
Am J Cancer Res 2025;15(1):153-167
www.ajcr.us /ISSN:2156-6976/ajcr0160075

https://doi.org/10.62347/AOTU1301

Original Article
Risk factors and prediction model for cancer-related 
cognitive impairment in thyroid cancer patients

Ting Ni1*, Jie Sun1*, Qin He1, Yuning Dai1, Xiaobei Wang1, Enqiao Yu1, Guodong Shen1,2

1Department of Thyroid and Breast Surgery, The First Affiliated Hospital of Soochow University, Suzhou 215031, 
Jiangsu, China; 2Suzhou Xiangcheng People’s Hospital, Xiangcheng District, Suzhou 215134, Jiangsu, China. *Co-
first authors.

Received August 26, 2024; Accepted December 2, 2024; Epub January 15, 2025; Published January 30, 2025

Abstract: Background: Cognitive impairment is a common, yet often overlooked, complication in thyroid cancer 
patients, potentially influenced by various demographic, clinical, biochemical, and psychological factors. This study 
aims to analyze the prevalence and determinants of cancer-related cognitive impairment (CRCI) in thyroid cancer 
patients. Methods: A retrospective case-control study was conducted involving 246 thyroid cancer patients treated 
at our The First Affiliated Hospital of Soochow University from January 2021 to January 2023. Patients were catego-
rized into high cognitive function (n = 125) and low cognitive function groups (n = 121) based on Mini Mental State 
Examination (MMSE) scores. Data were collected on demographic variables, Charlson Comorbidity Index (CCI), dis-
ease duration, clinical stage, blood test results, inflammatory factors (interleukin-6 (IL-6), interleukin-8 (IL-8), tumor 
necrosis factor-alpha (TNF-α), C-reactive protein (CRP)), psychological status (Self-Rating Depression Scale (SDS), 
Self-Rating Anxiety Scale (SAS), Self-Esteem Scale (SES)), sleep quality (Pittsburgh Sleep Quality Index (PSQI)), and 
quality of life (36-item Short-Form Health Survey (SF-36)). Additionally, an external validation set was established, 
with patients being divided into a high cognitive level group (n = 135) and a low cognitive level group (n = 128), and 
the model’s predictive performance was validated through the external dataset. Results: Factors significantly as-
sociated with lower cognitive function included age (P < 0.001), education level (P < 0.001), CCI scores (P < 0.001), 
disease duration (P < 0.001), clinical stage (P = 0.003), IL-6 (P < 0.001), IL-8 (P = 0.005), TNF-α (P < 0.001) and 
CRP (P < 0.001). SDS (P < 0.001), SAS (P < 0.001) and PSQI (P < 0.001) were also associated with reduced cogni-
tive function. The Least Absolute Shrinkage and Selection Operator (LASSO) regression model demonstrated strong 
predictive performance with an area under the curve (AUC) of 0.903 in the training set and an AUC of 0.835 in the 
validation set. Conclusion: CRCI in thyroid cancer patients is multifactorial, with significant contributions from demo-
graphic, clinical, inflammatory, and psychological factors. The developed predictive model may serve as a valuable 
tool in clinical practice for identifying thyroid cancer patients at high risk of cognitive impairment.

Keywords: Thyroid cancer, cognitive impairment, inflammatory markers, psychological distress, predictive model, 
LASSO regression.

Introduction

Cancer-related cognitive impairment (CRCI), 
also referred to as “chemo-brain”, is a well-rec-
ognized but poorly understood consequence of 
cancer and its treatment [1]. Increasingly, CRCI 
is acknowledged as a significant contributor to 
decreased quality of life among cancer survi-
vors [2]. Thyroid cancer, while typically associ-
ated with favorable prognoses and long-term 
survival, is no exception when it comes to 
impacting cognitive function [3]. Previous stud-
ies have primarily focused on more aggressive 
cancers like breast or lung cancer with fewer 

efforts directed at understanding CRCI in thy-
roid cancer patients [4].

Thyroid cancer is the most common endocrine 
malignancy, characterized by various histologi-
cal subtypes including papillary, follicular, med-
ullary, and anaplastic [5]. The primary treat-
ment modalities - surgery, radioactive iodine 
therapy, thyroid hormone therapy, external 
beam radiation therapy, and, less frequently, 
chemotherapy - carry their own risks for induc-
ing cognitive deficits [6]. For instance, thyroid 
hormone withdrawal, often required for diag-
nostic and therapeutic procedures, can lead to 
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hypothyroidism, a condition associated with 
cognitive dysfunction [7].

Despite the relatively high survival rates, cogni-
tive complaints in thyroid cancer survivors are 
common but remain underreported and under-
researched [8]. The potential mechanisms 
underlying CRCI involve a complex interplay of 
direct neurotoxic effects of cancer therapies, 
metabolic and hormonal disruptions, psycho-
logical stress, and chronic inflammation [9]. 
Additionally, other factors like age, comorbid 
conditions, and baseline cognitive reserve 
appear to contribute to the variability in cogni-
tive outcomes [10].

Innovative cancer treatments, including target-
ed therapies and immunotherapies, have fur-
ther highlighted the need for comprehensive 
evaluations of their long-term cognitive effects 
[11]. Limited research thus far suggests that 
systemic inflammation - marked by elevated 
levels of cytokines such as interleukin-6 (IL-6), 
tumor necrosis factor-alpha (TNF-α), and C-re- 
active protein (CRP) - may play a crucial role in 
the pathophysiology of CRCI [12]. These cyto-
kines can cross the blood-brain barrier and 
induce neuroinflammation, ultimately impact-
ing cognitive function [13].

In parallel, psychosocial factors, such as 
depression, anxiety, and sleep disturbances, 
prevalent among cancer patients have been 
consistently linked to cognitive impairment 
[14]. Psychological distress can activate the 
hypothalamic-pituitary-adrenal (HPA) axis, lead-
ing to elevated cortisol levels, which negatively 
affect brain structures involved in cognition, 
such as the hippocampus [15]. Sleep distur-
bances, on their part, impair cognitive process-
es crucial for memory consolidation and execu-
tive function.

While there is a considerable understanding of 
CRCI in more aggressive cancers, a critical gap 
exists regarding the identification and quantifi-
cation of risk factors for CRCI in thyroid cancer 
patients. This study aims to fill this gap by 
investigating a comprehensive set of demo-
graphic, clinical, biochemical, and psychologi-
cal variables to identify those most significantly 
associated with CRCI in a cohort of thyroid can-
cer patients. Additionally, we developed a pre-
dictive model to facilitate early identification of 

at-risk individuals, thereby enabling timely and 
targeted interventions.

Materials and methods

Case selection

This retrospective case-control study included 
246 patients diagnosed with thyroid cancer 
who were treated at our The First Affiliated 
Hospital of Soochow University between Ja- 
nuary 2021 and January 2023. Data collection 
involved gathering demographic information 
and various other metrics from the patients’ 
records, such as general information, hemato-
logical test results, scores from psychological 
status scales like Self-Rating Depression Scale 
(SDS), Self-Rating Anxiety Scale (SAS) and Self-
Esteem Scale (SES), sleep quality assessed 
through the Pittsburgh Sleep Quality Index 
(PSQI) scale, and quality of life measured by the 
36-item Short-Form Health Survey (SF-36) 
scale. As this study did not involve intervention-
al human therapy, patients’ informed consent 
was waived. The First Affiliated Hospital of 
Soochow University ethics committee approved 
the conduct of such research. Participants 
were included in the study if they were over 18 
years old, had no history of mental illness, com-
plied with various treatments and examina-
tions, met the diagnostic criteria for thyroid 
cancer confirmed through pathological exami-
nation, and had a unilateral lesion. Individuals 
were excluded if they had immune system dys-
function, a history of lymph node surgery, sig-
nificant lesions in the heart, liver, or kidneys, or 
any additional thyroid-related medical history.

Based on their Mini Mental State Examination 
(MMSE) scores after 1 month treatment, 
patients were categorized into two groups: 125 
individuals in a high cognitive function group 
and 121 in a low cognitive function group. 
Additionally, an external validation set was 
established, with patients being divided into a 
high cognitive function group (n = 135) and a 
low cognitive function group (n = 128). The 
MMSE is a well-known cognitive screening 
instrument used to evaluate various cognitive 
domains, including orientation, memory, atten-
tion, computational skills, language, and vi- 
suospatial abilities. The exam consists of 30 
points, with lower scores corresponding to 
higher levels of significant cognitive impair-
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ment. The reliability of the MMSE is supported 
by a Cronbach’s alpha coefficient of 0.78 [16]. A 
score of 22 or above indicates a high level of 
cognitive function, while scores below 22 sig-
nify a lower cognitive level.

Charlson comorbidity index (CCI)

The CCI is a frequently utilized system for evalu-
ating a patient’s one-year mortality risk due to 
comorbid conditions. This index considers 19 
different chronic diseases, each assigned a 
weight between 1 and 6 points, reflecting the 
severity. Higher total scores represent a greater 
burden of comorbidities.

Treatment methods

The treatment approach for thyroid cancer was 
determined by the tumor’s type, size, location, 
and lymph node involvement. The most preva-
lent approach involved excising part or all of the 
thyroid gland and performing a lymph node dis-
section in the neck. Remaining or metastatic 
cancer cells were treated with Radioiodine 
(I-131) therapy. Following thyroidectomy, pa- 
tients were instructed to take lifelong thyroid 
hormone replacements (such as levothyroxine) 
to substitute the hormones that the thyroid 
gland would normally produce. External beam 
radiation therapy, targeted therapy, or chemo-
therapy were used to eradicate specific types 
of residual cancer cells or advanced-stage 
cancer.

Blood testing

Blood markers were detected 2 months after 
treatment. Specifically, 5 ml of fasting venous 
blood was collected from the patients before 8 
am to perform the following tests. A DxH800 
blood analyzer (Beckman Coulter, Inc., Brea, 
CA, USA) was used to assess red blood cells, 
white blood cells, neutrophils, lymphocytes, 
eosinophils, basophils, hemoglobin, and plate-
lets. A BECKMAN Synchronlx20 fully automated 
biochemical analyzer (Beckman Coulter, Inc., 
Brea, CA, USA) was employed to measure CRP 
levels using the rate scattering turbidity meth-
od. Ethylenediaminetetraacetic acid was used 
to anticoagulate whole blood, and erythrocyte 
sedimentation rate (ESR) was measured with a 
TEST 1 fully automated erythrocyte sedimenta-
tion rate analyzer (ALIfax, Inc., Italy). The blood 
was centrifuged at 3000 rpm for 5 minutes, 
and the supernatant was collected to measure 

IL-6, IL-8, and TNF-α levels using enzyme-linked 
immunosorbent assay. During this process,  
the reagent kits included TNF-α (ab181421, 
Abcam, USA), IL-6 (ab178013, Abcam, USA), 
and IL-8 (ab185986, Abcam, USA).

Psychological and sleep assessment

The SDS scores range from 0 to 100, with high-
er scores indicating more severe negative emo-
tions. The reliability of this scale is demonstrat-
ed by a Cronbach’s alpha coefficient of 0.92 
[17].

The SAS is a clinical tool to evaluate patients’ 
subjective symptoms of anxiety. The cut-off 
score for the SAS is 50, with scores between 
50 and 59 indicating mild anxiety, 60 to 69 
indicating moderate anxiety, and 70 or above 
indicating severe anxiety. The scale has a 
Cronbach’s alpha coefficient of 0.897 [18].

The SES is designed to evaluate an individual’s 
overall sense of self-worth and self-acceptance. 
The total score is between 10 and 40 points. 
Higher scores indicate a higher level of self-
esteem. According to reference data, scores 
below 25 suggest low self-esteem, scores 
between 26 and 32 indicate moderate self-
esteem, and scores above 33 reflect high self-
esteem. The SES has a Cronbach’s alpha coef-
ficient of 0.86 [19].

The PSQI is a useful tool for assessing sleep 
quality in individuals with sleep disorders, men-
tal health conditions, and even in the general 
population. The total PSQI score ranges from 0 
to 21, with higher scores indicating poorer 
sleep quality. The reliability of the PSQI is sup-
ported by a Cronbach’s alpha coefficient of 
0.71 [20].

Health survey Short-Form 36 (SF-36)

The SF-36 Quality of Life Scale was utilized to 
assess various aspects of patients’ quality of 
life during their treatment, including social 
functioning, self-management, mental health, 
and daily activities. Higher scores on the SF-36 
indicate a better quality of life. This scale has 
demonstrated good reliability, with a Cronbach’s 
alpha coefficient of 0.814 [21].

Statistical method

Using G*Power 3.1.9.7, under the “t tests” 
option for “Means: Difference between two 
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independent means (two groups)”, post hoc 
analysis with setting of two tails, Effect size d = 
0.5, α err prob = 0.05, the sample sizes of the 
two groups, the Power (1-β err prob) was calcu-
lated to be 0.974.

Data analysis was performed using SPSS 29.0 
statistical software (SPSS Inc., Chicago, IL, 
USA). Categorical variables are presented as [n 
(%)]. When the sample size ≥ 40 and the theo-
retical frequency T ≥ 5, the basic chi-square 
test formula was applied; when the sample size 
≥ 40 but the theoretical frequency 1 ≤ T < 5, 
the corrected chi-square test formula was 
used. Continuous variables were tested for nor-
mal distribution using the Shapiro-Wilk test. For 
normally distributed continuous variables, the 
data are presented as Mean ± SD, and the 
t-test with adjusted variance was applied. Non-
normally distributed continuous variables are 
presented as median (25th percentile, 75th 
percentile) and analyzed using the Wilcoxon 
rank-sum test. Statistical significance was set 
at a two-tailed P < 0.05. Spearman correlation 
analysis was used to investigate the correla-
tions between cognitive levels and various indi-
cators. Indicators showing significant differenc-
es in both differential analysis and correlation 
analysis were included as covariates in logistic 
regression analysis. The area under the receiv-
er operating characteristic curve (AUC) was 
used to evaluate the diagnostic efficacy of each 
indicator for cognitive levels. Cross-validation 
and decision curve analysis (DCA) analysis 
were used to evaluate the predictive model. A 
gradient boosting machine (GBM) algorithm 
was used to construct a combined predictive 
model.

Results

Demographic and baseline characteristics of 
the study population

In this study, we examined the demographic 
and baseline characteristics associated with 
cognitive impairment in the patients (Table 1). 
Patients in the low cognitive level group were 
significantly older (67.93 ± 5.32 years) com-
pared to those in the high cognitive level group 
(64.14 ± 7.56 years; P < 0.001). Educational 
attainment also showed a significant differ-
ence, with the high cognitive level group having 
more individuals with college education (53 vs. 
22) and fewer individuals with primary school 

education (25 vs. 46) (P < 0.001). The CCI was 
higher in the low cognitive level group (2.57 ± 
0.73) than in the high cognitive level group 
(2.11 ± 0.64; P < 0.001). Additionally, the aver-
age disease duration was longer in the low cog-
nitive level group (12.61 ± 3.17 months) com-
pared to the high cognitive level group (10.37 ± 
3.02 months; P < 0.001). Clinical stage pre-
sented a significant association, with a higher 
percentage of patients in stage III/IV in the low 
cognitive level group compared to the high cog-
nitive level group (P = 0.003). No significant dif-
ferences were observed in body mass index (P 
= 0.592), gender distribution (P = 0.208), mari-
tal status (P = 0.257), smoking status (P = 
0.095), drinking status (P = 0.088), hyperten-
sion (P = 0.198), diabetes mellitus (P = 0.132), 
or treatment methods (P = 0.894). These 
results suggest that age, education level, 
comorbidity burden, disease duration, and clini-
cal stage are significant risk factors for cogni-
tive impairment among thyroid cancer patients.

Routine blood test before treatment

The comparison of routine blood test results 
before treatment between the high cognitive 
level group and the low cognitive level group 
showed no statistically significant differences 
(Table 2). ESR was slightly higher in the high 
cognitive level group (35.83 ± 5.20 mm/h) 
compared to the low cognitive level group 
(34.76 ± 5.15 mm/h), but this difference did 
not reach statistical significance (P = 0.105). 
Similarly, red blood cell counts were higher in 
the high cognitive level group (5.44 ± 0.50 × 
10^6/μL) than in the low cognitive level group 
(5.32 ± 0.52 × 10^6/μL; P = 0.067), although 
this was not statistically significant. White blood 
cell counts (P = 0.764), neutrophil counts (P = 
0.966), lymphocyte counts (P = 0.832), eosino-
phil counts (P = 0.808), basophil counts (P = 
0.290), hemoglobin levels (P = 0.973), and 
platelet counts (P = 0.990) were all comparable 
between the two groups with no significant dif-
ferences observed. These results suggest that 
routine blood parameters before treatment do 
not significantly differ between thyroid cancer 
patients with high and low cognitive function 
levels.

Serum inflammatory factors

The comparison of serum inflammatory factors 
between thyroid cancer patients with high and 
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low cognitive levels revealed significant differ-
ences (Figure 1). The low cognitive level group 
exhibited higher levels of IL-6 (3.22 ± 1.02 

ng/L) compared to the high cognitive level 
group (2.83 ± 0.81 ng/L; P < 0.001). Similarly, 
IL-8 levels were significantly elevated in the low 

Table 1. Demographic and baseline characteristics of the study population

Parameters High cognitive level 
group (n = 125)

Low cognitive level 
group (n = 121) t/χ2 P value

Age (years) 64.14 ± 7.56 67.93 ± 5.32 4.225 < 0.001
Body Mass Index (kg/m2) 23.68 ± 3.24 23.43 ± 4.11 0.537 0.592
Gender (male/female) 40/85 29/92 1.588 0.208
Education Level 19.325 < 0.001
    Primary School 25 46
    Secondary School 47 53
    College 53 22
Married [n (%)] 1.284 0.257
    Yes 90 78
Smoking (yes/no) 35 47 2.783 0.095
Drinking (yes/no) 20 31 2.902 0.088
Hypertension [n (%)] 1.660 0.198
    Yes 31 40
Diabetes Mellitus [n (%)] 2.272 0.132
    Yes 15 24
CCI (Scores) 2.11 ± 0.64 2.57 ± 0.73 5.209 < 0.001
Average Disease Duration (Months) 10.37 ± 3.02 12.61 ± 3.17 5.669 < 0.001
Clinical Stage 8.542 0.003
    I/II 81 55
    III/IV 44 46
Treatment Method [n (%)] None 0.894
    Excision Surgery 77 73
    Radioiodine (I-131) Therapy 20 22

    Thyroid Hormone Replacement Therapy 11 14
    External Radiation Therapy 10 6
    Targeted Therapy 4 4
    Chemotherapy 3 2
Note: CCI: Charlson Comorbidity Index.

Table 2. Comparison of routine blood test before treatment

Parameters High cognitive level group 
(n = 125)

Low cognitive level group 
(n = 121) t P value

ESR (mm/h) 35.83 ± 5.20 34.76 ± 5.15 1.626 0.105
Red blood cell (1 × 106/μL) 5.44 ± 0.50 5.32 ± 0.52 1.838 0.067
White blood cell (1 × 103/μL) 7.38 ± 1.45 7.32 ± 1.48 0.301 0.764
Neutrophil (1 × 103/μL) 4.32 ± 0.98 4.33 ± 1.01 0.042 0.966
Lymphocyte (1 × 103/μL) 2.03 ± 0.62 2.05 ± 0.65 0.212 0.832
Eosinophil (1 × 102/μL) 0.28 ± 0.04 0.28 ± 0.03 0.244 0.808
Basophil (1 × 10/μL) 0.09 ± 0.03 0.09 ± 0.03 1.060 0.290
Hemoglobin (g/L) 149.4 ± 23.50 149.5 ± 23.90 0.033 0.973
Platelet (1 × 103/μL) 215.8 ± 118.5 215.6 ± 119.2 0.013 0.990
Note: ESR: erythrocyte sedimentation rate.
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cognitive level group (1.62 ± 0.53 μg/L) versus 
the high cognitive level group (1.44 ± 0.45 
μg/L; P = 0.005). TNF-α levels were also higher 
in the low cognitive level group (20.24 ± 4.22 
pg/ml) compared to the high cognitive level 
group (18.28 ± 3.15 pg/ml; P < 0.001). 
Moreover, CRP levels were significantly 
increased in the low cognitive level group (6.11 
± 1.86 mg/L) compared to the high cognitive 
level group (5.12 ± 1.48 mg/L; P < 0.001). 
These results suggest that elevated serum 
inflammatory factors, including IL-6, IL-8, TNF-
α, and CRP, are associated with lower cognitive 
levels in thyroid cancer patients.

Psychological and sleep status before treat-
ment

The comparison of psychological and sleep sta-
tus before treatment showed significant differ-
ences between the high and low cognitive level 
groups (Figure 2). The low cognitive level group 
had higher SDS scores (55.68 ± 7.01) com-
pared to the high cognitive level group (52.13 ± 
8.12; P < 0.001). Similarly, the SAS scores were 
significantly elevated in the low cognitive level 
group (59.42 ± 6.04) versus the high cognitive 
level group (56.54 ± 7.16; P < 0.001). The PSQI 
scores also indicated worse sleep quality in the 

Figure 1. Comparison of serum inflammatory factors before treatment. A: IL-6 (ng/L); B: IL-8 (μg/L); C: TNF-α (pg/ml); 
D: CRP (mg/L). Note: IL: interleukin; TNF: tumor necrosis factor; CRP: C-reactive protein.
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low cognitive level group (12.35 ± 2.83) com-
pared to the high cognitive level group (11.03 ± 
2.75; P < 0.001). There was no significant dif-
ference in the SES scores between the two 
groups (P = 0.304). These findings suggest that 
higher levels of depression, anxiety, and poorer 
sleep quality are associated with lower cogni-
tive function in thyroid cancer patients.

Quality of life before treatment (SF-36)

The comparison of quality of life before treat-
ment between thyroid cancer patients with 
high and low cognitive levels demonstrated no 

statistically significant differences across the 
measured parameters (Table 3). Self-mana- 
gement scores were slightly higher in the high 
cognitive level group (57.28 ± 7.01) compared 
to the low cognitive level group (55.92 ± 7.12), 
but this difference was not significant (P = 
0.132). Similarly, physiological function scores 
did not differ significantly between the high 
cognitive level group (49.06 ± 9.70) and the low 
cognitive level group (46.83 ± 9.43; P = 0.069). 
Social function scores were also comparable 
between the high cognitive level group (58.79 ± 
7.01) and the low cognitive level group (57.92 ± 
6.54; P = 0.315). Therefore, these results sug-

Figure 2. Comparison of psychological and sleep status before treatment. A: SDS Score; B: SAS Score; C: SES Score; 
D: PSQI Score. Note: SDS: Self Rating Depression Scale; SAS: Self-Rating Anxiety Scale; SES: Self Esteem Scale; 
PSQI: Pittsburgh sleep quality index.
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gest that quality of life, as assessed by the 
SF-36, does not significantly differ between thy-
roid cancer patients with high and low cognitive 
levels before treatment.

Correlation analysis of factors influencing CRCI 
in thyroid cancer patients

The correlation analysis of factors influencing 
CRCI in thyroid cancer patients identified sev-
eral significant associations (Table 4). Age (r = 
0.260, P < 0.001), CCI scores (r = 0.317, P < 
0.001), average disease duration in months (r = 
0.341, P < 0.001), clinical stage (r = 0.195, P = 
0.002), IL-6 levels (r = 0.210, P < 0.001), IL-8 
levels (r = 0.179, P = 0.005), TNF-α levels (r = 
0.256, P < 0.001), and CRP levels (r = 0.283, P 
< 0.001) were all positively correlated with cog-
nitive impairment. Psychological and sleep sta-
tus parameters including SDS scores (r = 
0.228, P < 0.001), SAS scores (r = 0.213, P < 
0.001), and PSQI scores (r = 0.230, P < 0.001) 
also showed significant positive correlations 
with cognitive impairment. Conversely, higher 
education level was negatively correlated with 

cognitive impairment (r = -0.274, P < 0.001). 
These findings underscore the multifactorial 
nature of CRCI, involving demographic, clinical, 
biochemical, and psychological factors.

Multivariate logistic regression analysis of fac-
tors affecting CRCI in thyroid cancer patients

Multivariate logistic regression analysis iden- 
tified several significant predictors of CRCI in 
thyroid cancer patients (Table 5). Increasing 
age (OR, 1.160; 95% CI, 1.087-1.237; P < 
0.001) and advanced clinical stage (OR, 1.335; 
95% CI, 1.150-1.751; P = 0.008) were associ-
ated with higher odds of cognitive impairment. 
Higher education level was a protective factor 
(OR, 0.340; 95% CI, 0.194-0.596; P < 0.001). 
Higher CCI scores significantly increased the 
odds of cognitive impairment (OR, 3.486; 95% 
CI, 1.876-6.477; P < 0.001). Longer average 
disease duration was also a significant risk fac-
tor (OR, 1.395; 95% CI, 1.205-1.617; P < 
0.001). Elevated levels of serum inflammatory 
factors, including IL-6 (OR, 1.878; 95% CI, 
1.202-2.933; P = 0.006), IL-8 (OR, 4.150; 95% 
CI, 1.713-10.054; P = 0.002), TNF-α (OR, 1.176; 
95% CI, 1.043-1.325; P = 0.008), and CRP (OR, 
1.597; 95% CI, 1.244-2.049; P < 0.001) were 
also significant predictors. Psychological dis-
tress, indicated by higher SDS scores (OR, 
1.072; 95% CI, 1.017-1.130; P = 0.010) and 
SAS scores (OR, 1.122; 95% CI, 1.054-1.195; P 
< 0.001), along with poorer sleep quality, as 
measured by PSQI scores (OR, 1.252; 95% CI, 
1.087-1.440; P = 0.002), were also significantly 
associated with cognitive impairment. These 
findings highlight the multifactorial etiology of 
cognitive impairment in this patient population 
and underscore the importance of addressing 
both clinical and psychosocial factors in pre-
dicting and managing this condition.

Establishment of prediction model

After our analysis to identify risk factors, we 
developed a predictive model for CRCI in 
patients diagnosed with thyroid cancer by 
employing the Least Absolute Shrinkage and 

Table 3. Comparison of quality of life (SF-36) between two groups of patients before treatment
Parameters High cognitive level group (n = 125) Low cognitive level group (n = 121) t P
Self management 57.28 ± 7.01 55.92 ± 7.12 1.513 0.132
Physiological function 49.06 ± 9.70 46.83 ± 9.43 1.827 0.069
Social function 58.79 ± 7.01 57.92 ± 6.54 1.007 0.315

Table 4. Correlation analysis of factors influ-
encing cancer-related cognitive impairment in 
thyroid cancer patients

r P
Age (years) 0.260 < 0.001
Education Level -0.274 < 0.001
CCI (Scores) 0.317 < 0.001
Average Disease Duration (Months) 0.341 < 0.001
Clinical Stage 0.195 0.002
IL-6 (ng/L) 0.210 < 0.001
IL-8 (μg/L) 0.179 0.005
TNF-α (pg/ml) 0.256 < 0.001
CRP (mg/L) 0.283 < 0.001
SDS Score 0.228 < 0.001
SAS Score 0.213 < 0.001
PSQI Score 0.230 < 0.001
Note: CCI: Charlson Comorbidity Index; IL: interleukin; TNF: 
tumor necrosis factor; CRP: C-reactive protein; SDS: Self 
Rating Depression Scale; SAS: Self-Rating Anxiety Scale; 
PSQI: Pittsburgh sleep quality index.
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Selection Operator (LASSO) regression tech-
nique (Figure 3). This method facilitated the 
selection of variables most strongly associated 
with CRCI by penalizing coefficients of less rel-
evant predictors toward zero. The coefficient 
paths generated as a function of the L1 norm 
and log lambda demonstrated the stability of 
selected variables across different penalty lev-
els. Specifically, 12 independent influencing 
factors (age, education level, CCI scores, aver-
age disease duration, clinical stage, IL-6, IL-8, 
TNF-α, CRP, SDS score, SAS score, and PSQI 
score) were consistently retained in the model 
as lambda increased, indicating their robust 
association with the outcome. During model 
training, this study employed ten-fold cross-
validation ten times to avoid overfitting risks. In 
each cross-validation iteration, the dataset was 
first divided into ten parts, with nine parts used 
to train the model and obtain the optimal 
parameters. Finally, the model’s predictive per-
formance was evaluated on the remaining one 
part of the data. The predictive performance of 
the model was evaluated using AUC, which 
yielded an impressive value of 0.903. This sug-
gests high discriminatory power in distinguish-
ing between thyroid cancer patients who will 
develop CRCI from those who will not.

Demographic and baseline characteristics of 
the verification set

A total of 263 patients were selected for exter-
nal validation, including 135 patients with high 

cognitive levels and 128 patients with low cog-
nitive levels. Among them, patients in the low 
cognitive level group had significantly higher 
age (67.47 ± 6.28 vs. 65.24 ± 7.38, t = 2.637, 
P = 0.009), CCI score (2.64 ± 0.53 vs. 2.48 ± 
0.56, t = 2.410, P = 0.017), and disease dura-
tion (11.48 ± 2.65 vs. 10.49 ± 2.16, t = 3.313, 
P = 0.001) compared to patients in the high 
cognitive level group (Table 6). Patients in the 
high cognitive level group demonstrated signifi-
cantly higher education levels (χ2 = 25.032, P < 
0.001) and lower clinical stages (χ2 = 8.251, P 
= 0.004). However, there were no significant 
differences between the two groups in other 
demographic and baseline characteristics (P > 
0.05). This was consistent with the data from 
the training set, indicating that age, education 
level, CCI score, disease duration, and clinical 
stage significantly influenced patients’ cogni-
tive levels.

Prediction indicators (validation set)

As shown in Table 7, the two groups in the vali-
dation set also exhibited significant differences 
in predictive indicators. Patients in the low cog-
nitive level group showed significantly elevated 
levels of IL-6 (P = 0.001), IL-8 (P = 0.003), TNF-α 
(P = 0.002), CRP (P = 0.024), SDS scores (P = 
0.026), SAS scores (P = 0.003), and PSQI 
scores (P = 0.011). This suggests that IL-6, IL-8, 
TNF-α, CRP, SDS score, SAS score, and PSQI 
score significantly influence patients’ cognitive 
levels.

Table 5. Multivariate logistic regression analysis of factors affecting cancer-related cognitive impair-
ment in thyroid cancer patients

Coefficient Std. 
Error

Wald 
Stat P OR OR CI 

Lower
OR CI 
Upper

Age (years) 0.148 0.033 4.465 < 0.001 1.160 1.087 1.237
Education Level -1.078 0.286 -3.771 < 0.001 0.340 0.194 0.596
CCI (Scores) 1.249 0.316 3.951 < 0.001 3.486 1.876 6.477
Average Disease Duration (Months) 0.333 0.075 4.441 < 0.001 1.395 1.205 1.617
Clinical Stage 1.093 0.411 -2.656 0.008 1.335 1.150 1.751
IL-6 (ng/L) 0.630 0.228 2.769 0.006 1.878 1.202 2.933
IL-8 (μg/L) 1.423 0.451 3.152 0.002 4.150 1.713 10.054
TNF-α (pg/ml) 0.162 0.061 2.652 0.008 1.176 1.043 1.325
CRP (mg/L) 0.468 0.127 3.677 < 0.001 1.597 1.244 2.049
SDS Score 0.069 0.027 2.570 0.010 1.072 1.017 1.130
SAS Score 0.115 0.032 3.584 < 0.001 1.122 1.054 1.195
PSQI Score 0.224 0.072 3.129 0.002 1.252 1.087 1.440
Note: CCI: Charlson Comorbidity Index; IL: interleukin; TNF: tumor necrosis factor; CRP: C-reactive protein; SDS: Self Rating 
Depression Scale; SAS: Self-Rating Anxiety Scale; PSQI: Pittsburgh sleep quality index.
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ROC (validation set)

Combining all predictive indicators (age, educa-
tion level, CCI scores, average disease dura-
tion, clinical stage, IL-6, IL-8, TNF-α, CRP, SDS 
score, SAS score, and PSQI score), the model 
demonstrated high predictive performance 
with an AUC of 0.835 in the validation set 
(Figure 4). This suggests that the combined 
indicators have good predictive efficacy for pre-
dicting CRCI in thyroid cancer patients.

turbances [23]. Previous literature has also 
reported that increasing age is closely associ-
ated with cognitive decline, and cancer patients 
in older populations are more likely to be affect-
ed by cognitive impairments [24]. Educational 
attainment emerged as a protective factor 
against CRCI, underscoring the ‘cognitive 
reserve’ hypothesis. Higher education levels 
are associated with enhanced neural efficien-
cy, greater synaptic density, and more robust 
neural networks, which confer resilience 

Figure 3. Establishment of prediction model. A: Coefficient paths as a func-
tion of lambda; B: Coefficient paths as a function deviance explained; C: Co-
efficient paths as a function of L1 norm; D: Cross validation; E: DCA plot; 
F: ROC model evaluated the predictive performance of indicators related to 
cognitive impairment in thyroid cancer. Note: DCA: decision curve analysis; 
ROC: receiver operating characteristic.

Discussion

The present study thoroughly 
investigated the risk factors 
associated with CRCI in thy-
roid cancer patients and sub-
sequently established a pre-
dictive model to facilitate the 
identification of at-risk indi-
viduals. A wide array of vari-
ables, including demographic, 
clinical, biochemical, and psy-
chological parameters, were 
meticulously examined to de- 
lineate their impact on cog- 
nitive function. The notable 
findings highlight the intricate 
interplay of these factors, 
offering important implica-
tions for clinical practice and 
future research.

The study revealed that in- 
creasing age was a significant 
risk factor for CRCI in thyroid 
cancer patients. This obser-
vation aligns with the general 
understanding of cognitive 
aging [22], where neurobio-
logical changes, such as re- 
duced neurogenesis, synaptic 
plasticity decline, and increa- 
sed vulnerability to neurode-
generative processes, collec-
tively contribute to cognitive 
decline. Aging is also accom-
panied by a higher cumula- 
tive burden of comorbidities, 
which can exacerbate cogni-
tive impairment through mul-
tiple pathways, including ch- 
ronic inflammation, vascular 
pathology, and metabolic dis-
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against pathological insults [25]. Cognitive 
reserve can delay the onset of clinical manifes-
tations of cognitive impairment, as individuals 
with higher reserve can utilize alternative neu-
ral pathways to compensate for brain damage 
caused by various factors, including cancer and 
its treatment [26]. Previous studies have shown 

that individuals with higher education levels 
exhibit stronger adaptability and resilience 
when facing cognitive challenges [27].

The CCI was significantly correlated with cogni-
tive impairment, which is consistent with previ-
ous studies highlighting the impact of multimor-

Table 6. Demographic and baseline characteristics of the verification set

Parameters High cognitive level group  
(n = 135)

Low cognitive level group  
(n = 128) t/χ2 P value

Age (years) 65.24 ± 7.38 67.47 ± 6.28 2.637 0.009
Body Mass Index (kg/m2) 23.15 ± 2.16 23.38 ± 2.47 0.801 0.424
Gender (male/female) 52 (38.52%)/83 (61.48%) 42 (32.81%)/86 (67.19%) 0.931 0.334
Education Level 25.032 < 0.001
    Primary School 25 (18.52%) 38 (29.69%)
    Secondary School 44 (32.59%) 65 (50.78%)
    College 66 (48.89%) 25 (19.53%)
Married [n (%)] 2.665 0.103
    Yes 115 (85.19%) 99 (77.34%)
Smoking (yes/no) 41 (30.37%)/94 (69.63%) 45 (35.16%)/83 (64.84%) 0.684 0.408
Drinking (yes/no) 28 (20.74%)/107 (79.26%) 32 (25.00%)/96 (75.00%) 0.677 0.411
Hypertension [n (%)] 0.684 0.408
    Yes 41 (30.37%) 45 (35.16%)
Diabetes Mellitus [n (%)] 0.219 0.640
    Yes 24 (17.78%) 20 (15.62%)
CCI (Scores) 2.48 ± 0.56 2.64 ± 0.53 2.410 0.017
Average Disease Duration (Months) 10.49 ± 2.16 11.48 ± 2.65 3.313 0.001
Clinical Stage 8.251 0.004
    I/II 93 (68.89%) 66 (51.56%)
    III/IV 42 (31.11%) 62 (48.44%)
Treatment Method [n (%)] 1.502 0.913
    Excision Surgery 78 (57.78%) 72 (56.25%)
    Radioiodine (I-131) Therapy 21 (15.56%) 25 (19.53%)
    Thyroid Hormone Replacement Therapy 16 (11.85%) 14 (10.94%)
    External Radiation Therapy 10 (7.41%) 8 (6.25%)
    Targeted Therapy 6 (4.44%) 7 (5.47%)
    Chemotherapy 4 (2.96%) 2 (1.56%)
Note: CCI: Charlson Comorbidity Index.

Table 7. Prediction indicators (validation set)
Parameters High cognitive level group (n = 135) Low cognitive level group (n = 128) t P value
IL-6 (ng/L) 2.94 ± 0.64 3.28 ± 0.98 3.314 0.001
IL-8 (μg/L) 1.41 ± 0.36 1.59 ± 0.62 2.955 0.003
TNF-α (pg/ml) 19.16 ± 3.52 20.64 ± 4.15 3.134 0.002
CRP (mg/L) 5.84 ± 1.38 6.29 ± 1.75 2.272 0.024
SDS score 54.48 ± 6.15 56.24 ± 6.57 2.244 0.026
SAS score 56.47 ± 6.23 58.75 ± 6.18 2.984 0.003
PSQI score 11.75 ± 2.15 12.41 ± 2.06 2.559 0.011
Note: IL: interleukin; TNF: tumor necrosis factor; CRP: C-reactive protein; SDS: Self Rating Depression Scale; SAS: Self-Rating 
Anxiety Scale; PSQI: Pittsburgh sleep quality index.
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bidity on cognitive health [28]. Comorbid condi-
tions, such as cardiovascular diseases, diabe-
tes, and chronic inflammatory states, can 
adversely affect cognitive function through 
mechanisms like reduced cerebral perfusion, 
oxidative stress, and the pro-inflammatory 
milieu [29]. The additive burden of multiple 
chronic diseases can synergistically impair  
cognitive processes, exacerbating cognitive 
decline in cancer patients [30]. Longer disease 
duration was another significant risk factor for 
CRCI. Prolonged exposure to cancer-related 
physiological and psychological stressors can 
have a cumulative detrimental effect on cogni-
tive function. Chronic stress, persistent inflam-
mation, and the metabolic demands of sus-
tained cancer progression can disrupt neural 
homeostasis and promote cognitive decline 
[31]. Furthermore, longer disease duration 
often implies extended periods of cancer treat-
ment, which can have neurotoxic effects con-
tributing to cognitive impairment. The clinical 
stage of cancer was associated with cognitive 
impairment, suggesting that patients with more 
advanced disease stages exhibit greater sus-
ceptibility to CRCI. Several factors could con-
tribute to this phenomenon: First, advanced-
stage cancer typically correlates with a higher 
tumor burden, which could directly or indirectly 
affect brain function. Tumor-related factors like 
metabolic changes, hormonal imbalances, and 

systemic inflammation may detrimentally im- 
pact cognitive processes [32]. Additionally, 
patients with advanced-stage cancer are often 
under significant psychological stress due to 
poorer prognoses and more intense treatment 
regimens. Elevated psychological distress, 
including anxiety and depression, is known to 
adversely affect cognitive function [33].

Elevated levels of serum inflammatory factors, 
such as IL-6, IL-8, TNF-α, and CRP, were strong-
ly associated with lower cognitive levels. 
Chronic inflammation is a well-established con-
tributor to cognitive decline, with inflammatory 
cytokines exerting neurotoxic effects, disrupt-
ing blood-brain barrier integrity, and impairing 
neurogenesis and synaptic plasticity [34]. 
Cancer-related systemic inflammation can 
exacerbate these processes, driving cognitive 
impairment. The findings underscore the role  
of the neuroinflammatory model of cognitive 
decline, advocating for the importance of man-
aging systemic inflammation in cancer patients 
to preserve cognitive function.

Psychological distress, indicated by higher SDS 
and SAS scores, along with poorer sleep quali-
ty, as measured by PSQI scores, were also sig-
nificant predictors of CRCI. Depression and 
anxiety are common comorbidities in cancer 
patients and have well-documented adverse 
effects on cognitive function. These psycholo- 
gical conditions can contribute to cognitive 
impairment through various mechanisms, in- 
cluding dysregulation of the HPA axis, increased 
systemic inflammation, and direct neurotoxic 
effects of stress hormones [35]. Poor sleep 
quality further exacerbates cognitive decline by 
impairing processes such as memory consoli-
dation, synaptic plasticity, and neuronal repair, 
which are crucial for maintaining cognitive func-
tion. These findings highlight the importance of 
comprehensive psychosocial care in cancer 
management to address these modifiable risk 
factors.

The multivariate logistic regression analysis 
offered a robust predictive model for CRCI, with 
significant variables including age, education 
level, CCI scores, disease duration, clinical 
stage, serum inflammatory markers (IL-6, IL-8, 
TNF-α, and CRP), SDS scores, SAS scores, and 
PSQI scores. The high discriminatory power of 
the model, as indicated by the AUC, under-
scores its clinical utility in early identification of 

Figure 4. ROC model evaluated the predictive perfor-
mance of indicators related to cognitive impairment 
in thyroid cancer (validation set). Note: ROC: receiver 
operating characteristic.
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patients at high risk for CRCI. This predictive 
capability is crucial for implementing personal-
ized interventions, optimizing treatment proto-
cols, and providing targeted psychosocial sup-
port to mitigate cognitive decline.

The findings of this study hold significant impli-
cations for clinical practice. First, routine cogni-
tive screening should be considered for thyroid 
cancer patients, especially those with identi-
fied risk factors such as advanced age, lower 
education levels, high comorbidity burden, and 
longer disease duration. Early detection of cog-
nitive impairment allows for timely interven-
tions aimed at preserving cognitive function. 
Second, managing systemic inflammation th- 
rough appropriate therapeutic strategies could 
be a key component of supportive care in can-
cer patients. Anti-inflammatory agents, lifestyle 
modifications, and dietary interventions target-
ing inflammation could potentially mitigate 
CRCI. Third, comprehensive psychosocial care 
addressing depression, anxiety, and sleep dis-
turbances should be integrated into cancer 
care pathways. Psychotherapy, pharmacologi-
cal treatments, and behavioral interventions 
could effectively alleviate psychological dis-
tress and improve sleep quality, thereby sup-
porting cognitive health.

While this study provides valuable insights into 
the risk factors and predictive modeling of CRCI 
in thyroid cancer patients, several limitations 
must be acknowledged. Firstly, the retrospec-
tive design limits the ability to establish causal 
relationships and may introduce selection bias. 
Secondly, the study cohort was derived from a 
single institution, potentially affecting the gen-
eralizability of the findings to broader popula-
tions. Thirdly, cognitive function was assessed 
using the MMSE, which, while widely used, may 
not capture subtle cognitive impairments that 
could be detected with more comprehensive 
neuropsychological testing. Additionally, the 
variations in treatment plans and combination 
therapies within the study cohort may intro-
duce bias in the results. Lastly, the reliance on 
self-reported psychological and sleep quality 
measures could introduce response bias. 
Future studies with longitudinal designs, multi-
center cohorts, and more detailed cognitive 
assessments are warranted to build upon 
these findings and further elucidate the mecha-
nisms underlying CRCI in thyroid cancer 
patients. Future research should delve deeper 

into the biological mechanisms linking cancer, 
its treatment, and cognitive impairment. Longi- 
tudinal studies examining the trajectory of cog-
nitive changes over time and their association 
with inflammatory markers, stress hormones, 
and neuroimaging findings would offer valuable 
insights. Investigating the potential neuropro-
tective effects of different cancer treatment 
modalities, including targeted therapies and 
immunotherapies, could uncover new avenues 
for mitigating CRCI. Additionally, exploring the 
role of genetic and epigenetic factors in modu-
lating susceptibility to CRCI could contribute  
to the development of personalized medicine 
approaches in oncology.

Conclusion

In conclusion, this study provides a comprehen-
sive analysis of the multifactorial nature of 
CRCI in thyroid cancer patients. The identified 
risk factors, including age, education level, 
comorbidities, disease duration, clinical stage, 
serum inflammatory markers, psychological 
distress, and sleep quality, collectively contrib-
ute to the development of cognitive impair-
ment. The predictive model established in this 
study offers a valuable tool for early identifica-
tion and targeted intervention, ultimately aim-
ing to enhance the quality of life in thyroid can-
cer patients.
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