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Background: Colorectal cancer (CRC) patients often experience varying degrees of malnutrition both pre-and post-treatment, highlighting the importance of their nutritional knowledge. However, studies on nutrition literacy (NL) in this population remain scarce. This study aims to evaluate the level of NL in colorectal cancer patients and identify key factors influencing NL.

Methods: A total of 245 colorectal cancer patients participated in this study. The questionnaire included five sections: sociodemographic information, the Chinese Version of the Nutrition Literacy Assessment Instrument (CHI-NLit), the Montreal Cognitive Assessment Scale (MoCA), and the Hospital Anxiety and Depression Scale (HADS). Both univariate and multivariate analyses were performed to examine sociodemographic determinants of NL. We used Pearson and Spearman correlation coefficients to assess relationships between NL, MoCA and HADS.

Results: The overall NL level among CRC patients was moderately low, with an average score of 19.224 ± 4.391—significantly below the normative neutrophil score of 21.5. Among the assessed dimensions, food groups received the lowest scores while food label calculation achieved the highest. Significant predictors influencing NL levels included age, years of education, family annual income, in review duration of illness, number of hospitalizations, memory and attention abilities and anxiety and depress symptoms.

Conclusion: This study provides a comprehensive examination of NL in CRC patients. The findings indicate a relatively low level of NL within this group. Younger age, higher income levels, and urban residency correlated positively with elevated NL. Factors such as illness duration, number of hospitalizations, cognitive function measured by relevant scales are also emerged as significant determinants impacting NL. To enrich the research on NL, it is essential to conduct further data collection. From a clinical perspective, this evidence-based framework enables the development of stratified nutritional intervention protocols, specifically targeting vulnerable subgroups (e.g., elderly patients, rural dwellers, and those with extended illness duration). Such precision approaches hold significant potential to optimize dietary adherence, mitigate treatment-related complications, and ultimately enhance long-term quality of life in cancer survivorship care.
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1 Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide and the second leading cause of cancer death in China (1). Diet plays an important role in CRC patients (2) and can affect the nutritional status of patients. During the course of treatment, patients frequently encounter a range of nutritional challenges and experience notable changes in their dietary habits (3). A survey reveals that more than 50% of patients report a loss of appetite during chemotherapy (4), which not only hinders physical recovery but also significantly impacts their quality of life (3).

Nutrition Literacy (NL) is derived from Health Literacy and refers to an individual’s capacity to acquire, process, and comprehend nutritional information, as well as the skills required to make informed nutritional decisions. NL represents a specialized form of Health Literacy (5, 6). It refers to understanding and applying healthy nutrition practices and plays a crucial role in determining eating behavior (7). There are various definitions and concepts of NL. NL encompasses six dimensions (8) knowledge, understanding, obtaining skills, applying skills, interactive skills, and critical skills (9). Individuals with high levels of NL adhere to dietary guidelines to make healthy food choices (10–12). NL has been identified as key components in the promotion and maintenance of healthy dietary practices (11, 13). However, research on NL remains limited. In recent years, scholars have devoted attention to developing and validating NL measurement instruments tailored for diverse populations, as well as conducting cross-sectional studies among these groups (14–18). This study will employ the NL assessment tool originally developed by Gibbs et al. (19) in 2012 for chronic disease patients and subsequently adapted and culturally validated by Chen in 2020 (20). The tool has been optimized to align with Chinese dietary practices. This study aims to assess the NL levels of CRC patients through questionnaire survey and to explore the influencing factors of these levels.

Since 2016, the State Council has successively issued key documents including “The Medium and Long-Term Plan for the Prevention and Control of Chronic Diseases in China (2017–2025)” (21) and “The Outline of the ‘Healthy China 2030’ Plan” (22). These policies aim to enhance the overall nutritional health status of the population and have incorporated “residents’ nutrition literacy levels” as one of the primary indicators for the development of Healthy China. CRC is a chronic disease that is closely associated with nutritional status. The NL of patients with CRC appears to be significantly correlated with their overall health outcomes. However, there remains a notable gap in systematic research examining the NL levels and influencing factors specific to this patient population. Given the limited research on NL, current interventions focus on diversified education models (23, 24), family-empowerment programs (25), and digital health technology (26). However, there are no specific intervention plans formulated based on the influencing factors of NL. Therefore, the main objective of this study was to assess the level of NL in CRC patients and to explore the factors affecting NL in CRC patients using a cross-sectional study design. This research aims to enrich the content of nutrition education, provide a theoretical foundation for nutrition literacy interventions, and offer scientific evidence to support the expansion of nutrition care methods.



2 Materials and methods


2.1 Study population and sampling criteria

A cross-sectional correlational study was conducted from April to July 2024 in Jiangsu Province, China. This study focuses on patients diagnosed with colon or rectal cancer who are preoperative, postoperative, or undergoing radiotherapy and chemotherapy. Participants were recruited from the inpatient wards of the Gastroenterology, Gastrointestinal Surgery, and Oncology departments at Jiangnan University Affiliated Hospital. Participants in this study were CRC patients aged 18 to 75, with intact cognitive function and the ability to independently complete questionnaires. They voluntarily consented to participate in the study. Data collection was conducted through face-to-face administration of questionnaires. Questionnaires were deemed complete if they satisfied the following criteria: no more than one-third of the questionnaire items had missing data, and the questionnaire successfully passed the deception detection test. This rephrasing maintains the original meaning while altering the structure and wording to reduce similarity with the original text. The study excluded individuals with neurological or psychiatric disorders or incomplete data to ensure the accuracy of the results. In addition, participants who expressed disinterest or followed special diets were randomly replaced to maintain the integrity of the study. According to the method of calculating the sample size of impact factor analysis, it is generally considered that the sample size should be taken as 5 to 10 times the number of variables, and there are 31 variables in this study, so the sample content of this study is a minimum of 155 cases and a maximum of 310 cases. To further refine the determination of the sample size, the pre-survey results showed that p = 40%. The sample size is calculated by the following formula: n = t2PQ/d2 = 225 (α = 0.05, t = 1.5, p = 0.39, q = 1 - p = 0.6, d = 0.1 × p = 0.04). Considering the 20% sample failure rate, the final sample was determined to be 245 cases.



2.2 Main variables

For the specific objectives of this study, the following variables were utilized: general demographic factors including gender, age, years of education, occupation, current residence, primary caregiver, and annual household income; as well as disease-related risk factors such as tumor location and stage, chronic disease status, current treatments, duration of illness, total number of hospitalizations, and smoking and drinking habits.



2.3 Assessment of NL

NL was assessed using the Chinese Version of the Nutrition Literacy Assessment Instrument (CHI-NLit), which was validated in the Chinese version in 2019. The CHI-NLit consists of 6 dimensions (Nutrition and health dimension; The source of energy in food dimension; Household food Measurement dimension; Food label calculation dimension; Food groups dimension and Consumer skill dimension) and 38 items (20), each of which is scored in a standardized multiple-choice format with four choices. Each item is in the form of a standardized multiple-choice question with four choices, with one point for a correct answer and zero points for an unanswered or incorrect answer. The score of the total scale ranges from 0 to 38 points, with a score of 21.5 as the cut-off value for dividing the lower and normal levels of NL (27). When the score is <21.5, it indicates that the patient’s NL level is insufficient, and when the score is >21.5, it indicates that the patient’s NL level is normal.



2.4 Assessment of cognitive function

The Montreal Cognitive Assessment Scale (MoCA) (28) was employed to evaluate the cognitive functioning of the patients. This scale assesses various cognitive domains, including attention and concentration, executive function, memory, language, visuospatial skills, abstract thinking, as well as computation and orientation. The total score for this scale is 30 points; an additional point is awarded if the subject has 12 years or fewer of education. A score around 16 indicates a diagnosis of Alzheimer’s disease; a score near 22 suggests mild cognitive impairment; scores of 26 or higher are classified as normal; while a perfect score is 30.



2.5 Assessment of anxiety depression symptom

Hospital Anxiety and depression scale (HADS) was revised by Zigmond et al. (29). It is divided into two subscales, anxiety and depression, with a total of 14 entries, of which there are 7 entries in the anxiety assessment part and 7 entries in the depression assessment part, the highest score of the subscale is 21 points, and the lowest score is 0 points, the higher the score is The higher the score, the higher the likelihood of anxiety and depression. The higher the score, the greater the likelihood of anxiety and depression. Scale scoring criteria: 0–7 is asymptomatic, 8–10 is likely to be symptomatic, and ≥ 11 is definitely anxious and depressed (30).



2.6 Statistical analysis

The recovered data were assigned unique identification numbers and entered into the database using EpiData 3.1. All statistical analyses were conducted using IBM SPSS Statistics 27.0 Percentage, frequency, mean, standard deviation, and a confidence level of 0.95 were used to describe study variables. Pearson’s correlation coefficient, independent samples t-test and one-way ANOVA were used to determine the relationship between the variables and the level of NL. A p-value ≤ 0.05 was considered statistically significant, and a p-value ≤ 0.001 was considered highly significant. For the analysis, when the independent variable is categorical and the dependent variable is normally distributed with homogeneity of variance, a t-test is employed for comparisons between two groups, while one-way ANOVA is used for comparisons among multiple groups. Non-parametric tests are utilized if the dependent variable deviates from normality or exhibits heterogeneity of variance. When the independent variable is continuous, Pearson correlation analysis is applied for normally distributed data, whereas Spearman rank correlation analysis is used for non-normally distributed data. For multivariate analysis, logistic regression is conducted. Figure was drawn with GraphPad Prism Version 9.0.0.




3 Results


3.1 Demographic and clinical characteristics

Two hundred forty-five CRC patients (130 males, 115 females) participated in the study. The mean age of samples was 60.224 ± 9.435. Overall, more than half of the participants were in tumor stage I-II (54.7%). The majority of participants had at least one other chronic disease (84.1%) and experienced 2–5 total hospitalizations (80%). Additional detailed socio-demographic information about the participants, as well as clinical disease characteristics, are presented in Tables 1, 2.



TABLE 1 Levels of NL based on different baseline characteristics.
[image: Table1]



TABLE 2 Levels of NL based on different clinical and tumor characteristics.
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3.2 Univariate analysis influencing the level of NL in CRC patients

In this study, the highest score of NL level was 32 and the lowest score was 8. The average score of the NL was19.224 ± 4.391. Among the dimensions of NL, the dimension with the lowest score was food groups, which is means to interactive skills and the dimension with the highest score was food label calculation, which is means to applying skills. A total of 77 patients (31.4%) had a NL level score greater than the cutoff value of 21.5, which was basically at the lower middle level. Detailed results of all subscales are displayed in Figure 1.

[image: Figure 1]

FIGURE 1
 Median of NL scores of each scale as assessed by CHI-NLit. Higher scores indicate higher NL levels (error bars ≙ ranges). CHI-Nlit questionnaire; dimension 1: Nutrition and health; dimension 2: The source of energy in food; dimension 3: Household food Measurement; dimension 4: Food label calculation; dimension 5: Food groups; dimension 6: Consumer skill.


In Tables 1, 2, the sociodemographic characteristics and Clinical characteristics were reported in comparison to the level of NL. There is no difference in the level of NL between males and females. The study indicated that patients who were younger, more highly educated, residing in urban areas, brainworkers, and with greater household incomes demonstrated a higher level of NL. Furthermore, the study revealed a correlation between the level of NL and several key factors, including the duration of the illness, and the total number of hospitalizations.

Then, we correlated the CHI-NLit score with the MoCA, and HADS. The coefficient of correlation between the scores is shown in Table 3. We found that NL scores were positively associated with cognitive function, and negatively associated with anxiety.



TABLE 3 Participants’ scores on other scales and correlations with NL scores.
[image: Table3]



3.3 Multifactorial analysis of the factors affecting the level of NL in CRC patients

The results of the univariate analysis were used to inform the binary logistic regression forward stepwise selection, which was conducted to analyze the factors affecting the level of NL in CRC patients. The entry level for this analysis was set at α = 0.05, with β = 0.10 used as the exclusion level. The findings revealed that: (1) The anxiety dimension in the anxiety and depression scale was identified as a risk factor for the level of patient NL. It was found that as anxiety levels increased, NL levels decreased. And this implies that for every one-unit increase in anxiety level, the NL level decreases by 0.218 times. (2) The cognitive function scales’ attract dimension was identified as a statistically significant predictor in the model, indicating that lower levels of this dimension were associated with lower levels of NL. This means that for every one-unit increase in the Attraction dimension score of cognitive function, the level of NL will increase by 9.049 times. Detailed results of all subscales are displayed in Table 4.



TABLE 4 Logistic regression analysis of factors influencing the level of NL.
[image: Table4]




4 Discussion

Our study conducted at Jiangnan University Hospital in Wuxi, China, analyzed the NL level of 245 CRC patients. The objective of this study is to evaluate NL levels of patients and identify the factors that influence these levels. The response rate was 92.3% due to detailed information provided by researchers. The results demonstrated that only 31.4% of participants exhibited a high level of NL, emphasizing the importance of enhancing patients’ nutritional knowledge during and after cancer treatment. In the food label calculation domain, CRC patients showed high levels. However, in the food groups domain, CRC patients exhibited low levels. This indicates that CRC patients acquire general nutritional knowledge through routine inpatient nutrition education; however, they struggle to comprehend more specialized information, such as precise energy intake and the content of food-related components. People focus mainly on nutritional knowledge but do not make good use of this knowledge in their lives, such as how to use nutritional labels to judge the nutritional value of food. This phenomenon has also been observed among healthcare professionals (31). This underscores the necessity for healthcare professionals to offer CRC patients a more comprehensive and personalized nutritional regimen that empowers them to evaluate and integrate complex nutritional information while making informed decisions (32) (see Table 4).

NL is closely related to social factors (33). Both internal and external factors may affect the acquisition and utilization of nutritional knowledge (34). In this study, we recruited 53.1% men and 46.1% women with CRC consistent with previous research indicating a higher incidence of CRC among men (35). In previous studies (36–39), it is not difficult to find that females show an advantage in NL. This observation may be attributed to the fact that women tend to exhibit greater attentiveness to their dietary habits in daily life. However, in our study, gender factors did not show significant differences (p = 0.672), which may be related to the fact that the patients recruited were mostly middle-aged and elderly. With age, women are less influenced by social and cultural factors to a greater extent, and therefore pay more attention to appearance and health, so the importance of diet and nutrition has not significantly increased. There is a close relationship between educational level and NL (40). Individuals with higher education levels tend to be more health-conscious, including in their diet and nutrition. Higher medical education usually includes nutrition courses, enabling CRC patients with higher education levels to better understand the importance of nutrition both theoretically and in practical application. Such courses often cover various aspects, including the functions of NL, the establishment of healthy eating habits, and the relationship between nutrition and diseases (17, 41). A longer duration of education is associated with higher levels of NL among patients, which facilitates the control and delay of disease progression. In this study, both place of residence and household income status significantly influence the level of NL among CRC patients. Those residing in urban areas with higher household incomes demonstrated elevated levels of NL, which is consistent with the findings of previous studies (42). Uneven regional economic development has led to disparities in the distribution of health knowledge resources, resulting in urban residents having greater access to channels and opportunities for acquiring essential nutritional information. Consequently, this contributes to significant variations in regional NL levels. NL can be considered as a modifiable risk factor of socioeconomic disparities in health. Enhancing the level of NL in the population or making health services more accessible to people with low NL may be a means to reach a greater equity in health (43). Meanwhile, the total number of hospitalizations also significantly influences the level of NL among CRC patients, with a greater frequency of hospitalizations correlating with higher levels of NL. This may be attributed to the multiple opportunities for nutritional education provided during hospitalization.

Research shows that NL comes from health literacy (6). Studies demonstrate that lower health literacy correlates with poorer health outcomes. This association is particularly evident among older adults and individuals with lower educational attainment. Additionally, reduced health literacy is linked to poorer self-rated health status. It further corresponds with decreased utilization of preventive health services. Higher rates of hospital admissions and mortality are also observed in this population. Finally, diminished physical and mental well-being has been consistently documented in these cases (44–49). In light of these findings, it seems plausible to suggest that the factors underpinning NL are similar to those associated with health literacy. Our study incorporated three key components. First, seven sociodemographic characteristics were analyzed: sex, age, educational attainment, occupation, residential location, primary caregiver, and annual household income. Second, seven disease-related risk factors were examined: tumor location and stage, chronic disease comorbidity, current therapeutic interventions, disease progression timeline, hospitalization frequency, and substance use patterns (tobacco and alcohol). Third, two validated assessment tools were utilized: the Montreal Cognitive Assessment (MoCA) and the Hospital Anxiety and Depression Scale (HADS). In other populations, such as college student, NL is related to their gender (50), birthplace, and nutrition education (51), which is similar to our study. This suggests that the factors influencing NL exhibit similar characteristics across diverse populations in relation to sociodemographic data. In this study, the highest score of NL level was 32 and the lowest score was 8. The mean score of NL was 19.224 ± 4.391, which is lower than the NL scores reported for patients with type 2 diabetes mellitus in a study by Chen in 2020. This finding indicates that caregivers should place greater emphasis on providing targeted health education and nutritional guidance. The results of univariate analysis showed that age, years of education, total annual household income, total number of hospitalizations, level of cognitive functioning and quality of life were correlated with the level of NL. This is consistent with other studies and health literacy studies (52). The evaluation results of CHI-NLit indicate that the level of nutritional knowledge is positively correlated with the “attention” dimension of cognitive function as assessed by MoCA, and negatively correlated with anxiety levels as excepted (52). Research indicates that, from a physiological perspective, several factors influence cognitive dysfunction in patients with CRC. These factors include age, sleep quality, the number of chemotherapy cycles, and post-chemotherapy nausea and vomiting (53). Our study has identified significant differences in cognitive function between elderly and younger patients. Healthcare providers should focus on identifying and addressing factors influencing cognitive impairment to improve cognitive function, enhance NL, and ultimately improve quality of life.

We also analyzed the interactions among research variables. Patients with higher education levels show better information processing abilities, particularly in attention, which enhances their understanding and application of nutritional knowledge. Our study found that cognitive function’s “attention” dimension is positively correlated with NL, while education level correlates with MoCA scores. This suggests that education indirectly improves NL by enhancing cognitive functions, especially attention. Additionally, NL is negatively correlated with anxiety but positively correlated with cognitive functions. Anxiety may impair knowledge absorption, reducing the positive impact of cognitive functions on NL. Frequent hospitalizations, which provide nutritional education, are positively correlated with NL, especially benefiting patients with higher cognitive functions. Future interventions for CRC patients with low NL should include personalized strategies: reinforcing nutritional education during hospitalization for less educated or rural patients using visual aids, and integrating psychological counseling with nutritional guidance for anxious patients to mitigate anxiety’s negative effects on NL.

The CHI-NLit scale was administered for the first time to CRC patients, which is one of the innovations of this study. This is also a good basis for rationalizing the use of measurement tools in the research. This is also the first study that links CRC patients with NL. Cross-sectional studies collect data at a specific point in time. If the sample does not adequately represent the target population, it may introduce selection bias. For instance, surveys limited to a particular region or specific group may lack generalizability. Additionally, cross-sectional studies cannot capture dynamic changes in population characteristics over time. For example, patients’ nutritional knowledge and literacy levels may vary across different treatment stages or changes in living environments, which cannot be reflected in a single-time-point survey. Therefore, future research should employ multi-time-point, multi-region, large-sample, and random sampling methods for both cross-sectional and longitudinal studies. Furthermore, other confounding variables (such as psychological state, gender, etc.) should be considered to enhance the reliability and validity of the conclusions. Future studies should further investigate NL intervention strategies and compare NL characteristics across different tumor types to enrich the existing body of NL research.

Improving the NL of CRC patients requires the mobilization of a variety of factors, and combining the mechanisms of each influencing factor on NL suggests that improving the literacy and overall quality of patients, developing individualized health education strategies, improving the social support system of patients, alleviating anxiety and depression, and doing a good job of cognitive screening and exercise are essential to improving the NL of patients. In summary, this study underscores the critical importance of NL in the management of CRC. The findings reveal a significant gap in nutritional knowledge among patients, which can adversely affect their treatment outcomes and quality of life. By addressing the factors that influence NL and implementing targeted educational interventions, healthcare providers can empower CRC patients to make informed dietary choices that support their health and well-being. Future research should continue to explore this vital area, ensuring that NL becomes a standard component of comprehensive cancer care.



5 Conclusion

This study provides a comprehensive examination of NL in CRC patients. The findings indicate a relatively low level of NL within this group. Younger age, higher income levels, and urban residency correlated positively with elevated NL. Factors such as illness duration, number of hospitalizations, cognitive function measured by relevant scales are also emerged as significant determinants impacting NL. To address the limitations of cross-sectional studies and improve the quality of future research on NL, we recommend expanding the sample scope by collecting data from diverse geographic regions and socio-economic backgrounds to ensure representativeness. Stratified sampling can help achieve balanced data across populations. Combining cross-sectional and longitudinal designs will capture dynamic changes over time, aiding in understanding causal relationships. Integrating quantitative and qualitative methods, such as interviews or focus groups, will provide deeper insights into respondents’ motivations, perspectives, and behaviors.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving humans were approved by the ethical review board of the Affiliated Hospital of Jiangnan University (ID: LS2024075). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

JZ: Conceptualization, Methodology, Validation, Writing – original draft, Writing – review & editing, Data curation, Formal analysis, Investigation, Project administration, Resources, Software, Supervision, Visualization. DL: Writing – review & editing, Investigation, Methodology, Project administration, Supervision, Validation. JiY: Methodology, Project administration, Supervision, Validation, Writing – review & editing. JuY: Conceptualization, Investigation, Methodology, Project administration, Writing – review & editing. JS: Methodology, Project administration, Writing – review & editing. YL: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Supervision, Validation, Writing – review & editing. YX: Conceptualization, Investigation, Methodology, Project administration, Validation, Writing – original draft. HC: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Software, Supervision, Validation, Writing – review & editing. JH: Conceptualization, Formal analysis, Methodology, Writing – review & editing. FZ: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Software, Supervision, Validation, Writing – review & editing. YW: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Software, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the National Key Research and Development Program of China (2023YFF1104305), Wuxi City "Double Hundred" Young and Middle-aged Medical and Health Top Talent Project (HB2023061, HB2023062, HB2023063), Wuxi Translational Medicine Research Institute project (LCYJ202310), Soft Science Project of Wuxi Science and Technology Association (KX-24-B34, KX-24-C088, KX-24-C275), Wuxi Nursing Association Youth Project (Q202305).



Conflict of interest

DL, JiY, JuY, JS, YL, YX, HC, FZ, YW were employed by Yixing Institute of Food and Biotechnology Co., Ltd.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Bray, F, Laversanne, M, Sung, H, Ferlay, J, Siegel, RL, Soerjomataram, I , et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2024) 74:229–63. doi: 10.3322/caac.21834 

 2. Song, M, Garrett, WS, and Chan, AT. Nutrients, foods, and colorectal cancer prevention. Gastroenterology. (2015) 148:1244–60.e16. doi: 10.1053/j.gastro.2014.12.035 

 3. Salas, S, Cottet, V, Dossus, L, Fassier, P, Ginhac, J, Latino-Martel, P , et al. Nutritional factors during and after Cancer: impacts on survival and quality of life. Nutrients. (2022) 14:958. doi: 10.3390/nu14142958 

 4. Lewandowska, A, Religioni, U, Czerw, A, Deptała, A, Karakiewicz, B, Partyka, O , et al. Nutritional treatment of patients with colorectal Cancer. Int J Environ Res Public Health. (2022) 19:6881. doi: 10.3390/ijerph19116881 

 5. Yuen, EYN, Thomson, M, and Gardiner, H. Measuring nutrition and food literacy in adults: a systematic review and appraisal of existing measurement tools. Health Lit Res Pract. (2018) 2:e134–60. doi: 10.3928/24748307-20180625-01 

 6. Kurzbard, RA, Backus, RC, and Yu, S. Rapid improvement in vitamin D status with dietary 25-hydroxycholecalciferol in vitamin D insufficient dogs. J Nutr Sci. (2021) 10:e12. doi: 10.1017/jns.2021.4 

 7. Mostafazadeh, P, Jafari, MJ, Mojebi, MR, Nemati-Vakilabad, R, and Mirzaei, A. Assessing the relationship between nutrition literacy and eating behaviors among nursing students: a cross-sectional study. BMC Public Health. (2024) 24:18. doi: 10.1186/s12889-023-17468-9 

 8. Lai, I-J, Chang, L-C, Lee, C-K, and Liao, L-L. Nutrition literacy mediates the relationships between multi-level factors and college students’ healthy eating behavior: evidence from a cross-sectional study. Nutrients. (2021) 13:3451. doi: 10.3390/nu13103451 

 9. Mo, G, Han, S, Gao, T, Sun, Q, Zhang, M, and Liu, H. Development and validation of a novel short-form nutrition literacy measurement tool for Chinese college students. Front Public Health. (2022) 10:962371. doi: 10.3389/fpubh.2022.962371 

 10. Gibbs, HD, Ellerbeck, EF, Gajewski, B, Zhang, C, and Sullivan, DK. The nutrition literacy assessment instrument is a valid and reliable measure of nutrition literacy in adults with chronic disease. J Nutr Educ Behav. (2018) 50:247–57.e1. doi: 10.1016/j.jneb.2017.10.008 

 11. Velardo, S. The nuances of health literacy, nutrition literacy, and food literacy. J Nutr Educ Behav. (2015) 47:385–9.e1. doi: 10.1016/j.jneb.2015.04.328 

 12. Taylor, MK, Sullivan, DK, Ellerbeck, EF, Gajewski, BJ, and Gibbs, HD. Nutrition literacy predicts adherence to healthy/unhealthy diet patterns in adults with a nutrition-related chronic condition. Public Health Nutr. (2019) 22:2157–69. doi: 10.1017/S1368980019001289 

 13. Krause, C, Sommerhalder, K, Beer-Borst, S, and Abel, T. Just a subtle difference? Findings from a systematic review on definitions of nutrition literacy and food literacy. Health Promot Int. (2018) 33:daw084–9. doi: 10.1093/heapro/daw084 

 14. Ashoori, M, Soltani, S, Eini-Zinab, H, Shakibazadeh, E, and Doustmohamadian, A. Food and nutrition literacy: a predictor for diet quality and nutrient density among late adolescents. Turk J Pediatr. (2023) 65:290–300. doi: 10.24953/turkjped.2022.607 

 15. Camargo, JT, Ramirez, M, Gajewski, BJ, Sullivan, DK, Carlson, SE, and Gibbs, HD. Nutrition literacy among Latina/x people during pregnancy is associated with socioeconomic position. J Acad Nutr Diet. (2022) 122:2097–105. doi: 10.1016/j.jand.2022.05.011 

 16. Itzkovitz, A, Maggio, V, Roy-Fleming, A, Legault, L, and Brazeau, AS. Nutrition and food literacy among young Canadian adults living with type 1 diabetes. Diabet Med. (2022) 39:e14921. doi: 10.1111/dme.14921. PubMed35870142 

 17. Yan, W, Caihong, H, Xuefeng, Y, and Jiayu, Z. Evaluation of the nutrition literacy assessment questionnaire for college students and identification of the influencing factors of their nutrition literacy. BMC Public Health. (2023) 23:2127. doi: 10.1186/s12889-023-17062-z 

 18. Liu, T, Su, X, Li, N, Sun, J, Ma, G, and Zhu, W. Development and validation of a food and nutrition literacy questionnaire for Chinese school-age children. PLoS One. (2021) 16:e0244197. doi: 10.1371/journal.pone.0244197 

 19. Gibbs, H, and Chapman-Novakofski, K. Establishing content validity for the nutrition literacy assessment instrument. Prev Chronic Dis. (2013) 10:E109. doi: 10.5888/pcd10.120267 

 20. Chen, Y, Yang, C, Wang, D, and Song, Y. Development, reliability and validity of the Chinese version of nutrition literacy assessment instrument in patients with diabetes based on CTT and Rasch model. Chin Gene Pract. (2020) 23:3342–7. doi: 10.12114/j.issn.1007-9572.2020.00.009

 21. China TSCo. Notice of the general Office of the State Council on issuing the medium and long-term plan for the prevention and control of chronic diseases in China (2017—2025). Available online at: https://www.gov.cn/zhengce/content/2017-02/14/content_5167886.htm (Accessed February 14, 2017).

 22. China TSCo The Central Committee of the Communist Party of China and the State Council have issued the "Healthy China 2030" Planning Outline. Available online at: https://www.gov.cn/zhengce/2016-10/25/content_5124174.htm (Accessed October 25, 2016).

 23. Parekh, N, Jiang, J, Buchan, M, Meyers, M, Gibbs, H, and Krebs, P. Nutrition literacy among Cancer survivors: feasibility results from the healthy eating and living against breast Cancer (HEAL-BCa) study: a pilot randomized controlled trial. J Cancer Educ. (2018) 33:1239–49. doi: 10.1007/s13187-017-1238-z 

 24. Dłużniak-Gołaska, K, Panczyk, M, Szypowska, A, Sińska, B, and Szostak-Węgierek, D. Interactive nutrition education is more effective in terms of improved levels of glycated hemoglobin in adolescent patients with poorly controlled type 1 diabetes - a randomized study. Diabetes Metab Syndr Obes. (2019) 12:2619–31. doi: 10.2147/DMSO.S229246 

 25. Molassiotis, A, Brown, T, Cheng, HL, Byrnes, A, Chan, RJ, Wyld, D , et al. The effects of a family-centered psychosocial-based nutrition intervention in patients with advanced cancer: the PiCNIC2 pilot randomised controlled trial. Nutr J. (2021) 20:2. doi: 10.1186/s12937-020-00657-2 

 26. Gonzalez-Ramirez, M, Cejudo-Lopez, A, Lozano-Navarrete, M, Salamero Sánchez-Gabriel, E, Torres-Bengoa, MA, Segura-Balbuena, M , et al. SAlBi educa (tailored nutrition app for improving dietary habits): initial evaluation of usability. Front Nutr. (2022) 9:782430. doi: 10.3389/fnut.2022.782430 

 27. Chen, Y. The investigation and influence factors analysis of nutrition literacy of type 2 diabetes mellitus Tianjin, Tianjin Medical University (2020).

 28. Nasreddine, ZS, Phillips, NA, Bédirian, V, Charbonneau, S, Whitehead, V, Collin, I , et al. The Montreal cognitive assessment, MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. (2005) 53:695–9. doi: 10.1111/j.1532-5415.2005.53221.x 

 29. Zigmond, AS, and Snaith, RP. The hospital anxiety and depression scale. Acta Psychiatr Scand. (1983) 67:361–70. doi: 10.1111/j.1600-0447.1983.tb09716.x 

 30. Hamilton, M. A rating scale for depression. J Neurol Neurosurg Psychiatry. (1960) 23:56–62. doi: 10.1136/jnnp.23.1.56 

 31. Karim, SA, Ibrahim, B, Tangiisuran, B, and Davies, JG. What do healthcare providers know about nutrition support? A survey of the knowledge, attitudes, and practice of pharmacists and doctors toward nutrition support in Malaysia. J Parenter Enter Nutr. (2015) 39:482–8. doi: 10.1177/0148607114525209 

 32. Zhao, J, Sun, J, and Su, C. Gender differences in the relationship between dietary energy and macronutrients intake and body weight outcomes in Chinese adults. Nutr J. (2020) 19:45. doi: 10.1186/s12937-020-00564-6 

 33. Banna, MHA, Hamiduzzaman, M, Kundu, S, Ara, T, Abid, MT, Brazendale, K , et al. The association between Bangladeshi Adults' demographics, personal beliefs, and nutrition literacy: evidence from a cross-sectional survey. Front Nutr. (2022) 9:867926. doi: 10.3389/fnut.2022.867926 

 34. Mo, G, Zhu, E, Guo, X, Kong, S, and Ma, J. Nutrition literacy level of medical personnel in tertiary hospitals: evidence from a cross-sectional study. Arch Public Health. (2024) 82:124. doi: 10.1186/s13690-024-01350-0 

 35. Baraibar, I, Ros, J, Saoudi, N, Salvà, F, García, A, Castells, MR , et al. Sex and gender perspectives in colorectal cancer. ESMO Open. (2023) 8:101204. doi: 10.1016/j.esmoop.2023.101204 

 36. Yurtdaş Depboylu, G, Kaner, G, Süer, M, Kanyılmaz, M, and Alpan, D. Nutrition literacy status and its association with adherence to the Mediterranean diet, anthropometric parameters and lifestyle behaviours among early adolescents. Public Health Nutr. (2023) 26:2108–17. doi: 10.1017/S1368980023001830 

 37. Kalkan, I. The impact of nutrition literacy on the food habits among young adults in Turkey. Nutr Res Pract. (2019) 13:352–7. doi: 10.4162/nrp.2019.13.4.352 

 38. Neshatbini Tehrani, A, Farhadnejad, H, Salehpour, A, Beyzai, B, Hekmatdoost, A, and Rashidkhani, B. The association between nutrition knowledge and adherence to a Mediterranean dietary pattern in Iranian female adolescents. Int J Adolesc Med Health. (2021) 33:20180188. doi: 10.1515/ijamh-2018-0188 

 39. Chaves, CS, Camargo, JT, Zandonadi, RP, Nakano, EY, and Ginani, VC. Nutrition literacy level in Bank employees: the case of a large Brazilian company. Nutrients. (2023) 15:360. doi: 10.3390/nu15102360 

 40. Sanlier, N, Kocaay, F, Kocabas, S, and Ayyildiz, P. The effect of sociodemographic and anthropometric variables on nutritional knowledge and nutrition literacy. Food Secur. (2024) 13:346. doi: 10.3390/foods13020346 

 41. Banna, JC, Gilliland, B, Keefe, M, and Zheng, D. Cross-cultural comparison of perspectives on healthy eating among Chinese and American undergraduate students. BMC Public Health. (2016) 16:1015. doi: 10.1186/s12889-016-3680-y 

 42. Michou, M, Panagiotakos, DB, Lionis, C, and Costarelli, V. Socioeconomic inequalities in relation to health and nutrition literacy in Greece. Int J Food Sci Nutr. (2019) 70:1007–13. doi: 10.1080/09637486.2019.1593951 

 43. Stormacq, C, Van den Broucke, S, and Wosinski, J. Does health literacy mediate the relationship between socioeconomic status and health disparities? Integr Rev Health Promot Int. (2019) 34:e1–e17. doi: 10.1093/heapro/day062

 44. Berens, EM, Vogt, D, Ganahl, K, Weishaar, H, Pelikan, J, and Schaeffer, D. Health literacy and health service use in Germany. Health Lit Res Pract. (2018) 2:e115–22. doi: 10.3928/24748307-20180503-01

 45. Griffey, RT, Kennedy, SK, D'Agostino McGowan, L, Goodman, M, and Kaphingst, KA. Is low health literacy associated with increased emergency department utilization and recidivism? Acad Emerg Med. (2014) 21:1109–15. doi: 10.1111/acem.12476 

 46. Vogt, D, Schaeffer, D, Messer, M, Berens, EM, and Hurrelmann, K. Health literacy in old age: results of a German cross-sectional study. Health Promot Int. (2018) 33:739–47. doi: 10.1093/heapro/dax012 

 47. Adams, RJ, Appleton, SL, Hill, CL, Dodd, M, Findlay, C, and Wilson, DH. Risks associated with low functional health literacy in an Australian population. Med J Aust. (2009) 191:530–4. doi: 10.5694/j.1326-5377.2009.tb03304.x 

 48. Jansen, T, Rademakers, J, Waverijn, G, Verheij, R, Osborne, R, and Heijmans, M. The role of health literacy in explaining the association between educational attainment and the use of out-of-hours primary care services in chronically ill people: a survey study. BMC Health Serv Res. (2018) 18:394. doi: 10.1186/s12913-018-3197-4 

 49. Liu, YB, Hou, P, Xue, HP, Mao, XE, and Li, YN. Social support, health literacy, and health care utilization among older adults. Asia Pac J Public Health. (2019) 31:359–66. doi: 10.1177/1010539519851674 

 50. Gao, T, Duan, Y, Qi, Q, Mo, G, Han, S, Liu, H , et al. Nutrition literacy differs based on demographics among university students in Bengbu, China. Front Public Health. (2023) 11:1113211. doi: 10.3389/fpubh.2023.1113211 

 51. Svendsen, K, Torheim, LE, Fjelberg, V, Sorprud, A, Narverud, I, Retterstøl, K , et al. Gender differences in nutrition literacy levels among university students and employees: a descriptive study. J Nutr Sci. (2021) 10:e56. doi: 10.1017/jns.2021.47 

 52. Norman, K, Pichard, C, Lochs, H, and Pirlich, M. Prognostic impact of disease-related malnutrition. Clin Nutr. (2008) 27:5–15. doi: 10.1016/j.clnu.2007.10.007 

 53. Yu, YJ, Ahn, SH, Cho, YA, Ryu, E, and Kim, E-J. Factors affecting cognitive function in patients with stomach cancer. Asian Oncolo Nurs. (2018) 18:241–6. doi: 10.5388/aon.2018.18.4.241


Copyright
 © 2025 Zhang, Li, Yan, Yang, Sun, Liu, Xia, Cao, Hua, Zhang and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-12-1526388-t004.jpg
Factors

95%Cl

Variables

Anxiety and depression
(anxiety)

MoCA (Abstraction)

Coefficient of Standard error Waldy?
regression f
10.862 4346 6246
~0.1523 0393 15057
2203 0507 18.857

0012

<0.001

<0.001

52165.328

0218

9.049

0.101-0.471

3.348-24.453





OPS/images/fnut-12-1526388-t002.jpg
Characteristics Overall (n = 245) NL levels n (%)

Insufficient Normal
Type of Cancer, 1 (%) 0.029,0.972
Colon cancer 73 (29.8%) 50 (68.5%) 23 (31.5%)
Rectal cancer 128 (52.2%) 85 (66.4%) 43 (33.6%)
Colorectal cancer 44(18.0%) 33 (75%) 11(25%)
Tumor stage, 1 (%) 0.453,0,637
Stage 0 69.(28.2%) 49 (71.0%) 20 (29.0%)
Stage I-IT 134 (54.7%) 93 (69.4%) 41(30.6%)
Stage IIL-TV 4207.1%) 26 (61.9%) 16(38.1%)
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No 39 (15.9%) 30 (76.9%) 9(23.2%) 2.380,0095
One 161 (65.7%) 108 (67.1%) 53 (329%)

More than one 45 (18.4%) 30 (66.7%) 15 (33.3%)

Current treatments, n (%) 0.119,0.949
None 43 (17.6%) 29 (70.7%) 12(29.3%)

Surgery 143 (58.4%) 97 (67.8%) 46 (32.17%)

Radiotherapy 41(16.7%) 30(73.2%) 11(26.8%)

Chemoradiotherapy 20(8.3%) 12 (60%) 8 (40%)

Duration of illness, n (%)

<lyears 56 (22.9%) 39(69.6%) 17 (30.4%) 2:929,0.034
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>5 years 34 (13.8%) 20 (58.8%) 14.(41.2%)

Number of hospitalizations, 1 (%) 5.113,0.002
Itimes 32(13.1%) 26 (81.3%) 6(18.7%)

23 times 114 (46.5%) 81(711%) 33 (28.9%)

4-5 times 82 (33.5%) 55 (67.1%) 27 (32.9%)

>5 times 17 (69%) 6(35.3%) 11(64.7%)

Smoking/drinking, 1 (%) 0.102,0.959
None 27 (11.0%) 18 (66.7%) 9(33.3%)

Smoking 120 (49.0%) 81(67.5%) 39 (32.5%)

Drinking 77 (31.4%) 52(67.5%) 25(32.5%)

Both 21 (8.6%) 17 (81%) 4(19%)

p-values of the variables that exhibit statistically significant differences.
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Characteristic Overall (n = 245) NL levels n (%)

Insufficient Normal
Age, median (IQR) 63 (55:67) 23667, <0.001
<50 years old, 1 (%) 32(13.1%) 11(34.4%) 21(65.6%)
50-59 years old, 1 (%) 78 (31.8%) 41(52.6%) 37 (47.4%)
60 years old, n (%) 135.(55.1%) 116 (85.9%) 19.(14.1%)
Gender, 1 (%) 245 (100%) 165 (67.3%) 80 (32.7%) 0.029,0.866
Male 130/(53.1%) 103 (79.2%) 27(20.8%)
Female 115 (46.9%) 88 (76.5%) 27(23.5%)
Years of education, median (IQR) 9(6:10) 55.584, <0.001
<6 years, n (%) 122.(49.8%) 115 (94.3%) 7(5.7%)
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12-16 years, n (%) 21(8.5%) 4(19.1%) 17.(80.9%)
Occupation, 1 (%) 22399, <0.001
Retirement 170 (69.4%) 134 (78.8%) 36 (21.2%)
Brain worker 33 (118%) 10 (30.3%) 23 (69.7%)
Non-manual laborer 42 (18%) 24(57.1%) 18 (42.9%)

Residence, n (%)

City 130 (53.1%) 76 (58.5%) 54 (41.5%) 5.073,<0.001
Village 115 (46.9%) 92 (80%) 23 (20%)
Primary caregiver, 1 (%) 0.974,0.379
Spouse 165 (67.3%) 114.(69.1%) 51(30.9%)
Sons and daughters 39 (15.9%) 27(69.2%) 12.(30.8%)
Others 41(16.8%) 27(65.9%) 14.(34.1%)

Household incomelyr, n (%)

<20,000RMB 47 (19.2%) 38 (80.8%) 9(19.2%)
20,000-100,000RMB 164 (66.9%) 114.(69.5%) 50 (30.5%)
>100,000RMB 34 (13.9%) 16 (47.1%) 18 (52.9%) 6.360,0.002

p-values of the variables that exhibit statistcally significant differences.
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