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Background: Cognitive impairment (CI) is frequently observed in patients with chronic pain (CP). CP progression increases the risk
of dementia and accelerates Alzheimer’s disease pathogenesis. However, risk diagnostic models and biomarkers for CP-related CI
remain insufficient. Previous research has highlighted the relationships between several complete blood count parameters for CP or CI-
related diseases, such as Alzheimer’s disease, while the specific values of complete blood count parameters in CP-related CI patients
remain unclear. This study aimed to explore the correlation between complete blood count parameters and CP-related CI to establish
a risk diagnostic model for the early detection of CP-related CI.

Methods: This cross-sectional study was conducted at West China Hospital, Sichuan University. The Montreal Cognitive Assessment
(MoCA) was used to classify patients into either the CP with CI group or the CP without CI group. Univariate analysis and
multivariate logistic regression analysis were used to screen the related factors of CP-related CI for constructing a risk diagnostic
model, and the model was evaluated using receiver operating characteristic (ROC) curve analysis.

Results: The study ultimately included 163 eligible patients. Based on analysis, age (OR, 1.037 [95% CI, 1.007-1.070]; P=0.018),
duration of pain (OR, 2.546 [95% CI, 1.099-6.129]; P=0.032), VAS score (OR, 1.724 [95% CI, 0.819-3.672]; P=0.153), LMR (OR,
0.091 [95% CI, 0.024-0.275]; P<0.001), absolute neutrophil value (OR, 0.306 [95% CI, 0.115-0.767]; P=0.014), and lymphocyte
percentage (OR, 6.551 [95% CI, 2.143-25.039]; P=0.002) were identified as critical factors of CP-related CI. The diagnostic model
was evaluated by the ROC curve, demonstrating good diagnostic value with an area under the curve (AUC) of 0.803, a sensitivity of
0.603 and a specificity of 0.871.

Conclusion: The risk diagnostic model developed in this study for CP-related CI has significant value and enables clinicians to
customize interventions based on each patient’s needs.
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Introduction

Chronic pain (CP) refers to pain that lasts or recurs for more than 3 months." Cognitive impairment (CI) is a prevalent
complication in CP patients, primarily characterized by diminished memory, attention, and executive function.”? CP
affects approximately 53% of the communities in the United States,> and persistence of pain interference is associated
with 21% increased odds of CI for every 2 years.* CP persistent progression can increase the risk of Alzheimer’s disease
(AD) and accelerate AD pathogenesis,” leading to reduced quality of life, medical adherence, and work capacity for
patients.” Of note, another meta-analysis have demonstrated that the prevalence of CP in AD patients was as high as
45.8%.” A study of CP patients found that two-thirds had impaired working memory and attention.® Cognitive function
did not improve even after short-term local analgesia,® indicating a close bidirectional relationship rather than two

separate conditions.
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The specific mechanisms underlying CP-related CI remain incompletely understood. Current evidence suggests that
the two conditions share several common pathophysiological changes.” CP and cognitive task execution involve over-
lapping brain regions, suggesting that pain may reduce the availability of cognitive resources within specific circuits.>”
Additionally, abnormalities in the locus coeruleus norepinephrine system,'® microglial activation and increased central
neuroinflammation have been observed in both CP and AD.'' However, since the unclear mechanisms underlying CP-
related CI, effective risk assessment and intervention strategies are still lacking in clinical practice. While commonly
used analgesics provide some relief from pain, many may potentially cause or exacerbate cognitive dysfunction.'?
Therefore, investigating the risk factors of CP-related CI and developing a risk diagnostic model for early prevention and
treatment are of clinical significance.

Complete blood count (CBC) tests are cost-effective and easy to obtain, making them ideal biomarkers for early
disease diagnosis. Some parameters in the CBC test are considered to be either protective or exacerbating factors for CP.
The platelet-to-lymphocyte ratio (PLR) in fibromyalgia patients is significantly higher than that in the control group.'
Changes in the neutrophil-to-lymphocyte ratio (NLR) can be used for early identification risk of chronic postoperative
pain, prompting clinicians to conduct further evaluations.'* High-quality basic research has also confirmed that the
neutrophil activation induced acute inflammatory response protects against the development of CP.'> Furthermore,
neutrophil count, and the NLR in CBC tests were associated with postoperative cognitive dysfunction and AD.'®!”
However, the relationship between CBC parameters and CP-related CI remains unclear due to a lack of sufficient clinical
research evidence. Therefore, this study aimed to explore the correlation between CBC parameters and CP-related CI,
identify risk factors of CP-related CI, and establish a risk diagnostic model combining general clinical data for the early
detection of CP-related CI.

Methods
Ethical Approval

All procedures involving human participants adhered to the 1964 helsinki Declaration and its subsequent amendments. The
study plan was approved by the Ethics Committee of West China Hospital, Sichuan University (ethics approval number:
2021 review (221)) and registered in the Chinese Clinical Trial Registry (registration number: ChiCTR2100047290).

Study Design and Study Setting

This study was a single-center, cross-sectional study conducted on CP patients at the Department of Pain Medicine, West
China Hospital, Sichuan University, from October 2020 to February 2023. We conducted an epidemiological survey on
eligible CP patients.

Study Population
Under the principles of informed consent and voluntary participation, a total of 180 people were surveyed, and 163
patients were ultimately included after excluding patients diagnosed with chronic primary pain, chronic cancer-related
pain, or those who did not complete all the questionnaires or who were unqualified (Figure 1).

The inclusion criteria were as follows: (1) voluntary participation and signing an informed consent form; (2) age over
18 years; (3) VAS score > 0; (4) pain duration > 3 months, diagnosed as CP by a specialist in pain; and (5) no
participation in other clinical trials. The exclusion criteria were as follows: (1) Poor general condition, inability to
objectively describe symptoms or actively cooperate, severe infection, respiratory failure, or heart failure. (2) Previous
diagnosis of dementia, Alzheimer’s disease, cerebral ischemia, brain injury, central nervous system infection, epilepsy,
Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis, or spinocerebellar ataxia. (3) Pre-existing
diagnosis of severe anxiety, severe depression, schizophrenia or other mental diseases before the onset of CP; (4)
Undergoing hemodialysis; (5) Suffering from severe anemia; (6) Suspected or confirmed drug and alcohol addiction; (7)
Pregnant or breastfeeding; (8) Refusal to be enrolled.
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Figure | Flowchart of the study.

Measurement and Data Collection

The patients who met the inclusion and exclusion criteria were assessed with the Montreal Cognitive Assessment
(MoCA) questionnaire on the admission day, and were divided into the CP with CI group and the CP without CI group
according to their MoCA scores. Additionally, common demographic factors such as age, gender, height, weight, body
mass index (BMI), education level, degree of pain (VAS score and ID pain score), pain duration, main diagnosis, and
medications were recorded. Basic vital signs of the patients were also collected for statistical analysis.

The visual analogue scale (VAS)'® was used to assess the degree of pain. The VAS score is widely employed for
measuring pain, quality of life, and anxiety. It consists of a 100 mm straight line with one end at 0 indicating no pain and
the other end at 10 indicating unbearable pain. The patient marks their subjective perception of pain on this line within
the range of 0 to 10.'” Pain levels are categorized as follows: no pain (0), mild pain (1-3), moderate pain (4-6), and
severe pain (7-10). In addition, the ID pain scale was used to preliminarily screen for neuropathic pain.*’ This scale
consists of 6 items evaluating sensory descriptions (acupuncture, burning, numbness, over-electricity, and hyperalgesia;
each item is scored positively with 1 point) and joint pain (describing whether pain is limited to the joint to exclude
injury-related pain; reversely scored with —1 point).?' The total score ranges from —1 to 5 points. Clinically, treatment
options for neuropathic pain are determined based on the ID Pain score, which is generally >3 points.

The MoCA was used to assess cognitive function, with 28 items covering eight areas: executive function, attention,
memory, language, visual-spatial ability, abstract thinking, calculation, and orientation. Scores range from 0-30; higher
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scores indicate better cognitive function. The cut-off values are based on education level: <6 years (19 scores), 7-12
years (22 scores), and >12 years (24 scores). Patients completed the MoCA in approximately 15 minutes.

Statistical Analysis

Data entry, database establishment, and data analysis for this study were conducted via Excel software, R language 4.1.3
software, and SPSS 27.0 software. Double entry was performed to ensure accuracy. This study analyzed the epidemiology of
patients with CP-related CI by describing the demographic data and CBC test parameter data of the subjects. The prevalence
characteristics of CP-related CI were examined through frequency analysis. The NLR, PLR, lymphocyte-monocyte ratio
(LMR), and neutrophil-monocyte ratio (NMR) were calculated, and ROC curve were used to determine the best cut-off
points for continuous variables such as pain-related factors and CBC parameters. Univariate logistic regression analysis was
used to screen related factors for CP-related CI diagnosis, which were then included in multivariate logistic regression
analysis to construct a diagnostic model. The diagnostic level of the model was evaluated using ROC curve and a nomogram
was created accordingly. All the statistical tests were conducted at a significance level of 0=0.05 for two-sided testing.

Results

Baseline Characteristics and Outcomes of Subjects

This study included 163 patients with CP, 85 of whom were in the CI group and 78 of whom were in the non-CI group.
There were no significant differences in gender, educational level, or BMI between the two groups. The study included 8
general information variables (Table 1) and 14 CBC parameters variables (Table 2) related to CP and CI. The baseline
characteristics of the two groups are presented in Table 1.

Univariate Analysis to ldentify Related Factors

For CP-related CI, univariate analysis identified 3 differentiated factors among the 8 general information variables and 9
differentiated factors among 14 CBC parameter variables. The variables with P<0.05 from Table 1 and Table 2 were
assigned as independent variables. Specifically, the results showed significant differences between the two groups in
terms of age, pain duration, VAS score, NLR, LMR, NMR, white blood cell count, absolute value of lymphocytes,
absolute value of neutrophils, percentage of neutrophils, percentage of lymphocytes, and percentage of monocytes.

Multivariate Logistic Regression Analysis and Diagnostic Model of Chronic Pain with

Cognitive Impairment Establishment

Based on the results of univariate analysis, CP-related CI were treated as the dependent variable (those without CI were
assigned a value of 0, and those with CI were assigned a value of 1), and the 12 statistically significant variables from
Table 1 and Table 2 were set as independent variables (the assignment values are shown in Table 3) and included in
a multivariate logistic regression analysis. After a rigorous feature selection process of multivariate logistic analysis, six
factors (age, duration of pain, VAS score, LMR, neutrophil count, and lymphocyte percentage) were ultimately included
into the optimal diagnostic model (Table 4).

Construction of a Nomogram Model for Assessing the Risk of Cognitive Impairment

in Patients with Newly Diagnosed Chronic Pain

A prediction model was constructed based on the regression coefficients and constant terms derived from the multivariate
logistic regression analysis. This logistic regression model was visualized using R software to create a nomogram
(Figure 2). The total score was obtained by calculating the individual scores for each factor in the nomogram.

Performance Analysis of the Nomogram Model Assessing the Risk of Cognitive

Impairment in Patients with Chronic Pain
Then, we separately plotted ROC curves for the six individual variables (Figure 3) according to previous research by
Janes et al.>> The nomogram model constructed above was used to evaluate their respective diagnostic value of these
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Table | Univariate Logistic Analysis of the General Information of Chronic Pain Patients

CP with CI | CP without ClI | OR (95% CI) P
Gender [n(%)]
Male 36 (54.55) 30 (45.45)
Female 49 (50.52) 48 (49.48) 1.20 (0.63-2.20) | 0.6l
Age (year) 55.62+12.57 | 48.26%13.37 1.05 (1.02-1.07) | <0.01*
Educational level [n(%)]
High school and above 69 (52.67) 62 (47.33)
Elementary School 14 (58.33) 10 (41.67) 1.30 (0.52-3.00) | 0.6l
llliterate 2 (25.00) 6 (75.00) 0.30 (0.06—1.50) | 0.15
BMI (kg m2) [n(%)]
Normal (18.5-24) 43 (51.81) 40 (48.19)
Obesity (228) 9 (56.25) 7 (43.75) 2.10 (0.60-7.30) | 0.25
Overweight (24-28) 33 (55.00) 27 (45.00) 1.00 (0.53-2.00) | 0.95
Emaciated (<18.5) 0 (0.00) 4 (100) 0.0 (0.00-Inf) 0.99
VAS Score [n(%)]
<5.5 score 36 (43.37) 47 (56.63)
25.5 score 49 (61.25) 31 (38.75) 2.10 (1.10-3.90) | 0.02*
ID Pain Score [n(%)]
<3 score 65 (56.52) 50 (43.48)
23 score 20 (41.67) 28 (58.33) 0.55 (0.28-1.10) | 0.09
Categories of Pain [n(%)]
CNP 18 (58.06) 13 (41.94)
CPSP 3 (60.00) 2 (40.00) 0.00 (0-Inf) 0.99
CSMSpP 64 (50.39) 63 (49.61) 1.10 (0.16-7.40) | 0.94
Pain Duration [n(%)]
<6.5 months 17 (38.64) 27 (61.36)
26.5 months 68 (57.14) 51 (42.86) 2.10 (1.00-4.30) | 0.04*

Note: *Represents a statistically significant difference with P < 0.05.

Abbreviations: BMI, Body mass index; CP, chronic pain; CNP, chronic neuropathic pain; CPSP, chronic post-
surgical or post-traumatic pain; CSMSP, chronic secondary musculoskeletal pain; Cl, Cognitive impairment; OR,
odds ratio; VAS, Visual Analogue Scale.

factors for CI risk in CP patients and was also evaluated by ROC curve analysis. According to the results of ROC curve
analysis, the AUC for the nomogram model in diagnosing CI risk in CP patients was 0.803, with a sensitivity of 0.603
and a specificity of 0.871 (Figure 4).

Discussion

Although the analgesic management of CP has improved significantly through the use of novel drugs or other therapeutic
interventions, CI remains one of the common complications for these patients, seriously affecting their daily activities
and quality of life.*** Previous studies have demonstrated the close relationship between CP and CI,*>*® providing
reliable support for the construction of the risk diagnostic model presented in our research. As the level of CI increased
from no impairment to substantial CI, the prevalence of any pain increased from 62.44% to 83.20%.%” Therefore, our
study identified the risk factors among the general information and CBC parameters associated with CP-related CI and
constructed a risk diagnostic model based on these factors. Specifically, it was found that age, duration of pain, the VAS
score, the LMR, the neutrophil count, and the lymphocyte percentage were included in the risk diagnostic model. This
result is crucial for the early detection and prevention of CI for CP patients.

Given the high degree of heterogeneity among different studies, the prevalence of CI in CP patients ranges from
6%—54%.7*° In this study, we found a prevalence of 52.15%, which is slightly higher than that most reported in
previous studies. The reasons for the observed differences may be attributed to the variations in patient characteristics
compared with those reported in previous studies, including age, gender composition, medications, pain types, and the
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Table 2 Univariate Logistic Analysis of Complete Blood Count Parameters from Chronic Pain

Patients
CP with CI | CP without ClI | OR (95% CI) P

NLR [n(%)]
<17 50 (60.98) 32 (39.02)
1.7 35 (43.21) 46 (56.79) 0.49 (0.26-0.91) | 0.02*
PLR [n(%)]
<90.26 34 (60.71) 22 (39.29)
290.26 51 (47.66) 56 (52.34) 0.59 (0.31-1.10) | O.11
LMR [n(%)]
<3.69 40 (65.57) 21 (34.43)
23.69 45 (44.12) 57 (55.88) 0.41 (0.21-0.80) | 0.01*
NMR [n(%)]
<8.00 64 (60.38) 42 (39.62)
28.00 21 (36.84) 36 (63.16) 0.38 (0.20-0.74) | <0.01*
White blood cell count (10%/L)
<6.53 72 (59.50) 49 (40.50)
26.53 13 (30.95) 29 (69.05) 0.31 (0.14-0.64) | <0.01*
Red blood cell count (I09IL)
<423 37 (48.05) 40 (51.95)
2423 48 (55.81) 38 (44.19) 1.40 (0.74-2.50) | 0.32
Hemoglobin (g/L)
<1295 37 (45.68) 44 (54.32)
21295 48 (58.54) 34 (41.46) 1.70 (0.90-3.10) | 0.10
Platelet count (10°/L)
<1215 16 (69.57) 7 (30.43)
21215 69 (49.29) 71 (50.71) 0.43 (0.16-1.10) | 0.08
Percentage of monocytes (%)
<7.75 35 (42.31) 46 (56.79)
27.75 50 (60.98) 32 (39.02) 2.10 (1.10-3.80) | 0.02*
Absolute Monocyte Count (I09IL)
<0.34 16 (41.03) 23 (58.97)
20.34 69 (55.65) 55 (44.35) 1.80 (0.87-3.70) | 0.11
Lymphocyte Percentage (%)
<31.3 30 (42.86) 40 (57.12)
231.3 55 (59.14) 38 (40.86) 1.90 (1.00-3.60) | 0.04*
Absolute lymphocyte count (IO’IL)
<243 79 (55.24) 64 (44.76)
2243 6 (30) 14 (70) 0.35 (0.13-0.95) | 0.04*
Neutrophil percentage (%)
<55.85 50 (60.98) 32 (39.29)
255.85 35 (43.21) 46 (56.79) 0.49 (0.26-0.91) | 0.02*
Absolute neutrophil count (I09IL)
<3.85 72 (61.02) 46 (38.98)
23.85 13 (28.89) 32 (71.11) 0.26 (0.12-0.55) | <0.01*

Note: *Represents a statistically significant difference with P < 0.05.

Abbreviations: CP, chronic pain; Cl, cognitive impairment; NLR, Ratio of Neutrophil Count to Lymphocyte Count; PLR, Ratio
of Platelet Count to Lymphocyte Count; LMR, Ratio of Lymphocyte Count to Monocyte Count; NMR, Ratio of Neutrophil
Count to Monocyte Count; OR, Odds ratio; Cl, Confidence Interval.

cognitive function assessment tools used. Some studies have utilized the Mini-Mental State Examination (MMSE)
scale to evaluate CI,%’ whereas the MoCA scale was employed in this study. Differences in assessment tools might lead
to discrepancies in the reported incidence of CI. Furthermore, the gender distribution in this study was not entirely
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Table 3 Variable Assignment Methods

Variable Assignment

Age (years) Direct Inclusion

Pain Duration (months) <6.5 months=0, 26.5 months=|
VAS Score <5.5 Score=0, 25.5 months=1
LMR <6.5 months=0, 26.5 months=|
Neutrophil count (10%/L) <3.85=0, 23.85=1

Lymphocyte Percentage (%) <31.3%=0, 231.3% =1

Abbreviations: VAS Score, Visual Analog Scale Score; LMR, Ratio of
Lymphocyte Count to Monocyte Count.

Table 4 Multivariate Logistic Analysis from Chronic Pain Patients

pvalue | Waldy® | OR (95% CI) P
Age (years) 0.04 5.64 1.037 (1.007~1.070) | 0.018*
Pain Duration 2 6.5 months 0.94 4.60 2546 (1.099~6.129) | 0.032*
VAS Score 2 5.5 score 0.55 2.04 1.724 (0.819~3.672) | 0.153
LMR > 3.69 ~2.40 15.21 0.091 (0.024~0275) | <0.001*
Neutrophil count > 3.85 (10°/L) -1.18 6.09 0306 (0.115~0.767) | 0.014*
Lymphocyte Percentage > 2.43 (%) | 1.88 9.37 6.551 (2.143~25.039) | 0.002*

Note: *Represents a statistically significant difference with P < 0.05.
Abbreviations: CP, Chronic pain; Cl, Cognitive impairment; VAS Score, Visual Analogue Scale Score; LMR, Ratio of
lymphocyte count to monocyte count; Wald 2, Wald chi-square value; OR, Odds ratio; Cl, Confidence interval.

balanced, with female patients accounting for nearly 60% of the cohort, which may also contribute to the observed
differences in CI incidence.

In this study, age was identified as a critical risk factor for CI in CP patients, with an increasing age related to a higher
risk. The normal aging process is associated with declines in certain cognitive abilities, such as processing speed and
certain memory, language, visuospatial, and executive function abilities.*>*' Research has indicated that aging is
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Figure 2 Nomogram of a diagnostic model of CP-related Cl. This figure shows that six factors, including age, duration of pain, VAS score, LMR, absolute neutrophil count,
and lymphocyte percentage, were included in the diagnostic model.
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Figure 3 ROC curve for assessing the performance of each factor in the diagnostic models. (A) ROC curve of age in the diagnostic models. (B) ROC curve of pain duration
in the diagnostic models. (C) ROC curve of VAS score in the diagnostic models. (D) ROC curve of neutrophil in the diagnostic models. (E) ROC curve of lymphocyte
percentage in the diagnostic models. (F) ROC curve of LMR in the diagnostic models.

associated with an elevation in the pain threshold, a decline in pain perception, and a reduction in pain tolerance.***
Meanwhile, aging of the central nervous system might result in a decrease in the brain reserve,’* leading to increased
brain frailty.*® The brain reserve refers to the ability of the brain to withstand neuropathological changes due to aging or
disease without presenting clinical symptoms.*® While the brain reserve declines in elderly patients, CP, as a long-
standing stressor, is more likely to cause brain dysfunction.

In addition, the results showed that pain duration is a risk factor for the development of CI in CP patients.
Specifically, the risk of CI in patients with a pain duration exceeding 6.5 months is more than twice that of patients
with a pain duration of less than 6.5 months, which aligns with previous research conclusions. Some studies have
reported negative correlations between a lower grey matter volume and a longer duration of pain.*”*® Similarly, longer
pain duration in knee osteoarthritis patients was associated with extended, bilateral cortical thinning after controlling for
age effects using whole vertexwise brain analysis.>* The accumulation of time-induced physiological and pathological
changes in the brain may be a key factor in the development of CI.

This study found no gender differences in the occurrence of CI in CP patients. However, the correlation between sex
and CP-related CI patients remains controversial. Research has indicated that memory performance is better in female
patients with fibromyalgia than in male patients,*® whereas a study conducted by Randy S Roth et al suggested that
women with CP are particularly vulnerable to cognitive dysfunction.*' The underlying reason may be attributed to the
effects of sex hormones. Sex hormones exhibit highly complex interactions with both pain and cognition.**** For
women, fluctuations in estrogen levels can enhance the intensity and perception of pain.**** In addition, estrogen also
demonstrates certain neuroprotective effects.*> The lack of gender differences observed in this study may be closely

related to the age range of the included patients, as estrogen levels vary significantly across different ages of female CP
patients.
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Figure 4 ROC curve for evaluating the performance of risk diagnostic models. The model was assessed using ROC curves and achieved an AUC of 0.803, with sensitivity
and specificity values of 60.3% and 87.1%, respectively.

This study innovatively revealed that the LMR, neutrophil count, and lymphocyte percentage, were significant factors
associated with the occurrence of CI in individuals with CP. The LMR is often used as an indicator of systemic
inflammation.***’ A low LMR has been implicated in several studies as a potential risk factor for cognitive decline after
surgery and in patients with neuroinflammatory conditions.*® In this study, it was found that the group with a LMR
greater than or equal to 3.69 had a lower incidence of CI in CP patients than did the group with an LMR less than 3.69,
indicating that a higher LMR may have a protective effect against cognition. Postoperative cognitive dysfunction, which
shares similarities with CP-related CI, was found to be correlated with a reduced LMR,*® suggesting that abnormal
immune states may contribute to neurological dysfunction following chronic conditions.

The neutrophil count, an indicator of systemic inflammation, has been studied as a biomarker or risk factor of several
diseases.””® A population-based cohort study demonstrated that increased neutrophils were associated with poor
cognitive performance and accelerated decline in episodic memory.”' However, our study revealed that the prevalence
of CI was lower in the group with a neutrophil count > 3.85 x 10°/L compared to the group with a neutrophil count <
3.85 x 10°/L, indicating that hypo-neutrophil-count has a negative effect on cognition, which contradicts with previous
studies. Furthermore, this study also found that a higher lymphocyte percentage was associated with CI, which also
contrasts with the findings of previous cognition-related studies. For example, lower lymphocyte counts and altered
lymphocyte subset ratios have been observed in patients with Alzheimer’s disease and mild cognitive impairment.’*
Few studies showed the direct link the lymphocyte percentage and neutrophil count with the coexistence of CP and ClI,
while some research reported this correlation in other types of cognitive disorders, such as Alzheimer’s disease.”* >’
However, these findings do not represent contradictory results under the same conditions. These differences may be

attributed to various factors, such as patient age and immune state. Immune homeostasis is beneficial for maintaining
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cognitive health.>®>° Thus, hypoactive or hyperactive peripheral immune reactions might be deleterious for cognitive
function in CP patients.

Our study identified the factors related to CI in CP patients, mainly focusing on general information and CBC test
parameters. We constructed a risk diagnostic model by including six factors: age, duration of pain, VAS score, LMR,
neutrophil count, and lymphocyte percentage. ROC curve analysis demonstrated the value of our risk diagnostic model.
As a simple clinical tool for personalized evaluation, it can help identify individuals at high risk for CP-related CI,
enabling clinicians to customize interventions based on each patient’s needs.

Limitations

This study has certain limitations. First, this study is a cross-sectional survey without a time sequence of disease
development, thus compromising the strength of the evidence for causal inference. Second, the study used the MoCA
scale to assess cognitive function, without imaging or other clinical examinations, and lacked a gold standard for
diagnosing CI. Additionally, during the recruitment period, multiple outbreaks of COVID-19 occurred in Sichuan, China.
The implementation of control measures against the epidemic by relevant authorities introduces bias among volunteers,
resulting in insufficient representativeness of the sample and limited external validity of the conclusions. In the future,
more large-scale surveys and high-quality clinical studies are needed to further explore the influencing factors of CP-
related CI and the diagnostic significance of blood biomarkers.

Conclusion

Our study demonstrated that a risk diagnostic model based on information of chronic pain patients is both sensitive and
specific for diagnosing CI. The key factors contributing to CI diagnosis include age, duration of pain, VAS score, the
LMR, the neutrophil count, and the lymphocyte percentage.
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