.58, 31)

Disease 4(1.42,8) - - -
Duration (years)

HAMD-24 32 (23, 36) - - -
YMRS 2(2,3) - - -

BDP, bipolar depression; HAMD-24,24-item Hamilton Depression Scale; YMRS, Young
Mania Rating Scale; Y,N, Yes or No.

negatively correlated with the total MoCA score, its subscale scores,
and the DS-F score (P<0.05). The duration of disease was positively
correlated with the time required for TMT-A (r=0.366, p=0.043).
However, no significant association was observed between the
remaining clinical variables, particularly HAMD scores, and
either CpG locus or cognitive function, as the statistical p-values
were greater than 0.05.To further understand the relationship
between the methylation level of the GRIN2B gene and cognitive
impairment, we conducted a bias-corrected correlation analysis,
controlling for confounders such as age, age of onset, duration of

TABLE 2 Comparison of cognitive function between BDP and HC.

Variable BDP (n=31)

HC (n=39)

10.3389/fpsyt.2025.1574391

disease and years of education. This analysis revealed that the
methylation level of the CpG2 locus was negatively correlated
with Visual space and executive function scores (r=-0.380,
P=0.046) and DS-B scores (r=-0.427, p=0.024). Similarly, the
methylation level of CpG8 was negatively associated with
attention scores (r=-0.462, p=0.013).Conversely, the methylation
level of CpG4 was positively correlated with naming scores
(r=0.417, p=0.027), and the methylation level of CpG6 was
positively correlated with SCWT color-word scores
(r=0.425, p=0.024).

3.4 Binary logistic regression analysis based
on severity of cognitive impairment in BDP

group

To further explore the relationship between the severity of
cognitive impairment and demographic, clinical information, and
methylation levels at various sites in the promoter region of the
GRIN2B gene in the BDP group, we conducted binary logistic
regression analyses, beginning with univariate analysis followed by
multivariate analysis. The BDP group was divided into a mild
cognitive impairment group (n=21) and severe cognitive
impairment group (n=10, MoCA score<18) based on the MoCA
total score, as previously mentioned. The severity of cognitive
impairment was used as the dependent variable (Assignment:
SCI=1, MCI=0). Demographic, clinical information, and
methylation levels at various sites in the promoter region of the
GRIN2B gene were considered as independent variables. Gender
was assigned (male=1, female=0), smoking history was assigned

Raw p-value

Adjusted p-value (BH)

MoCA (scores) Total Score 21 (17,24) 28 (27,30) 6.799 <0.001 <0.001
Visual space and
Executive function 2(2,3) 5(4,5) 6.531 <0.001 <0.001
Name ability 3(2,3) 3(3,3) 3.734 <0.001 <0.001
Delayed memory 3 (1.5,4) 4 (4,5) 4.649 <0.001 <0.001
Attention 4 (4,5.5) 6 (6,6) 5.161 <0.001 <0.001
Language ability 1(1,2) 2(2,3) 4.741 <0.001 <0.001
Abstract ability 1(1,2) 2(22) 4718 <0.001 <0.001
Directional force 5(5,5.5) 6 (6,6) 6.408 <0.001 <0.001
SCWT (scores) Word-reading 82 (62,96) 98 (91,100) 3.557 <0.001 <0.001
Color-naming 55.97 + 3.63 71.67 + 1.94 -3.815 <0.001 <0.001
Color-word 3342 + 245 46.62 £ 1.72 -4.535 <0.001 <0.001
DST (scores) Forward 10 (8,12) 12 (11,13) 3.866 <0.001 <0.001
Backward 6 (5,7.5) 8 (6,9) 2.715 0.007 0.012
TMT (seconds) Part-A 46.45 (36.98,71.75) 26.55 (23.39,36.46) -4.901 <0.001 <0.001

BDP, bipolar depression; MoCA, Montreal cognitive assessment; SCW'T, Stroop Color and Word Test; DST, Digit Span Test;

TMT, Trail Making Test. Raw p-value, The unadjusted p-value.

Adjusted p-value (BH): The p-value adjusted for multiple testing using the Benjamini-Hochberg procedure to control the False Discovery Rate (FDR).
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TABLE 3 Comparison of methylation rates of various CpG sites in the GRIN2B gene promoter region between BDP and HC.

Methylation % BDP (n=31) HC (n=39) Raw p-value Adjusted p-value (BH)
at CpG site

CpG1 (%) 31.59 + 13.28 39.12 + 11,59 2,532 0.014 0.025
CpG2 (%) 4372 + 16.02 4642 + 1131 -0.795 0.430 0573
CpG3 (%) 52.51 + 10.00 28.09 + 28.44 4990 <0.001 <0.001
CpG4 (%) 51.47 + 12.90 52.78 + 7.30 -0.505 0.616 0.704
CpG5 (%) 44.25 + 10.85 36.58 + 14.45 2456 0.017 0.029
CpG6 (%) 41.05 + 12.74 38.47 + 1091 0913 0.364 0.506
CpG7 (%) 39.60 + 10.89 51.09 + 12.40 -4.061 <0.001 <0.001
CpG8 (%) 3358 + 12.32 3212 + 2051 0371 0.712 0.759
CpG9 (%) 44,05 + 12.30 37.72 + 11.16 2254 0.027 0.041
CpG10 (%) 36.03 + 13.94 19.12 + 13.02 5232 <0.001 <0.001
CpGl1 (%) 40.02 + 12.83 4231 + 12,60 -0.751 0.455 0.582
CpG12 (%) 4344 +19.28 33.05 + 16.23 2.446 0.017 0.027

BDP, bipolar depression. Raw p-value, The unadjusted p-value. Adjusted p-value (BH): The p-value adjusted for multiple testing using the Benjamini-Hochberg procedure to control the False

Discovery Rate (FDR).

(history of smoking=1, no history of smoking=0), and drinking
history was assigned (history of drinking=1, no history of
drinking=0), while the remaining indicators were measured as
continuous variables. After univariate logistic regression analysis,
it was found that age of onset (OR=1.144, 95% CI:1.032-1.268,
p=0.01), age (OR=1.116,95% CI:1.030-1.210, p=0.008), and the
methylation level of CpGll (OR=0.921,95% CI:0.850-0.998,
p=0.045) were associated with the severity of cognitive
impairment in the BDP group (p<0.05). Additionally, the P-value
for the methylation level of CpG7 was less than 0.1, so these
variables were entered into the multivariate regression model. The
other independent variables were not significant (P>0.05).
Multifactorial logistic regression analysis revealed that older age
(OR=1.207, 95% CI: 1.035-1.407, P=0.017) and hypomethylation of
CpGl11 (OR=0.861, 95% CI: 0.755-0.983, p=0.027) were associated
with the severity of cognitive impairment in the BDP group, as
presented in Table 4.

4 Discussion

The following main findings were derived from this case-
control study:(1) Patients with bipolar depression exhibited
significantly more widespread cognitive impairment compared to
healthy controls, particularly in domains such as memory,
attention, information processing speed, and executive
function.(2) Differences in DNA methylation levels in the
promoter region of the GRIN2B gene were observed between the
bipolar depression (BDP) and healthy control (HC) groups, and
these methylation levels were associated with cognitive impairment
in patients with bipolar depression.(3) Older age and higher DNA
methylation levels at specific sites in the promoter region of the
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GRIN2B gene were identified as independent risk factors for the
severity of cognitive impairment in these patients.

Our study employed the MoCA, DST, TMT-A and SCWT to
evaluate cognitive function in patients with bipolar depression. The
results revealed significant impairments across all cognitive
domains—including memory, attention, information processing
speed, and executive functioning—compared to healthy controls.
While cognitive dysfunction is a well-established feature of
depressive states, some findings provide further evidence that
these deficits are more pronounced in bipolar depression than in
unipolar depression (UD), particularly in language abilities among
patients with MoCA scores below 23 (38). Importantly, our study
highlights that cognitive impairments in bipolar depression extend
beyond state-related deficits during depressive episodes. For
instance, prior research has demonstrated that euthymic BD
patients also exhibit persistent deficits in language abilities,
attention, immediate memory, and executive functioning,
particularly in sensitivity to interference and inhibitory control,
compared to healthy controls (39, 40). Furthermore, patients with
bipolar disorder in remission continue to display cognitive
impairments on the TMT, DST, and SCWT, suggesting that these
deficits may reflect trait-related vulnerabilities (41). Collectively,
these findings underscore the dual nature of cognitive dysfunction
in bipolar disorder, encompassing both state-related impairments
during acute episodes and trait-related deficits that persist across
mood states. This distinction is critical for understanding the
longitudinal course of bipolar disorder and for developing
targeted interventions. Therefore, cognitive function should be
regarded as a core therapeutic target (42) in bipolar depression,
and clinicians are encouraged to integrate cognitive assessment and
management into standard treatment protocols to address both
state- and trait-related cognitive deficits.
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TABLE 4 Binary logistic regression analysis on degree of cognitive impairment in patients of BDP.

Single factor Logistic regression

10.3389/fpsyt.2025.1574391

Stepwise multivariate Logistic regression

Variable
p OR (95%Cl) OR (95%Cl)
CpG1 (%) 0.951 1.002 (0.946-1.061) / /
CpG2 (%) 0.610 1.013 (0.965-1.062) / /
CpG3 (%) 0.673 1.017 (0.941-1.099) / /
CpG4 (%) 0.347 0.971 (0.914-1.032) / /
CpG5 (%) 0.757 1.011 (0.942-1.086) / /
CpG6 (%) 0.856 1.006 (0.947-1.068) / /
CpG7 (%) 0.082° 0.929 (0.855-1.009) 0.221 0.937 (0.845-1.040)
CpG8 (%) 0.241 1.038 (0.975-1.105) / /
CpG9 (%) 0.226 1.042 (0.975-1.113) / /
CpG10 (%) 0.930 1.002 (0.949-1.059) / /
CpGl11 (%) 0.045* 0.921 (0.850-0.998) 0.027* 0.861 (0.755-0.983)
CpG12 (%) 0.182 0.970 (0.927-1.015) / /
Age (years) 0.008* 1.116 (1.030-1.210) 0.017* 1.207 (1.035-1.407)
Education (years) 0.544 0.879 (0.581-1.331) / /
Age of Onset 0.010* 1.144 (1.032-1.268) 0.133 1.233 (0.939-1.619)
Disease Duration (years) 0.234 1.110 (0.935-1.317) / /
HAMD-24 0.826 1.012 (0.908-1.129) / /
YMRS 0.697 1.167 (0.536-2.542) / /
BMI (kg/m2) 0.910 1.011 (0.841-1.214) / /
Gender 0.612 1.600 (0.260-9.834) / /
Smoking 0.950 1.062 (0.160-7.061) / /
Drinking 0.950 1.062 (0.160-7.061) / /
HAMD-24, 24-items Hamilton Depression Scale; YMRS, Young Mania Rating Scale; BMI, body mass index (kg/m?).
#p<0.01.
“p<0.05.

A previous animal study demonstrated that reduced activity of
the GRIN2B subunit in the hippocampus plays a role in the
induction of manic-like behavior in mice (43). Furthermore,
several studies have investigated the GRIN2B gene as a candidate
for understanding the pathogenesis of BD (12, 44, 45). In our
research, we identified differential sites in the promoter region of
the GRIN2B gene, including CpGl1, CpG3, CpG5, CpG7, CpG9,
CpG10, and CpG12, with varying DNA methylation levels between
patients with bipolar depression and healthy controls.

Studies have suggested that the GRIN2B gene plays a significant
role in cognitive impairment. Variations in GRIN2B gene
expression products, such as mRNAs and proteins distributed in
the hippocampus, prefrontal lobes, and related cerebral cortices,
may influence cognitive functions (46-48). Certain polymorphic
sites in the GRIN2B gene have been associated with deficits in
memory, information processing speed, and executive function
(49-51). In this study, we observed that elevated methylation
levels at most sites in the promoter region of the GRIN2B gene,
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such as CpGl, CpG7, CpGll, and CpGl2, were positively
correlated with cognitive function in patients with bipolar
depression, while an inverse trend was observed at the CpG8
locus. This correlation between methylation levels at specific sites
and cognitive function remained significant even after controlling
for potential confounders. Importantly, these findings are
consistent with previous research. For instance, in patients with
schizophrenia (24), an overall reduction in methylation at five CpG
sites in the GRIN2B gene promoter was observed, with methylation
levels at CpG4 positively correlating with cognitive outcomes.
Similarly, a study (52) identified 18 CpG sites in three CpG
islands surrounding the Grin2b promoter on chromosome 6 in
the hippocampus of mice undergoing experimental cesarean
section, all of which exhibited varying degrees of elevated DNA
methylation levels associated with perioperative neurocognitive
deficits in aged mice. In a separate cohort study (53), cognitive
decline in boys with prenatal bisphenol F exposure was linked to
hypermethylation of the CpG3 locus in the regulatory region of the
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Correlation heatmap depicting the relationship between cognitive test performance and GRIN2B methylation levels and the portion of demographic
and clinical variables in the BDP group. MoCA, Montreal cognitive assessment; VSEF, Visual space and Executive Function; TMT-A, Trail Making Test
part-A;DS-F, Digit Span Forward; DS-B, Digit Span Backward; SCWT, Stroop Color and Word Test; HAMD, Hamilton Depression Scale; YMRS, Young

Mania Rating Scale; BMI, body mass index (kg/m?). * p<0.05.

GRIN2B gene. Elevated methylation levels of the GRIN2B gene may
hinder the transcription process, potentially leading to decreased
gene expression. Conversely, reduced methylation of GRIN2B may
enable transcription factors within the general transcription factor
III complex to bind and act as transcriptional repressors, resulting
in the downregulation of gene expression (54-56). This regulatory
mechanism appears to be dependent on the specific gene sequence.

This study found that, in addition to GRIN2B gene methylation
levels, age-related factors were associated with cognitive
impairment and were identified as significant risk factors for the
increased severity of cognitive impairment in patients with bipolar
depression. Specifically, age appears to be a strong predictor of
cognitive decline in patients with bipolar disorder (BD), as
evidenced by greater dysfunction in information processing speed
with advancing age (57). Research suggests that BD patients
experience a progressive decline in cognitive function as they age,
which may be influenced by the aging process itself. Additionally,
older age has been linked to selective cognitive decline, particularly
in attention-related domains, among BD patients (58).
Furthermore, a study (59) demonstrated that early cognitive
dysfunction in first-onset BD patients was associated with
significant age-related brain deterioration, as revealed by brain
age estimation modeling. This early decline in cognitive function
may be related to a shift in response patterns from negative to
positive stimuli in BD patients as they age (60), and has been
associated with reduced cortical thickness in the prefrontal lobe,
cingulate gyrus, and other key brain regions, as well as diminished
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gray matter volumes in the hippocampus, amygdala, thalamus, and
striatum in BD patients (61).

Correlation and regression analyses demonstrated that the
severity of depression in patients with bipolar disorder did not
significantly affect cognitive ability, the severity of cognitive
impairment, or GRIN2B promoter methylation levels. This
suggests that cognitive impairment in these patients may be
independent of depressive symptom severity. While severe
depression is often associated with dysphoria, psychomotor
retardation, and sleep disturbances (e.g., lethargy or insomnia),
which may confound the assessment of cognitive dysfunction by
presenting it as a secondary symptom, our findings indicate that
cognitive impairment in bipolar depression is not influenced by
depression severity. This further implies that the relationship
between GRIN2B promoter methylation levels and cognitive
impairment is independent of depressive episodes. These results
align with a large population-based cohort study (62), which also
found no significant association between GRIN2B DNA
methylation and depressive episodes in bipolar disorder. The
consistency of our findings with those from a larger, well-
powered study underscores the robustness of our conclusions and
supports the potential role of GRIN2B methylation as an
independent biomarker in bipolar disorder.

To our knowledge, this is the first study to investigate the
relationship between GRIN2B promoter methylation levels and
cognitive impairment in patients with bipolar depression, suggesting
a potential link between the two. To minimize confounding effects, we
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recruited medication-naive patients who had not received
pharmacological or psychological interventions for at least six
months prior to enrollment and controlled for additional variables to
enhance statistical rigor. However, several limitations should be noted.
First, the small sample size, constrained by assay costs and logistical
challenges, may limit the robustness of our findings. Second, the use of
peripheral blood as a surrogate for CNS tissue may not fully capture
brain-specific methylation patterns. Third, the lack of GRIN2B gene
expression data precludes exploration of potential correlations between
methylation and transcriptional activity. Fourth, the relatively young
mean age of our cohort (23 years), while consistent with the peak onset
of mania, raises concerns about diagnostic certainty and may reflect a
subgroup with earlier disease onset, potentially limiting the
generalizability of our results to older populations or those with
later-onset illness. Finally, the exclusion of patients in different
disease phases, particularly remission, restricts the broader
applicability of our findings. Future studies should address these
limitations by expanding sample sizes, incorporating gene expression
analyses, enrolling patients across a wider age range and disease stages,
and investigating potential age- and subtype-related differences in
GRIN2B methylation.

5 Conclusion

In conclusion, patients with bipolar depression exhibit widespread
cognitive impairment and abnormal DNA methylation levels in the
GRIN2B gene. Our findings suggest that altered DNA methylation
levels in the promoter region of the GRIN2B gene may be associated
with reduced gene expression, which could potentially exacerbate
cognitive impairment in these patients. Additionally, older age
appears to be a significant factor influencing the severity of cognitive
impairment. This study provides a theoretical foundation for further
exploration of the clinical diagnosis and treatment of cognitive
impairment in bipolar depression and identifies potential therapeutic
targets for future research.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the Human
Research and Ethics Committee of Xinjiang Uygur Autonomous

References

1. Grande I, Berk M, Birmaher B, Vieta E. Bipolar disorder. Lancet. (2016)
387:1561-72. doi: 10.1016/S0140-6736(15)00241-X

Frontiers in Psychiatry

10.3389/fpsyt.2025.1574391

Region People’s Hospital (Ethical lot number: KY2023020968). The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

HY: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Software, Visualization, Writing -
original draft. CW: Investigation, Methodology, Writing — review
& editing. YW: Data curation, Investigation, Software, Writing —
review & editing. CH: Conceptualization, Data curation,
Methodology, Writing - review & editing. SZ: Funding
acquisition, Methodology, Resources, Supervision, Writing -
review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by grants from the Natural Science Foundation of Xinjiang Uygur
Autonomous Region(Grant Nos.2022D01C606) and the Tianshan
Innovation Team Plan of Xinjiang Uygur Autonomous Region
(Grant No0s.2022D14011).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

2. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and
regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: a

frontiersin.org


https://doi.org/10.1016/S0140-6736(15)00241-X
https://doi.org/10.3389/fpsyt.2025.1574391
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Yu et al.

systematic analysis for the global burden of disease study 2010. Lancet. (2012)
380:2095-128. doi: 10.1016/S0140-6736(12)61728-0

3. Berk M, Berk L, Davey CG, Moylan S, Giorlando F, Singh AB, et al. Treatment of
bipolar depression. Med ] Aust. (2013) 199:532-5. doi: 10.5694/mja12.10611

4. Macoveanu J, Freeman KO, Kjerstad HL, Knudsen GM, Kessing LV, Miskowiak
KW. Structural brain abnormalities associated with cognitive impairments in bipolar
disorder. Acta Psychiatr Scand. (2021) 144:379-91. doi: 10.1111/acps.13349

5. Bourne C, Aydemir O, Balanza Martinez V, Bora E, Brissos S, Cavanagh JTO,
et al. Neuropsychological testing of cognitive impairment in euthymic bipolar disorder:
an individual patient data meta-analysis. Acta Psychiatr Scand. (2013) 128:149-62.
doi: 10.1111/acps.12133

6. Li W, Zhou F, Zhang L, Ng CH, Ungvari GS, Li J, et al. Comparison of cognitive
dysfunction between schizophrenia and bipolar disorder patients: a meta-analysis of
comparative studies. J Affect Disord. (2020) 274:652-61. doi: 10.1016/j.jad.2020.04.051

7. Lima IMM, Peckham AD, Johnson SL. Cognitive deficits in bipolar disorders:
implications for emotion. Clin Psychol Rev. (2018) 59:126-36. doi: 10.1016/
j.cpr.2017.11.006

8. Ribera C, Vidal-Rubio SL, Romeu-Climent JE, Vila-Francés ], Van Rheenen TE,
Balanza-Martinez V. Cognitive impairment and consumption of mental healthcare
resources in outpatients with bipolar disorder. J Psychiatr Res. (2021) 138:535-40.
doi: 10.1016/j.jpsychires.2021.05.003

9. Tang YP, Shimizu E, Dube GR, Rampon C, Kerchner GA, Zhuo M, et al. Genetic
enhancement of learning and memory in mice. Nature. (1999) 401:63-9. doi: 10.1038/
43432

10. Cao X, Cui Z, Feng R, Tang YP, Qin Z, Mei B, et al. Maintenance of superior
learning and memory function in nr2b transgenic mice during ageing. Eur ] Neurosci.
(2007) 25:1815-22. doi: 10.1111/.1460-9568.2007.05431.x

11. Weiss F, Caruso V, De Rosa U, Beatino MF, Barbuti M, Nicoletti F, et al. The role
of nmda receptors in bipolar disorder: a systematic review. Bipolar Disord. (2023)
8:624-36. doi: 10.1111/bdi.13335

12. Zhao Q, Che R, Zhang Z, Wang P, Li J, Li Y, et al. Positive association between
grin2b gene and bipolar disorder in the chinese han population. Psychiatry Res. (2011)
185:290-2. doi: 10.1016/j.psychres.2009.11.026

13. Martucci L, Wong AH, De Luca V, Likhodi O, Wong GW, King N, et al. N-
methyl-d-aspartate receptor nr2b subunit gene grin2b in schizophrenia and bipolar
disorder: polymorphisms and mrna levels. Schizophr Res. (2006) 84:214-21.
doi: 10.1016/j.schres.2006.02.001

14. Kerner B. Toward a deeper understanding of the genetics of bipolar disorder.
Front Psychiatry. (2015) 6:105. doi: 10.3389/fpsyt.2015.00105

15. Craddock N, Jones I. Molecular genetics of bipolar disorder. Br J Psychiatry.
(2001) 178:S128-33. doi: 10.1192/bjp.178.41.5128

16. Brietzke E, Sant Anna MK, Jackowski A, Grassi-Oliveira R, Bucker J, Zugman A,
et al. Impact of childhood stress on psychopathology. Rev Bras Psiquiatria. (2012)
34:480-8. doi: 10.1016/j.rbp.2012.04.009

17. Wartchow KM, Cordeiro RC, Scaini G. Advances in the pathophysiology of bipolar
disorder. Curr Opin Psychiatry. (2023) 36:20-7. doi: 10.1097/YC0.0000000000000836

18. Petronis A. Epigenetics and bipolar disorder: new opportunities and challenges.
Am ] Med Genet C Semin Med Genet. (2003) 123C:65-75. doi: 10.1002/ajmg.c.20015

19. Scaini G, Valvassori SS, Diaz AP, Lima CN, Benevenuto D, Fries GR, et al.
Neurobiology of bipolar disorders: a review of genetic components, signaling pathways,
biochemical changes, and neuroimaging findings. Braz J Psychiatry. (2020) 42:536-51.
doi: 10.1590/1516-4446-2019-0732

20. Li Y, Camarillo C, Xu J, Arana TB, Xiao Y, Zhao Z, et al. Genome-wide
methylome analyses reveal novel epigenetic regulation patterns in schizophrenia and
bipolar disorder. BioMed Res Int. (2015) 2015:201587. doi: 10.1155/2015/201587

21. Fries GR, Li Q, Mcalpin B, Rein T, Walss-Bass C, Soares JC, et al. The role of dna
methylation in the pathophysiology and treatment of bipolar disorder. Neurosci
Biobehav Rev. (2016) 68:474-88. doi: 10.1016/j.neubiorev.2016.06.010

22. Lo R, Weksberg R. Biological and biochemical modulation of dna methylation.
Epigenomics. (2014) 6:593-602. doi: 10.2217/epi.14.49

23. Loureiro CM, Fachim HA, Harte MK, Dalton CF, Reynolds GP. Subchronic pcp
effects on dna methylation and protein expression of nmda receptor subunit genes in
the prefrontal cortex and hippocampus of female rats. J Psychopharmacol. (2022)
36:238-44. doi: 10.1177/02698811211069109

24. Fachim HA, Loureiro CM, Corsi-Zuelli F, Shuhama R, Louzada-Junior P,
Menezes PR, et al. Grin2b promoter methylation deficits in early-onset
schizophrenia and its association with cognitive function. Epigenomics. (2019)
11:401-10. doi: 10.2217/epi-2018-0127

25. Faul F, Erdfelder E, Lang AG, Buchner A. G*power 3: a flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behav Res
Methods. (2007) 39:175-91. doi: 10.3758/bf03193146

26. Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania: reliability,
validity and sensitivity. Br J Psychiatry. (1978) 133:429-35. doi: 10.1192/bjp.133.5.429

27. Hamilton M. Development of a rating scale for primary depressive illness. Br |
Soc Clin Psychol. (1967) 6:278-96. doi: 10.1111/j.2044-8260.1967.tb00530.x

Frontiers in Psychiatry

10.3389/fpsyt.2025.1574391

28. Musso MW, Cohen AS, Auster TL, Mcgovern JE. Investigation of the montreal
cognitive assessment (moca) as a cognitive screener in severe mental illness. Psychiatry
Res. (2014) 220:664-8. doi: 10.1016/j.psychres.2014.07.078

29. Burdick KE, Millett CE, Russo M, Alda M, Alliey-Rodriguez N, Anand A, et al.
The association between lithium use and neurocognitive performance in patients with
bipolar disorder. Neuropsychopharmacology. (2020) 45:1743-9. doi: 10.1038/s41386-
020-0683-2

30. Nenadic I, Langbein K, Dietzek M, Forberg A, Smesny S, Sauer H. Cognitive
function in euthymic bipolar disorder (bp i) patients with a history of psychotic
symptoms vs. Schizophrenia. Psychiatry Res. (2015) 230:65-9. doi: 10.1016/
j.psychres.2015.08.012

31. Gupta R, Sood M, Sharma U, Bhargava R, Jagannathan NR, Chadda RK.
Neurochemical correlates of cognitive functions in euthymic patients with bipolar
disorder: (1)h-mrs study. Asian J Psychiatr. (2022) 78:103273. doi: 10.1016/
j.2jp.2022.103273

32. Liu T, Zhong S, Wang B, Liao X, Lai S, Jia Y. Similar profiles ofcognitive domain
deficits between medication-naive patients with bipolar ii depression and those with
major depressive disorder. J Affect Disord. (2019) 243:55-61. doi: 10.1016/
jjad.2018.05.040

33. Dalkner N, Bengesser SA, Birner A, Fellendorf FT, Fleischmann E, GrosssChadl
K, et al. Metabolic syndrome impairs executive function in bipolar disorder. Front
Neurosci. (2021) 15:717824. doi: 10.3389/fnins.2021.717824

34. Cotrena C, Branco LD, Shansis FM, Fonseca RP. Executive function
impairments in depression and bipolar disorder: association with functional
impairment and quality of life. J Affect Disord. (2016) 190:744-53. doi: 10.1016/
jjad.2015.11.007

35. XiuJ, LiJ, Liu Z, Wei H, Zhu C, Han R, et al. Elevated bicd2 dna methylation in
blood of major depressive disorder patients and reduction of depressive-like behaviors
in hippocampal bicd2-knockdown mice. Proc Natl Acad Sci U S A. (2022) 119:
€2093000177. doi: 10.1073/pnas.2201967119

36. Gao J, Fan H, Wang X, Cheng Y, Hao J, Han S, et al. Association between serum
omega-3 pufas levels and cognitive impairment in never medically treated first-episode
patients with geriatric depression: a cross-sectional study. J Affect Disord. (2024) 346:1—
6. doi: 10.1016/j.jad.2023.10.153

37. Hartung TJ, Neumann C, Bahmer T, Chaplinskaya-Sobol I, Endres M, Geritz J,
et al. Fatigue and cognitive impairment after covid-19: a prospective multicentre study.
EClinicalMedicine. (2022) 53:101651. doi: 10.1016/j.eclinm.2022.101651

38. Zhang S, Chen H, Xiong J, Liu J, Xiong J, Xie J, et al. Comparison of cognitive
impairments with lipid profiles and inflammatory biomarkers in unipolar and bipolar
depression. ] Psychiatr Res. (2022) 150:300-6. doi: 10.1016/j.jpsychires.2022.04.002

39. Zhang X, Cheng X, Chen ], Zhang B, Wu Q, Deng W, et al. Association of
subthreshold manic symptoms and cognitive impairments in euthymic patients with
bipolar disorder i. Psychiatry Res. (2019) 278:303-8. doi: 10.1016/
j.psychres.2019.06.032

40. Barbosa IG, Rocha NP, Huguet RB, Ferreira RA, Salgado JV, Carvalho LA, et al.
Executive dysfunction in euthymic bipolar disorder patients and its association with
plasma biomarkers. J Affect Disord. (2012) 137:151-5. doi: 10.1016/j.jad.2011.12.034

41. Chen H, Wang L, Li H, Song H, Zhang X, Wang D. Altered intrinsic brain
activity and cognitive impairment in euthymic, unmedicated individuals with bipolar
disorder. Asian ] Psychiatr. (2023) 80:103386. doi: 10.1016/j.ajp.2022.103386

42. Miskowiak KW, Burdick KE, Martinez-Aran A, Bonnin CM, Bowie CR,
Carvalho AF, et al. Assessing and addressing cognitive impairment in bipolar
disorder: the international society for bipolar disorders targeting cognition task force
recommendations for clinicians. Bipolar Disord. (2018) 20:184-94. doi: 10.1111/
bdi.12595

43. Wang QW, Lu SY, Liu YN, Chen Y, Wei H, Shen W, et al. Synaptotagmin-7
deficiency induces mania-like behavioral abnormalities through attenuating glun2b
activity. Proc Natl Acad Sci U S A. (2020) 117:31438-47. doi: 10.1073/pnas.2016416117

44. Amoah SK, Rodriguez BA, Logothetis CN, Chander P, Sellgren CM, Weick JP,
et al. Exosomal secretion of a psychosis-altered mirna that regulates glutamate receptor
expression is affected by antipsychotics. Neuropsychopharmacology. (2020) 45:656-65.
doi: 10.1038/541386-019-0579-1

45. Cherlyn SY, Woon PS, Liu JJ, Ong WY, Tsai GC, Sim K. Genetic association
studies of glutamate, gaba and related genes in schizophrenia and bipolar disorder: a
decade of advance. Neurosci Biobehav Rev. (2010) 34:958-77. doi: 10.1016/
j.neubiorev.2010.01.002

46. Chen B, Qin G, Xiao J, Deng X, Lin A, Liu H. Transient neuroinflammation
following surgery contributes to long-lasting cognitive decline in elderly rats via
dysfunction of synaptic nmda receptor. J Neuroinflammation. (2022) 19:181.
doi: 10.1186/s12974-022-02528-5

47. Liu X, He Y, Zhang Q, Zeng T, Zhang J, Min J, et al. Catch-up fat in male adults
induces low testosterone and consequently promotes metabolic abnormalities and
cognitive impairment. Andrology. (2022) 10:871-84. doi: 10.1111/andr.13177

48. Zhu D, Zhang M, He B, Wan Y, Wang L, Gao F. The role of sex and ovarian
hormones in hippocampal damage and cognitive deficits induced by chronic exposure
to hypobaric hypoxia. Front Neurosci. (2022) 16:953417. doi: 10.3389/
fnins.2022.953417

frontiersin.org


https://doi.org/10.1016/S0140-6736(12)61728-0
https://doi.org/10.5694/mja12.10611
https://doi.org/10.1111/acps.13349
https://doi.org/10.1111/acps.12133
https://doi.org/10.1016/j.jad.2020.04.051
https://doi.org/10.1016/j.cpr.2017.11.006
https://doi.org/10.1016/j.cpr.2017.11.006
https://doi.org/10.1016/j.jpsychires.2021.05.003
https://doi.org/10.1038/43432
https://doi.org/10.1038/43432
https://doi.org/10.1111/j.1460-9568.2007.05431.x
https://doi.org/10.1111/bdi.13335
https://doi.org/10.1016/j.psychres.2009.11.026
https://doi.org/10.1016/j.schres.2006.02.001
https://doi.org/10.3389/fpsyt.2015.00105
https://doi.org/10.1192/bjp.178.41.s128
https://doi.org/10.1016/j.rbp.2012.04.009
https://doi.org/10.1097/YCO.0000000000000836
https://doi.org/10.1002/ajmg.c.20015
https://doi.org/10.1590/1516-4446-2019-0732
https://doi.org/10.1155/2015/201587
https://doi.org/10.1016/j.neubiorev.2016.06.010
https://doi.org/10.2217/epi.14.49
https://doi.org/10.1177/02698811211069109
https://doi.org/10.2217/epi-2018-0127
https://doi.org/10.3758/bf03193146
https://doi.org/10.1192/bjp.133.5.429
https://doi.org/10.1111/j.2044-8260.1967.tb00530.x
https://doi.org/10.1016/j.psychres.2014.07.078
https://doi.org/10.1038/s41386-020-0683-2
https://doi.org/10.1038/s41386-020-0683-2
https://doi.org/10.1016/j.psychres.2015.08.012
https://doi.org/10.1016/j.psychres.2015.08.012
https://doi.org/10.1016/j.ajp.2022.103273
https://doi.org/10.1016/j.ajp.2022.103273
https://doi.org/10.1016/j.jad.2018.05.040
https://doi.org/10.1016/j.jad.2018.05.040
https://doi.org/10.3389/fnins.2021.717824
https://doi.org/10.1016/j.jad.2015.11.007
https://doi.org/10.1016/j.jad.2015.11.007
https://doi.org/10.1073/pnas.2201967119
https://doi.org/10.1016/j.jad.2023.10.153
https://doi.org/10.1016/j.eclinm.2022.101651
https://doi.org/10.1016/j.jpsychires.2022.04.002
https://doi.org/10.1016/j.psychres.2019.06.032
https://doi.org/10.1016/j.psychres.2019.06.032
https://doi.org/10.1016/j.jad.2011.12.034
https://doi.org/10.1016/j.ajp.2022.103386
https://doi.org/10.1111/bdi.12595
https://doi.org/10.1111/bdi.12595
https://doi.org/10.1073/pnas.2016416117
https://doi.org/10.1038/s41386-019-0579-1
https://doi.org/10.1016/j.neubiorev.2010.01.002
https://doi.org/10.1016/j.neubiorev.2010.01.002
https://doi.org/10.1186/s12974-022-02528-5
https://doi.org/10.1111/andr.13177
https://doi.org/10.3389/fnins.2022.953417
https://doi.org/10.3389/fnins.2022.953417
https://doi.org/10.3389/fpsyt.2025.1574391
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Yu et al.

49. Soto D, Olivella M, Grau C, Armstrong J, Alcon C, Gasull X, et al. L-serine dietary
supplementation is associated with clinical improvement of loss-of-function grin2b-related
pediatric encephalopathy. Sci Signal. (2019) 12:eaaw0936. doi: 10.1126/scisignal.aaw0936

50. Wang LF, Li HJ, Ren CX, Zou Y, Qiao SM, Zhi W7, et al. Htr and grin2b variant
associated with cognition dysfunction in electric workers. BioMed Environ Sci. (2019)
32:220-5. doi: 10.3967/bes2019.030

51. Jiang Y, Lin MK, Jicha GA, Ding X, Mcilwrath SL, Fardo DW, et al. Functional
human grin2b promoter polymorphism and variation of mental processing speed in
older adults. Aging (Albany NY). (2017) 9:1293-306. doi: 10.18632/aging.101228

52. Xu F, Cong P, Zhang B, Dong H, Zuo W, Wu T, et al. A decrease in nr2b
expression mediated by dna hypermethylation induces perioperative neurocognitive
disorder in aged mice. CNS Neurosci Ther. (2023) 29:1229-42. doi: 10.1111/cns.14097

53. Engdahl E, Svensson K, Lin PD, Alavian-Ghavanini A, Lindh C, Riiegg J, et al.
Dna methylation at grin2b partially mediates the association between prenatal
bisphenol f exposure and cognitive functions in 7-year-old children in the selma
study. Environ Int. (2021) 156:106617. doi: 10.1016/j.envint.2021.106617

54. Fan AX, Papadopoulos GL, Hossain MA, Lin IJ, Hu ], Tang TM, et al. Genomic
and proteomic analysis of transcription factor tfii-i reveals insight into the response to
cellular stress. Nucleic Acids Res. (2014) 42:7625-41. doi: 10.1093/nar/gku467

55. Rao S, Chiu TP, Kribelbauer JF, Mann RS, Bussemaker HJ, Rohs R. Systematic
prediction of dna shape changes due to cpg methylation explains epigenetic effects on
protein-dna binding. Epigenet Chromatin. (2018) 11:6. doi: 10.1186/s13072-018-0174-4

Frontiers in Psychiatry

11

10.3389/fpsyt.2025.1574391

56. Wen YD, Cress WD, Roy AL, Seto E. Histone deacetylase 3 binds to and
regulates the multifunctional transcription factor tfii-i. J Biol Chem. (2003) 278:1841-7.
doi: 10.1074/jbc.M206528200

57. Lewandowski KE, Sperry SH, Malloy MC, Forester BP. Age as a predictor of
cognitive decline in bipolar disorder. Am ] Geriatr Psychiatry. (2014) 22:1462-8.
doi: 10.1016/}.jagp.2013.10.002

58. Montejo L, Sole B, Jimenez E, Borras R, Clougher D, Reinares M, et al. Aging in
bipolar disorder: cognitive performance and clinical factors based on an adulthood-
lifespan perspective. ] Affect Disord. (2022) 312:292-302. doi: 10.1016/j.jad.2022.06.030

59. Chakrabarty T, Frangou S, Torres IJ, Ge R, Yatham LN. Brain age and cognitive
functioning in first-episode bipolar disorder. Psychol Med. (2023) 53:5127-35.
doi: 10.1017/5S0033291722002136

60. Slate SR, Busler JN, Mahon PB, Burdick KE. Age moderates the relationship
between affective response inhibition and bipolar disorder in adults. J Affect Disord.
(2021) 295:298-304. doi: 10.1016/j.jad.2021.08.019

61. Villa LM, Colic L, Kim JA, Sankar A, Goldman DA, Lessing B, et al. Aging of the
brain in bipolar disorder: illness- and onset-related effects in cortical thickness and
subcortical gray matter volume. J Affect Disord. (2023) 323:875-83. doi: 10.1016/
jjad.2022.12.026

62. Engdahl E, Alavian-Ghavanini A, Forsell Y, Lavebratt C, Ruegg J. Childhood
adversity increases methylation in the grin2b gene. J Psychiatr Res. (2021) 132:38-43.
doi: 10.1016/j.jpsychires.2020.09.022

frontiersin.org


https://doi.org/10.1126/scisignal.aaw0936
https://doi.org/10.3967/bes2019.030
https://doi.org/10.18632/aging.101228
https://doi.org/10.1111/cns.14097
https://doi.org/10.1016/j.envint.2021.106617
https://doi.org/10.1093/nar/gku467
https://doi.org/10.1186/s13072-018-0174-4
https://doi.org/10.1074/jbc.M206528200
https://doi.org/10.1016/j.jagp.2013.10.002
https://doi.org/10.1016/j.jad.2022.06.030
https://doi.org/10.1017/S0033291722002136
https://doi.org/10.1016/j.jad.2021.08.019
https://doi.org/10.1016/j.jad.2022.12.026
https://doi.org/10.1016/j.jad.2022.12.026
https://doi.org/10.1016/j.jpsychires.2020.09.022
https://doi.org/10.3389/fpsyt.2025.1574391
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Association between GRIN2B DNA methylation and cognitive impairment: a cross-sectional study of patients with bipolar depression
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Sociodemographic and clinical assessment
	2.3 Cognitive evaluation
	2.4 DNA methylation detection
	2.5 Statistical analysis

	3 Results
	3.1 Demographic and clinical assessment
	3.2 Comparisons of cognitive functions and GRIN2B DNA methylation level between BDP and HC
	3.2.1 Cognitive functions
	3.2.2 GRIN2B DNA methylation level

	3.3 Cognitive test performance in relation to GRIN2B methylation levels and portion of demographic and clinical variables in BDP group
	3.4 Binary logistic regression analysis based on severity of cognitive impairment in BDP group

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


