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Background: Patients with major depressive disorder (MDD) may experience
cognitive dysfunction and sleep disorders. Limited research exists on the
neurophysiological mechanisms that connect sleep efficiency and cognitive
function in individuals with MDD. The study aims to investigate the link
between sleep efficiency, mental abilities, and levels of serum C-reactive
protein (CRP) in individuals diagnosed with MDD.

Methods: A total of 101 individuals diagnosed with MDD were selected and
categorized into two groups: the normal sleep efficiency group (NSE) with SE
>90% and the group with lower sleep efficiency (LSE) with SE <Eth) All patients
underwent polysomnography (PSG), event-related potentials (ERPs) tests, and
CRP detection. The study used multiple linear regression and bootstrapped
mediation analysis to explore the correlation between SE, ERPs latency, and CRP.

Results: The N2, P3a, and P3b latencies were longer in the LSE group compared
to the NSE group (p = 0.036, p = 0.013, p < 0.001). N2 (Pr = -122.182), P3a (Pr =
-109.597), P3b (Pr = -151.960), and CRP (Pr = -3.768) are significantly associated
with SE. A strong correlation was found between CRP (Pr = 9.414) and P3b
latency. After controlling for gender and other pertinent variables, the
subsequent investigation revealed a direct correlation between CRP and P3b
latency, specifically within the cohort of depression patients exhibiting low SE.
CRP mediated the association between SE and P3b latency.

Conclusion: Low SE with MDD was associated with chronic inflammation and
impaired cognitive function, suggesting that inflammation may act as a potential
mediating factor in the relationship between SE and impaired cognitive function.
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Introduction

Major depressive disorder (MDD), influenced by social,
psychological, and biological factors, is prevalent worldwide (1).
Severe MDD can lead to decreased quality of life, impaired social
functioning, cognitive impairment, neurophysiological alterations,
and increased financial burden (2). Sleep disturbances affect over
80% of individuals with MDD across community and clinical
populations (3). Sleep is often particularly associated with
cognitive health, such as slow-wave sleep deficits that can impair
cognitive function through the mechanisms that may be relevant to
SE, and sleep is increasingly recognized as a modifiable risk factor
for cognitive decline (4-6). Sleep disorders often accompany MDD
in clinical settings, and sleeping is essential for maintaining
cognitive health (4, 5). While the neurophysiological basis of
cognitive dysfunction in MDD remains incompletely understood
(7-10), emerging evidence implicates prefrontal cortex glutamate
dysregulation in executive function and working memory deficits,
along with amygdala hyperactivity, contributing to negative
cognitive biases (11-13). The efficacy of existing drug and non-
drug therapies remained unsatisfactory in clinical practice (14-16).
Given the limited treatment options for cognitive impairment,
investigating modifiable factors and underlying mechanisms
becomes particularly crucial.

Event-related potentials (ERPs), particularly P3b (17, 18), are
valuable for elucidating cognitive processes and detecting abnormal
brain activity associated with potential disorders. Moreover, ERPs
have been extensively utilized in the assessment of various
neurological conditions such as dementia (19, 20) and
Parkinson’s syndrome (21, 22). However, their application in
research on MDD has been relatively limited (23-25). Currently,
there is a lack of objective indicators (26, 27) to evaluate the
relationship between cognition and sleep, primarily relying on
subjective assessment questionnaires (28, 29).

Accumulating evidence shows that sleep quality has a
significant impact on the regulation of inflammatory factors,
which, in turn, influences overall health (30-32). C-reactive
protein (CRP) is a reliable measurable acute-phase protein
commonly used as an inflammation marker, indicating both
peripheral and central inflammation (33, 34). A previous meta-
analysis reports that individuals with major depressive disorder
(MDD) who experience poor sleep patterns tend to demonstrate
elevated levels of CRP (35). Recent studies indicate that MDD
accompanied by sleep problems usually leads to elevated levels of
inflammatory markers (31, 36, 37) as well as cognitive decline.
Disrupted circadian rhythms not only heighten inflammatory
responses but also contribute to the onset of neuropsychiatric
disorders that adversely affect mood and cognition (30, 38, 39). In
the context of cognitive decline, it is well established that
inflammatory factors play a significant role (30, 31, 40). The
correlation between CRP levels and sleep/cognitive indicators
implies that routine CRP screening in MDD patients could
potentially serve as a valuable tool to identify early cognitive
impairment. While our study highlights CRP as a plausible
mediator, the exact neurobiological pathways require further
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investigation through longitudinal imaging studies combined with
cytokine profiling. We hypothesize that improving sleep quality
may potentially facilitate a reduction in the body’s inflammatory
response, while improvement in CRP levels could ameliorate
cognitive impairment resulting from poor sleep quality. This
approach holds promise for the treatment of cognitive
impairment in MDD; however, there is currently limited research
on this topic within MMD. It is unclear if high CRP levels affect the
link between poor sleep and cognitive impairment in MDD. Future
trials could stratify patients by baseline CRP levels to evaluate
whether anti-inflammatory adjunct therapies yield differential
benefits in sleep and cognition.

The study seeks to investigate the possible associations of sleep
and serum CRP levels with cognitive function in depressed patients
in a cross-sectional study. Furthermore, we aimed to explore the
potential mediating role of higher CRP levels in the relationship
between poorer sleep quality and cognitive decline.

Materials and methods
Inclusion criteria

From February 2021 to April 2023, 101 hospitalized MDD
patients were recruited from the Sleep Disorders Department of
Hefei Fourth People’s Hospital. During the registration process,
initial screening was carried out by two or more attending
physicians, using both the ICD-10 diagnostic criteria for
depression and specific study criteria. The inclusion criteria
included meeting the ICD-10 diagnostic criteria for depressive
symptoms, age between 18 and 60 years, education level
equivalent to junior high school or higher, right-handedness, and
Han nationality. The exclusion criteria included the following:
mental disorders such as schizophrenia, substance-induced mood
disorders, anxiety disorders, bipolar disorder, and substance abuse
or dependence; history of important physical diseases related to
nervous system dysfunction, metabolism issues, or endocrine
system abnormalities; conditions or medications known to
influence systemic inflammation (like statins or NSAIDs);
pregnancy status, including lactating women and those planning
pregnancy; severe physical ailments or autoimmune-related
problems; history of head trauma resulting in seizures lasting over
5 min, leading to consciousness disorders; auditory or sensory
abnormalities; and diagnosis of atherosclerosis and/or
hypertension since hypertension is linked to an elevated risk in
CRP levels synergistically when considering body mass
index (BMI).

Data on demographics and clinical characteristics included gender,
age, education level, BMI, illness duration, smoking and alcohol habits,
the utilization of benzodiazepines medications and the utilization of
conventional antidepressant medications such as serotonin
norepinephrine reuptake inhibitors (SNRIs), selective serotonin
reuptake inhibitors (SSRIs), or noradrenaline and specific
serotonergic antidepressants (NaSSA). As all participants were
hospitalized, diet, physical activity, and stress levels were

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1574864
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Fang et al.

institutionally standardized and thus not recorded in demographic
data. These measures will be included in subsequent studies. Trained
researchers obtained informed consent from all patients after receiving
approval from the Ethics Committee of Hefei Fourth People’s Hospital.

Event-related potential

Professional technicians specializing in electroencephalography
within our hospital employed the American NicoletEDX
electromyography evoked potential system to assess the patients.
This took place in the electromyography room of our hospital from
9:00 to 11:30 a.m. upon admission. During the data collection
process, the patients are usually seated upright in a comfortable
chair, maintaining a relaxed state and focusing as much as possible.
They are positioned approximately 1 m away from the computer
screen, with the keyboard or button pad typically placed on their
knees or in a tray. Electroencephalogram (EEG) signals are non-
invasively recorded using electrodes, primarily made of silver/silver
chloride or tin, which are attached to the scalp surface. Our
electrode selection was primarily based on equipment limitations
adhering to the 10/20 system and Cz’s superior signal-to-noise ratio
compared to Pz in our sample. Additionally, while we analyzed all
midline electrodes (Fz, Cz, and Pz), Cz demonstrated the most
stable data for cognitive tasks, consistent with known P300 scalp
distribution patterns. Thus, the electrodes were secured in an elastic
nylon cap according to the International 10/20 System (American
Neuromagnetic Society, 1994) (41), with Cz as the recording
electrode, M2 (right ear) as the reference, and FPz (forehead
center) as the ground lead. The signals were first amplified by
scalp-mounted preamplifiers and then transmitted to a main
amplifier (gain: x10,000-50,000) for precise measurement. The
parameters included the following: electrode impedance, <5 kQ;
bandpass filter, 0.5-100 Hz; and analysis time, 1,000 ms. The
auditory stimuli comprised non-target (80% probability; 70 dB;
1,000 Hz) and target (20%; 90 dB; 2,000 Hz) tones presented
randomly across two sessions; the responses were averaged for
analysis. The electrodes are connected to a set of preamplifiers,
which are located close to the participant’s scalp to provide
sufficient initial amplification to transmit the weak signal to the
main amplifier in the laboratory.

After enrollment, we collected the ERP parameters. MMN
reflects the brain’s automatic processing function in response to
diverse stimulus signals (42). N100 primarily indicates the integrity
of the auditory conduction pathway and residual function of the
primary auditory cortex, with minimal impact on higher cognitive
assessment (43). The P200 component delineates the distinction
between task-related stimuli and those unrelated to the task (44).
The endogenous N200 is associated with selective response and also
signifies the process of stimulus classification (45). P300
predominantly represents the initial processing of information
stimuli in the brain, sensitively reflecting higher cognitive abilities
and requirements for task processing speed (19, 46). We extracted
the latency period of MMN, N1, P2, N2, P3a, and P3b (the
horizontal linear distance from the onset of stimulation to the
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peak point of the maximum amplitude wave component) from ERP
variables for analysis purposes.

Polysomnography examination

Considering the first-night effect in sleep monitoring, we opted
to analyze PSG data from patients on the second day. Throughout
the night, all subjects were continuously monitored using the Embla
N7000 device to assess neurophysiological and cardiopulmonary
parameters. Sleep efficiency (SE) was calculated from the PSG data
as a measure of sleep quality, with higher values indicating better
sleep quality. SE is determined by the ratio of total sleep time [TST;
TST is total sleep in minutes for all stages of sleep (stages 1, 2, and 3
non-REM and REM)] to time in bed [TIB; TIB begins with lights
out and ends with lights on and is calculated in hours and minutes
(also occasionally referred to as total bedtime time or TSP)], with
higher values indicating improved sleep quality. Previous reviews
have considered reduced SE in the PSG of MDD patients as a
characteristic manifestation with high credibility (47). While
difficulty falling asleep is commonly seen in various mental
disorders, when it comes to evaluating the sleep patterns of MDD
patients in clinical practice, sleep efficiency (SE) is a more
appropriate measure. SE offers a more accurate depiction of the
characteristics of sleep disturbances in MDD patients (47, 48). In
normal individuals, SE values typically decrease with age, but they
commonly remain above 90% for both youthful and middle-aged
adults (49, 50).

C-reactive protein

Peripheral cubital venous blood of 5 mL was collected from the
patients upon admission, and the serum CRP level was determined
by immunoturbidimetry. The blood samples were centrifuged at a
low speed of 3,000 r/min for 10 min to harvest the upper layer of
serum. The specimens were either promptly collected and analyzed
within 1 h or stored at -80°C for further analysis. The level of CRP
in the serum was analyzed using an automatic biochemical analyzer,
following the manufacturer’s instructions.

Scale assessment

The depression and anxiety symptoms of depressed patients
were assessed using the 24-item Hamilton Depression Scale
(HAMD) (51) and Hamilton Anxiety Scale (HAMA) (52).
According to the HAMD scoring standard, a total score of 8~19
is mild depression, 20~34 is moderate depression, and > 35 is severe
depression. According to the HAMA scoring standard, a total score
of more than 29 may indicate severe anxiety, more than 21 must
have obvious anxiety, more than 14 may indicate anxiety, more
than 7 may be anxiety, and less than 7 is not anxiety. All scale
assessments are completed by trained researchers and entered into
statistical software by professional statisticians.
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Sensitivity analysis

The SPSS 26.0 software package was utilized for data analysis,
with count data being presented as frequency and percentage. The
comparison of gender across different groups was conducted
utilizing the y* test. In cases where continuous variables did not
follow a normal distribution, we described them using median
(quartile range) [M(QR)] and conducted group comparisons using
Mann-Whitney U-test. Measurement data were assessed with an
independent sample T-test and presented as (x + s). A repeated-
measures ANOVA was employed to compare the differences in
event-related potentials between the two groups with age, gender,
BMI, education level, smoking habits, alcohol consumption,
antidepressant usage, and use of benzodiazepine medication as
covariates. Logistic regression analysis and mediation analyses
were used to test the association between two variables and the
mediating associations among three variables. Furthermore, we
performed linear regression analysis on the latency of CRP and
ERP in two groups of MDD. Moreover, to examine other variable-
mediated relationships within the logistic regression analysis, we
utilized the PROCESS plug-in tool. Finally, ordinary least squares
path analysis evaluated both direct and indirect mediating effects of
LnCRP on sleep efficiency and ERP-P300 latency. The statistical
significance level was set at P <0.05. As CRP data showed skewness,
CRP is measured in mg/L, and CRP was transformed to natural
logarithms in the analysis (34).

Results

Demographic, clinical, and
polysomnography characteristics

A total of 101 individuals diagnosed with MDD were enrolled
and admitted to the Sleep Disorders Department at Hefei Fourth
People’s Hospital between February 2021 and April 2023. They
were categorized into two groups based on their sleep efficiency: one
of which is a group with normal sleep efficiency (SE 290%; N = 45).
The average age of the participants in the normal sleep efficiency
group was 39.11 + 13.78 years, consisting of 11 male and 34 female
individuals. The low sleep efficiency group had an average age of
41.27 + 12.93 years, including 23 male and 33 female individuals.
Statistically significant differences were not observed in terms of age
distribution, educational background, gender distribution,
residential status, body mass index (BMI), alcohol consumption
history, smoking history, scores on the Hamilton Depression Rating
Scale (HAMD), scores on the Hamilton Anxiety Rating Scale
(HAMA), use of antidepressant medication between, or use of
benzodiazepines medication in these two groups (P > 0.05).
However, a significant disparity was noted in C-reactive protein
(CRP) levels (see Table 1).
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Comparison of indicators related to event-
related potential

The latency differences of event-related potentials between the
normal sleep efficiency group and the low sleep efficiency group were
compared using an independent-samples t-test. No significant outliers
were observed in the study data, and both groups exhibited
distributions that approximated a normal distribution while meeting
the assumptions of homogeneity of variance. The results indicated that
the latencies of N2, P3a, and P3b in the low sleep efficiency group
(239.16 + 26.18,292.27 + 26.14, and 356.91 + 27.32) were significantly
higher than those in the normal sleep efficiency group (228.42 + 27.78,
280.15 + 24.63, and 336.46 + 24). These differences reached statistical
significance with effect sizes represented by t-values of -1.99 and -2.38
(P < 0.05) for N2 and P3a, respectively, and a t-value of -3.92 (P < 0.01)
for P3b. After controlling for age and BMI through covariance analysis
(ANCOVA), significant differences remained between groups
regarding latencies of N2, P3a, and P3b [F = 4.50 (P = 0.036); F =
6.35 (P = 0.013); F = 15.22 (P < 0.001)]. No significant differences in
latencies of MMN, N1, or P2 were observed between groups (P > 0.05)
(see Table 2).

Direct association of SE with ERP latency

A significant correlation exists between sleep efficiency and ERP
latency in patients diagnosed with MDD. After controlling for variables
including age, gender, BMI, education level, smoking habits, alcohol
consumption, and antidepressant usage, we discovered significant
inverse associations between sleep efficiency and N2 latency (Pr =
-122.182, P = 0.013), P3a latency (Pr = -109.597, P = 0.020), and P3b
latency (Pr = -151.960, P = 0.003) within our study population
(Figures 1A-C). These findings suggest that individuals with lower
sleep efficiency display a noticeable cognitive impairment.

Analysis of the correlation between SE,
LnCRP, and LnCRP and ERP latency

A significant correlation exists among CRP and SE as well as
ERP latency in patients with MDD. After adjusting for age, gender,
BMI, education level, smoking habits, alcohol consumption, and
antidepressant usage, we discovered significant inverse associations
between SE and CRP (Pr = -3.768, P = 0.020) within our study
population (Figure 2A). The results of the examination revealed as
well a positive correlation between the level of CRP and the latency
curves of N2 (Pr = 3.276, P = 0.300), P3a (Pr = -0.595, P = 0.845),
and P3b (Pr = 9.414, P = 0.004) (Figures 2B-D). Specifically, there
was a significant positive correlation with P3b, indicating that
patients with elevated CRP levels may be at risk for a more severe
cognitive impairment (Figure 2D).
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TABLE 1 Comparison of traits in depressed individuals with low vs. normal sleep effectiveness (n = 101).

Characteristics SE >90% (n 45) SE<90% (n  56)
Age (year)® 39.11 + 13.78 41.27 £ 1293 -0.81 0.420
Gender, n (%) 2.39 0.079
Male 11 (24.4) 23 (41.1)
Female 34 (75.6) 33 (58.9)
BMI (kg/m?)* 2246 + 3.28 2374 £ 3.53 1.87 0.064
Education level” 026 0.609
High school—below 24 (53.3) 27 (48.2)
High school—above 21 (46.7) 29.7el—)
Drink >1 time/week” 1(2.2) 3(5.4) 0.65 0.422
Smoking >1 branch/dayb 3 (6.7) 5(8.9) 0.18 0.676
Use of antidepressant medication” 0.398 0.941
SSRIs 19 (42.2) 24 (42.9)
SNRIs 8 (17.8) 9 (16.0)
NaSSA 4 (8.9) 7 (12.5)
No use 14 (31.1) 16 (28.6)
Use of benzodiazepines medication” 18 (40) 23 (41.1) 0.01 0.913
HAMD,,* 31.80 + 8.77 30.20 £ 9.24 0.89 0.377
HAMA?® 21.23 £ 6.10 19.44 £+ 6.26 1.41 0.161
CRP (mg/L)" 0.40 (0.55) 0.60 (0.88) -2.29 0.022

SE, sleep efficiency; BMI, body mass index; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin norepinephrine reuptake inhibitors; NaSSA, noradrenergic and specific serotonergic
antidepressant; HAMA, Hamilton Rating Scale for Anxiety; HAMD, Hamilton Rating Scale for Depression; CRP, C-reactive protein.

(%) description, and y* test is employed for inter-group comparisons.
"% + s description, and t-test is utilized for between-group comparisons.
“M(IQR) description, and Mann-Whitney U-test is applied for group comparisons.

Correlation analysis of the latency period
between CRP and ERP in various sleep
efficiency groups

We performed additional experimental procedures to evaluate
the consistency of our findings under different conditions. As
shown in Table 3, after accounting for potential factors that may
have an impact, controlling for age, gender, BMI, education level,
smoking habits, alcohol consumption, antidepressant usage, and
use of benzodiazepine medication, in individuals with low sleep
efficiency MDD, the higher CRP levels were associated with
increased levels of P3b latency [ with 95% CI: 15.202 (6.506,
23.897), P = 0.001], while this association was not observed in the
normal sleep efficiency group (ff = 0.984, P = 0.841).

Mediation by C-reactive protein
Additional comprehensive analysis is warranted; we employed a

mediation model to examine the involvement of CRP in mediating
the relationship between SE and P3b latency in individuals
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diagnosed with MDD. Our findings show that CRP has a
significant mediating effect on the duration of P3b latency
associated with SE (indirect effect = -28.3557, 95% CI: -70.7087,
-1.1506; see Figure 3).

Discussion

This study aimed to investigate the relationship between sleep
efficiency, inflammation, and changes in cognitive function in
patients with MDD. The study provides a comprehensive analysis
of the associations of SE and serum CRP levels with ERP latency
indicators. The findings indicated that alterations in sleep quality
among MDD patients were linked to levels of serum CRP and P3b
latency. Furthermore, a significant correlation was observed
between serum CRP levels and ERP latency, specifically in
patients with low sleep efficiency. Mediation analysis for patients
with MDD suggested that sleep efficiency may be related to the P3b
latency mediated by higher CRP. Our findings suggest a potential
bidirectional relationship between elevated inflammatory markers,
diminished sleep quality, and cognitive dysfunction in MDD
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TABLE 2 Comparison of ERP-related indexes in MDD patients (n = 101).

rEeRlaPte dindexes | SE290%(n 45) SE<90%(n 56)

MMN (ms) 248.62 + 34.98 24841 + 32.75 0.03 0 0.989
N1 (ms) 103.91 + 18.27 103.88 + 21.45 0.01 0.06 0.801
P2 (ms) 180.36 + 18.67 184.08 + 22.19 -0.90 0.68 0411
N2 (ms) 22842 +27.78 239.16 + 26.18 -1.99* 4.50* 0.036
P3a (ms) 280.15 + 24.63 292.27 + 26.14 -2.38% 6.35% 0.013
P3b (ms) 336.46 + 24.45 356.91 + 27.32 -3,92%% 15.22*% <0.001

The t-value represents the statistic of the t-test conducted between the two groups, while the F-value represents the statistic of analysis of covariance (ANCOVA) performed between the two
groups after adjusting for age and BMI. Significance levels are denoted as *P <0.05 and **P <0.01.

patients. However, the observational nature of this study limits our ~ from PSG results can assist in tailoring therapy specifically aimed at
ability to establish causal relationships. addressing sleep issues for the patients. Event-related potentials can

Patients suffering from MDD regularly experience difficulties  overcome issues related to motivation and attention factors during
with sleep (53, 54), although not all individuals exhibit a noticeable =~ measurement (17, 21, 58). The latest analysis suggests that P300, as
reduction in sleep efficiency. Recent studies have indicated that self-  a crucial component of the ERP, has indeed shown a significant
reported sleep appeared to reflect the sleep misperception  clinical value in the study of cognitive dysfunction in MDD (8, 17).
commonly presented in persons with depressive and anxiety Our findings support previous evidence (24, 36, 59) that MDD
symptoms (55, 56). The results of retrospective self-report  patients exhibit a negative correlation between sleep and cognitive
questionnaires may be influenced by potential bias and patients’  dysfunction. Clinically, ERP is commonly utilized as a reliable
cognitive limitations as well as their pessimistic attitudes. Recently,  indicator for evaluating the executive cognitive functions of
objective assessment tools have received great attention and  patients, such as planning, decision-making, and problem-solving
popularity in improving the detection and prevention of abilities (8, 27, 60). Consistent with previous studies (24, 48), there
depression. Currently, PSG is considered the gold standard for is a significant link between reduced sleep quality and impaired
sleep assessment tools (26, 27, 57). Additionally, receiving feedback  executive function. Low sleep efficiency struggles to maintain focus
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FIGURE 2

Association of LnCRP and sleep quality, and P300 latency of MDD. The model was controlled for age, gender, BMI, education level, smoking habits,
alcohol consumption, antidepressant usage, and use of benzodiazepine medication. (A) Scatterplot of the relationship between LnCRP and SE.

(B) Scatterplot of the relationship between LnCRP and N2 latency. (C) Scatterplot of the relationship between LnCRP and P3a latency. (D) Scatterplot
of the relationship between LnCRP and P3b latency. Pr is the partial correlation coefficient. LnCRP and CRP were transformed to natural logarithms

in the analysis.

for extended periods and is distracted by external stimuli, which can
hinder their ability to learn and perform tasks effectively daily (61,
62). Moreover, difficulties in memory capacity can cause significant
inconvenience in both personal and professional aspects of life (5,
40, 63). Getting enough sleep plays a crucial role in improving
cognitive function for patients with MDD (9, 26, 36). Research in
the field of mood disorders consistently shows that sleep aftects
cognitive function regulation through various ways and pathways
(8,9, 26), poor sleep quality exacerbates cognitive decline, and early
intervention can improve patient prognosis and cognitive recovery
(7, 10). Our study offers a fresh perspective: improving the sleep
quality of people with MDD could be a potential strategy to reduce
their cognitive decline.

TABLE 3 Comparison of P300-related indexes and CRP stratified by SE.
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Poor sleep quality not only directly affects cognitive function
but also influences inflammatory factor levels. Our findings
demonstrate that reduced sleep efficiency is associated with
elevated serum C-reactive protein (CRP) levels. Impaired sleep
may contribute to increased inflammatory markers (59, 60), and
prolonged inflammatory responses could play a role in the onset
and progression of mood disorders (2, 27, 35). In patients with
MDD, heightened levels of peripheral inflammatory markers may
correlate with the severity of specific clinical symptoms (28, 61.
Accumulating evidence shows that sleep quality affects
inflammatory factor regulation, potentially leading to health
issues (30-32). In short, these results suggest that sleep
disruptions could lead to increased levels of inflammation

SE < 90% (n
B (95% Cl)

56)

N2 (ms) ‘ 2320 (-12.432, 7.792) 0.644 3.958 (-5.338, 13.253) ‘ 0.396
P3a (ms) ‘ -6.437 (-14.899, 2.026) 0.132 2,960 (-6.017, 11.937) ‘ 0.510
P3b (ms) ‘ 0.984 (-8.919, 10.888) 0.841 15.202 (6.506, 23.8979 ‘ 0.001**

The t-value represents the statistic of the ¢-test conducted between the two groups, while the F-value represents the statistic of analysis of covariance (ANCOVA) performed between the two
groups after adjusting for age, gender, BMI, education level, smoking habits, alcohol consumption, antidepressant usage, and use of benzodiazepine medication. Significance levels are denoted as
*P <0.05 and **P <0.01.
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FIGURE 3

Relationship between latency of LnCRP, SE, and P3b in MDD patients. The graph illustrates the results of a mediation analysis on the relationship
between sleep efficiency (SE), log-transformed C-reactive protein (CRP), and P3b latency. It includes estimates for mediated (a X b), direct (c’), and
total effects, with LnCRP as the mediator. The models were controlled for age, gender, BMI, education level, smoking habits, alcohol consumption,
antidepressant usage, and use of benzodiazepines medication. *P < 0.05, **P < 0.001. SE, sleep efficiency; P3b latency, latency of P3b component in
event-related potentials. LnCRP and CRP were transformed to natural logarithms in the analysis. pr, partial coefficient; Cl, confidence interval.

markers. Note the significant correlation between sleep efficiency in
patients with MDD and serum levels of CRP, which aligns with
previous research demonstrating the impact of sleep disturbances
on elevated inflammatory markers in animal models (64, 65). Our
results align with prior studies indicating a possible link between
poor sleep quality and increased inflammation in individuals
experiencing depression (66, 67). The somatic symptoms of MDD
may have a stronger link to inflammatory responses than affective
symptoms (35, 68, 69), and improving sleep quality can reduce
systemic inflammation in patients with MDD (67, 70). Low-level
systemic inflammation may be involved in various neuropsychiatric
disorders that affect mood and cognitive function (30, 39, 40). Our
study discovered that the association between inflammation and
impaired cognitive function in individuals with MDD aligns with
earlier research results (30, 31, 39, 67, 71). The presented evidence
illuminates the intricate interplay of sleep, biomarker activation,
and cognitive performance in patients with MDD. Research has
found that the decline of cognitive and executive functions among
individuals with obstructive sleep apnea (OSA) is associated with
inflammation, but this association could be alleviated by reducing
serum CRP (72, 73). Reversing inflammation could be a potential
strategy to address cognitive decline with MDD.

Previous research on the neurobiology of MDD accompanied
by sleep disturbances has mainly focused on factors such as
metabolomics, changes in hormone levels, alterations in
neurotransmitters, genetics, and epigenetics. Limited investigation
has been conducted on the associations among serum CRP levels (a
marker of inflammation) and both sleep quality and cognitive
function (74, 75). Various biomarkers exert their effects through
distinct signaling pathways, leading to diverse impacts on the
regulation of neurocognitive function (76, 77). This variation may
result from the varying levels of cognitive impairment among the
subjects. Sleep regulates gene expression in the sympathetic nervous
system and hypothalamic-pituitary-adrenal axis, leading to
fluctuations in inflammation levels that affect cognitive function
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(30, 37, 78). Certain research examines the connection between
sleep, inflammation, and cognitive function in patients with MDD
as well as the effects of atypical sleep duration on response time and
visual memory (30, 39, 54, 79). Previous studies have found that
changes in white blood cells can affect cognitive function during
sleep (71), and there is a significant association between systemic
inflammation and nighttime awakening and dementia occurrence
(74). Consistent with our findings, MDD with lower SE correlates
with higher CRP levels, which may be related to the severity of
cognitive impairment (74, 79). Serum CRP levels are correlated with
SE and neurocognitive function. Among them, CRP may mediate
the association between SE and impaired cognitive function. The
improvement of SE may help reduce the level of serum CRP,
thereby helping to prevent adverse neurocognitive changes.

Consistent with other studies, one of the main reasons for the
poor prognosis of patients with MDD cognitive dysfunction is their
difficulty in recovery, and currently, antidepressant drugs have
limited ability to improve cognitive function. Our study has
identified distinct alterations in cognitive function and levels of
the inflammatory marker CRP in individuals with major depressive
disorder (MDD) and poor sleep quality. Additionally, our study
further elucidates the sequential relationships among sleep, CRP,
and cognition, highlighting their close interdependence and
emphasizing the complexity of connections in the prognosis of
MDD. These results shed light on potential biological pathways
linking sleep and cognitive function, offering valuable insights for
the early detection and management of cognitive impairment in
patients with depression.

Strengths and limitations
Previous studies hint at a connection between sleep efficiency

(SE) and cognitive function, and our research indicates that CRP
plays a key role in this link. We utilized objective measurements for
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SE and event-related potential P300 indicators. For individuals with
MDD (8, 17, 58), event-related potential measurements are more
sensitive in evaluating cognitive function and detecting differences
compared to scale assessments, enhancing the reliability and
accuracy of our data. Future research should explore the causes
and directions of these connections. Through longitudinal studies,
the immunological mechanisms behind neurocognitive decline in
individuals with MDD will be clarified.

This approach shows promise to address cognitive impairment
in MDD; however, there is currently limited research on this topic
within the field of MDD. There are, however, certain limitations to
this study. As it is a cross-sectional study lacking functional
intercept indicators, it is impossible to ascertain whether CRP
mediates the causal relationship between sleep efficiency and
impaired cognitive function. Consequently, longitudinal studies
are necessary to further validate the role of CRP as a mediating
variable, which still requires improvement. The small sample size
may restrict the detection of changes in serum CRP levels and
hinder the identification of potential associations among
depression, cognition, and sleep. Additionally, potential
confounding factors such as disease episode frequency, illness
duration, and treatment history were not fully accounted for,
which may influence the observed relationships. Future studies
should further refine the collection and analysis of such clinical
variables. Due to the global health crisis at that time and ethical
considerations, we are unable to recruit a normal control group for
PSG and ERP data collection in the ward. Future research should
consider incorporating a robust control cohort. While
polysomnography is utilized to mitigate the first-night effect in
clinical practice, its effectiveness for normal controls in a hospital
setting is limited (54, 61, 71). Subsequent studies could investigate
alternative sleep measurement methods, such as activity
monitoring. A larger sample size is essential for more precise
outcomes and reliable data for clinical prognosis.

Conclusion

We found a robust association of the poorer sleep quality with
the higher levels of CRP and cognitive function decline in patients
with MDD. The levels of inflammatory factors may mediate the
relationship between sleep efficiency and cognitive decline.
Improved sleep quality and anti-inflammatory agents or diet
(micronutrient supplementation) could prevent cognitive decline
in patients with MDD. Further randomized controlled intervention
trials are needed.

Data availability statement

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

Frontiers in Psychiatry

10.3389/fpsyt.2025.1574864

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Hefei Fourth People’s Hospital. 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

LF: Data curation, Writing — original draft. PW: Writing -
original draft. TX: Data curation, Writing - review & editing. SD:
Investigation, Writing — review & editing. TW: Writing — review &
editing. JZ: Writing - review & editing. AZ: Writing - review &
editing. PZ: Conceptualization, Data curation, Formal Analysis,
Writing - review & editing. DZ: Conceptualization, Funding
acquisition, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This project is supported
by the Natural Science Research Project of Anhui Higher Education
Institutions Research Fund “Frontal lobe, temporal lobe connection
change mediated low sleep efficiency research in cognitive
impairment in patients with depression “(Ref: 2023AH050585),
Scientific research project of the Fourth People’s Hospital of Hefei
“To study the neural mechanism of sleep quality affecting the
improvement of clinical symptoms in patients with major
depressive disorder” (Ref: HFSY2022YBO01), National Clinical Key
Specialty Construction Project of China.

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 AI 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.

frontiersin.org


https://doi.org/10.3389/fpsyt.2025.1574864
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Fang et al.

References

1. Monroe SM, Harkness KL. Major depression and its recurrences: life course
matters. Annu Rev Clin Psychol. (2022) 18:329-57. doi: 10.1146/annurev-clinpsy-
072220-021440

2. Guo B, Zhang M, Hao W, Wang Y, Zhang T, Liu C. Neuroinflammation
mechanisms of neuromodulation therapies for anxiety and depression. Transl
Psychiatry. (2023) 13:5. doi: 10.1038/s41398-022-02297-y

3. Baglioni C, Battagliese G, Feige B, Spiegelhalder K, Nissen C, Voderholzer U, et al.
Insomnia as a predictor of depression: a meta-analytic evaluation of longitudinal
epidemiological studies. ] Affect Disord. (2011) 135:10-9. doi: 10.1016/j.jad.2011.01.011

4. Girardeau G, Lopes-Dos-Santos V. Brain neural patterns and the memory
function of sleep. Science. (2021) 374:560-64. doi: 10.1126/science.abi8370

5. Hokett E, Arunmozhi A, Campbell ], Verhaeghen P, Duarte A. A systematic
review and meta-analysis of individual differences in naturalistic sleep quality and
episodic memory performance in young and older adults. Neurosci Biobehav Rev.
(2021) 127:675-88. doi: 10.1016/j.neubiorev.2021.05.010

6. Mander BA, Winer JR, Walker MP. Sleep and human aging. Neuron. (2017)
94:19-36. doi: 10.1016/j.neuron.2017.02.004

7. Kunstler E, Bublak P, Finke K, Koranyi N, Meinhard M, Schwab M, et al. The
relationship between cognitive impairments and sleep quality measures in persistent
insomnia disorder. Nat Sci Sleep. (2023) 15:491-98. doi: 10.2147/NSS.5399644

8. Arikan MK, Ilhan R, Orhan O, Esmeray MT, Turan S, Gica S, et al. P300
parameters in major depressive disorder: a systematic review and meta-analysis. World
] Biol Psychiatry. (2024) 25:255-66. doi: 10.1080/15622975.2024.2321554

9. Hack LM, Tozzi L, Zenteno S, Olmsted AM, Hilton R, Jubeir J, et al. A cognitive
biotype of depression and symptoms, behavior measures, neural circuits, and differential
treatment outcomes: a prespecified secondary analysis of a randomized clinical trial. JAMA
Netw Open. (2023) 6:¢2318411. doi: 10.1001/jamanetworkopen.2023.18411

10. Porter R], Douglas KM. Cognitive impairment in people remitted from major
depression. Lancet Psychiatry. (2019) 6:799-800. doi: 10.1016/52215-0366(19)30278-0

11. Disner SG, Beevers CG, Haigh EA, Beck AT. Neural mechanisms of the cognitive
model of depression. Nat Rev Neurosci. (2011) 12:467-77. doi: 10.1038/nrn3027

12. Zuckerman H, Pan Z, Park C, Brietzke E, Musial N, Shariq AS, et al. Recognition
and treatment of cognitive dysfunction in major depressive disorder. Front Psychiatry.
(2018) 9:655. doi: 10.3389/fpsyt.2018.00655

13. King S, Jelen LA, Horne CM, Cleare A, Pariante CM, Young AH, et al.
Inflammation, glutamate, and cognition in bipolar disorder type ii: a proof of
concept study. Front Psychiatry. (2019) 10:66. doi: 10.3389/fpsyt.2019.00066

14. Ma], Wang R, Chen Y, Wang Z, Dong Y. 5-ht attenuates chronic stress-induced
cognitive impairment in mice through intestinal flora disruption. J Neuroinflamm.
(2023) 20:23. doi: 10.1186/s12974-023-02693-1

15. Culpepper L, Lam RW, McIntyre RS. Cognitive impairment in patients with
depression: awareness, assessment, and management. ] Clin Psychiatry. (2017)
78:1383-94. doi: 10.4088/JCP.tk16043ah5¢

16. Blumberg MJ, Vaccarino SR, McInerney SJ. Procognitive effects of
antidepressants and other therapeutic agents in major depressive disorder: a
systematic review. J Clin Psychiatry. (2020) 81(4):19r13200. doi: 10.4088/JCP.19r13200

17. Feldmann L, Piechaczek CE, Pehl V, Bartling J, Bakos S, Schulte-Korne G, et al.
State or trait? Auditory event-related potentials in adolescents with current and
remitted major depression. Neuropsychologia. (2018) 113:95-103. doi: 10.1016/
j.neuropsychologia.2018.03.035

18. Key AP, Thornton-Wells TA, Smith DG. Electrophysiological biomarkers and
age characterize phenotypic heterogeneity among individuals with major depressive
disorder. Front Hum Neurosci. (2022) 16:1055685. doi: 10.3389/fnhum.2022.1055685

19. Meghdadi AH, Salat D, Hamilton ], Hong Y, Boeve BF, St LE, et al. Eeg and erp
biosignatures of mild cognitive impairment for longitudinal monitoring of early cognitive
decline in alzheimer’s disease. PloS One. (2024) 19:¢308137. doi: 10.1371/journal.pone.0308137

20. Che]J, Cheng N, Jiang B, Liu Y, Liu H, Li Y, et al. Executive function measures of
participants with mild cognitive impairment: systematic review and meta-analysis of
event-related potential studies. Int J Psychophysiol. (2024) 197:112295. doi: 10.1016/
j-ijpsycho.2023.112295

21. Gommeren H, Bosmans ], Cardon E, Mertens G, Cras P, Engelborghs S, et al.
Cortical auditory evoked potentials in cognitive impairment and their relevance to
hearing loss: a systematic review highlighting the evidence gap. Front Neurosci. (2021)
15:781322. doi: 10.3389/fnins.2021.781322

22. Wallace ER, Segerstrom SC, van Horne CG, Schmitt FA, Koehl LM. Meta-
analysis of cognition in parkinson’s disease mild cognitive impairment and dementia
progression. Neuropsychol Rev. (2022) 32:149-60. doi: 10.1007/s11065-021-09502-7

23. Suwazono S, Arao H, Ueda Y, Maedou S. Event-related potentials using the
auditory novel paradigm in patients with myotonic dystrophy. J Neurol. (2021)
268:2900-07. doi: 10.1007/s00415-021-10465-1

24. Kangas ES, Vuoriainen E, Lindeman S, Astikainen P. Auditory event-related
potentials in separating patients with depressive disorders and non-depressed controls: a
narrative review. Int ] Psychophysiol. (2022) 179:119-42. doi: 10.1016/j.ijpsycho.2022.07.003

Frontiers in Psychiatry

10.3389/fpsyt.2025.1574864

25. Ruohonen EM, Alhainen V, Astikainen P. Event-related potentials to task-
irrelevant sad faces as a state marker of depression. Biol Psychol. (2020) 149:107806.
doi: 10.1016/j.biopsycho.2019.107806

26. Olivera-Lopez C, Jimenez-Genchi A, Ortega-Robles D, Valencia-Flores M,
Cansino S, Salvador-Cruz J. Polysomnographic parameters associated with cognitive
function in patients with major depression and insomnia. CNS Spectr. (2024) 29:197-
205. doi: 10.1017/S1092852924000257

27. Ho FY, Poon CY, Wong VW, Chan KW, Law KW, Yeung WF, et al. Actigraphic
monitoring of sleep and circadian rest-activity rhythm in individuals with major
depressive disorder or depressive symptoms: a meta-analysis. ] Affect Disord. (2024)
361:224-44. doi: 10.1016/j.jad.2024.05.155

28. Chen T, Zhao W, Zhang Y, Yu J, Wang T, Zhang J, et al. Neural mechanism of
the relationship between sleep efficiency and clinical improvement in major depressive
disorder: a longitudinal functional magnetic resonance imaging study. Front Psychiatry.
(2022) 13:1027141. doi: 10.3389/fpsyt.2022.1027141

29. Regalia G, Gerboni G, Migliorini M, Lai M, Pham J, Puri N, et al. Sleep
assessment by means of a wrist actigraphy-based algorithm: agreement with
polysomnography in an ambulatory study on older adults. Chronobiol Int. (2021)
38:400-14. doi: 10.1080/07420528.2020.1835942

30. Goldsmith DR, Bekhbat M, Mehta ND, Felger JC. Inflammation-related
functional and structural dysconnectivity as a pathway to psychopathology. Biol
Psychiatry. (2023) 93:405-18. doi: 10.1016/j.biopsych.2022.11.003

31. Bernier V, Alsaleh G, Point C, Wacquier B, Lanquart JP, Loas G, et al. Low-grade
inflammation associated with major depression subtypes: a cross-sectional study. Brain
Sci. (2024) 14(9):850. doi: 10.3390/brainsci14090850

32. Yang DF, Huang WC, Wu CW, Huang CY, Yang Y, Tung YT. Acute sleep
deprivation exacerbates systemic inflammation and psychiatry disorders through gut
microbiota dysbiosis and disruption of circadian rhythms. Microbiol Res. (2023)
268:127292. doi: 10.1016/j.micres.2022.127292

33. Felger JC, Haroon E, Patel TA, Goldsmith DR, Wommack EC, Woolwine BJ,
et al. What does plasma crp tell us about peripheral and central inflammation in
depression? Mol Psychiatry. (2020) 25:1301-11. doi: 10.1038/s41380-018-0096-3

34. Chamberlain SR, Cavanagh J, de Boer P, Mondelli V, Jones D, Drevets WC, et al.
Treatment-resistant depression and peripheral c-reactive protein. Br ] Psychiatry.
(2019) 214:11-9. doi: 10.1192/bjp.2018.66

35. Osimo EF, Baxter L], Lewis G, Jones PB, Khandaker GM. Prevalence of low-
grade inflammation in depression: a systematic review and meta-analysis of crp levels.
Psychol Med. (2019) 49:1958-70. doi: 10.1017/50033291719001454

36. Pearson O, Uglik-Marucha N, Miskowiak KW, Cairney SA, Rosenzweig I, Young
AH, et al. The relationship between sleep disturbance and cognitive impairment in
mood disorders: a systematic review. J Affect Disord. (2023) 327:207-16. doi: 10.1016/
1jad.2023.01.114

37. Irwin MR, Vitiello MV. Implications of sleep disturbance and inflammation for
alzheimer’s disease dementia. Lancet Neurol. (2019) 18:296-306. doi: 10.1016/S1474-
4422(18)30450-2

38. Liu JJ, Wei YB, Strawbridge R, Bao Y, Chang S, Shi L, et al. Peripheral cytokine
levels and response to antidepressant treatment in depression: a systematic review and
meta-analysis. Mol Psychiatry. (2020) 25:339-50. doi: 10.1038/s41380-019-0474-5

39. Mac GN, Ng TH, Ellman LM, Alloy LB. The longitudinal associations of
inflammatory biomarkers and depression revisited: systematic review, meta-analysis,
and meta-regression. Mol Psychiatry. (2021) 26:3302-14. doi: 10.1038/s41380-020-
00867-4

40. Liu X, Hao J, Yao E, Cao J, Zheng X, Yao D, et al. Polyunsaturated fatty acid
supplement alleviates depression-incident cognitive dysfunction by protecting the
cerebrovascular and glymphatic systems. Brain Behav Immun. (2020) 89:357-70.
doi: 10.1016/j.bbi.2020.07.022

41. Guideline thirteen: guidelines for standard electrode position nomenclature.
American electroencephalographic society. J Clin Neurophysiol. (1994) 11:111-13.
doi: 10.1097/00004691-199401000-00014

42. Bruder GE, Towey JP, Stewart JW, Friedman D, Tenke C, Quitkin FM. Event-
related potentials in depression: influence of task, stimulus hemifield and clinical
features on p3 latency. Biol Psychiatry. (1991) 30:233-46. doi: 10.1016/0006-3223(91)
90108-x

43. van Dinteren R, Arns M, Kenemans L, Jongsma ML, Kessels RP, Fitzgerald P,
et al. Utility of event-related potentials in predicting antidepressant treatment response:
an ispot-d report. Eur Neuropsychopharmacol. (2015) 25:1981-90. doi: 10.1016/
j-euroneuro.2015.07.022

44. Machiraju SN, Wyss J, Light G, Braff DL, Cadenhead KS. Novel n100 area
reliably captures aberrant sensory processing and is associated with neurocognition
in early psychosis. Schizophr Res. (2024) 271:71-80. doi: 10.1016/
j.schres.2024.07.027

45. Xu H, Gu L, Zhang S, Wu Y, Wei X, Wang C, et al. N200 and p300 component
changes in parkinson’s disease: a meta-analysis. Neurol Sci. (2022) 43:6719-30.
doi: 10.1007/s10072-022-06348-6

frontiersin.org


https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://doi.org/10.1038/s41398-022-02297-y
https://doi.org/10.1016/j.jad.2011.01.011
https://doi.org/10.1126/science.abi8370
https://doi.org/10.1016/j.neubiorev.2021.05.010
https://doi.org/10.1016/j.neuron.2017.02.004
https://doi.org/10.2147/NSS.S399644
https://doi.org/10.1080/15622975.2024.2321554
https://doi.org/10.1001/jamanetworkopen.2023.18411
https://doi.org/10.1016/S2215-0366(19)30278-0
https://doi.org/10.1038/nrn3027
https://doi.org/10.3389/fpsyt.2018.00655
https://doi.org/10.3389/fpsyt.2019.00066
https://doi.org/10.1186/s12974-023-02693-1
https://doi.org/10.4088/JCP.tk16043ah5c
https://doi.org/10.4088/JCP.19r13200
https://doi.org/10.1016/j.neuropsychologia.2018.03.035
https://doi.org/10.1016/j.neuropsychologia.2018.03.035
https://doi.org/10.3389/fnhum.2022.1055685
https://doi.org/10.1371/journal.pone.0308137
https://doi.org/10.1016/j.ijpsycho.2023.112295
https://doi.org/10.1016/j.ijpsycho.2023.112295
https://doi.org/10.3389/fnins.2021.781322
https://doi.org/10.1007/s11065-021-09502-7
https://doi.org/10.1007/s00415-021-10465-1
https://doi.org/10.1016/j.ijpsycho.2022.07.003
https://doi.org/10.1016/j.biopsycho.2019.107806
https://doi.org/10.1017/S1092852924000257
https://doi.org/10.1016/j.jad.2024.05.155
https://doi.org/10.3389/fpsyt.2022.1027141
https://doi.org/10.1080/07420528.2020.1835942
https://doi.org/10.1016/j.biopsych.2022.11.003
https://doi.org/10.3390/brainsci14090850
https://doi.org/10.1016/j.micres.2022.127292
https://doi.org/10.1038/s41380-018-0096-3
https://doi.org/10.1192/bjp.2018.66
https://doi.org/10.1017/S0033291719001454
https://doi.org/10.1016/j.jad.2023.01.114
https://doi.org/10.1016/j.jad.2023.01.114
https://doi.org/10.1016/S1474-4422(18)30450-2
https://doi.org/10.1016/S1474-4422(18)30450-2
https://doi.org/10.1038/s41380-019-0474-5
https://doi.org/10.1038/s41380-020-00867-4
https://doi.org/10.1038/s41380-020-00867-4
https://doi.org/10.1016/j.bbi.2020.07.022
https://doi.org/10.1097/00004691-199401000-00014
https://doi.org/10.1016/0006-3223(91)90108-x
https://doi.org/10.1016/0006-3223(91)90108-x
https://doi.org/10.1016/j.euroneuro.2015.07.022
https://doi.org/10.1016/j.euroneuro.2015.07.022
https://doi.org/10.1016/j.schres.2024.07.027
https://doi.org/10.1016/j.schres.2024.07.027
https://doi.org/10.1007/s10072-022-06348-6
https://doi.org/10.3389/fpsyt.2025.1574864
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Fang et al.

46. Karaaslan F, Gonul AS, Oguz A, Erdinc E, Esel E. P300 changes in major
depressive disorders with and without psychotic features. J Affect Disord. (2003)
73:283-87. doi: 10.1016/s0165-0327(01)00477-3

47. Zhang Y, Ren R, Yang L, Zhang H, Shi Y, Vitiello MV, et al. Patterns of
polysomnography parameters in 27 neuropsychiatric diseases: an umbrella review -
corrigendum. Psychol Med. (2024) 54:435. doi: 10.1017/S0033291723003562

48. Qin S, Leong R, Ong JL, Chee M. Associations between objectively measured
sleep parameters and cognition in healthy older adults: a meta-analysis. Sleep Med Rev.
(2023) 67:101734. doi: 10.1016/j.smrv.2022.101734

49. Morgenthaler TI, Deriy L, Heald JL, Thomas SM. The evolution of the aasm
clinical practice guidelines: another step forward. J Clin Sleep Med. (2016) 12:129-35.
doi: 10.5664/jcsm.5412

50. Sateia MJ. International classification of sleep disorders-third edition: highlights
and modifications. Chest. (2014) 146:1387-94. doi: 10.1378/chest.14-0970

51. Zimmerman M, Martinez JH, Young D, Chelminski I, Dalrymple K. Severity
classification on the hamilton depression rating scale. J Affect Disord. (2013) 150:384-
88. doi: 10.1016/j.jad.2013.04.028

52. Maier W, Buller R, Philipp M, Heuser I. The hamilton anxiety scale: reliability,
validity and sensitivity to change in anxiety and depressive disorders. ] Affect Disord.
(1988) 14:61-8. doi: 10.1016/0165-0327(88)90072-9

53. Lopes MC, Boarati MA, Fu-I L. Sleep and daytime complaints during manic and
depressive episodes in children and adolescents with bipolar disorder. Front Psychiatry.
(2019) 10:1021. doi: 10.3389/fpsyt.2019.01021

54. Guan Q, Hu X, Ma N, He H, Duan F, Li X, et al. Sleep quality, depression, and
cognitive function in non-demented older adults. J Alzheimers Dis. (2020) 76:1637-50.
doi: 10.3233/JAD-190990

55. DiFrancesco S, Lamers F, Riese H, Merikangas KR, Beekman A, van Hemert
AM, et al. Sleep, circadian rhythm, and physical activity patterns in depressive and
anxiety disorders: a 2-week ambulatory assessment study. Depress Anxiety. (2019)
36:975-86. doi: 10.1002/da.22949

56. Slyepchenko A, Allega OR, Leng X, Minuzzi L, Eltayebani MM, Skelly M, et al.
Association of functioning and quality of life with objective and subjective measures of
sleep and biological rhythms in major depressive and bipolar disorder. Aust N Z |
Psychiatry. (2019) 53:683-96. doi: 10.1177/0004867419829228

57. Li Y, Zhao W, Li X, Guan L, Zhang Y, Yu J, et al. Abnormal amplitude of low-
frequency fluctuations associated with sleep efficiency in major depressive disorder. J
Psychiatr Res. (2024) 173:41-7. doi: 10.1016/j.jpsychires.2024.02.048

58. Wang Y, Li C, Liu X, Peng D, Wu Y, Fang Y. P300 event-related potentials in
patients with different subtypes of depressive disorders. Front Psychiatry. (2022)
13:1021365. doi: 10.3389/fpsyt.2022.1021365

59. FuY, Wang ZT, Qu Y, Wang XT, Ma YH, Bi YL, et al. Sleep characteristics and
cognitive function in older adults without dementia: the cable study. J Alzheimers Dis.
(2021) 84:1029-38. doi: 10.3233/JAD-215017

60. Helfrich RF, Knight RT. Cognitive neurophysiology: event-related potentials.
Handb Clin Neurol. (2019) 160:543-58. doi: 10.1016/B978-0-444-64032-1.00036-9

61. Baranwal N, Yu PK, Siegel NS. Sleep physiology, pathophysiology, and sleep
hygiene. Prog Cardiovasc Dis. (2023) 77:59-69. doi: 10.1016/j.pcad.2023.02.005

62. Mason GM, Lokhandwala S, Riggins T, Spencer R. Sleep and human cognitive
development. Sleep Med Rev. (2021) 57:101472. doi: 10.1016/j.smrv.2021.101472

63. Skourti E, Simos P, Zampetakis A, Koutentaki E, Zaganas I, Alexopoulou C, et al.
Long-term associations between objective sleep quality and quantity and verbal
memory performance in normal cognition and mild cognitive impairment. Front
Neurosci. (2023) 17:1265016. doi: 10.3389/fnins.2023.1265016

Frontiers in Psychiatry

11

10.3389/fpsyt.2025.1574864

64. Cao P, Chen C, Liu A, Shan Q, Zhu X, Jia C, et al. Early-life inflammation
promotes depressive symptoms in adolescence via microglial engulfment of dendritic
spines. Neuron. (2021) 109:2573-89. doi: 10.1016/j.neuron.2021.06.012

65. Ye M, Ji F, Huang C, Li F, Zhang C, Zhang Y, et al. A novel probiotic formula,
blll, ameliorates chronic stress-induced depression-like behaviors in mice by reducing
neuroinflammation and increasing neurotrophic factors. Front Pharmacol. (2024)
15:1398292. doi: 10.3389/fphar.2024.1398292

66. Irwin MR, Olmstead R, Carroll JE. Sleep disturbance, sleep duration, and
inflammation: a systematic review and meta-analysis of cohort studies and experimental
sleep deprivation. Biol Psychiatry. (2016) 80:40-52. doi: 10.1016/j.biopsych.2015.05.014

67. Song S, DeMeo NN, Almeida DM, Majd M, Engeland CG, Graham-Engeland JE.
The longitudinal connection between depressive symptoms and inflammation:
mediation by sleep quality. PloS One. (2022) 17:€269033. doi: 10.1371/
journal.pone.0269033

68. Nusslock R, Alloy LB, Brody GH, Miller GE. Annual research review:
neuroimmune network model of depression: a developmental perspective. J Child
Psychol Psychiatry. (2024) 65:538-67. doi: 10.1111/jcpp.13961

69. Moriarity DP, Horn SR, Kautz MM, Haslbeck J, Alloy LB. How handling
extreme c-reactive protein (crp) values and regularization influences crp and
depression criteria associations in network analyses. Brain Behav Immun. (2021)
91:393-403. doi: 10.1016/j.bbi.2020.10.020

70. Livingston WS, Rusch HL, Nersesian PV, Baxter T, Mysliwiec V, Gill JM.
Improved sleep in military personnel is associated with changes in the expression of
inflammatory genes and improvement in depression symptoms. Front Psychiatry.
(2015) 6:59. doi: 10.3389/fpsyt.2015.00059

71. Hu M, Shu X, Feng H, Xiao LD. Sleep, inflammation and cognitive function in
middle-aged and older adults: a population-based study. J Affect Disord. (2021)
284:120-25. doi: 10.1016/j.jad.2021.02.013

72. Humer E, Pieh C, Brandmayr G. Metabolomics in sleep, insomnia and sleep
apnea. Int ] Mol Sci. (2020) 21(19):7244. doi: 10.3390/ijms21197244

73. Thompson C, Legault J, Moullec G, Martineau-Dussault ME, Baltzan M, Cross
N, et al. Association between risk of obstructive sleep apnea, inflammation and
cognition after 45 years old in the canadian longitudinal study on aging. Sleep Med.
(2022) 91:21-30. doi: 10.1016/j.sleep.2022.02.006

74. Xue Z, Zhu X, Wu W, Zhu Y, Xu Y, Yu M. Synapse-related serum and p300
biomarkers predict the occurrence of mild cognitive impairment in depression.
Neuropsychiatr Dis Treat. (2024) 20:493-503. doi: 10.2147/NDT.5448312

75. Baril AA, Beiser AS, Redline S, McGrath ER, Aparicio HJ, Gottlieb DJ, et al.
Systemic inflammation as a moderator between sleep and incident dementia. Sleep.
(2021) 44(2):zsaal64. doi: 10.1093/sleep/zsaal 64

76. Jin RR, Cheung CN, Wong C, Lo C, Lee C, Tsang HW, et al. Sleep quality
mediates the relationship between systemic inflammation and neurocognitive
performance. Brain Behav Immun Health. (2023) 30:100634. doi: 10.1016/
j.bbih.2023.100634

77. Cokic VP, Mitrovic-Ajtic O, Beleslin-Cokic BB, Markovic D, Buac M, Diklic M,
et al. Proinflammatory cytokine il-6 and jak-stat signaling pathway in
myeloproliferative neoplasms. Mediators Inflammation. (2015) 2015:453020.
doi: 10.1155/2015/453020

78. Wu M, Zhang X, Feng S, Freda SN, Kumari P, Dumrongprechachan V, et al.
Dopamine pathways mediating affective state transitions after sleep loss. Neuron.
(2024) 112:141-54. doi: 10.1016/j.neuron.2023.10.002

79. Liu ], Chen Q. Sequential link in depression, sleep and cognition: longitudinal
evidence from a serial multiple mediation analysis of older adults in China. Arch
Gerontol Geriatr. (2024) 117:105249. doi: 10.1016/j.archger.2023.105249

frontiersin.org


https://doi.org/10.1016/s0165-0327(01)00477-3
https://doi.org/10.1017/S0033291723003562
https://doi.org/10.1016/j.smrv.2022.101734
https://doi.org/10.5664/jcsm.5412
https://doi.org/10.1378/chest.14-0970
https://doi.org/10.1016/j.jad.2013.04.028
https://doi.org/10.1016/0165-0327(88)90072-9
https://doi.org/10.3389/fpsyt.2019.01021
https://doi.org/10.3233/JAD-190990
https://doi.org/10.1002/da.22949
https://doi.org/10.1177/0004867419829228
https://doi.org/10.1016/j.jpsychires.2024.02.048
https://doi.org/10.3389/fpsyt.2022.1021365
https://doi.org/10.3233/JAD-215017
https://doi.org/10.1016/B978-0-444-64032-1.00036-9
https://doi.org/10.1016/j.pcad.2023.02.005
https://doi.org/10.1016/j.smrv.2021.101472
https://doi.org/10.3389/fnins.2023.1265016
https://doi.org/10.1016/j.neuron.2021.06.012
https://doi.org/10.3389/fphar.2024.1398292
https://doi.org/10.1016/j.biopsych.2015.05.014
https://doi.org/10.1371/journal.pone.0269033
https://doi.org/10.1371/journal.pone.0269033
https://doi.org/10.1111/jcpp.13961
https://doi.org/10.1016/j.bbi.2020.10.020
https://doi.org/10.3389/fpsyt.2015.00059
https://doi.org/10.1016/j.jad.2021.02.013
https://doi.org/10.3390/ijms21197244
https://doi.org/10.1016/j.sleep.2022.02.006
https://doi.org/10.2147/NDT.S448312
https://doi.org/10.1093/sleep/zsaa164
https://doi.org/10.1016/j.bbih.2023.100634
https://doi.org/10.1016/j.bbih.2023.100634
https://doi.org/10.1155/2015/453020
https://doi.org/10.1016/j.neuron.2023.10.002
https://doi.org/10.1016/j.archger.2023.105249
https://doi.org/10.3389/fpsyt.2025.1574864
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Sleep efficiency and event&minus;related potentials in patients with depression: the mediating role of serum C-reactive protein
	Introduction
	Materials and methods
	Inclusion criteria
	Event-related potential
	Polysomnography examination
	C-reactive protein
	Scale assessment
	Sensitivity analysis

	Results
	Demographic, clinical, and polysomnography characteristics
	Comparison of indicators related to event-related potential
	Direct association of SE with ERP latency
	Analysis of the correlation between SE, LnCRP, and LnCRP and ERP latency
	Correlation analysis of the latency period between CRP and ERP in various sleep efficiency groups
	Mediation by C-reactive protein

	Discussion
	Strengths and limitations

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




