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Increasing the frequency of plant-based food intake in daily diets reduces the risk of cardiovascular disease among elderly Chinese: a cohort study
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Objective: There is limited research on the relationship between the frequency of plant-based food intake and the risk of cardiovascular disease (CVD) among elderly Chinese. This study aims to evaluate the association between plant-based dietary index (PDI) and CVD risks, providing evidence for elderly Chinese to reduce CVD risks by increasing the frequency of plant-based food consumption.

Methods: This study analyzed data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS) 2011–2018, employing a multivariate modified Poisson regression model, trend tests, and restricted cubic spline (RCS) analysis to assess the linear and non-linear relationship between the PDI and CVD risks. Subgroup analyses and interaction tests were conducted to evaluate the robustness and population-specificity of the results.

Results: This study included a total of 1,414 elderly Chinese, and at the end of follow-up, 487 participants had developed CVD. The multivariate modified Poisson regression model revealed a negative association between PDI and CVD risks [RR = 0.983, 95%CI = (0.970, 0.997)]. Similarly, the multivariate trend test (p = 0.031) and RCS analysis (P for nonlinear = 0.600) indicated a linear relationship between PDI and CVD risks. Subgroup analyses showed that the relationship between PDI and CVD risk was not influenced by gender, BMI, smoking, alcohol use, or exercise.

Conclusion: The PDI was negatively correlated with CVD risks, indicating that increasing the frequency of plant-based food intake in the diet may reduce CVD risks among elderly Chinese.
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Introduction

Population aging is a challenging area worldwide, and the cardiovascular health of the elderly population is a striking field (1, 2). Approximately 17.9 million people worldwide die from cardiovascular diseases (CVD) every year (3). In China, as of 2015, approximately 290 million people were suffering from CVD (4). CVD has put great pain and a heavy economic burden on elderly Chinese. In China, the disability adjusted life years caused by CVD have reached 58.2255 million, accounting for approximately 20% of global CVD and nearly 9% higher than the international average (5). The annual direct medical expenses for CVD in China exceeded 130 billion yuan, accounting for more than 22% of the total medical expenses during the same period (4). In recent years, risk factors such as obesity, elevated blood pressure, and dyslipidemia have become prevalent among the elderly Chinese, which has further led to an increase in the incidence and mortality of CVD (6, 7). The prevention of CVD in elderly Chinese still faces huge challenges, and relevant preventive measures need to be explored (2).

The role of the diet in CVD prevention has attracted much attention. For example, fresh fruits and vegetables, as easily obtainable and cost-effective plant-based foods, have been found to have a negative correlation with CVD risks. A meta-analysis involving 4 million people found that high intake of fruits and vegetables can reduce CVD risk by 7%, coronary heart disease risk by 12%, and stroke risk by 18% (8). And study conducted on elderly Chinese reached similar conclusions (9). Compared with research on a single type of plant diet, it seems to be more practical to include the most common daily foods in the evaluation of dietary patterns. A prospective cohort study conducted among 123,330 postmenopausal women found that adhering to a plant-based dietary pattern can reduce risks of CVD, coronary heart disease, and heart failure by 11, 14, and 17%, respectively (10). In the above study, the evaluation of the dietary pattern included multiple food types, such as plant protein, nuts, viscous fiber, phytosterols, and saturated fat/cholesterol sources. A protective effect of a plant-based dietary pattern, including multiple food types, on CVD has been found in young and middle-aged people (11). However, there is little research on the correlation between the plant-based dietary pattern and CVD among the elderly Chinese. Evidence on whether elderly Chinese can reduce the risk of CVD by Increasing the frequency of plant-based foods is insufficient. Therefore, this study explored the correlation between the plant-based dietary index (PDI), an index that takes into account the frequency of multiple food intake in the daily diet, and CVD risks based on a nationwide elderly cohort study conducted in China, providing evidence for the elderly Chinese to reduce CVD risks by increasing the frequency of plant-based dietary intake in the diet.



Methods


Study design and participants

Data in this study came from the Chinese Longitudinal Healthy Longevity Survey (CLHLS). CLHLS is a community-based national prospective cohort study (12). The survey was established in 1998 and randomly selected representative samples from 23 provinces in China. New member recruitment and follow-up interviews were conducted every 3–4 years. Trained interviewers conducted surveys in participants’ homes using structured questionnaires, and when participants were unable to answer questions, a proxy interviewer (usually a spouse or other close relative) answered. The questionnaire involved rich individual micro-data on the elderly’s demographics, physical and mental health, behavior, diet and nutrition, living habits, and socioeconomic status. More details about CLHLS have been reported in previous studies (13, 14). CLHLS conformed to the principles outlined in the Declaration of Helsinki and was approved by the Peking University Ethical Review Board (IRB00001052-13074). All participants voluntarily agreed to participate in this study and signed an informed consent form upon participation. CLHLS data has been opened to the academic community and society for free use through the Peking University Open Research Data Platform.1

Our study analyzed data from the 2011 wave of the CLHLS, and the follow-up survey was conducted in 2018. Based on the research purpose and previous studies (15), we restricted samples. The following samples were excluded: 1. Individuals with CVD at baseline; 2. Participants under the age of 65; 3. Individuals without plant-based diet index at baseline; 4. Participants lost or died during follow-up.



Dietary pattern assessment

To assess dietary patterns, dietary intake frequencies at baseline were obtained through a dietary questionnaire survey. The evaluation method we used adapted from the method of Zhu et al. (16). We constructed the plant-based dietary index (PDI) based on the frequency of food intake. A simplified food frequency questionnaire was used to collect dietary frequency information. This questionnaire covered the most common foods in the Chinese diet. Plant foods included fresh fruits, fresh vegetables, vegetable oils, bean products, mushrooms, garlic, nuts, tea, sugar, and salt-preserved vegetables. Animal foods include animal fat, meat, fish, eggs, and dairy products.

We calculated PDI by scoring the frequency of food intake. The questionnaire marked the frequency of food intake as “almost every day,” “not every day, but at least once per week,” “not every week, but at least once per month,” “not every month, but occasionally,” and “rarely or never,” which was used for bean products, mushrooms, garlic, nuts, tea, sugar, salt-preserved vegetables, fish, eggs and dairy products. The intake frequency of fresh fruits and fresh vegetables was marked as “almost every day,” “quite often,” “occasionally,” and “rarely or never.” For plant foods, we scored 5 for the most frequent intake, and with the gradual decrease in intake frequency, the score was reduced by 1 in turn. Instead, we scored 5 as the least frequent animal food intake and 1 as the most frequent animal food intake. As for cooking oil, vegetable oil scored 5 and animal fat scored 1. The PDI was obtained by summing the scores of all food categories. The PDI theoretically ranged from 14 to 70. The higher the participants’ PDI, the more inclined they were to the plant-based dietary pattern. Detailed evaluation criteria for the PDI can be found in the supplementary document. Previous studies have demonstrated that it is feasible and reliable to use food intake frequency rather than food intake to assess dietary patterns (17, 18). For example, when evaluating fruit and vegetable intake levels, frequency is more important than quantity (19).



Outcomes ascertainment

The outcome of this study was self-reported nonfatal CVD, which mainly includes hypertension, heart disease, and stroke. Outcomes were obtained from participants’ health status surveys at follow-up in 2018. Survey questions were “Do you suffer from hypertension?,” “Do you suffer from heart disease?,” and “Do you suffer from a stroke?” If the participant answered “yes” to any of the above questions, it was defined as having CVD. Participants who answered “no” to all of the above questions were defined as not having CVD. The reliability of CLHLS health status data has been demonstrated in other studies (9).



Covariates

Covariates, including demographic characteristics and health behaviors, were collected at baseline. Sociodemographic data included age, gender, spouse (whether having a spouse), co-residence (whether living alone), education, financial status (whether financial support met daily expenses), and annual physical examinations (whether annual physical examinations were routinely performed). Health behaviors included smoking status, alcohol consumption, and daily exercise. Participants were asked “Do you smoke at present?” and “Did you smoke in the past?” We defined current smokers as those who smoked at the interview, former smokers as those who smoked in the past but not at the interview, and non-smokers as those who neither smoked in the past nor at the interview. Similar evaluation methods were used for alcohol consumption and daily exercise. In addition, the body mass index (BMI) was also collected, which was calculated from the height and weight of the participants.



Statistical analysis

Participants were divided into two groups according to outcomes to describe the characteristics of study population. Continuous variables were expressed as mean and standard deviation or median and quartile, and the t-test or Kruskal-Wallis rank sum test was selected for hypothesis testing according to applicable conditions. Classified variables were expressed as absolute numbers and percentages, and the chi-square test was used for hypothesis testing.

The relationship between PDI and CVD risks was assessed using multivariate Poisson regression with robust variance estimation (20). PDI was included in the model, respectively, as continuous variables, two-category variables (with the median as the cut-off point), and four-category variables (with the quartiles as the cut-off point). To control confounding bias, we constructed three regression models by including different potential confounding factors. No confounding factors were included in Model 1. Model 2 included demographic factors, including age and gender. Model 3 further incorporated BMI, smoking status, alcohol consumption, and daily exercise based on Model 2. BMI was converted into a three-category variable when included in the model (with 18.5 and 23.9 as cut points). We also conducted trend tests for the four categories of PDI. The variance inflation factor was used to evaluate multicollinearity between variables. If it was greater than 5, variables were excluded. The multivariate restricted cubic spline (RCS) was used to evaluate the dose–response relationship between PDI (continuous variable) and CVD risks. To explore whether the results were population-specific, we conducted stratified analyses according to gender, BMI, smoking status, alcohol consumption, and daily exercise. The product terms of these variables and PDI were included, respectively, in the model to evaluate the interaction effects.

Data analysis was completed by software IBM SPSS Statistics 26.0 (IBM Corp., Armonk, N.Y., USA) and R 4.3.0 (R Foundation for Statistical Computing, Vienna, Austria). p < 0.05 on both sides was considered statistically significant.




Results


Sample characteristics

The study population screening process was shown in Figure 1. A total of 9,765 participants took part in the CLHLS 2011–2018. After screening according to inclusion and exclusion criteria, 1,414 participants, with complete data on PDI and CVD, were included in our study. Study population characteristics were shown in Table 1. The average age of the participants was 78.13 ± 8.74. The mean PDI was 40.21 ± 5.79, which indicated that most participants followed a mixed plant-based and animal-based eating pattern. A total of 487 (34%) participants had developed CVD at follow-up in 2018. They were younger and had a higher BMI than those without CVD. The univariate analysis revealed no statistically significant differences in terms of PDI, gender, education, smoking, alcohol consumption, and physical exercise among participants with different CVD outcomes.
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FIGURE 1
 Study population screening flow chart.




TABLE 1 Baseline characteristics of the study population.
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The relationship between PDI and CVD risks

The relationship between PDI and CVD risks was shown in Table 2. Univariate modified Poisson regression found no correlation between PDI and CVD risks [RR = 0.993, 95%CI = (0.981, 1.006)]. After adjusting for potential confounding factors, including age, gender, BMI, smoking status, alcohol consumption, and daily exercise, multivariate modified Poisson regression showed a negative correlation between PDI and CVD risks [RR = 0.983, 95%CI = (0.970, 0.997)]. For every 1 increase in PDI, CVD risks decreased by 1.7%. Compared with participants in the lowest PDI score interval (Q1), participants in the high PDI score interval (Q2, Q3, Q4) had a 22.8, 18.4, and 22.0% reduction in CVD risks, respectively. The trend test after adjusting for potential confounding factors showed that the linear trend between PDI and CVD risks was statistically significant (p = 0.031). The multivariate RCS more intuitively indicated that CVD risks had a negative correlation with PDI, and the linear trend was statistically significant (P for nonlinear = 0.600), which were shown in Figure 2.



TABLE 2 The relationship between PDI and CVD.
[image: Table2]
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FIGURE 2
 Restricted cubic spline plot of PDI and CVD risk. The solid line represents the risk ratio, and the gray shading represents the 95% confidence interval of the risk ratio.




Subgroup analysis

To examine the robustness and population-specificity of results, we conducted subgroup analyses and interaction tests on variables potentially related to CVD risks, including gender, BMI, smoking, alcohol consumption, and physical exercise. In Model 3, the inverse association between PDI and CVD risks remained consistent across subgroups defined by gender, BMI, smoking, alcohol consumption, and physical exercise, although some effect sizes did not reach statistical significance, likely due to the reduced sample size in subgroups. Specifically, the inverse association between PDI and CVD risks remained statistically significant in male [RR = 0.970, 95%CI = (0.952, 0.988)], low BMI participants [RR = 0.960, 95%CI = (0.926, 0.995)], and never smokers [RR = 0.982, 95%CI = (0.965, 0.999)]. Furthermore, no interactions were observed between PDI and any of the stratifying variables. The results of the subgroup analyses and interaction tests were presented in Figure 3.
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FIGURE 3
 The relationship between PDI and CVD in subgroup populations. Model 1: No covariates were adjusted. Model 2: Age and gender were adjusted. Model 3: Age, gender, BMI, smoking status, alcohol consumption, and daily exercise were adjusted. When a variable was used as a stratification variable, it was not adjusted.





Discussion

This study conducted a retrospective cohort study based on the CLHLS data. Using multivariable modified Poisson regression and RCS, we evaluated the association between PDI and CVD risks, aiming to provide evidence for reducing CVD risks among elderly Chinese through increased frequency of plant-based food intake. We found a negative correlation between PDI and CVD risks after controlling for confounding bias through multivariable modified Poisson regression. For every 1 increase in PDI, the CVD risk decreased by 1.7%. PDI in the highest quartile reduced CVD risk by 22.0% compared to the lowest quartile. Both the trend test and the RCS showed that PDI had a linear correlation with CVD. Subgroup analysis has yielded similar results, indicating that our results should be robust. Increasing the frequency of plant-based food intake among elderly Chinese could reduce the CVD risk, as shown in Figure 4.
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FIGURE 4
 The relationship between PDI and CVD risk in subgroup populations. Model 1: No covariates were adjusted. Model 2: Age and gender were adjusted. Model 3: Age, gender, BMI, smoking status, alcohol consumption, and daily exercise were adjusted. When a variable was used as a stratification variable, it was not adjusted.


The protective effect of plant-based dietary patterns on CVD in the real world may be greater than our estimation. In our study, the average age of participants was 78.13 ± 8.74 years old, which is roughly equivalent to the life expectancy of Chinese people (21). Therefore, our research subjects are more inclined toward the long-lived population. The average BMI was 21.66 ± 3.79, which was within a reasonable range. The proportions of current smokers and current drinkers were 23.22 and 22.94%, respectively. Compared with other CVD studies on elderly Chinese, our study population had fewer CVD risk factors (22–24). However, other studies have found that a plant-based diet has a significant control effect on many cardiovascular risk factors, such as blood sugar, blood lipids, blood pressure, body weight, and so on (25–27). Therefore, plant-based dietary patterns may further reduce the risk of CVD by controlling CVD risk factors in the real world.

This study achieved similar results to some previous studies. A cohort study conducted among postmenopausal women in the United States found that adhering to a plant-based diet can reduce the risk of coronary heart disease, heart failure, and overall CVD (10). However, the above-mentioned relationship was not found in our study among Chinese elderly women, which may be caused by the age difference of study populations. A prospective cohort study in Spain found that a healthy plant-based dietary pattern including fruits, vegetables, nuts, legumes, vegetable oils, and tea/coffee reduced the risk of CVD death by 37% (28). In addition, a plant-based diet has been found to control atherosclerosis-related high blood pressure and urinary microalbumin (25, 27). Most of the above-mentioned studies were conducted in Europe and America, and studies conducted in Asia showed similar results. A cohort study (29) conducted among middle-aged Koreans classified dietary patterns into healthy plant-based dietary patterns and unhealthy plant-based dietary patterns based on the types of plant foods. After controlling for confounding bias, no correlation was found between the healthy plant-based dietary pattern and the risk of CVD mortality. This suggests that more studies on the relationship between plant-based dietary patterns and CVD risks need to be conducted to clarify the relationship. The research on plant-based foods and CVD risks conducted in China currently mostly focuses on a single type of food. For example, a study has found that increasing the frequency of fresh fruit intake among middle-aged and elderly Chinese can reduce the risk of coronary artery events by 34% (30). In addition, studies have found that consuming high-quality plant-based foods such as fresh vegetables, nuts, and tea has cardiovascular protective effects on elderly Chinese (9, 31, 32). Compared to studies that focused on a single type of food, it seems more realistic to consider the variety of daily foods comprehensively. Previous study (16) on the cognitive function of elderly Chinese have comprehensively evaluated the plant-based dietary pattern. We used a similar study method and found a negative correlation between the plant-based dietary pattern and CVD risks in elderly Chinese, which was consistent with the conclusions of most studies.

This study provides some evidence for the formulation of public health policies related to the elderly Chinese. Increasing clinical practice guidelines are beginning to include dietary guidance, and approximately half of the guidelines recommend a plant-based dietary pattern (33). However, previous studies on the elderly diet focused more on protein intake and recommended increasing protein intake in the elderly to prevent age-related loss of muscle strength and function (34). There are also studies indicating that increasing plasma albumin content can reduce the CVD risks (35). Previous studies on the relationship between plant-based dietary patterns and CVD risks have mostly been conducted in Western populations, while studies on the elderly Chinese mostly focused on individual food types. Our study method included most types of daily food for the elderly Chinese. Our study further supports public health and clinical recommendations that increasing the frequency of plant-based food intake in the elderly Chinese is beneficial for preventing the occurrence of CVD.

Based on the nationally representative CLHLS cohort, this study explored the relationship between PDI and CVD risks, providing evidence for reducing the risk of CVD among the elderly Chinese by increasing the frequency of plant-based food intake. However, there are some limitations in this study. Firstly, the sample population comprises elderly individuals, thus the conclusion applies to the elderly Chinese, and further study is needed to determine whether it applies to other populations. Secondly, the CLHLS dietary questionnaire only investigated the frequency of food intake, without investigating the intake quantity or nutrient content of each food. In future studies, information such as food intake frequency, quantity, and nutrient content can be considered comprehensively. Additionally, while the CLHLS implemented quality control measures in multiple processes such as research design and implementation, the potential for information bias in questionnaire surveys still needs to be vigilant. Finally, this study did not collect laboratory test data, and future studies can include auxiliary diagnostic indicators to further control confounding biases.



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 author.



Ethics statement

Ethical approval was not required for the studies involving humans because the study used publicly available data.



Author contributions

X-ZH: Writing – original draft, Writing – review & editing. QW: Writing – review & editing. Q-YL: Writing – review & editing. Y-TY: Writing – review & editing. L-LL: Writing – review & editing. X-JY: Writing – review & editing. C-YY: Writing – review & editing. Y-FL: Writing – review & editing. S-HW: 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 grants from the General Project of National Natural Science Foundation of China (Grant No. 82374421), the General Project of Natural Science Foundation of Beijing (Grant No. 72372311), and Science and technology innovation project of China Academy of Chinese Medical Sciences (Grant No. C12021A00921).



Acknowledgments

We thank the CLHLS database for sharing the data.



Conflict of interest

The 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.



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.



Footnotes

1   
http://opendata.pku.edu.cn/




References

 1. Lee, R, and Mason, A. Is low fertility really a problem? Population aging, dependency, and consumption. Science. (2014) 346:229–34. doi: 10.1126/science.1250542 

 2. Yu, S, Guo, X, Li, G, Yang, H, Zheng, L, and Sun, Y. Gender discrepancy in the predictive effect of metabolic syndrome and its components on newly onset cardiovascular disease in elderly from rural China. BMC Geriatr. (2021) 21:505. doi: 10.1186/s12877-021-02393-6 

 3. GBD 2015 Eastern Mediterranean Region Cardiovascular Disease Collaborator. Burden of cardiovascular diseases in the eastern Mediterranean region, 1990-2015: findings from the global burden of disease 2015 study. Int J Public Health. (2018) 63:137–49. doi: 10.1007/s00038-017-1012-3 

 4. Ma, M, Tian, W, Kang, J, Li, Y, Xia, Q, Wang, N , et al. Does the medical insurance system play a real role in reducing catastrophic economic burden in elderly patients with cardiovascular disease in China? Implication for accurately targeting vulnerable characteristics. Glob Health. (2021) 17:36. doi: 10.1186/s12992-021-00683-7 

 5. Murray, CJ, Vos, T, Lozano, R, Naghavi, M, Flaxman, AD, Michaud, C , et al. Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a systematic analysis for the global burden of disease study 2010. Lancet. (2012) 380:2197–223. doi: 10.1016/S0140-6736(12)61689-4 

 6. Yu, S, Guo, X, Yang, H, Zheng, L, and Sun, Y. An update on the prevalence of metabolic syndrome and its associated factors in rural Northeast China. BMC Public Health. (2014) 14:877. doi: 10.1186/1471-2458-14-877 

 7. Li, Z, Guo, X, Zheng, L, Sun, Z, Yang, H, Sun, G , et al. Prehypertension in rural northeastern China: results from the Northeast China rural cardiovascular health study. J Clin Hypertens (Greenwich). (2014) 16:664–70. doi: 10.1111/jch.12378 

 8. Zurbau, A, Au-Yeung, F, Blanco, MS, Khan, TA, Vuksan, V, Jovanovski, E , et al. Relation of different fruit and vegetable sources with incident cardiovascular outcomes: a systematic review and Meta-analysis of prospective cohort studies. J Am Heart Assoc. (2020) 9:e017728. doi: 10.1161/JAHA.120.017728 

 9. Wang, K, Chen, Z, Shen, M, Chen, P, Xiao, Y, Fang, Z , et al. Dietary fruits and vegetables and risk of cardiovascular diseases in elderly Chinese. Eur J Pub Health. (2023) 33:1088–94. doi: 10.1093/eurpub/ckad131 

 10. Glenn, AJ, Lo, K, Jenkins, D, Boucher, BA, Hanley, AJ, Kendall, C , et al. Relationship between a plant-based dietary portfolio and risk of cardiovascular disease: findings from the Women's Health Initiative prospective cohort study. J Am Heart Assoc. (2021) 10:e021515. doi: 10.1161/JAHA.121.021515 

 11. Choi, Y, Larson, N, Steffen, LM, Schreiner, PJ, Gallaher, DD, Duprez, DA , et al. Plant-centered diet and risk of incident cardiovascular disease during young to middle adulthood. J Am Heart Assoc. (2021) 10:e020718. doi: 10.1161/JAHA.120.020718 

 12. Zhang, M, Lv, X, Chen, Y, Tu, L, Fan, Z, Yao, Y , et al. Excessive sleep increased the risk of incidence of cognitive impairment among older Chinese adults: a cohort study based on the Chinese longitudinal healthy longevity survey (CLHLS). Int Psychogeriatr. (2022) 34:725–34. doi: 10.1017/S1041610221000168 

 13. Zeng, Y, Feng, Q, Hesketh, T, Christensen, K, and Vaupel, JW. Survival, disabilities in activities of daily living, and physical and cognitive functioning among the oldest-old in China: a cohort study. Lancet. (2017) 389:1619–29. doi: 10.1016/S0140-6736(17)30548-2 

 14. Ren, Z, Li, Y, Li, X, Shi, H, Zhao, H, He, M , et al. Associations of body mass index, waist circumference and waist-to-height ratio with cognitive impairment among Chinese older adults: based on the CLHLS. J Affect Disord. (2021) 295:463–70. doi: 10.1016/j.jad.2021.08.093 

 15. Ren, X, Wang, S, Lian, J, Pan, C, Li, B, He, Y , et al. Interrelation of chronic lung disease and cardiovascular disease based on two National Prospective Cohort Studies. Heart Lung Circ. (2023) 32:1167–77. doi: 10.1016/j.hlc.2023.06.862 

 16. Zhu, A, Chen, H, Shen, J, Wang, X, Li, Z, Zhao, A , et al. Interaction between plant-based dietary pattern and air pollution on cognitive function: a prospective cohort analysis of Chinese older adults. Lancet Regional Health Western Pacific. (2022) 20:100372. doi: 10.1016/j.lanwpc.2021.100372 

 17. Saeedi, P, Skeaff, SA, Wong, JE, and Skidmore, PM. Reproducibility and relative validity of a short food frequency questionnaire in 9-10 year-old children. Nutrients. (2016) 8:8. doi: 10.3390/nu8050271 

 18. Wong, JE, Parnell, WR, Black, KE, and Skidmore, PM. Reliability and relative validity of a food frequency questionnaire to assess food group intakes in New Zealand adolescents. Nutr J. (2012) 11:65. doi: 10.1186/1475-2891-11-65 

 19. Ashfield-Watt, PA, Welch, AA, Day, NE, and Bingham, SA. Is 'five-a-day' an effective way of increasing fruit and vegetable intakes? Public Health Nutr. (2004) 7:257–61. doi: 10.1079/PHN2003524 

 20. Zou, G. A modified poisson regression approach to prospective studies with binary data. Am J Epidemiol. (2004) 159:702–6. doi: 10.1093/aje/kwh090 

 21. Sun, Q, Yu, D, Fan, J, Yu, C, Guo, Y, Pei, P , et al. Healthy lifestyle and life expectancy at age 30 years in the Chinese population: an observational study. Lancet Public Health. (2022) 7:e994–e1004. doi: 10.1016/S2468-2667(22)00110-4 

 22. He, Y, Jiang, B, Wang, J, Feng, K, Chang, Q, Fan, L , et al. Prevalence of the metabolic syndrome and its relation to cardiovascular disease in an elderly Chinese population. J Am Coll Cardiol. (2006) 47:1588–94. doi: 10.1016/j.jacc.2005.11.074 

 23. Yu, S, Lu, Y, Xiong, J, Bai, B, Teliewubai, J, Chi, C , et al. The association of four-limb blood pressure differences with cardiovascular risk factors and target organ changes in elderly Chinese: the northern Shanghai study. Clin Exp Hypertens. (2020) 42:275–80. doi: 10.1080/10641963.2019.1649682 

 24. Wang, A, Tian, X, Zuo, Y, Chen, S, Zhang, Y, Zhang, X , et al. Control of blood pressure and risk of cardiovascular disease and mortality in elderly Chinese: a real-world prospective cohort study. Hypertension. (2022) 79:1866–75. doi: 10.1161/HYPERTENSIONAHA.122.19587 

 25. Steffen, LM, Kroenke, CH, Yu, X, Pereira, MA, Slattery, ML, Van Horn, L , et al. Associations of plant food, dairy product, and meat intakes with 15-y incidence of elevated blood pressure in young black and white adults: the coronary artery risk development in young adults (CARDIA) study. Am J Clin Nutr. (2005) 82:1169–77. doi: 10.1093/ajcn/82.6.1169 

 26. R, M, Mani, S, Sali, VK, Bhardwaj, M, and Vasanthi, HR. Macrotyloma uniflorum a plant food alleviates the metabolic syndrome through modulation of adipokines and PPARs. J Food Biochem. (2021) 45:e13595. doi: 10.1111/jfbc.13595 

 27. Nettleton, JA, Steffen, LM, Palmas, W, Burke, GL, and Jacobs, DJ. Associations between microalbuminuria and animal foods, plant foods, and dietary patterns in the multiethnic study of atherosclerosis. Am J Clin Nutr. (2008) 87:1825–36. doi: 10.1093/ajcn/87.6.1825 

 28. Delgado-Velandia, M, Maroto-Rodríguez, J, Ortolá, R, García-Esquinas, E, Rodríguez-Artalejo, F, and Sotos-Prieto, M. Plant-based diets and all-cause and cardiovascular mortality in a Nationwide cohort in Spain: the ENRICA study. Mayo Clin Proc. (2022) 97:2005–15. doi: 10.1016/j.mayocp.2022.06.008 

 29. Kim, J, Kim, H, and Giovannucci, EL. Plant-based diet quality and the risk of total and disease-specific mortality: a population-based prospective study. Clin Nutr. (2021) 40:5718–25. doi: 10.1016/j.clnu.2021.10.013 

 30. Du, H, Li, L, Bennett, D, Guo, Y, Key, TJ, Bian, Z , et al. Fresh fruit consumption and major cardiovascular disease in China. N Engl J Med. (2016) 374:1332–43. doi: 10.1056/NEJMoa1501451 

 31. Wang, X, Liu, F, Li, J, Yang, X, Chen, J, Cao, J , et al. Tea consumption and the risk of atherosclerotic cardiovascular disease and all-cause mortality: the China-PAR project. Eur J Prev Cardiol. (2020) 27:1956–63. doi: 10.1177/2047487319894685 

 32. Sun, Y, Jiang, CQ, Cheng, KK, Zhang, WS, Leung, GM, Lam, TH , et al. Nut consumption and cardiovascular risk in older Chinese: the Guangzhou biobank cohort study. PLoS One. (2015) 10:e0137178. doi: 10.1371/journal.pone.0137178 

 33. Cara, KC, Goldman, DM, Kollman, BK, Amato, SS, Tull, MD, and Karlsen, MC. Commonalities among dietary recommendations from 2010 to 2021 clinical practice guidelines: a Meta-epidemiological study from the American College of Lifestyle Medicine. Adv Nutr. (2023) 14:500–15. doi: 10.1016/j.advnut.2023.03.007 

 34. Baum, JI, Kim, IY, and Wolfe, RR. Protein consumption and the elderly: what is the optimal level of intake? Nutrients. (2016) 8:8. doi: 10.3390/nu8060359 

 35. Hou, XZ, Liu, EQ, Liu, SQ, Lv, H, Cui, HF, and Han, J. The negative association between serum albumin levels and coronary heart disease risk in adults over 45 years old: a cross-sectional survey. Sci Rep. (2023) 13:672. doi: 10.1038/s41598-023-27974-w 


Copyright
 © 2024 Hou, Wu, Lv, Yang, Li, Ye, Yang, Lv 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-11-1440025-t001.jpg
Variables Total participants Without CVD With CVD (n = 487) p value

(n=1,414) (n=927)
Age, years, Mean +SD 78134874 7871£9.09 77.03£7.93 <0.001
BMI, Kg/m"2,Mean SD. 21664379 2136368 22244395 <0.001
PDI, Mean:£SD. 40214579 4034£5.71 39984593 0276
Gender, 1 (%) 0205
Male 721 (50.99) 484(52.21) 237 (48.67)
Female 693 (49.01) 443 (47.79) 250(51.33)
Co-resident, 1 (%) 0232
Living alone 267 (19.04) 183 (19.96) 84(17.32)
Not living alone 1,135 (80.96) 734 (80.04) 401(82.68)
Spouse, 1 (%) 0035
‘Without spouse 591 (41.97) 406 (43.99) 185 (38.14)
Having a spouse 817(58.03) 517 (56.01) 300 (61.86)
Education, 1 (%) 0841
Sixth grade below 1,169 (82.85) 765 (82.70) 404 (83.13)
Sixth grade and above 242(17.15) 160 (17.30) 82(16.87)
Financial support, 1 (%) 0947
Sufficient 1,120 (79.49) 734 (79.44) 386 (79.59)
Insufficient 289 (2051) 190 (20.56) 99 (20.41)
Annual physical examination, 7 (%) 0198
Yes 434(30.87) 274(29.72) 160 (33.06)
No 972 (69.13) 648 (70.28) 324 (66.94)
Smoking status, 1 (%) 0.288
Current smoker 326 (23.22) 225 (24.46) 101 (2087)
Former smoker 184 (13.11) 116 (12.61) 68 (14.05)
Never smoker 894 (63.68) 579(6293) 315 (65.08)
Alcohol consumption, 7 (%) 0.600
Current drinker 320(2294) 208 (22.71) 112(23.38)
Former drinker 160 (11.47) 100 (10.92) 60(12.53)
Never drinker 915 (65.59) 608 (66.38) 307 (64.09)
Daily exercise, 1 (%) 0636
Long-term exerciser 530 (37.97) 350 (38.21) 180 (37.50)
Former exerciser 98 (7.02) 60(6.55) 38(7.92)
Never exerciser 768 (55.01) 506 (55.24) 262 (54.58)

BMI, body mass index; PDI, Plant-based dietary index.





OPS/images/fnut-11-1440025-t002.jpg
PDI (Continuous variable)
PDI (Binary variable)

< Median

> Median

PDI (Quadripartite variable)
Q

Q

Q@

Q4

Pfortrend

Model 1
0.993 (0.981,1.006)

1
0.984 (0.852,1.137)

1

0.815 (0.666,0.996)

0.883 (0.726,1.075)

0.907 (0.746,1.103)
0398

Model 2
0.988 (0.976,1.001)

1
0.945 (0.817,1.092)

1

0.774 (0.633,0.946)

0.829 (0.681,1.009)

0.845 (0.693,1.029)
0124

Model 3
0.983 (0.970,0997)

1
0.909 (0.781,1.057)

1

0772 (0.628,0.948)

0.816 (0.667,0.997)

0.780 (0.632,0.963)
0.031
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