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Abstract
Background  Breast cancer (BC) survivors frequently endure psychological distress following chemotherapy, with 
subjective memory decline being a prevalent aspect of chemotherapy-related cognitive impairment (CRCI). This study 
aimed to assess the influence of psychological distress on subjective memory decline in BC survivors with CRCI and 
investigate potential underlying mechanisms.

Methods  A total of 104 BC survivors who had completed chemotherapy were categorized based on the distress 
thermometer (DT) score into a no-psychological distress group (NPD group, n = 51) and a psychological distress group 
(PD group, n = 53). The groups were compared using the Mini-Mental State Examination (MMSE), the Prospective 
and Retrospective Memory (PM and RM) Questionnaire (PRMQ), cytokine levels (of interleukin-1β [IL-1β], tumor 
necrosis factor-alpha [TNF-α], and IL-4), and inflammatory markers (neutrophil-to- lymphocyte ratio [NLR], platelet-
to-lymphocyte ratio [PLR], monocyte count-to-lymphocyte ratio [MLR], granulocyte-to-lymphocyte ratio [GLR], and 
systemic immune-inflammation index [SII]). Mediation analysis was performed to explore whether cytokine and 
inflammatory marker levels mediate the effect of psychological distress on subjective memory function complaints.

Results  The NPD group performed significantly better in the PD group both RM (z = -3.370, p = 0.001) and PM (z 
= -1.967, p = 0.049). The IL-1β levels were substantially higher in the PD group than in the NPD group (z = -2.920, 
p = 0.004). Similarly, NLR (z = -2.585, p = 0.010), GLR (z = -2.858, p = 0.004), and SII (z = -2.747, p = 0.006) were higher 
in the PD group. Mediation analysis revealed that IL-1β partially mediated the relationship between DT and RM 
(β = 0.019, p = 0.007), while SII fully mediated the relationship between DT and PM (β = 0.003, p = 0.017).
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Introduction
Breast cancer (BC) is the most prevalent cancer among 
women worldwide [1], representing a significant public 
health challenge. Advances in personalized and diversi-
fied treatment strategies have significantly improved sur-
vival rates, with the 5-year survival rate for patients with 
BC in China reaching 85% [2]. Chemotherapy remains a 
cornerstone of BC treatment [3], and is critical in adju-
vant and palliative care. However, the cognitive side 
effects of chemotherapy, collectively termed chemother-
apy-related cognitive impairment (CRCI), have garnered 
increasing attention for their potential impact on the 
long-term quality of life (QOL) of BC survivors. CRCI 
can persist for years after chemotherapy [4] and affects 
up to 75% of patients with BC [5]. This condition may 
manifest during or immediately after chemotherapy or as 
delayed episodes [6], with symptoms primarily involving 
impairments in learning, memory, processing speed, and 
executive function [7, 8]. The onset of CRCI can signifi-
cantly diminish QOL and poses a long-term challenge for 
survivors [9], highlighting the need for effective strategies 
to address this issue.

The diagnosis of BC, the challenges of anti-tumor 
treatment, post-surgical changes in body image, and the 
fear of recurrence are profoundly stressful events that 
can lead to varying degrees of psychological distress in 
patients with BC. Chronic exposure to such stressors 
impacts cognitive functioning negatively [10]. Recent 
research has highlighted that cancer-induced post-trau-
matic stress can impair cognition in patients with BC 
[11], with anxiety and mood disorders further exacerbat-
ing cognitive impairment [12]. Those newly diagnosed 
with BC frequently report higher levels of psychological 
distress and poorer memory performance compared to 
the general population [13]. Furthermore, the complex 
interplay of negative emotions and psychological distress 
contributes to a dynamic and multifaceted phenomenon, 
where these factors mutually reinforce each other, lead-
ing to the worsening and persistence of cognitive prob-
lems [14]. A deeper understanding of the psychological 
distress experienced by BC survivors and its impact on 
subjective memory function complaints provides valu-
able insights for improving CRCI in this population.

Inflammation is considered a key mechanism in the 
development of cognitive impairment in patients with 
cancer [15]. Chronic stress resulting from adverse emo-
tional states can trigger a sustained increase in circulating 

pro-inflammatory factors (such as interleukin-6 [IL-6], 
IL-1β, and C-reactive protein [CRP]). Prolonged eleva-
tion of these factors contributes to chronic inflamma-
tion, a condition linked to a poorer prognosis [16]. The 
relationship between psychological distress and inflam-
matory markers, including alterations in white blood cell 
counts, CRP, and cytokine levels, has been established 
[17]. However, the specific relationship between psycho-
logical distress and cognitive function in patients with 
BC remains underexplored, and the role of inflammation 
in this context is less well understood. Investigating the 
mechanisms by which psychological distress associated 
with cognitive functioning is crucial for designing effec-
tive interventions to mitigate CRCI in patients with BC.

In summary, the causes and underlying mechanisms 
of cognitive impairment in BC survivors remain incom-
pletely understood. While current research predomi-
nantly emphasizes the physiological aspects of CRCI, 
psychological factors have received comparatively less 
attention. The aim of the present study was to inves-
tigate whether levels of inflammation are a potential 
mechanism linking psychological distress to subjective 
cognitive functioning complaints in BC survivors’. It was 
hypothesized that patients with concomitant psychologi-
cal distress would have altered levels of inflammation and 
be associated with poorer cognitive functioning. These 
exploratory findings were expected to provide a hopeful 
outlook for early psychological interventions and strate-
gies to improve the mental health of BC survivors.

Methods
Participants and sample size
This study included 104 female BC survivors with early/
mid-stage BC who underwent treatment between August 
2018 and March 2021 at the Department of Oncology, 
the Second Affiliated Hospital of Anhui Medical Uni-
versity. Clinical data were analyzed from the hospital’s 
electronic medical record system. The inclusion crite-
ria for this study were as follows: (1) patients diagnosed 
with BC who had undergone 4–6 cycles of paclitaxel- 
and anthracycline-based chemotherapy, were between 
4 and 8 weeks post-treatment, and did not experience 
intolerable side effects; (2) adequate bone marrow and 
organ function, defined as neutrophils ≥ 2.0 × 109/L, 
platelets ≥ 100 × 109/L, hemoglobin ≥ 90  g/L; (3) a mini-
mum education level of elementary school, enabling 
independent questionnaire completion; (4) a Karnofsky 
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Performance Status (KPS) score of ≥ 80. Exclusion crite-
ria were: (1) the presence of severe comorbidities, such as 
serious infections or autoimmune diseases; (2) a history 
of psychiatric or neurodegenerative conditions, includ-
ing depression, schizophrenia, dementia, or Alzheim-
er’s disease (AD); (3) advanced malignancy or distant 
metastasis.

This cross-sectional study was designed to examine 
the associations between psychological distress, inflam-
mation levels, and subjective memory functioning in BC 
survivors. Based on previous studies [18], the expected 
standard deviations were 4.4914 (retrospective memory, 
RM) and 5.2401 (prospective memory, PM), with a two-
sided test, α = 0.05, and allowable errors of 1.2 (RM) and 
1.3 (PM). Using the formula n=(Zα

2*σ2)/δ2, the required 
sample sizes were calculated as 54 (RM) and 63 (PM). 
Accounting for a 5% invalid response rate, at least 67 
cases were needed. Ultimately, 104 cases of BC survivors 
were included, as illustrated in Fig. 1.

Assessment methods
Cognitive functioning
Cognitive functioning was evaluated using the Mini-
Mental Status Examination (MMSE) [19], a widely rec-
ognized cognitive screening tool that provides a rapid, 
comprehensive assessment of intellectual status and cog-
nitive impairment. The Chinese version of the MMSE 
has demonstrated validity for application within Chinese 
populations [20]. The test has a maximum score of 30, 
with those ≤ 26 indicating cognitive impairment; lower 
scores denote more severe impairment.

Psychological distress
Psychological distress was assessed using the Distress 
Thermometer (DT) as recommended by the National 
Comprehensive Cancer Network (NCCN) Distress Man-
agement Panel and previous studies [21]. The Chinese 
adaptation of the DT has been validated for use in Chi-
nese populations [22]. Participants self-reported their 
psychological distress over the past week (including the 
current day) on a scale from 0 to 10, where higher scores 
reflect more significant distress. Scores ≥ 5 were classified 
as indicative of psychological distress [23]. Based on this 
threshold, patients were subsequently categorized into 
psychological distress (PD) and no-psychological distress 
(NPD) groups.

Memory assessment
Memory impairment was evaluated using the Prospective 
and Retrospective Memory Questionnaire (PRMQ) [24]. 
The PRMQ comprises 16 self-reported items, equally 
divided to assess PM and RM impairments. Higher 
scores reflect more significant memory impairment. The 
Chinese version of the PRMQ has been validated for use 
in Chinese populations [25].

Cytokine and inflammatory indicator collection and 
analysis
Hematologic specimens were collected within 24  h 
after participants completed the questionnaire assess-
ments. Two milliliters of venous blood were drawn into 
ethylenediaminetetraacetic acid (EDTA) tubes and 
cryopreserved. Cytokine levels, including IL-1β, tumor 
necrosis factor-alpha (TNF-α), and IL-4, were measured 

Fig. 1  Flowchart of study design
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via enzyme-linked immunosorbent assay (ELISA) kits 
(ml058059, ml077385, and ml058093, respectively) 
(Shanghai Tianhao Biological Company, Shanghai, 
China), with testing conducted using a 96-well micro-
plate format. To evaluate pan-immune inflammatory 
markers, data from routine blood tests were used to cal-
culate the following indices: neutrophil-to-lymphocyte 
ratio (NLR): neutrophil count/lymphocyte count; plate-
let-to-lymphocyte ratio (PLR): platelet count/lymphocyte 
count; monocyte-to-lymphocyte ratio (MLR): monocyte 
count/lymphocyte count; granulocyte-to-lymphocyte 
ratio (GLR): granulocyte count/lymphocyte count; and 
systemic immunoinflammatory index (SII): (platelet 
count × neutrophil count)/lymphocyte count.

Statistical analysis
Data were analyzed using Statistical Package for the 
Social Sciences (SPSS) statistical software (version 27.0, 
International Business Machines Corporation, New York, 
USA). Statistical tests included:

 	• Independent samples t-test: for continuous 
variables with a normal distribution.

 	• Mann-Whitney U-Test: for continuous variables 
with a non-normal distribution.

 	• Pearson chi-square test: for categorical variables, 
including education level, KPS score, tumor stage, 
and molecular subtype.

 	• Spearman correlation analysis: to assess 
correlations between datasets.

Regression analysis was conducted to explore relation-
ships between independent variables, mediators, and 
dependent variables. Mediation effects were analyzed 
using the Process plug-in, while the bootstrap method 
estimated total, direct, and indirect effects with confi-
dence intervals. Given the limitations of mediated effects 
analyses in cross-sectional studies, the purpose of the 
current mediated effects analyses was to explore poten-
tial mechanisms of inflammation in psychological dis-
tress and memory impairment. Statistical significance 
was set at p < 0.05.

Results
Demographic characteristics and clinical information
Table 1 presents the demographic and clinical character-
istics of the patients in both groups. No significant differ-
ences were observed between the groups regarding age, 
education level, KPS score, molecular subtype, pathologi-
cal type, or clinical staging.

Cognitive functioning scale scores, cytokine levels, and 
inflammation markers
The MMSE scores were marginally higher in the NPD 
group compared to the PD group; however, the difference 
was insignificant (21.62 ± 3.05 vs. 22.59 ± 2.50, z = -1.882, 
p = 0.060).

Patients in the NPD group demonstrated significantly 
better performance in RM(18.85 ± 1.99 vs. 17.29 ± 2.41, z 
= -3.370, p = 0.001)and PM (19.94 ± 2.86 vs. 18.67 ± 2.17, z 
= -1.967, p = 0.049)compared to the PD group.

Cytokine levels were generally elevated in the PD 
group relative to the NPD group. Among these, only the 
IL-1β levels were considerably higher(67.15 ± 35.18 vs. 
56.04 ± 24.79, z = -2.920, p = 0.004). Differences in TNF-
α(65.48 ± 36.27 vs. 58.85 ± 20.58, z = -0.481, p = 0.630)and 
IL-4(41.96 ± 25.04 vs. 39.12 ± 16.25, z = -0.579, p = 0.593)
were not significant.

Immunoinflammatory indexes were significantly higher 
in the PD group, with considerable differences in NLR(z 
= -2.585, p = 0.010), GLR(z = -2.858, p = 0.004), and SII(z 
= -2.747, p = 0.006).However, PLR(z = -1.460, p = 0.144) 
and MLR(z = -0.211, p = 0.833) showed no substantial dif-
ferences. These results are summarized in Table 2.

Correlation between psychological distress, PRMQ, 
cytokines, and inflammatory markers
Psychological distress was positively correlated with RM 
(p = 0.001, r = 0.320) and PM scores on the PRMQ scale 

Table 1  Demographic characteristics and clinical information of 
BC patients in both groups
Variables PD(n = 53) NPD(n = 51) t/χ2 p
Age(years) 51.00 ± 8.06 50.94 ± 6.78 0.04 0.968
Education level,n(%) 1.005 0.605
  Primary school 16(30.19) 11(21.57)
  Junior high school 24(45.28) 26(50.98)
  University and above 13(24.53) 14(27.45)
KPS scores n(%) 0.104 0.747
  80 15(28.30) 13(25.49)
  90 38(71.70) 38(74.51)
Molecular typing n(%) 3.375 0.292
  Luminal A 4(7.55) 2(3.92)
  Luminal B 36(67.92) 28(54.90)
  Her-2 overexpression 9(16.98) 16(31.37)
  Triple-negative 4(7.55) 5(9.81)
Pathological type n(%) 0.305 0.581
  Non-invasive carcinoma 2(3.77) 1(1.96)
  Invasive carcinoma no 
special type

51(96.23) 50(98.04)

  Invasive carcinoma 
special type

0(0.00) 0(0.00)

Tumor stage n(%) 1.491 0.475
  I 8(15.09) 4(7.84)
  II 25(47.17) 28(54.90)
  III 20(37.74) 19(37.26)
Abbreviations NPD, non-psychological distress; PD, psychological distress; KPS, 
Karnofsky Performance Status
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(p = 0.045, r = 0.197) (Fig.  2). Among cytokines, psycho-
logical distress showed positive correlation with IL-1β 
(p < 0.001, r = 0.378) (Fig.  3). For systemic inflammatory 
markers, significant positive correlations were observed 
between psychological distress and NLR (p = 0.0021, 
r = 0.301), PLR (p = 0.024, r = 0.221), GLR (p = 0.001, 
r = 0.323), and SII (p = 0.001, r = 0.317) (Fig. 4).

Analysis of mediation effects
As shown in Table 3, DT is correlated with RM (β = 0.663, 
p < 0.001) and PM (β = 0.506, p < 0.001); RM and PM were 
not highly correlated variables (p = 0.297). Therefore, 
we will discuss the effects of variables in DT and cyto-
kines/inflammatory response markers on PM/RM sepa-
rately. The results, as shown in Table 4, showed that the 
independent variable DT had a significant effect on the 
mediating variables IL-1β (β = 6.642, p = 0.007), TNF-α 
(β = 4.868, p = 0.042), NLR (β = 0.295, p < 0.001), PLR 
(β = 12.650, p = 0.010), GLR (β = 0.319, p < 0.001) and 
SII (β = 70.286, p = 0.001) had a significant effect. Fur-
ther results after regression analysis with simultaneous 
inclusion of the independent variable DT and significant 
mediator variables are shown in Table 5, the independent 
variable DT and IL-1β were able to positively and signifi-
cantly predict RM simultaneously (β = 0.019, p = 0.007), 
and the independent variables DT and SII had an effect 
on PM (β = 0.003, p = 0.017). Bootstrap program was 
used to calculate the mediating effect as a percentage of 
the total effect. The results are shown in Tables 6 and 7; 
Fig.  5, mediation analysis revealed that IL-1β partially 
mediated the relationship between DT and RM(effect 
value = 0.128, 95% CI [0.021 to 0.256]). Conversely, the 
SII fully mediated the relationship between DT and PM 
(effect value = 0.117, 95% CI [-0.007 to 0.116]).

Discussion
The interplay between psychological distress, cognitive 
function, and chronic inflammation in BC survivors has 
garnered significant attention in recent years. Our find-
ings indicate that BC survivors experience varying levels 
of psychological distress post-chemotherapy, with those 
exhibiting distress demonstrating more subjective mem-
ory complain. Furthermore, inflammation appears to be 
a potential factor linking psychological distress and sub-
jective memory complain. Specifically, IL-1β may medi-
ate the effects of psychological distress on RM function, 
whereas SII may mediate the effects of psychological dis-
tress on PM function.

CRCI may arise from diverse biological mechanisms, 
including blood-brain barrier disruption, systemic 
inflammation, accelerated cellular senescence, and neu-
ronal stem cell dysfunction [26]. Chronic inflammation 
significantly contributes to cognitive decline [27, 28]. 
Elevated systemic inflammatory markers and peripheral 

Table 2  Results of cognitive function scale scores, cytokines, and 
inflammatory indicators in two groups of BC patients
Variables PD(n = 53) NPD(n = 51) z# p
Cognitive Scale Scores
MMSE 21.62 ± 3.05 22.59 ± 2.50 -1.882 0.060
RM 18.85 ± 1.99 17.29 ± 2.41 -3.370 0.001
PM 19.94 ± 2.86 18.67 ± 3.17 -1.967 0.049
Cytokines Levels (pg/ml)
IL-1β 67.15 ± 35.18 56.04 ± 24.79 -2.920 0.004
TNF-α 65.48 ± 36.27 58.85 ± 20.58 -0.481 0.630
IL-4 41.96 ± 25.04 39.12 ± 16.25 -0.579 0.593
Markers of Systemic Inflammation Levels
NLR 2.91 ± 1.16 2.41 ± 1.01 -2.585 0.010
PLR 165.75 ± 67.94 143.49 ± 51.67 -1.460 0.144
MLR 0.33 ± 0.15 0.32 ± 0.13 -0.211 0.833
GLR 3.07 ± 1.17 2.51 ± 1.02 -2.858 0.004
SII 591.77 ± 264.68 473.91 ± 273.88 -2.747 0.006
Abbreviations: NPD, non-psychological distress; PD, psychological distress; 
MMSE, Mini‐Mental State Examination; RM, retrospective memory; PM, 
prospective memory; IL‐1β, interleukin‐1 beta; TNF‐α, tumor necrosis 
factor‐alpha; IL-4, interleukin‐4; NLR, neutrophil-to-lymphocyte ratio; PLR, 
platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; GLR, 
granulocyte-to-lymphocyte ratio; SII, systemic immune-inflammation index
#Mann–Whitney U test

Fig. 3  Correlation of DT scale scores with IL-1β

 

Fig. 2  Correlation of DT scale scores with PRMQ scale scores
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immune senescence can disrupt neuronal immune activ-
ity and reactivity. In patients with cancer, chemotherapy 
induces cellular damage and division, resulting in height-
ened inflammation, particularly pro-inflammatory cyto-
kines, during and after treatment [29]. Evidence suggests 
that inflammation levels, including indices such as GLR 
and SII, can remain elevated for up to 20 years post-
treatment and correlate with impaired cognitive perfor-
mance [30]. Patients with BC undergoing chemotherapy 
also report increased psychological distress, includ-
ing depression [31], which may act as a chronic stressor 
exacerbating cognitive impairment. Reduced stress lev-
els are consistently associated with improved cognitive 
function in patients with cancer [32]. Chronic stress and 
adversity further alter immune cell behavior, influencing 

inflammatory signaling and immune cell activity in 
patients with BC undergoing treatment [16]. Exposure 
to repeated emotional stressors, as observed in post-
traumatic stress disorder (PTSD)-related research, has 
been associated with significant neurobiological changes. 
These include increased synapse formation and dendritic 
growth in the basolateral amygdala, dendritic retraction 
in the hippocampus, and the emergence of anxiety-like 
behaviors in response to specific stimuli [10]. These find-
ings suggest potential neural mechanisms underlying 
cognitive impairment associated with psychological dis-
tress. Similarly, our findings suggest that BC survivors 
with concomitant psychological distress may exhibit 
subjective cognitive functioning complaints. How-
ever, we did not find significant differences in general 

Table 3  DT linkage to RM/PM
Regression equation Model Fit Indicators Significance of regression coefficients
Outcome Variables Predictor variables R2 F β Standardized β t p
RM Constant 0.112 13.929*** 14.965 17.326 < 0.001

DT 0.663 0.347 3.732 < 0.001
PM Constant 0.031 4.292* 16.936 14.264 < 0.001

DT 0.506 0.201 2.072 0.041
*:p < 0.05; **:p < 0.01; ***:p < 0.001

Fig. 4  Correlation of DT scale scores with NLR, PLR, GLR, and SII
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cognitive functioning between the two groups (MMSE 
scale results), and we considered that it might be related 
to the lack of sensitivity of the MMSE in mild cognitive 
impairment.

Psychological distress and its manifestations of stress 
and depression are widely associated with elevated levels 
of pro-inflammatory cytokines across various popula-
tions, including patients with BC [18, 33]. The biological 
mechanisms underlying this phenomenon could involve 
dysregulation of the hypothalamic-pituitary-adrenal 
(HPA) axis and imbalance in the sympathetic-parasym-
pathetic nervous systems. Such disruptions can alter 
catecholamines and cortisol secretion, promoting the 
release of pro-inflammatory mediators [34]. Among 
these, IL-1β is a crucial cytokine implicated in immune-
mediated inflammatory diseases. The central nervous 
system (CNS) is particularly vulnerable to dysregu-
lated cytokine networks, which can amplify inflamma-
tory cascades by inducing further cytokine production 
in CNS-resident cells [35]. This inflammatory environ-
ment may compromise dopaminergic neuronal integ-
rity and associated behaviors [36]. Elevated IL-1β levels 
have also been observed in Alzheimer’s disease (AD), 
suggesting its involvement in the disease’s early patho-
genesis and progression [37, 38]. Animal models further 
corroborate the detrimental effects of IL-1β on synaptic 
structure and function, leading to memory deficits [39]. 
The PTSD studies similarly link psychological distress 
with increased inflammatory markers, including cyto-
kines, and hypothesize that distress may serve as a bio-
logical pathway influencing chronic disease development 
[34]. Consistent with these findings, our study observed 

elevated IL-1βin patients with high psychological dis-
tress, which may partially explain its impact on RM.

Inflammation and immune dysfunction are critical 
contributors to AD-associated dementia. A study exam-
ining peripheral blood cell changes in patients with AD 
reported elevated NLRs and leukocyte counts compared 
to healthy controls, alongside reduced lymphocyte levels 
[40]. NLR has been proposed as a diagnostic biomarker 
for AD due to its sensitivity and specificity [41]. The SII 
is an emerging biomarker derived from neutrophil, lym-
phocyte, and platelet counts, offering a comprehensive 
measure of inflammatory and immune system activity. 
Unlike some markers affected by fluid imbalances [42], 
SII provided a stable representation of inflammatory 
pathways [43]. Recent research has linked elevated SII 
levels to cognitive impairment [44, 45]. This connection 
is attributed to leukocyte-mediated endothelial dysfunc-
tion, thrombosis, and the generation of superoxide radi-
cals. Experimental studies have further supported this 
link, demonstrating that neutrophil depletion improves 
cerebral blood flow and enhances cognitive performance 
in mice [46]. Beyond molecular mechanisms, neuroim-
aging studies have explored the relationship between SII 
and cognitive impairment. For instance, investigations of 
coronavirus disease 2019 (COVID-19) survivors revealed 
that SII reflects systemic inflammation, and is associated 
with depression, PTSD, and microstructural alterations 
in white matter observed via magnetic resonance imag-
ing (MRI) [47]. Similarly, research on cerebral small ves-
sel disease found correlations between high SII levels and 
basal ganglia perivascular space enlargement [48]. The 
structural and functional brain changes secondary to ele-
vated SII are hypothesized to impact cognitive function. 

Table 4  Effect of cytokine/inflammatory markers on mediating variables
Regression equation Model Fit Indicators Significance of regression coefficients
Outcome Variables Predictor variables R2 F β Standardized β t p
IL-1β Constant 0.060 7.540** 30.410 2.584 0.011

DT 6.642 0.262 2.746 0.007
TNF-α Constant 0.031 4.254* 39.294 3.422 < 0.001

DT 4.868 0.200 2.063 0.042
IL-4 Constant 0.008 1.873 29.605 3.580 < 0.001

DT 2.326 0.134 1.369 0.174
NLR Constant 0.096 11.947*** 1.275 3.068 0.003

DT 0.295 0.324 3.456 < 0.001
PLR Constant 0.054 6.917* 95.235 4.070 < 0.001

DT 12.650 0.252 2.630 0.010
MLR Constant 0.010 2.047 0.249 4.533 < 0.001

DT 0.016 0.140 1.431 0.156
GLR Constant 0.110 13.698*** 1.293 3.082 0.003

DT 0.319 0.344 3.701 < 0.001
SII Constant 0.089 11.034** 202.327 1.965 0.052

DT 70.286 0.312 3.322 0.001
*:p < 0.05; **:p < 0.01; ***:p < 0.001
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In this study, high psychological distress was associated 
with elevated SII levels. The results of the mediation 
effect analysis suggest that the PD-induced increase in SII 
levels may be associated with PM impairment.

CRCI is influenced by various factors, including psy-
chological distress and inflammation [14], which may 
jointly contribute to its onset and persistence [49]. Emo-
tional distress can disrupt neural signaling via neuroin-
flammatory pathways and dysregulation of the HPA axis, 
potentially impairing neuroplasticity and cognitive func-
tion [50]. Similarly, cognitive impairment can exacerbate 
emotional distress, fatigue, and sleep disturbances, creat-
ing a vicious cycle [26]. In this study, BC survivors with 
psychological distress had higher levels of inflammation 
(including systemic markers of inflammation and cyto-
kines) as well as poorer subjective memory function. The 
findings suggest that psychological distress significantly 
impacts memory performance, potentially mediated 
through inflammation. In addition, the vagus nerve also 
has great potential to modulate neuronal function and 
neuroinflammation, as well as having anti-inflammatory 
effects in the periphery, specifically by acting on tis-
sue macrophages [51]. Vagus nerve activation improves 
cognitive responses and reduces systemic and brain 
inflammation induced by lipopolysaccharide endotox-
emia [52]. Stimulation of the vagus nerve is even one of 
the potential therapies for early Alzheimer’s disease [53].
Heart rate variability (HRV) is one of the objective and 
noninvasive measures to regulate the autonomic nervous 
system. Reduced HRV reflects vagal nervous system dys-
function and is associated with cognitive and affective 
dysregulation [54]. Previous studies have indicated that 
HRV can be used as one of the markers of psychologi-
cal distress and recovery in cancer patients in the context 
of orthostatic interventions [55]. Our team’s study based 
on non-small cell lung cancer (NSCLC) has also found 
that CALM intervention has a positive impact on overall 
physical and mental health, reduction of fatigue, quality 
of life, and autonomic dysfunction in NSCLC patients, 
and that HRV can be used as an observable indicator of 
physical and mental health [56]. Therefore, future studies 
need to focus more on the HPA axis and the role of vagal 
excitation and its cognitive impairment.

Improvements in CRCI are mainly categorised into 
pharmacological and non-pharmacological interventions, 
such as psychological interventions, exercise, etc. Due to 
the limited effect of medications [57], there is currently 
more focus on non-pharmacological interventions. CRCI 
is multifactorial and patients often experience high lev-
els of fatigue, pain, anxiety and depression and are most 
likely to benefit from holistic approaches that include 

Table 5  Significance of regression coefficients for RM/PM
Predictor variable: RM Significance of regression coefficients

β Standardized β t p
Constant 14.380 16.631 < 0.001
DT 0.535 0.280 2.997 0.003
IL-1β 0.019 0.255 2.729 0.007
Constant 14.431 16.010 < 0.001
DT 0.596 0.312 3.330 0.001
TNF-α 0.014 0.173 1.846 0.068
Constant 15.005 16.542 < 0.001
DT 0.672 0.351 3.563 0.001
NLR − 0.031 − 0.015 − 0.152 0.880
Constant 14.746 15.788 < 0.001
DT 0.633 0.331 3.443 0.001
PLR 0.002 0.060 0.628 0.532
Constant 15.023 16.559 < 0.001
DT 0.677 0.354 3.564 0.001
GLR − 0.045 − 0.022 − 0.220 0.826
Constant 14.798 16.816 < 0.001
DT 0.604 0.316 3.234 0.002
SII 0.001 0.097 0.995 0.322
Predictor variable: PM Significance of regression coefficients

β Standardizedβ t p
Constant 16.424 13.525 < 0.001
DT 0.394 0.157 1.572 0.119
IL-1β 0.017 0.169 1.699 0.092
Constant 16.250 13.087 < 0.001
DT 0.421 0.167 1.705 0.091
TNF-α 0.017 0.169 1.721 0.088
Constant 16.507 13.330 < 0.001
DT 0.406 0.162 1.579 0.118
NLR 0.336 0.122 1.190 0.237
Constant 16.509 12.885 < 0.001
DT 0.449 0.178 1.778 0.078
PLR 0.004 0.089 0.890 0.376
Constant 16.561 13.346 < 0.001
DT 0.413 0.164 1.590 0.115
GLR 0.290 0.107 1.035 0.303
Constant 16.390 13.869 < 0.001
DT 0.316 0.126 1.259 0.211
SII 0.003 0.241 2.418 0.017

Table 6  Mediating effects of IL-1β in DT and RM
Effect 
value

Effect percentage 95%
LLCI

95%
ULCI

Total effect 0.663 0.310 1.015
Direct effect 0.535 80.7% 0.181 0.889
Indirect effects of 
IL-1β

0.128 19.3% 0.021 0.256

Table 7  Mediating effects of SII in DT and PM
Effect value Effect percentage 95%

LLCI
95%
ULCI

Total effect 0.505 0.022 0.990
Direct effect 0.316 62.6% -0.182 0.814
Indirect effects of SII 0.189 37.4% 0.024 0.406
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cognition, physical activity, relaxation, psychoeducation, 
group support and/or psychological counselling [57]. 
Similar to our findings, psychological factors may influ-
ence cognitive complaints [58] and thus negatively affect 
breast cancer survivors. Subsequent meta-analyses and 
clinical trials have shown [59–61] that both mindfulness-
based psychological interventions and physical activity 
can help breast cancer survivors cope with fatigue, stress, 
anxiety, and depression and improve their quality of life. 
As CRCI is a multifactorial problem, an intervention that 
can simultaneously target the underlying mechanisms 
may be needed. At this point, understanding the underly-
ing mechanisms of CRCI and their possible influences is 
important for specifying effective intervention strategies 
in the future.

The results of this paper provide novel insights for 
developing interventions to address CRCI. However, the 
cross-sectional design of this study limits the ability to 
establish a temporal sequence among psychological dis-
tress, inflammation, and subjective memory function 
complaints. Future large-scale longitudinal surveys and 
intervention trials are required to clarify these relation-
ships. Psychological distress and cognitive impairment 
profoundly affect the daily lives of patients with BC and 
survivors, disrupting activities such as reading, financial 
management, and social interactions. Addressing these 
challenges, oncologists and psychologists aim to alleviate 
cognitive deficits and emotional distress in patients with 
BC following treatment to facilitate smoother reintegra-
tion into society. Based on the study findings, clinicians 
are recommended to routinely monitor inflammation 
levels during treatment and post-treatment follow-up, 
focusing on systemic inflammatory markers derived from 
routine blood results due to their accessibility and ease 
of measurement. Elevated levels of these markers should 
prompt heightened attention to potential cognitive 
impairment, and appropriate psychological interventions 
should be implemented to mitigate these effects.

Limitations: This study has several constraints. First, 
as a single-center study with a small sample size, its find-
ings may lack generalizability. Expanding the cohort and 
collaborating with additional centers in future research 
could enhance representativeness and robustness. Sec-
ond, the assessment of psychological distress was poten-
tially influenced by transient emotional states, warranting 
repeated evaluations in subsequent studies to improve 
reliability. Third, this study did not capture long-term 
dynamic changes in psychological distress, cognitive 
function, or cytokine and inflammatory marker levels, 
limiting the ability to fully elucidate the intricate inter-
actions among these variables. Moreover, the mediating 
effects analysis in this study was only used to explore the 
potential possible role of inflammation in psychologi-
cal distress and subjective memory function complaints, 
and whether inflammation is one of the key mediating 
variables in psychological distress-mediated memory 
impairment needs to be further investigated in future 
longitudinal studies. Finally, age was not analyzed as a 
covariate in this study, although it was considered that 
there was no difference in age between the two groups. 
However, considering the possible differences in altered 
inflammation levels and subjective memory function 
complaints across age strata, future statistical analyses 
should consider integrating age to ensure more rigor-
ous findings. In addition, since we enrolled BC survivors 
with a KPS ≥ 80 in general this limits our understand-
ing of psychological distress and memory functioning, 
and inflammation levels in the whole population of BCs, 
and future studies should include a broad population of 
BC survivors. Considering the subjective nature of the 
PRMQ scale, it could be assessed in the future using 
more objective psychological software tests.

Conclusion
This study evaluated the interplay between psycho-
logical distress, subjective memory complaints, cyto-
kines, and systemic inflammatory markers in BC 

Fig. 5  Mediating effects. A: Mediating effects of IL-1β in DT and RM; B: Mediating effects of SII in DT and PM
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survivors’ post-chemotherapy. Findings revealed that 
survivors experiencing psychological distress exhibited 
worse memory performance and elevated levels of IL-1β, 
NLR, GLR, and SII. Inflammation may contribute to 
subjective memory function complaints in BC survivors 
with psychological distress. These findings offer valuable 
insights into potential strategies for mitigating cognitive 
impairment in BC survivors with CRCI.

Abbreviations
BC	� Breast Cancer
CRCI	� Chemotherapy-Related Cognitive Impairment
DT	� Distress Thermometer
NPD	� No-Psychological Distress
PD	� Psychological Distress
MMSE	� Mini-Mental State Examination
PRMQ	� Prospective and Retrospective Memory Questionnaire
PM	� Prospective Memory
RM	� Retrospective Memory
IL-1β	� Interleukin-1β
TNF-α	� Tumor Necrosis Factor-alpha
NLR	� Neutrophil-to- lymphocyte ratio
PLR	� Platelet-to-Lymphocyte Ratio
MLR	� Monocyte Count-to-Lymphocyte Ratio
GLR	� Granulocyte-to-Lymphocyte Ratio
SII	� Systemic Immune-Inflammation Index
QOL	� Quality of Life
CRP	� C-reactive Protein
KPS	� Karnofsky Performance Status
NCCN	� National Comprehensive Cancer Network
SPSS	� Statistical Package for the Social Sciences
PTSD	� Post-Traumatic Stress Disorder
HPA	� Hypothalamic-Pituitary-Adrenal
CNS	� Central Nervous System
AD	� Alzheimer’s Disease
COVID-19	� Coronavirus Disease 2019
MRI	� Magnetic Resonance Imaging
HRV	� Heart Rate Variability
NSCLC	� Non-Small Cell Lung Cancer

Acknowledgements
We acknowledge the work involved in testing the levels of these cytokines 
in the company (Shanghai Tianhao Biological Company). The 2024 Take-Off 
project of Shenzhen Hospital of Southern Medical University (No. 23H3ATF01
） and Shenzhen Natural Science Foundation (JCYJ20240813145301002) 
supports this research.

Author contributions
Chen Gan: Conceptualization (equal); data curation (equal); methodology 
(equal); writing– original draft (equal); writing–review and editing (equal). 
Senbang Yao: Conceptualization (equal); data curation (equal); writing– 
original draft (equal); formal analysis (equal)Jingjing Zhao: Resources 
(equal); methodology (equal). Huangyuxin Shi: Formal analysis (lead); 
Jian Xu: Resources (equal); writing– review and editing (equal).Mingjun 
Zhang: Conceptualization (equal); methodology (equal).Huaidong Cheng: 
Conceptualization (lead); funding acquisition (lead); methodology (equal).
Chen Gan and Senbang Yao contributed equally to this work.Mingjun Zhang 
and Huaidong Cheng are co-corresponding authors.

Funding
The 2024 Take-Off project of Shenzhen Hospital of Southern Medical 
University (No. 23H3ATF01)and Shenzhen Natural Science Foundation 
(JCYJ20240813145301002) supports this research.

Data availability
All data are available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The Biomedical Ethics Committee of Anhui Medical University approved this 
study (Project#20131028). Participants of this study signed informed consent 
before the study data was collected. The study followed the Declaration of 
Helsinki. The data in this study have not been tabulated in other articles.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Oncology, The Second Affiliated Hospital of Anhui 
Medical University, Hefei, Anhui, China
2Anhui Medical University, Hefei, Anhui, China
3Department of Oncology, Hangzhou Mingzhou Hospital, Hangzhou, 
Zhejiang, China
4Music College, Nanjing Normal University, Nanjing, Jiangsu, China
5Shenzhen Clinical Medical School of Southern Medical University, 
Shenzhen, Guangdong, China
6Department of Oncology, Shenzhen Hospital of Southern Medical 
University, Shenzhen, Guangdong, China

Received: 5 November 2024 / Accepted: 17 March 2025

References
1.	 Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer J 

Clin. 2021;71(1):7–33.
2.	 Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz M, Nikšić M, Bonaven-

ture A, Valkov M, Johnson CJ, Estève J, Ogunbiyi OJ, Azevedo ESG, Chen WQ, 
Eser S, Engholm G, Stiller CA, Monnereau A, Woods RR, Visser O, Lim GH, 
Aitken J, Weir HK, Coleman MP. Global surveillance of trends in cancer survival 
2000-14 (CONCORD-3): analysis of individual records for 37 513 025 patients 
diagnosed with one of 18 cancers from 322 population-based registries in 71 
countries. Lancet. 2018;391(10125):1023–75.

3.	 Miller-Kleinhenz J, Guo X, Qian W, Zhou H, Bozeman EN, Zhu L, Ji X, Wang YA, 
Styblo T, O’Regan R, Mao H, Yang L. Dual-targeting Wnt and uPA receptors 
using peptide conjugated ultra-small nanoparticle drug carriers inhibited 
cancer stem-cell phenotype in chemo-resistant breast cancer. Biomaterials. 
2018;152:47–62.

4.	 Gibson EM, Nagaraja S, Ocampo A, Tam LT, Wood LS, Pallegar PN, Greene 
JJ, Geraghty AC, Goldstein AK, Ni L, Woo PJ, Barres BA, Liddelow S, Vogel H, 
Monje M. Methotrexate Chemotherapy Induces Persistent Tri-glial Dysregula-
tion that Underlies Chemotherapy-Related Cognitive Impairment. Cell, 2019. 
176(1–2): pp. 43–55.e13.

5.	 Wagner LI, Gray RJ, Sparano JA, Whelan TJ, Garcia SF, Yanez B, Tevaarwerk AJ, 
Carlos RC, Albain KS, Olson JA Jr., Goetz MP, Pritchard KI, Hayes DF, Geyer CE, 
Dees EC, McCaskill-Stevens WJ, Minasian LM, Sledge GW Jr, Cella D. Patient-
Reported cognitive impairment among women with early breast cancer 
randomly assigned to endocrine therapy alone versus chemoendocrine 
therapy: results from TAILORx. J Clin Oncol. 2020;38(17):1875–86.

6.	 Phillips NS, Stratton KL, Williams AM, Ahles T, Ness KK, Cohen HJ, Edelstein 
K, Yasui Y, Oeffinger K, Chow EJ, Howell RM, Robison LL, Armstrong GT, 
Leisenring WM, Krull KR. Late-onset cognitive impairment and modifi-
able risk factors in adult childhood cancer survivors. JAMA Netw Open. 
2023;6(5):e2316077.

7.	 Wefel JS, Vardy J, Ahles T, Schagen SB. International cognition and cancer 
task force recommendations to harmonise studies of cognitive function in 
patients with cancer. Lancet Oncol. 2011;12(7):703–8.

8.	 Yang Y, Hendrix CC. Cancer-Related cognitive impairment in breast cancer 
patients: influences of psychological variables. Asia Pac J Oncol Nurs. 
2018;5(3):296–306.

9.	 Ng T, Dorajoo SR, Cheung YT, Lam YC, Yeo HL, Shwe M, Gan YX, Foo KM, Loh 
WK, Koo SL, Jain A, Lee GE, Dent R, Yap YS, Ng R, Chan A. Distinct and hetero-
geneous trajectories of self-perceived cognitive impairment among Asian 
breast cancer survivors. Psychooncology. 2018;27(4):1185–92.



Page 11 of 12Gan et al. BMC Women's Health          (2025) 25:140 

10.	 Giotakos O. Neurobiology of emotional trauma. Psychiatriki. 
2020;31(2):162–71.

11.	 Li J, Yu L, Long Z, Li Y, Cao F. Perceived cognitive impairment in Chinese 
patients with breast cancer and its relationship with post-traumatic stress 
disorder symptoms and fatigue. Psychooncology. 2015;24(6):676–82.

12.	 Janelsins MC, Heckler CE, Peppone LJ, Kamen C, Mustian KM, Mohile SG, 
Magnuson A, Kleckner IR, Guido JJ, Young KL, Conlin AK, Weiselberg LR, 
Mitchell JW, Ambrosone CA, Ahles TA, Morrow GR. Cognitive complaints in 
survivors of breast cancer after chemotherapy compared with Age-Matched 
controls: an analysis from a nationwide, multicenter, prospective longitudinal 
study. J Clin Oncol. 2017;35(5):506–14.

13.	 Kaiser J, Dietrich J, Amiri M, Rüschel I, Akbaba H, Hantke N, Fliessbach K, Senf 
B, Solbach C, Bledowski C. Cognitive performance and psychological distress 
in breast cancer patients at disease onset. Front Psychol. 2019;10:2584.

14.	 Oliva G, Giustiniani A, Danesin L, Burgio F, Arcara G, Conte P. Cognitive impair-
ment following breast cancer treatments: an umbrella review. Oncologist. 
2024;29(7):e848–63.

15.	 Patel SK, Wong AL, Wong FL, Breen EC, Hurria A, Smith M, Kinjo C, Paz IB, 
Kruper L, Somlo G, Mortimer JE, Palomares MR, Irwin MR, Bhatia S. Inflam-
matory biomarkers, comorbidity, and neurocognition in women with newly 
diagnosed breast cancer. J Natl Cancer Inst, 2015. 107(8).

16.	 Antoni MH, Dhabhar FS. The impact of psychosocial stress and stress 
management on immune responses in patients with cancer. Cancer. 
2019;125(9):1417–31.

17.	 Blaes AH, Nair C, Everson-Rose S, Jewett P, Wolf J, Zordoky B. Psychological 
measures of stress and biomarkers of inflammation, aging, and endothelial 
dysfunction in breast cancer survivors on aromatase inhibitors. Sci Rep. 
2023;13(1):1677.

18.	 Pang L, Li W, Yao S, Jing Y, Yin X, Cheng H. Psychological distress is involved 
in CRCI in breast cancer survivors via mediating cytokine levels. Cancer Med. 
2023;12(10):11806–15.

19.	 Folstein MF, Folstein SE, McHugh PR. Mini-mental State. A practical method 
for grading the cognitive State.of patients for the clinician. J Psychiatr Res. 
1975;12(3):189–98.

20.	 Xiaojing Zhang JS, Ren WXLZN, Yang Z. Application effect analysis of five 
cognitive function screening scales in the elderly. Chin Nurs Res. 2024;38(7):6.

21.	 Holland JC, Andersen B, Breitbart WS, Buchmann LO, Compas B, Deshields TL, 
Dudley MM, Fleishman S, Fulcher CD, Greenberg DB, Greiner CB, Handzo GF, 
Hoofring L, Hoover C, Jacobsen PB, Kvale E, Levy MH, Loscalzo MJ, McAllister-
Black R, Mechanic KY, Palesh O, Pazar JP, Riba MB, Roper K, Valentine AD, 
Wagner LI, Zevon MA, McMillian NR. Freedman-Cass, distress management. J 
Natl Compr Canc Netw. 2013;11(2):190–209.

22.	 Tang LL, Zhang YN, Pang Y, Zhang HW, Song LL. Validation and reliability 
of distress thermometer in Chinese cancer patients. Chin J Cancer Res. 
2011;23(1):54–8.

23.	 Tuinman MA, Gazendam-Donofrio SM, Hoekstra-Weebers JE. Screening and 
referral for psychosocial distress in oncologic practice: use of the distress 
thermometer. Cancer. 2008;113(4):870–8.

24.	 Smith G, Della Sala S, Logie RH, Maylor EA. Prospective and retrospective 
memory in normal ageing and dementia: a questionnaire study. Memory. 
2000;8(5):311–21.

25.	 Yang TX, Wang Y, Wang Y, Su XM, Ni K, Lui SSY, Chan RCK. Validity and norma-
tive data of the Chinese prospective and retrospective memory question-
naire (PRMQ) across adolescence, adults and elderly people. Memory. 
2022;30(3):344–53.

26.	 Schagen SB, Tsvetkov AS, Compter A, Wefel JS. Cognitive adverse effects of 
chemotherapy and immunotherapy: are interventions within reach? Nat Rev 
Neurol. 2022;18(3):173–85.

27.	 McGrattan AM, McGuinness B, McKinley MC, Kee F, Passmore P, Woodside 
JV, McEvoy CT. Diet and inflammation in cognitive ageing and Alzheimer’s 
disease. Curr Nutr Rep. 2019;8(2):53–65.

28.	 Wang RP, Ho YS, Leung WK, Goto T, Chang RC. Systemic inflammation 
linking chronic periodontitis to cognitive decline. Brain Behav Immun. 
2019;81:63–73.

29.	 Országhová Z, Mego M, Chovanec M. Long-Term cognitive dysfunction in 
cancer survivors. Front Mol Biosci. 2021;8:770413.

30.	 van der Willik KD, Koppelmans V, Hauptmann M, Compter A, Ikram MA, Scha-
gen SB. Inflammation markers and cognitive performance in breast cancer 
survivors 20 years after completion of chemotherapy: a cohort study. Breast 
Cancer Res. 2018;20(1):135.

31.	 Ibrahim EY, Domenicano I, Nyhan K, Elfil M, Mougalian SS, Cartmel B, 
Ehrlich BE. Cognitive effects and depression associated with Taxane-Based 

chemotherapy in breast cancer survivors: A Meta-Analysis. Front Oncol. 
2021;11:642382.

32.	 Herrmann J. Adverse cardiac effects of cancer therapies: cardiotoxicity and 
arrhythmia. Nat Rev Cardiol. 2020;17(8):474–502.

33.	 Toft H, Lien L, Neupane SP, Abebe DS, Tilden T, Wampold BE, Bramness JG. 
Cytokine concentrations are related to level of mental distress in inpatients 
not using anti-inflammatory drugs. Acta Neuropsychiatr. 2020;32(1):23–31.

34.	 Lawn RB, Murchland AR, Kim Y, Chibnik LB, Tworoger SS, Rimm EB, Sumner JA, 
Roberts AL, Nishimi KM, Ratanatharathorn AD, Jha SC, Koenen KC, Kubzansky 
LD. Trauma, psychological distress and markers of systemic inflammation 
among US women: A longitudinal study. Psychoneuroendocrinology. 
2022;145:105915.

35.	 Felger JC, Lotrich FE. Inflammatory cytokines in depression: Neurobiological 
mechanisms and therapeutic implications. Neuroscience. 2013;246:199–229.

36.	 Nagatsu T, Mogi M, Ichinose H, Togari A. Cytokines in Parkinson’s disease. J 
Neural Transm Suppl. 2000(58): pp. 143–51.

37.	 Cacabelos R, Alvarez XA, Fernández-Novoa L, Franco A, Mangues R, Pellicer 
A, Nishimura T. Brain interleukin-1 beta in Alzheimer’s disease and vascular 
dementia. Methods Find Exp Clin Pharmacol. 1994;16(2):141–51.

38.	 Forlenza OV, Diniz BS, Talib LL, Mendonça VA, Ojopi EB, Gattaz WF, Teixeira 
AL. Increased serum IL-1beta level in Alzheimer’s disease and mild cognitive 
impairment. Dement Geriatr Cogn Disord. 2009;28(6):507–12.

39.	 Li Puma DD, Colussi C, Bandiera B, Puliatti G, Rinaudo M, Cocco S, Paciello 
F, Re A, Ripoli C, De Chiara G, Bertozzi A, Palamara AT, Piacentini R, Grassi 
C. Interleukin 1β triggers synaptic and memory deficits in herpes simplex 
virus type-1-infected mice by downregulating the expression of synaptic 
plasticity-related genes via the epigenetic MeCP2/HDAC4 complex. Cell Mol 
Life Sci. 2023;80(6):172.

40.	 Huang LT, Zhang CP, Wang YB, Wang JH. Association of peripheral blood 
cell profile with Alzheimer’s disease: A Meta-Analysis. Front Aging Neurosci. 
2022;14:888946.

41.	 Kuyumcu ME, Yesil Y, Oztürk ZA, Kizilarslanoğlu C, Etgül S, Halil M, Ulger Z, 
Cankurtaran M, Arıoğul S. The evaluation of neutrophil-lymphocyte ratio in 
Alzheimer’s disease. Dement Geriatr Cogn Disord. 2012;34(2):69–74.

42.	 Mahemuti N, Jing X, Zhang N, Liu C, Li C, Cui Z, Liu Y, Chen J. Association 
between systemic Immunity-Inflammation index and hyperlipidemia: A 
Population-Based study from the NHANES (2015–2020). Nutrients, 2023. 
15(5).

43.	 Ding P, Guo H, Sun C, Yang P, Kim NH, Tian Y, Liu Y, Liu P, Li Y, Zhao Q. Com-
bined systemic immune-inflammatory index (SII) and prognostic nutritional 
index (PNI) predicts chemotherapy response and prognosis in locally 
advanced gastric cancer patients receiving neoadjuvant chemotherapy with 
PD-1 antibody sintilimab and XELOX: a prospective study. BMC Gastroenterol. 
2022;22(1):121.

44.	 Li W, Li S, Shang Y, Zhuang W, Yan G, Chen Z, Lyu J. Associations between 
dietary and blood inflammatory indices and their effects on cognitive func-
tion in elderly Americans. Front Neurosci. 2023;17:1117056.

45.	 Wang X, Li T, Li H, Li D, Wang X, Zhao A, Liang W, Xiao R, Xi Y. Association of 
dietary inflammatory potential with blood inflammation: the prospective 
markers on mild cognitive impairment. Nutrients, 2022. 14(12).

46.	 Cruz Hernández JC, Bracko O, Kersbergen CJ, Muse V, Haft-Javaherian M, 
Berg M, Park L, Vinarcsik LK, Ivasyk I, Rivera DA, Kang Y, Cortes-Canteli M, 
Peyrounette M, Doyeux V, Smith A, Zhou J, Otte G, Beverly JD, Davenport 
E, Davit Y, Lin CP, Strickland S, Iadecola C, Lorthois S, Nishimura N, Schaffer 
CB. Neutrophil adhesion in brain capillaries reduces cortical blood flow and 
impairs memory function in Alzheimer’s disease mouse models. Nat Neuro-
sci. 2019;22(3):413–20.

47.	 Benedetti F, Palladini M, Paolini M, Melloni E, Vai B, De Lorenzo R, Furlan R, 
Rovere-Querini P, Falini A, Mazza MG. Brain correlates of depression, post-
traumatic distress, and inflammatory biomarkers in COVID-19 survivors: A 
multimodal magnetic resonance imaging study. Brain Behav Immun Health. 
2021;18:100387.

48.	 Jiang L, Cai X, Yao D, Jing J, Mei L, Yang Y, Li S, Jin A, Meng X, Li H, Wei T, 
Wang Y, Pan Y, Wang Y. Association of inflammatory markers with cerebral 
small vessel disease in community-based population. J Neuroinflammation. 
2022;19(1):106.

49.	 Pullens MJ, De Vries J, Roukema JA. Subjective cognitive dysfunction in breast 
cancer patients: a systematic review. Psychooncology. 2010;19(11):1127–38.

50.	 Miller AH, Ancoli-Israel S, Bower JE, Capuron L, Irwin MR. Neuroendocrine-
immune mechanisms of behavioral comorbidities in patients with cancer. J 
Clin Oncol. 2008;26(6):971–82.



Page 12 of 12Gan et al. BMC Women's Health          (2025) 25:140 

51.	 Vargas-Caballero M, Warming H, Walker R, Holmes C, Cruickshank G, Patel B. 
Vagus nerve stimulation as a potential therapy in early Alzheimer’s disease: A 
review. Front Hum Neurosci. 2022;16:866434.

52.	 Huffman WJ, Subramaniyan S, Rodriguiz RM, Wetsel WC, Grill WM, Terrando N. 
Modulation of neuroinflammation and memory dysfunction using percuta-
neous vagus nerve stimulation in mice. Brain Stimul. 2019;12(1):19–29.

53.	 Yap JYY, Keatch C, Lambert E, Woods W, Stoddart PR, Kameneva T. Critical 
review of transcutaneous vagus nerve stimulation: challenges for translation 
to clinical practice. Front Neurosci. 2020;14:284.

54.	 Geisler FC, Kubiak T, Siewert K, Weber H. Cardiac vagal tone is associated with 
social engagement and self-regulation. Biol Psychol. 2013;93(2):279–86.

55.	 Park H, Oh S, Noh Y, Kim JY, Kim JH. Heart rate variability as a marker of 
distress and recovery: the effect of brief supportive expressive group therapy 
with mindfulness in cancer patients. Integr Cancer Ther. 2018;17(3):825–31.

56.	 Chai J, Gan C, Jia Y, Huang R, Li A, Ge H, Zheng X, Liu L, Xu J, Cheng L, Cheng 
H. Effects of the CALM intervention on cancer-related fatigue and heart rate 
variability in NSCLC: a randomized trial. Future Oncol. 2024;20(39):3289–300.

57.	 Merceur M, Reilly KT, Bonan I, Holé J, Hummel E, Cogné M, Jacquin-Courtois 
S. A systematic review of rehabilitation programs for cognitive impairment 
related to breast cancer: different programs at different times? Ann Phys 
Rehabil Med. 2024;67(5):101832.

58.	 Lange M, Joly F, Vardy J, Ahles T, Dubois M, Tron L, Winocur G, De Ruiter MB, 
Castel H. Cancer-related cognitive impairment: an update on state of the 

art, detection, and management strategies in cancer survivors. Ann Oncol. 
2019;30(12):1925–40.

59.	 Melis M, Schroyen G, Leenaerts N, Smeets A, Sunaert S, Van der Gucht K, 
Deprez S. The impact of mindfulness on cancer-related cognitive impair-
ment in breast cancer survivors with cognitive complaints. Cancer. 
2023;129(7):1105–16.

60.	 Cillessen L, Johannsen M, Speckens AEM, Zachariae R. Mindfulness-based 
interventions for psychological and physical health outcomes in cancer 
patients and survivors: A systematic review and meta-analysis of randomized 
controlled trials. Psychooncology. 2019;28(12):2257–69.

61.	 Ramírez-Vélez R, Zambom-Ferraresi F, García-Hermoso A, Kievisiene J, 
Rauckiene-Michealsson A, Agostinis-Sobrinho C. Evidence-Based exercise 
recommendations to improve mental wellbeing in women with breast can-
cer during active treatment: A systematic review and Meta-Analysis. Cancers 
(Basel), 2021. 13(2).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Expression of inflammatory states in response to psychological distress in breast cancer survivors and its relationship to subjective memory function complaints
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participants and sample size
	﻿Assessment methods
	﻿Cognitive functioning
	﻿Psychological distress
	﻿Memory assessment


	﻿Cytokine and inflammatory indicator collection and analysis
	﻿Statistical analysis
	﻿Results
	﻿Demographic characteristics and clinical information
	﻿Cognitive functioning scale scores, cytokine levels, and inflammation markers
	﻿Correlation between psychological distress, PRMQ, cytokines, and inflammatory markers
	﻿Analysis of mediation effects

	﻿Discussion
	﻿Conclusion
	﻿References


