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Abstract

To develop and validate a predictive model for anxiety in first-degree relatives (FDRs) of patients with colorectal cancer (CRC). A total of 380 FDRs of CRC
patients were enrolled and randomly divided into a model development group (n = 266) and a validation group (n = 114) at a 7:3 ratio. A predictive model
was established using multivariate logistic regression. Model performance was evaluated using receiver operating characteristic (ROC) curves. The incidence
of anxiety was 80.08%. Educational level, age, Charlson comorbidity index (CCl), and risk perception were identified as independent influencing factors for
anxiety (p < 0.05). Calibration curves showed good agreement between predicted and observed probabilities, with curves closely following the 45-degree
reference line. The Hosmer-Lemeshow test yielded p-values of 0.488 and 0.667, respectively. The area under the ROC curve (AUC) was 0.91 for the model
development group, with a sensitivity of 90.6% and a specificity of 78.4%. For the validation group, the AUC was 0.846, with a sensitivity of 76.0% and a
specificity of 76.4%. Anxiety in FDRs of CRC patients is associated with educational level, age, CCl, and risk perception. The model demonstrates good

discrimination and may help identify high-risk individuals for targeted interventions.
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Introduction

Colorectal cancer (CRC) is one of the most prevalent malignancies
of the digestive tract. According to 2024 data from the WHO Interna-
tional Agency for Research on Cancer!], CRC accounted for approxi-
mately 10.2% of all new cancer cases globally in 2022, ranking third
in incidence. It accounted for approximately 9.3% of total cancer-
related deaths, ranking second worldwide.

During cancer treatment, family members serve as the primary
caregivers for patients. First-degree relatives (FDRs) of CRC patients
include parents, children, and siblings. Due to shared living environ-
ments and lifestyle habits/23], FDRs often develop concerns about
their own health status. Confronted with the sudden malignancy in
a family member, relatives must endure substantial financial and
psychological stress. This includes bearing the risks associated with
treatment procedures and worrying about therapeutic outcomes.
Also, relatives must maintain a calm and optimistic demeanor in
front of the patient. They assume the role of caregiver while experi-
encing intense internal emotional conflict. As first-degree relatives,
they are particularly susceptible to anxiety and depression. Inter-
national studies indicate that approximately 42%-80% of family
members experience anxiety during a patient's hospitalization or
intensive care unit stay!¥. The prevalence of anxiety among family
caregivers of stroke patients is reported to be 21.4%0l. Among
cancer patient caregivers, 51% experience anxiety, and 30% experi-
ence depressionl®l, Song et al.”! found that relatives bearing primary
caregiving responsibilities for cancer patients exhibit significantly
higher levels of anxiety and depression compared to the general
population. Applebaum et al.®! found that caregiver anxiety and
depression levels are equivalent to, or even exceed, those of the
patients themselves. The anxiety experienced by caregivers is
considerable. FDRs not only face negative physical and psychologi-
cal consequences while caring for patients. They also encounter
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long-term challenges such as chronic insomnia and temporary
social disconnection. Factors including busy caregiving schedules,
lack of communication, and family financial burdens can exacerbate
stress and contribute to anxiety. Anxiety and depression among
primary caregivers of cancer patients have garnered widespread
attention from researchers globally. However, reported prevalence
rates vary considerably. This variation stems from differences in
cancer type, cultural and geographical contexts, sample size, and
the specific assessment scales and criteria employed. To date, there
are very few studies on the FDRs of CRC patients. The anxiety status
of this population remains poorly understood. This study aimed to
investigate the current state of anxiety among FDRs of CRC patients.
It also sought to analyze influencing factors and construct a predic-
tive model. The findings are intended to provide a scientific basis
for routine intervention, particularly psychological support, for this
specific population.

Materials and methods

General information

A convenience sampling method was employed. A total of 380
FDRs of CRC patients were recruited consecutively from the medical
oncology department of a Grade A tertiary hospital in Nanjing
between June 2023 and June 2025. The inclusion criteria were: (1)
FDRs of an individual with a pathologically confirmed diagnosis of
CRG; (2) age =18 years; and (3) adequate communication skills and
literacy (listening, speaking, reading, and writing). The exclusion
criteria were: personal history of malignancy or psychiatric illness.
This study was approved by the hospital's Medical Ethics Commit-
tee (Approval No. KY20180604-05-KS-01). All participants provided
written informed consent.

www.maxapress.com/git


mailto:nacyee@163.com
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
mailto:nacyee@163.com
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
http://www.maxapress.com/git

Gastrointestinal
Tumors

Methods
Survey instruments

(1) General Information Questionnaire: Developed by the research
team based on literature review and clinical experience. It collected
data on the relative's gender, age, educational level, occupation,
relationship to the patient, monthly household income per capita,
and method of medical expense payment.

(2) Hamilton Anxiety Scale (HAMA): This internationally standard-
ized scale was developed by Hamilton in 1959. It comprises 14 items
rated on a five-point Likert scale. Scores range from 0 (asymp-
tomatic) to 4 (very severe). Total scores are interpreted as follows:
< 7 indicates no anxiety; 7-13 suggests possible anxiety; 14-20 indi-
cates definite anxiety; 21-28 indicates significant anxiety; and =29
indicates severe anxiety®l. The Cronbach's o coefficient for this scale
in the present study was 0.875.

(3) CRC Risk Perception Assessment Tool: This tool assesses indi-
vidual perceived risk of developing CRC with a single question:
'What do you think is your risk of developing colorectal cancer?'
The scale was developed and applied by Lee et al.l'% in a study
published in The Breast in 2020. It explores individual cancer risk per-
ception, relationships between risk perception and health behav-
iors, and comparisons between perceived and objective risk. A five-
point Likert scale is used. Perceived risk is categorized as very low,
low, moderate, high, and very high. Scores <2 indicate low risk; a
score of 3 indicates moderate risk; and scores = 4 indicate high risk.
This tool is convenient, intuitive, and easy to understand.

(4) CRC Health Belief Scale: The original scale was developed by
Jacobs!'! in 2002 to assess FDRs of CRC patients. It was translated
into Chinese and validated by Wul'Z in 2020 for use with relatives of
CRC patients. The scale's content validity index is 0.980; test-retest
reliability is 0.848; and Cronbach's a coefficient is 0.881. The scale
comprises 36 items across six dimensions: perceived susceptibility,
perceived severity, perceived benefits, perceived barriers, health
motivation, and self-efficacy. A five-point Likert scale is used. Total
scores range from 36 to 180. Higher scores indicate stronger health
beliefs regarding CRC.

(5) Pittsburgh Sleep Quality Index (PSQI): The PSQlI is a self-rated
sleep quality assessment tool developed by Buysse et al.l'3l in
1989. The scale's Cronbach's « coefficient is 0.84. It uses a four-point
Likert scale. A total score > 7 indicates the presence of a sleep dis-
order. The Cronbach's a coefficient for this scale in the present
study was 0.817.

(6) Charlson Comorbidity Index (CCl): The CCl was proposed by
Charlson in 1987. It comprises three components: disease evalua-
tion, severity assessment, and a scoring system. Disease evaluation
covers 19 conditions, including myocardial infarction, congestive
heart failure, and peripheral vascular disease. Severity is weighted
with scores of 1, 2, 3, or 6. The CCl includes age adjustment. One
point is added for each decade of age starting from 50-59 years['4l,
The CCl is used to assess the impact of comorbid conditions on the
ten-year survival of patients with a primary disease. Higher scores
indicate poorer prognosis and lower survival rates. This study used
the patient Charlson Comorbidity Index (CCl) to collect comorbidity
data for CRC patients.

Data collection

All recruitment activities were performed by uniformly trained
nurses. The research team first contacted the proband (the patient).
After obtaining informed consent from the patient, permission was
sought to contact eligible FDRs (parents, children, or siblings). Upon
receiving explicit authorization on the day of the patient's visit, the
research team obtained contact information for relatives. The team
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introduced themselves and explained the source of the information.
For those who agreed to participate, informed consent was obtained
in a private consultation room to ensure confidentiality. All data
were anonymized. Each FDR was assigned a unique study identifier,
which was kept separate from the main database. No personally
identifiable information was included during data entry, analysis, or
manuscript preparation. According to scale development principles,
the sample size should be five to ten times the number of scale
itemsl'5l, This study involved 40 items. Therefore, the required
sample size was 200-400 cases. Accounting for a 10% rate of invalid
assessments, 410 questionnaires were distributed. A total of 380
valid questionnaires were returned, yielding an effective response
rate of 92.7%. Disease-related data were collected from electronic
medical records and verified by two independent researchers.

Statistical analysis

Data were analyzed using SPSS version 26.0. Normally distributed
enumeration data are presented as mean + standard deviation;
group comparisons used independent samples t-tests. Non-normally
distributed data are expressed as median (P25, P75) and compared
using the Mann-Whitney U test. Categorical data are expressed as
percentages (%) and compared using the Chi-square test or Fisher's
exact test. Variables showing statistical significance in univariate
analysis and those deemed clinically relevant were entered into
a multivariate stepwise logistic regression model (Backward LR
method) to establish the predictive model.

Results

Comparison of baseline characteristics between
training and validation cohorts

No statistically significant differences were observed in baseline
characteristics between the model development and validation
groups (p > 0.05). See Table 1.

Comparison of clinical characteristics between
anxious and non-anxious groups

In the model development group of 266 FDRs, 213 (80.08%) expe-
rienced anxiety. Statistically significant differences between the
anxious and non-anxious groups were observed for educational
level, relative type, age, health belief, Charlson Comorbidity Index
(CCl), and risk perception (p < 0.05). See Table 2.

Univariate logistic regression analysis of factors
influencing anxiety in FDRs

Univariate logistic regression analysis indicated that educational
level, relative type, age, health belief, CCl score, and risk perception
were statistically significant factors associated with anxiety (p <
0.05). See Table 3.

Multivariate logistic regression analysis of
factors influencing anxiety in FDRs

Educational level, age, CCl score, and risk perception were identi-
fied as independent influencing factors for anxiety (p < 0.05). See
Table 4.

Variables showing statistical significance in univariate analysis
and those deemed clinically relevant were entered into the multi-
variate stepwise logistic regression model (Backward LR method). It
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Table 1. Comparison of baseline characteristics between model development and validation cohorts.
Variables Total (n =380) Validation (n =114) Model development (n = 266) Statistic p-Value
Anxiety, n (%) £=0.197 0.657
No 78 (20.526) 25(21.930) 53(19.925)
Yes 302 (79.474) 89 (78.070) 213 (80.075)
Educational level, n (%) x2=0334 0.953
Junior high or below 106 (27.895) 31(27.193) 75(28.195)
High school/junior college 120 (31.579) 36(31.579) 84 (31.579)
Undergraduate 122 (32.105) 36 (31.579) 86 (32.331)
Postgraduate or above 32(8.421) 11 (9.649) 21 (7.895)
Payment method, n (%) - 1
Self-pay 6(1.579) 2(1.754) 4 (1.504)
Rural social endowment insurance 38(10.000) 11 (9.649) 27 (10.150)
Public health insurance 8(2.105) 2 (1.754) 6(2.256)
Medical insurance 326 (85.789) 99 (86.842) 227 (85.338)
Commercial insurance 2(0.526) 0(0.00) 2(0.752)
Family history, n (%) x2=0504 0.478
No 113 (29.737) 31(27.193) 82 (30.827)
Yes 267 (70.263) 83 (72.807) 184 (69.173)
Occupation, n (%) x2=4.595 0.204
Unemployed/farmer 34 (8.947) 9(7.895) 25 (9.398)
Enterprise/institution 105 (27.632) 26 (22.807) 79 (29.699)
Self-employed 175 (46.053) 62 (54.386) 113 (42.481)
Retired 66 (17.368) 17 (14.912) 49 (18.421)
Gender, n (%) £2=0.018 0.893
Male 192 (50.526) 57 (50.000) 135(50.752)
Female 188 (49.474) 57 (50.000) 131 (49.248)
Relative type, n (%) x’=3.884 0.143
Parent 46 (12.105) 14 (12.281) 32(12.030)
Sibling 183 (48.158) 63 (55.263) 120 (45.113)
Child 151 (39.737) 37 (32.456) 114 (42.857)
Health belief group, n (%) x*=0.555 0.758
Low (36-84 points) 38(10.000) 13 (11.404) 25(9.398)
Medium (85-132 points) 290 (76.316) 87 (76.316) 203 (76.316)
High (133-180 points) 52(13.684) 14 (12.281) 38(14.286)
Age group, n (%) x2=2529 0.282
18-45 207 (54.474) 56 (49.123) 151 (56.767)
45-60 131 (34.474) 46 (40.351) 85 (31.955)
60-80 42 (11.053) 12(10.526) 30(11.278)
Sleep quality group, n (%) x?=2.978 0.395
Very good (0-5 points) 9(2.368) 5(4.386) 4(1.504)
Fairly good (6-10 points) 44 (11.579) 12(10.526) 32(12.030)
Average (11-15 points) 208 (54.737) 62 (54.386) 146 (54.887)
Very poor (16-21 points) 119 (31.316) 35(30.702) 84 (31.579)
Income per capita, n (%) - 0.643
<3,000 37(9.737) 11 (9.649) 26 (9.774)
3,000-6,000 283 (74.474) 89 (78.070) 194 (72.932)
6,000-9,000 53(13.947) 12(10.526) 41 (15.414)
> 9,000 7(1.842) 2 (1.754) 5(1.880)
CCl group, n (%) x2=0.049 0.976
Mild (1-2 points) 114 (30.000) 34 (29.825) 80 (30.075)
Moderate (3-4 points) 52(13.684) 15(13.158) 37(13.910)
Severe (2 5 points) 214 (56.316) 65 (57.018) 149 (56.015)
Risk perception group, n (%) XZ =0.340 0.844
Low (1-2 points) 175 (46.053) 54 (47.368) 121 (45.489)
Moderate (3 points) 104 (27.368) 32(28.070) 72 (27.068)
High (4-5 points) 101 (26.579) 28 (24.561) 73 (27.444)
Household size, n (%) x2=7.560 0.182
One person 52(13.684) 13 (11.404) 39 (14.662)
Two persons 48 (12.632) 20(17.544) 28(10.526)
Three persons 183 (48.158) 59 (51.754) 124 (46.617)
Four persons 56 (14.737) 13(11.404) 43 (16.165)
Five persons 31(8.158) 8(7.018) 23 (8.647)
2 Six persons 10 (2.632) 1(0.877) 9(3.383)

x2: Chi-square test, —: Fisher exact.
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Table 2. Comparative analysis of characteristics in the training group.

Variables Total (n = 266) Non-anxious (n =53) Anxious (n =213) Statistic p-Value
Educational level, n (%) 72 =40.601 <0.001
Junior high or below 75 (28.195) 33 (62.264) 42 (19.718)
High school/junior college 84 (31.579) 7 (13.208) 77 (36.150)
Undergraduate 86 (32.331) 8(15.094) 78 (36.620)
Postgraduate or above 21 (7.895) 5(9.434) 16 (7.512)
Payment method, n (%) - 0.804
Self-pay 4 (1.504) 0(0.00) 4(1.878)
Rural social endowment insurance 27 (10.150) 5(9.434) 22(10.329)
Public health insurance 6(2.256) 0(0.00) 6(2.817)
Medical insurance 227 (85.338) 48 (90.566) 179 (84.038)
Commercial insurance 2(0.752) 0(0.00) 2(0.939)
Family history, n (%) 72=1231 0.267
No 82 (30.827) 13 (24.528) 69 (32.394)
Yes 184 (69.173) 40 (75.472) 144 (67.606)
Occupation, n (%) 7=1518 0.678
Unemployed/farmer 25(9.398) 4 (7.547) 21 (9.859)
Enterprise/institution 79 (29.699) 13 (24.528) 66 (30.986)
Self-employed 113 (42.481) 26 (49.057) 87 (40.845)
Retired 49 (18.421) 10(18.868) 39(18.310)
Gender, n (%) 72=0.076 0.783
Male 135(50.752) 26 (49.057) 109 (51.174)
Female 131 (49.248) 27 (50.943) 104 (48.826)
Relative type, n (%) 72 =6.895 0.032
Parent 32(12.030) 11 (20.755) 21 (9.859)
Sibling 120 (45.113) 26 (49.057) 94 (44.131)
Child 114 (42.857) 16 (30.189) 98 (46.009)
Health belief group, n (%) 72=12.594 0.002
Low (36-84 points) 25(9.398) 11 (20.755) 14 (6.573)
Medium (85-132 points) 203 (76.316) 39(73.585) 164 (76.995)
High (133-180 points) 38(14.286) 3 (5.660) 35(16.432)
Age group, n (%) x*=20.123 <0.001
18-45 151 (56.767) 17 (32.075) 134 (62.911)
45-60 85 (31.955) 23 (43.396) 62 (29.108)
60-80 30(11.278) 13 (24.528) 17 (7.981)
Sleep quality group, n (%) - 0.274
Very good (0-5 points) 4 (1.504) 0(0.00) 4(1.878)
Fairly good (6-10 points) 32(12.030) 8(15.094) 24 (11.268)
Average (11-15 points) 146 (54.887) 24 (45.283) 122 (57.277)
Very poor (16-21 points) 84 (31.579) 21(39.623) 63 (29.577)
Income Per Capita, n (%) - 0.48
< 3,000 26 (9.774) 8(15.094) 18 (8.451)
3,000-6,000 194 (72.932) 37(69.811) 157 (73.709)
6,000-9,000 41 (15.414) 7 (13.208) 34 (15.962)
> 9,000 5(1.880) 1(1.887) 4(1.878)
CCl Group, n (%) 72 =59.712 <0.001
Mild (1-2 points) 80 (30.075) 39 (73.585) 41 (19.249)
Moderate (3-4 points) 37(13.910) 2(3.774) 35(16.432)
Severe (2 5 points) 149 (56.015) 12 (22.642) 137 (64.319)
Risk perception group, n (%) 72 =37.635 <0.001
Low (1-2 points) 121 (45.489) 44 (83.019) 77 (36.150)
Moderate (3 points) 72 (27.068) 4 (7.547) 68 (31.925)
High (4-5 points) 73 (27.444) 5(9.434) 68 (31.925)
Household size, n (%) 72 =2948 0.708
One person 39(14.662) 6(11.321) 33(15.493)
Two persons 28(10.526) 4 (7.547) 24 (11.268)
Three persons 124 (46.617) 24 (45.283) 100 (46.948)
Four persons 43 (16.165) 10(18.868) 33(15.493)
Five persons 23 (8.647) 6(11.321) 17 (7.981)
Six persons or more 9(3.383) 3(5.660) 6(2.817)

x2: Chi-square test, —: Fisher exact. p-Values in boldface indicate the statistical significance
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Table 3. Univariate logistic regression analysis of factors influencing anxiety.

Gastrointestinal
Tumors

Variables s S.E z p-Value OR (95% ClI)
Educational level, n (%) Junior high or below 1.000 (Ref.)
High school/junior college 2157 0.458 4.707 <0.001 8.643 (3.521-21.217)
Undergraduate 2.036 0.438 4.648 <0.001 7.661 (3.246-18.079)
Postgraduate or above 0.922 0.563 1.639 0.101 2.514(0.835-7.575)
Payment method, n (%) Self-pay 1.000 (Ref.)
Rural social endowment insurance -16.084 1978.090 -0.008 0.994 0.000 (0.000-Inf)
Public health insurance 0.000 2553.703 0.000 1.000 1.000 (0.000-Inf)
Medical insurance -16.250 1978.090 —0.008 0.993 0.000 (0.000-Inf)
Commercial insurance 0.000 3426.153 0.000 1.000 1.000 (0.000-Inf)
Family history, n (%) No 1.000 (Ref.)
Yes —0.388 0.351 -1.105 0.269 0.678 (0.341-1.350)
Occupation, n (%) Unemployed/farmer 1.000 (Ref.)
Enterprise/institution —-0.034 0.624 —-0.054 0.957 0.967 (0.284-3.287)
Self-employed —0.450 0.590 -0.764 0.445 0.637 (0.201-2.024)
Retired -0.297 0.651 -0.457 0.648 0.743 (0.208-2.659)
Gender, n (%) Male 1.000 (Ref.)
Female —0.085 0.307 -0.276 0.783 0.919 (0.503-1.677)
Relative type, n (%) Parent 1.000 (Ref.)
Sibling 0.639 0.433 1.474 0.140 1.894 (0.810-4.426)
Child 1.166 0.460 2.536 0.011 3.208 (1.303-7.898)
Health belief group, n (%) Low (36-84 points) 1.000 (Ref.)
Medium (85-132 points) 1.195 0.441 2.713 0.007 3.304 (1.393-7.835)
High (133-180 points) 2.216 0.724 3.060 0.002 9.167 (2.218-37.890)
Age group, n (%) 18-45 1.000 (Ref.)
45-60 -1.073 0.355 -3.024 0.002 0.342 (0.171-0.686)
60-80 -1.796 0.449 -3.997 <0.001 0.166 (0.069-0.400)
Sleep quality group, n (%) Very good (0-5 points) 1.000 (Ref.)
Fairly good (6-10 points) -14.467 727.699 —-0.020 0.984 0.000 (0.000-Inf)
Average (11-15 points) -13.940 727.699 -0.019 0.985 0.000 (0.000-Inf)
Very poor (16-21 points) -14.467 727.699 -0.020 0.984 0.000 (0.000-Inf)
Income per capita, n (%) <3,000 1.000 (Ref.)
3,000-6,000 0.634 0.463 1.372 0.170 1.886 (0.762-4.669)
6,000-9,000 0.770 0.594 1.296 0.195 2.159 (0.674-6.915)
> 9,000 0.575 1.196 0.481 0.630 1.778 (0.171-18.534)
CCl group, n (%) Mild (1-2 points) 1.000 (Ref.)
Moderate (3—4 points) 2.812 0.761 3.697 <0.001 16.646 (3.749-73.923)
Severe (2 5 points) 2.385 0.375 6.359 < 0.001 10.860 (5.207-22.650)
Risk perception group, n (%) Low (1-2 points) 1.000 (Ref.)
Moderate (3 points) 2274 0.548 4.148 < 0.001 9.714 (3.318-28.441)
High (4-5 points) 2.050 0.500 4.097 < 0.001 7.771(2.914-20.723)
Household size —0.203 0.126 -1.620 0.105 0.816 (0.638-1.044)
OR: Odds Ratio, Cl: Confidence Interval. p-Values in boldface indicate the statistical significance.
Table 4. Multivariate logistic regression analysis of factors influencing anxiety.
Variables s S.E 4 p OR (95% Cl)
Intercept -0.837 0.463 -1.808 0.071 0.433(0.175-1.073)
Education level, n (%) Junior high or below 1.000 (Ref.)
High school/junior college 1.486 0.551 2.695 0.007 4.418 (1.500-13.015)
Undergraduate 1.344 0.547 2.457 0.014 3.833(1.313-1.196)
Postgraduate or above 0.897 0.694 1.292 0.196 2.452 (0.629-9.563)
Age group, n (%) 18-45 1.000 (Ref.)
45-60 -1.080 0.480 -2.251 0.024 0.340 (0.133-0.870)
60-80 -1.239 0.597 -2.077 0.038 0.290 (0.090-0.933)
CCl group, n (%) Mild (1-2 points) 1.000 (Ref.)
Moderate (3-4 points) 3.007 0.852 3.529 <0.001 20.232 (3.807-107.522)
Severe (2 5 points) 2410 0.452 5.335 <0.001 11.132 (4.593-26.980)
Risk perception group, n (%) Low (1-2 points) 1.000 (Ref.)
Moderate (3 points) 2.101 0.640 3.283 0.001 8.177 (2.332-28.667)
High (4-5 points) 1.361 0.615 2.213 0.027 3.902 (1.168-13.031)

OR: Odds Ratio, Cl: Confidence Interval. p-Values in boldface indicate the statistical significance.

was found that 'health belief' and 'relative type' had p-values > 0.05
and were excluded from the final model (Table 4). The above four

Chen et al. Gastrointestinal Tumors 2026, 13:e013

indicators were included in the final model and significantly influ-
enced anxiety (p < 0.05).

Page 50f 10


https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012

Gastrointestinal
Tumors

Evaluation of the model's predictive performance
and generalizability in training and validation
cohorts

The predictive performance of the model in both the training and
validation cohorts. The AUC was 0.910 in the training set and 0.846
in the validation set, indicating good discrimination and generaliz-
ability (Table 5).

Development of a nomogram predictive model
for anxiety in FDRs

A nomogram predictive model was constructed based on the four
independent influencing factors identified in the multivariate logis-
tic regression analysis. The model indicated that the CCl exerted the
greatest influence on anxiety, followed by risk perception, educa-
tional level, and age (see Fig. 1).

Calibration curves for both the training and validation cohorts
demonstrated slopes close to 1. This finding indicates good consis-
tency between the nomogram-predicted probability of anxiety and
the actual observed probability. The predicted curve closely
matched the actual values, suggesting excellent predictive perfor-
mance. See Figs. 2 and 3. The Hosmer-Lemeshow test yielded a

Table 5. Predictive performance of the model in training and validation cohorts.

https://doi.org/10.48130/git-0026-0012

chi-square value of 6.597 (p = 0.488) for the training group and a chi-
square value of 4.913 (p = 0.667) for the validation cohorts. These
results confirm satisfactory model calibration. Receiver operating
characteristic (ROC) curve analysis revealed an area under the curve
(AUC) of 0.910 (95% Cl: 0.873-0.948) for the training group, with a
sensitivity of 90.6% and a specificity of 78.4%. For the validation
group, the AUC was 0.846 (95% Cl: 0.751-0.940), with a sensitivity of
76.0% and a specificity of 76.4%. These results indicate good model
discrimination. See Figs. 4 and 5.

Discussion

High incidence of anxiety among FDRs of CRC
patients

The results of this study indicated that 213 out of 266 individuals
(80.08%) in the training group experienced anxiety. This prevalence
is higher than that reported in some previous literature. The
elevated rate may be attributed to the timing of data collection,
which occurred upon the patient's hospital admission. Several
factors may explain this high prevalence: (1) The study specifically
enrolled FDRs of CRC patients during hospital visits. This acute care

Specificity (95% Cl)

PPV (95% CI)

NPV (95% Cl)

Data AUC (95% CI) Accuracy (95% Cl) Sensitivity (95% Cl)
Training 0.910(0.873-0.948)  0.808 (0.756-0.854) 0.906 (0.827-0.984)
Validation 0.846 (0.751-0.940) 0.763 (0.674-0.838) 0.760 (0.593-0.927)

0.784 (0.729-0.839)
0.764 (0.676-0.852)

0.511 (0.410-0.612)
0.475 (0.320-0.630)

0.971 (0.946-0.996)
0.919 (0.857-0.981)
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Fig. 2 Calibration plot for the training group. The predicted curve
closely matches the actual values. y* = 6.597, p = 0.488.
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Fig. 3 Calibration plot for the validation cohorts. The predicted curve
closely matches the actual values. y = 4.913, p = 0.667.
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Fig. 4 ROC curve for the training group. AUC = 0.910 (95% CI:
0.873-0.948), indicating good discrimination.

context may trigger heightened anxiety levels; (2) This study classi-
fied mild, moderate, and severe anxiety as 'anxiety', which likely
contributed to a higher detection rate; (3) Sampling bias cannot be
ruled out. FDRs who actively chose to participate may have had
inherently higher anxiety levels. Additionally, the single-center
sample may have limited representativeness.

A cancer diagnosis constitutes a profoundly negative life event
for both the patient and their family. Within the context of Chinese
cultural traditions, physicians often communicate disease-related
information to the patient's first-degree relatives first. These key
family members bear significant psychological pressure. They must
weigh concerns about the patient's condition, disease prognosis,
and multiple other factors!'®l. Confronted with the new diagnosis,
relatives—as the closest individuals to the patient—often feel over-
whelmed and helpless. This uncertainty predisposes them to anxi-
ety. On one hand, unfamiliarity with the treatment process, uncer-
tainty about prognosis, and the substantial financial burden of care
contribute to feelings of helplessness and fear. These factors foster
anxiety. On the other hand, FDRs of CRC patients are involved
throughout the entire care trajectory. This includes diagnosis, treat-
ment, rehabilitation, and even end-of-life care. They are not only
chronically exposed to the patient's treatment environment. They
also face an elevated personal risk of developing cancer. Their physi-
cal, psychological, social, and economic well-being is challenged.
This constellation of stressors triggers associated anxiety!'”l. Further-
more, relatives must provide both practical and emotional support
to the patient while managing their own work responsibilities
and household duties. They are often stretched thin, commuting
between the hospital, workplace, and home. Throughout cancer
treatment, patients endure significant physical and psychological
distress. They may exhibit mood swings and often direct negative
emotions toward their caregivers. Caregivers, in turn, have limited
outlets for their own distress. The accumulation of such unex-
pressed negative emotions over time predisposes them to psycho-
logical problems. This study revealed that anxiety levels among
FDRs of CRC patients were higher than the national norm in China.
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Fig. 5 ROC curve for the validation set. AUC = 0.846 (95% ClI:
0.751-0.940), indicating good discrimination.

Analysis of influencing factors for anxiety
Educational level

An educational level of junior college or higher was identified as a
risk factor for anxiety. This finding aligns with the results of Shi &
Yang and LU et al.'8'9, Educational level was positively correlated
with anxiety scores. In other words, higher educational attainment
was associated with a greater likelihood of anxiety. Several studies
have demonstrated that highly educated individuals are more sus-
ceptible to anxiety20.21], Relatives often desire detailed information
about the disease and its treatment. When the information provided
by healthcare professionals fails to meet their needs, their anxiety
increasesl?2. A possible explanation is that individuals with higher
education possess greater capacity for information reception, assim-
ilation, and comprehension. They consequently have stronger needs
for detailed disease and caregiving information. This heightened
information-seeking behavior may render them more susceptible to
anxiety. The lack of statistical significance for postgraduate educa-
tion may be due to the small sample size within that subgroup. This
finding suggests that clinical healthcare workers should proactively
provide disease-related information to relatives. Where feasible,
institutions might offer educational brochures or videos to enhance
understanding of the disease and its complications. Community
nursing, home-based care, and transitional care programs may also
help bridge information gaps. Such interventions could alleviate
anxiety levels and reduce its occurrence.

Risk perception

Risk perception refers to an individual's subjective experience of a
health threat. Appropriate risk perception can motivate individuals
to adopt proactive health management behaviors and improve
decision-making efficacy. In this study, higher risk perception was
positively associated with anxiety. Regarding the relationship
between risk perception and mental health, prior research has indi-
cated that higher levels of risk perception are associated with poorer
mental health outcomes!?3l. Excessively high risk perception can
amplify negative emotions such as stress, anxiety, and depression.
It may also trigger irrational behaviors that further exacerbate harm.
Under conditions of high risk perception, individuals become acutely
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sensitive to bodily changes. Common physiological occurrences like
occasional bloating or altered bowel habits may be misinterpreted
as early signs of cancer. This repetitive self-monitoring and suspi-
cion persistently deplete psychological reserves. Consequently,
anxiety levels rise. When relatives witness a parent or sibling—with
whom they share high genetic similarity—suffer from CRC, they may
develop a sense of identification. Thoughts such as 'That will be me
in the future' can emerge, precipitating anxiety. During efforts to
understand the disease, relatives may encounter an abundance of
negative information or extreme case reports. Such exposure can
deepen fear and apprehension. Even if screening reduces objective
risk, some individuals may remain preoccupied with the possibility
of missed lesions or future occurrences. This state of requiring long-
term vigilance can foster chronic anxiety. Given the heritable com-
ponent of CRC, relatives may harbor significant concerns about their
own susceptibility. This concern can further elevate the incidence of
anxiety?425], These findings underscore the need for healthcare
professionals to strengthen disease education for patients' relatives.
Enhancing understanding of the disease, guiding appropriate health
screening, promoting healthy dietary habits, and instructing on pre-
ventive measures can collectively help alleviate tension and anxiety.

Age

Several studies have demonstrated(2627] that age is an influential
factor in caregiver anxiety and depression. This study indicated that
older FDRs were more prone to experiencing anxiety. This may be
because older relatives, who are themselves in a suboptimal state of
health, face substantial physical and emotional demands in caring
for and comforting the patient. They worry about the patient while
also being concerned about their own well-being. Alternatively, it is
possible that younger relatives of cancer patients exhibit higher
levels of benefit finding. They may be more proactive in seeking
positive meaning within the traumatic event. While caregiving
responsibilities can significantly impact younger relatives' career
choices and social needs, their capacity for adjustment and coping
tends to be relatively robust. Given that younger patients generally
possess stronger physical resilience, both the patient and their
younger caregivers may harbor greater expectations for functional
recovery. This observation aligns with the findings of Manne et al.[28],
However, Janda et al.l?! reported that younger caregivers
(< 60 years) are more likely to experience subclinical or clinical anxi-
ety/depression and have poorer quality of life. This discrepancy
might relate to relatives' expectations for prolonged survival and
high quality of life for the patient. Concurrently, younger relatives
possibly have not established robust social support systems. They
may lack sufficient social resources and coping experience. Conse-
quently, they may be less able to provide adequate disease-related
support for themselves and their families. Also, younger relatives are
often navigating demanding life and career phases. They must
balance caregiving duties with their own professional and domestic
responsibilities. This dual burden can precipitate anxiety. Therefore,
younger caregivers require adequate time to adapt to their multi-
faceted roles. For caregivers of older patients, guidance on arrang-
ing reasonable caregiving schedules and fostering communication
among family members can help alleviate physical and psychologi-
cal stress. Should the patient's cancer recur, the life and career
trajectories of younger relatives may be further disrupted. This
prospect can itself become a source of anxiety39,

Patient comorbidity index
A higher patient comorbidity index was associated with more
severe anxiety and depression among FDRs. Research indicates that
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comorbidities significantly influence the decision-making process
for anti-cancer therapy, treatment efficacy, adverse effects, and
patient prognosisB3'-33], These factors contribute to elevated stress
levels and diminished social support for relatives. When a patient
suffers from multiple diseases, the relatives worry about disease
progression and prognosis, and they endure prolonged mental
stressl®l. Managing multiple conditions concurrently often necessi-
tates complex medication regimens. This increases the patient's 'pill
burden' and the complexity of self-management. It can easily lead
to confusion, forgetfulness, or deliberate non-adherence. Such
difficulties further amplify the stress experienced by relatives. In
light of this, clinical practice should prioritize the early identification
of FDRs of CRC patients with multiple comorbidities. Necessary
support should be provided. When appropriate, involving other
family members to share caregiving responsibilities may be
recommended.

Economic factors

Prior studies have indicated that family caregivers with lower
personal monthly income exhibit higher anxiety levels compared to
those with higher incomel34351, However, no significant difference
was observed in the present study. A possible explanation is that
the overwhelming majority of patients in this investigation were
covered by medical insurance. Given China's medical insurance
policies and specific payment schemes for cancer patients, out-of-
pocket expenses for patients may not be substantial. Additionally,
this study was conducted at a Grade A tertiary hospital in Nanjing,
an area with relatively favorable economic conditions. These factors
may have mitigated the expected economic disparities.

In summary, anxiety among FDRs is associated with educational
level, age, comorbidity index, and risk perception. The nomogram
model in this study showed high accuracy and discrimination in
predicting anxiety among FDRs of CRC patients. However, the sam-
ple size and number of influencing factors included were limited,
which may introduce bias. Future studies should incorporate larger
samples and more factors to refine the predictive model. This study
has several limitations. First, all measurement instruments were
self-report scales. Data collection therefore carries inherent limita-
tions. The study variables primarily relied on subjective, self-
reported written measures. Although the scales underwent reliabi-
lity and validity testing, the data essentially represent subjective
perceptions. They lack corroboration from objective physiological
indicators or behavioral logs. Respondents may have been subject
to recall bias or social desirability bias during completion. This could
lead to reporting bias in the responses. Future studies could incor-
porate objective measurement methods, such as wearable devices
or behavioral experiments, alongside subjective scales. This would
enhance the multidimensionality and accuracy of the data.

Second, risk perception was assessed using a single item. The
measurement did not capture the emotional dimensions of worry or
fear related to the disease. Future studies should consider develop-
ing and utilizing more comprehensive, specialized scales.

Conclusions

This study found a high incidence of anxiety (80.08% in the model
development group) among FDRs of CRC patients. The prevalence
exceeded rates reported in previous literature. Anxiety was influ-
enced by multiple factors. Higher educational level (junior college
or above), higher risk perception, younger age, and higher comor-
bidity index were independent risk factors for anxiety. Economic
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factors did not show a significant association in this study. The
predictive model constructed based on these factors demon-
strated good accuracy and discrimination. It can be used clinically
for early identification of high-risk FDRs. Clinical practice should
emphasize psychological support for FDRs of CRC patients. Person-
alized health education should be provided, tailored to age, educa-
tional background, and risk perception level. Attention should also
be directed toward the caregiving burden in families of patients
with comorbidities.

This study has limitations. Model validation relied on internal
random splitting. External validation across independent centers or
time periods is needed. Anxiety assessment and certain variables
(e.g., risk perception) utilized subjective scales or single items. This
may introduce recall bias or oversimplification. Future studies
should incorporate objective physiological markers (e.g., heart rate
variability, cortisol levels) to assess anxiety more comprehensively
and improve measurement accuracy. Furthermore, the single-center
design limits generalizability. Future prospective cohort studies
across multiple centers and different timeframes are warranted.
Independent external or temporal validation should be employed to
evaluate the model's generalizability.

Ethical statements

The study was conducted in accordance with the Declaration of
Helsinki, and the protocol was approved by Nanjing First Hospital
Ethics Committee (KY20180604-05-KS-01) on January 6, 2020 Writ-
ten consent was obtained from all participants.

Author contributions

The authors confirm their contributions to the paper as follows:
conceptualization, methodology: Chen J, Ren X; software, writing —
original draft, funding acquisition: Chen J; data curation, validation:
Ren X; investigation, supervision: Ren X, Liu C; resources, data cura-
tion: Fan J. All authors reviewed the results and approved the final
version of the manuscript.

Data availability

The datasets supporting the findings of this study are available
from the corresponding author upon reasonable request.

Acknowledgments

This study was supported by the Nanjing Medical Science and
Technology Development Foundation (Grants YKK24132). Complete
independence from funders was maintained throughout all stages
of the research process.

Conflict of interest

The authors declare that they have no conflict of interest.

Dates
Received 10 March 2026; Revised 25 April 2026; Accepted 21 July
2026; Published online 2 September 2026
References
[11  Wang PY, Huang Q, Wang SD, Chen XK, Zhang RX, et al. 2024. Interpre-

tation of the key points of "Global cancer statistics 2022: GLOBOCAN

Chen et al. Gastrointestinal Tumors 2026, 13:e013

[2]

[3]

[4]

(8]

(6]

[7]

[8]

[9]

[10]

(111

2]

[13]

[14]

(18]

[16]

171

[18]

[19]

[20]

[21]

Gastrointestinal
Tumors

estimates of incidence and mortality worldwide for 36 cancers in 185
countries". Chinese Journal of Clinical Thoracic and Cardiovascular
Surgery 31:933-954 (in Chinese)

Kolb JM, Molmenti CL, Patel SG, Lieberman DA, Ahnen DJ. 2020.
Increased risk of colorectal cancer tied to advanced colorectal
polyps: an untapped opportunity to screen first-degree relatives and
decrease cancer burden. The American Journal of Gastroenterology
115:980-988

Quintero E, Carrillo M, Leoz ML, Cubiella J, Gargallo C, et al. 2016. Risk
of advanced neoplasia in first-degree relatives with colorectal cancer: a
large multicenter cross-sectional study. PLoS Medicine 13:21002008
McAdam JL, Puntillo K. 2009. Symptoms experienced by family
members of patients in intensive care units. American Journal of Criti-
cal Care 18:200—209

Loh AZ, Tan JS, Zhang MW, Ho RC. 2017. The global prevalence of anxi-
ety and depressive symptoms among caregivers of stroke survivors.
Journal of the American Medical Directors Association 18:111-116

Chen J, Yang S. 2019. Investigation on mood of caregivers of patients
with hematological malignancies and its influential factors. Journal of
Nurses Training 34:303—308 (in Chinese)

Song JI, Shin DW, Choi JY, Kang J, Baik YJ, et al. 2011. Quality of life and
mental health in family caregivers of patients with terminal cancer.
Supportive Care in Cancer 19:1519-1526

Applebaum AJ, Kulikowski JR, Breitbart W. 2015. Meaning-centered
psychotherapy for cancer caregivers (MCP-C): rationale and overview.
Palliative & Supportive Care 13:1631-1641

Cui ZY, Qi Y, Fu J, Song DP, Zhang JH, et al. 2025. Correlation between
quality of life and anxiety/depression in elderly community patients
with different levels of comorbidity. Chinese Journal of Multiple Organ
Diseases in the Elderly 24:135—139

Lee JM, Lowry KP, Cott Chubiz JE, Swan JS, Motazedi T, et al. 2020.
Breast cancer risk, worry, and anxiety: effect on patient perceptions of
false-positive screening results. Breast 50:104—112

Jacobs LA. 2002. Health beliefs of first-degree relatives of individuals
with colorectal cancer and participation in health maintenance visits: a
population-based survey. Cancer Nursing 25:251-265

Wu XD, Zhang MF, Zheng MC, Pan ZZ, Chen JY, et al. 2020. Translation
and reliability and validity of colorectal cancer health belief scale.
Chinese General Practice 23:155—160 (in Chinese)

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. 1989. The
Pittsburgh sleep quality index: a new instrument for psychiatric prac-
tice and research. Psychiatry Research 28:193-213

Zhou YJ, Lyu QY, Li XW. 2015. Comorbidity and comorbidity index: a
review. Chinese Journal of Public Health 31:1513-1516

Ni P, Chen JL, Liu N. 2010. Sample size estimation in quantitative
research in nursing. Chinese Journal of Nursing 45:378—380

Wu J. 2020. A study on the status and influencing factors of benefit
finding in caregivers of hospitalized cancer patients. Master's Thesis (in
Chinese). Shihezi University, Xinjiang, China. doi: 10.27332/d.cnki.
gshzu.2020.000051

Li Y. 2023. A study on the relationship between quality of life and death
anxiety in family caregivers of patients with advanced cancer. Master's
Thesis (in Chinese). Jinan University, Shandong, China

Shi ZL, Yang YZ. 2020. Are people with higher education more
likely to get depression? The effect of education on adults’ depressive
symptoms. Journal of Beijing Normal University 2020:148-160 (in
Chinese)

LG Y, Jiang H, Zhang B, Wang H, Jia X, et al. 2020. Depressive mood and
its influencing factors among occupational populations aged 18-60
years in four provinces of China. Journal of Environmental and Occupa-
tional Medicine 37:427—-432 (in Chinese)

Yang J, Li S, He J, Liang X. 2022. Status quo of anxiety and its influenc-
ing factors among family caregivers accompanying 226 patients with
cancer. Practical Preventive Medicine 29:410—413

Dengse KE, Thomsen T, Andersen EW, Hansen CP, Christensen BM,
et al. 2021. The psychological symptom burden in partners of pancre-
atic cancer patients: a population-based cohort study. Supportive Care
in Cancer 29:6689-6699

Page 90f 10


https://doi.org/10.7507/1007-4848.202405013
https://doi.org/10.7507/1007-4848.202405013
https://doi.org/10.14309/ajg.0000000000000639
https://doi.org/10.1371/journal.pmed.1002008
https://doi.org/10.4037/ajcc2009252
https://doi.org/10.4037/ajcc2009252
https://doi.org/10.4037/ajcc2009252
https://doi.org/10.1016/j.jamda.2016.08.014
https://doi.org/10.16821/j.cnki.hsjx.2019.04.004
https://doi.org/10.16821/j.cnki.hsjx.2019.04.004
https://doi.org/10.1007/s00520-010-0977-8
https://doi.org/10.1017/S1478951515000450
https://doi.org/10.1016/j.breast.2020.02.004
https://doi.org/10.1097/00002820-200208000-00001
https://doi.org/10.12114/j.issn.1007-9572.2019.00.335
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.11847/zgggws2015-31-11-44
https://doi.org/10.3761/j.issn.0254-1769.2010.04.037
https://doi.org/10.27332/d.cnki.gshzu.2020.000051
https://doi.org/10.27332/d.cnki.gshzu.2020.000051
https://doi.org/10.13213/j.cnki.jeom.2020.19723
https://doi.org/10.13213/j.cnki.jeom.2020.19723
https://doi.org/10.13213/j.cnki.jeom.2020.19723
https://doi.org/10.3969/j.issn.1006-3110.2022.04.007
https://doi.org/10.1007/s00520-021-06251-4
https://doi.org/10.1007/s00520-021-06251-4
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012

Gastrointestinal
Tumors

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Wang YX, Li HP, Zhang T, lJiang XX, Zhang MM, et al. 2019.
Caregiving experiences of family members of breast cancer
patients: a meta-synthesis. Journal of Nursing Science 34:87-91 (in
Chinese)

Wang F, Hang RH, Huang L. 2022. Effect of medical staff's risk percep-
tion on mental health: the mediating effect of individual fear experi-
ence and self-efficacy. Acta Academiae Medicinae Wannan 41:483—-486
(in Chinese)

Zhou CR, You Q, Fu M, Huang HM, Zhou D, et al. 2019. Risk factors of
anxiety and depression after laparoscopic repair in patients with trau-
matic liver rupture. Progress in Modern Biomedicine 19:2695-2698,2690
(in Chinese)

Huang L, Liu X, Wang Y. 2024. Depression, anxiety, and related factors
in elderly patients with mild cognitive impairment in the community.
Journal of International Psychiatry 51:135—138 (in Chinese)

Lee YH, Liao YC, Liao WY, Shun SC, Liu YC, et al. 2013. Anxiety,
depression and related factors in family caregivers of newly diag-
nosed lung cancer patients before first treatment. Psycho-oncology
22:2617-2623

Choi CJ, Stone RA, Kim KH, Ren D, Schulz R, et al. 2012. Group-based
trajectory modeling of caregiver psychological distress over time.
Annals of Behavioral Medicine 44:73—-84

Manne S, Ostroff J, Winkel G, Goldstein L, Fox K, et al. 2004. Posttrau-
matic growth after breast cancer: patient, partner, and couple
perspectives. Psychosomatic Medicine 66:442—454

Janda M, Neale RE, Klein K, O'Connell DL, Gooden H, et al. 2017. Anxi-
ety, depression and quality of life in people with pancreatic cancer and
their carers. Pancreatology 17:321-327

Page 100f 10

[30]

[31]

[32]

[33]

[34]

[35]

https://doi.org/10.48130/git-0026-0012

Ge R, Wan HW, Zhu Y. 2025. A scoping review of influencing factors for
fear of cancer recurrence in patients and their family caregivers. Jour-
nal of Nurses Training 40:90-97 (in Chinese)

Abravan A, Faivre-Finn C, Gomes F, van Herk M, Price G. 2024. Comor-
bidity in patients with cancer treated at The Christie. British Journal of
Cancer 131(8):1279-1289

Stairmand J, Signal L, Sarfati D, Jackson C, Batten L, et al. 2015. Consid-
eration of comorbidity in treatment decision making in multidisci-
plinary cancer team meetings: a systematic review. Annals of Oncology
26:1325-1332

Kassem S, Samuels N, Gressel O, Stein N, Golan M, et al. 2025. Diabetes
comorbidity and quality of life in patients with cancer: a prospective
study in an integrative oncology setting. Journal of Clinical Medicine
14:1800

Bu X, Tang B, Zheng J, Wang Y. 2024. Current status and influencing
factors of death anxiety in family caregivers of advanced cancer
patients. Minerva Medica Online ahead of print

Liu XY. 2023. A study on the status of death anxiety and its influencing
factors in family caregivers of patients with advanced cancer. Master's
Thesis (in Chinese). Chengdu University of TCM, Sichuan, China.
doi: 10.26988/d.cnki.gcdzu.2023.000643

Copyright: © 2026 by the author(s). Published by
Maximum Academic Press, Fayetteville, GA. This article

is an open access article distributed under Creative Commons
Attribution License (CC BY 4.0), visit https://creativecommons.org/
licenses/by/4.0/.

Chen et al. Gastrointestinal Tumors 2026, 13:e013


https://doi.org/10.3870/j.issn.1001-4152.2019.06.087
https://doi.org/10.3969/j.issn.1002-0217.2022.05.021
https://doi.org/10.13241/j.cnki.pmb.2019.14.019
https://doi.org/10.13479/j.cnki.jip.2024.01.066
https://doi.org/10.1002/pon.3328
https://doi.org/10.1002/pon.3328
https://doi.org/10.1002/pon.3328
https://doi.org/10.1007/s12160-012-9371-8
https://doi.org/10.1097/00006842-200405000-00025
https://doi.org/10.1016/j.pan.2017.01.008
https://doi.org/10.16821/j.cnki.hsjx.2025.01.016
https://doi.org/10.16821/j.cnki.hsjx.2025.01.016
https://doi.org/10.1038/s41416-024-02838-w
https://doi.org/10.1038/s41416-024-02838-w
https://doi.org/10.1093/annonc/mdv025
https://doi.org/10.3390/jcm14061800
https://doi.org/10.23736/S0026-4806.24.09239-5
https://doi.org/10.26988/d.cnki.gcdzu.2023.000643
https://doi.org/10.26988/d.cnki.gcdzu.2023.000643
https://doi.org/10.26988/d.cnki.gcdzu.2023.000643
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012
https://doi.org/10.48130/git-0026-0012

	Introduction
	Materials and methods
	General information
	Methods
	Survey instruments
	Data collection

	Statistical analysis

	Results
	Comparison of baseline characteristics between training and validation cohorts
	Comparison of clinical characteristics between anxious and non-anxious groups
	Univariate logistic regression analysis of factors influencing anxiety in FDRs
	Multivariate logistic regression analysis of factors influencing anxiety in FDRs
	Evaluation of the model's predictive performance and generalizability in training and validation cohorts
	Development of a nomogram predictive model for anxiety in FDRs

	Discussion
	High incidence of anxiety among FDRs of CRC patients
	Analysis of influencing factors for anxiety
	Educational level
	Risk perception
	Age
	Patient comorbidity index
	Economic factors


	Conclusions
	Ethical statements
	Author contributions
	Data availability
	Acknowledgments
	Conflict of interest
	References

