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As the Chinese population ages, unhealthfully high body mass index (BMI) levels in older adults are becoming a public health concern as an unhealthfully high BMI is an ill-being condition and can contribute to the risk of disease. Education and lifestyle choices affect BMI; however, the evidence on the relationships and interactions among these factors remains unclear. This study aimed to investigate the mediating effect of lifestyle choices on educational attainment and BMI among older adults in China. Using the Chinese Family Panel Studies (CFPS) 2018 panel data, this study integrated personal- and family-level economic data libraries, including 7,359 adults aged ≥60 years. Lifestyle parameters included smoking amount and screen time. Height and weight values were used to calculate BMI. The chi-square test, binary logistic regression analysis, stepwise regression analysis, and bootstrapping mediating effect tests were used for data analysis. Single-factor chi-square test revealed differences in BMI levels among groups defined by sex, age, residence, marital status, per capita annual household income, education years, and lifestyle choices. Binary logistic regression showed that age, residence, education years, smoking amount, and screen time influenced BMI. Stepwise regression results showed that education years, smoking amount, and screen time were associated with BMI (t = 3.907, −4.902, 7.491, P < 0.001). The lifestyle variables had partial mediating effects on BMI. The mediating effect of lifestyle on BMI was 0.009, while smoking amount was 0.003, and screen time was 0.006. Unhealthfully high BMI levels are increasing among older adults in China and are affected by many factors. Lifestyle factors and educational attainment can interact, affecting BMI. Interventions should consider lifestyle factors and education attainment to help maintain healthy BMI and reduce unhealthfully high BMI incidence.
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Introduction

Unhealthfully high BMI levels are a major public health problem. China has the highest number of people with obesity worldwide (1–3). A 2020 report indicated that more than 50% of Chinese residents have overweight/obesity; specifically, 34.3% and 16.4% of residents aged ≥18 years have overweight and obesity, respectively (4). Obesity affects the health of the Chinese population (4), increasing the risk of disease and death (5, 6). Poor population health is associated with high disease management costs (3). Obesity is particularly harmful to older adults, among whom it co-occurs with other diseases and a general decline in body resilience (7). China has an aging population, making high BMI among older adults a public health concern.

The increase in obesity rates in China is associated with rapid economic growth, urbanization, and lifestyle changes (2). China's economy has undergone rapid growth in the past three decades, while the rate of urbanization has increased, affecting lifestyle choices and living standards. Lifestyle choices are a significant contributor to obesity (8). For example, lifestyle risk factors such as smoking, unhealthy diet (e.g., insufficient intake of vegetables and fruits, excessive intake of fat and sodium), lack of physical activity, sedentary behavior, and the prevalence of alcohol use all influence obesity (2, 8, 9). Behavioral interventions targeting these factors may help achieve weight loss and reduce obesity risks (10–12).

Educational attainment and obesity rates are linked (13, 14); this relationship may be mediated by socioeconomic status, with negative correlations commonly reported in high-income countries and positive correlations commonly reported in low-income countries (15, 16). Education attainment is associated with the extent of health knowledge and access to health-related resources, which can affect obesity rates (17). Some evidence suggests that education may help reduce the incidence of obesity and some obesity-related diseases (18), including among older adults. Older men and women with relatively low education levels are more likely to have obesity than their more highly educated counterparts (7). The impact of education level on obesity needs further research (19).

Education and health literacy levels are correlated (20), whereby people with greater health literacy tend to make better health choices (21) and are more concerned with the consequences of their choices (22). Overall, some evidence suggests that education may affect high BMI rates via lifestyle choices. Further research is required to validate these findings (23) and elucidate the interactions among these parameters.

The evidence on the interactions among education level, lifestyle choices, and BMI among older adults is scarce both in China and worldwide. This study aimed to examine these associations among Chinese older adults. This evidence can be used to design interventions aimed at reducing unhealthfully high BMI levels among older adults in China. Further, older adults in China as a cohort have a specific background. They have experienced extensive changes across a variety of eras, especially the major turning point of reform. Given their history, levels of education vary greatly among older adults in China. In their youth, China's compulsory education system was not yet universal. Therefore, in this cohort, some individuals received no education while others achieved higher education. Similarly, the concept, behavior, and lifestyle of older adults is different from other age groups. Therefore, it is of great significance to study the relationship between lifestyle and BMI among older adults.



Materials and methods


Data sources

Data for this study were obtained from the 2018 Chinese Family Panel Studies (CFPS) database. The CFPS is managed by the Institute of Social Science Survey, Peking University, for the purpose of tracking the population of 25 Chinese provinces (cities and districts, excluding Hong Kong, Macao, and Taiwan). It includes 95% of the Chinese population and is considered nationally representative. A stratified, multi-stage probabilistic sampling method proportional to the population size was used in this study. The survey aims to reflect the country's economic, social, demographic, health, and other types of changes.



Data extraction

In the CFPS database, the database for personal includes the questionnaire data of all individuals aged ≥10 years, with a sample size of 32,669. The family economy database contains 14,241 samples, covering information related to family economy. This study screening of the 2018 CFPS person database and family economy database.

By integrating the variables of the two databases, a comprehensive database needed for research is formed. The variable extracted from the family economy database in this study were per capita annual household income (yuan). The reason for inclusion is that under the special social background of China, the living standard of older adults aged ≥60 largely depends on the level of family support. Except for the per capita annual household income (yuan), the other variables were obtained from the personal database.


Data categories and filters

In this study, we screened the 2018 CFPS person database and family economy database. First, 32,669 original samples of the personal database were screened according to the sample age, and 7,872 samples aged 60 and above were obtained. Other variables in this study included sex, age, height, weight, residence, marital status, per capita annual household income (yuan), education years, smoking amount per day, and screen time per week (h). Among them, the education years variable is a comprehensive education variable generated by the CFPS official according to the education information of different modules during the survey. Smoking amount per day is determined by the question that “How many cigarettes do you currently smoke on average per day?.” Screen time per week (h) was measured by the question that “How many hours per week do you spend watching TV, movies, and other video programs in various ways?.” Other variables were obtained by self-report and were screened one by one and some samples were excluded as inapplicable or missing data. The 88 missing values of education years were mainly excluded, and then BMI was calculated using height and weight data, and 210 missing values of BMI were excluded, followed by 25 missing values of smoking amount per day and screen time per week (h). A total of 190 missing values of the remaining research variables were excluded, and 7,359 final sample data were obtained. The smoking amount, and screen time were used as measures of lifestyle habits. Because adults aged ≥60 years tend to be retired or have reduced professional engagements, and with the decline of activities, such as work, the smoking amount, and screen times will more significantly influence their lifestyle, which affects body mass index (BMI) (4). Consequently, smoking amount and screen time were used as measures of lifestyle habits.

Height and weight were used to calculate BMI [BMI = weight (kg)/height (m2)]. The height and weight variables in this database were directly obtained from the statistical tracking results of the CFPS in 2018, and were reviewed and verified by the CFPS official to be reliable. According to the Chinese standard, BMI values of <24 kg/m2, 24 ≤ BMI <28 kg/m2, and BMI ≥ 28 kg/m2 represent underweight and normal weight, overweight, and obesity, respectively (4). According to the main purpose of this study, we mainly study the related conditions and influencing factors of unhealthfully high BMI, in older adults to determine the potential influencing factors and mediating factors of unhealthfully high BMI. Therefore, according to the Chinese standard of BMI values, BMI <24 was assigned as the non-high BMI group and BMI ≥ 24 the high BMI group, which represented overweight and obesity. The above two groups were analyzed with chi-square test and binary logistic regression to explore factors that may affect BMI. Based on previous studies, we classified variables required for the chi-squared test. Based on available data and previous reports, we classified education years as follows: 0–6, 7–9, 10–12, and >12 years. These groups correspond to primary school and below, junior high school, high school, and higher education, respectively. According to the original database information and the review of relevant data, the smoking amount among older adults who do not smoke is 0, 1–10 cigarettes is moderate smoking, 11–20 cigarettes is a large amount of smoking, and more than 20 cigarettes is heavy smoking. For the assessment of weekly screen time, this study evaluated the proportion of weekly screen time based on daily life patterns: 0 h indicates no screen time, 1–20 h relatively little weekly screen time and relatively healthy life, while 20–40 h is a relatively great screen time. More than 40 h was determined to be a huge amount screen time. In other analyses, in order to maximize the data validity of continuous variables, they were treated as continuous variables without classification.




Statistical analyses

Single factor analysis was performed with the chi-square test. Binary logistic regression analysis was used to explore factors affecting BMI. Binary logistic regression analysis with the forward method was used to estimate odds ratios (OR) and 95% confidence intervals (CI) for variables. The p-value was truncated according to the inclusion criterion of 0.05 and the exclusion criterion of 0.10. Regression coefficients were estimated.

Mediating effects were evaluated based on the methods reported by Wen et al. (24). The bootstrap method was used to evaluate intermediary effects, starting with estimates of the c-coefficients, which were then assessed as indicators of mediating or masking effects. Subsequent tests were performed regardless of c-coefficient significance and involved stepwise analyses of coefficients a and b. The significance of both was considered indicative of an indirect effect, leading to the fourth step of the analysis. Otherwise, step three was implemented. The third step was to use the Bootstrap method to test H0: ab = 0. If the result was significant, the indirect effect was deemed significant, and then the fourth step is carried out. Otherwise, the indirect effect is not significant, and the analysis was stopped. Significant results at this step indicated an indirect effect, allowing the fourth step to be undertaken; when an indirect effect was non-significant, further analyses were not performed. The fourth step was to test the c'-coefficient; a non-significant c'-coefficient indicated a mediation effect only, leading to step five, which compared the a, b, and c' coefficients for evidence of partial mediating effects.

According to the above methods, stepwise regression analysis was used to examine the mediating effect of lifestyle factors and educational attainment on BMI. Mediating effect analysis used in this study was the parallel multiple mediating effect analysis that used model 4. This method can analyze the mediating effect of two or more mediating variables, respectively, and compare the mediating effect, etc. Compared with the simple mediating model with a single mediating variable, it can reflect the problem we want to discuss more comprehensively. The bias-corrected percentile bootstrap (5,000 repeated samples) method was used to test the mediating effect of lifestyle at α = 0.05.

In this study, STATA software was used for data screening, and IBM SPSS Statistics 24 software was used for statistical analyses.




Results


Chi-square analysis of BMI among Chinese older adults

The rate of Chinese older adults with BMI ≥ 24 was 37.2%. This rate is higher among females (38.9%) than among males (35.5%). Additionally, in the age group of 60–69 years, the rate of BMI ≥ 24 was 39.0%. This rate was among older adults who live in urban areas was 42.4%, which was higher than in rural areas. Divorced older adults had higher rates of BMI ≥ 24 (41.2%) than their married counterparts (38.1%). This rate increased with higher income and peaked at 51.2% at the income level of 75,000 and 99,999 yuan; the corresponding value for income levels ≥100,000 yuan was 44.1%. The prevalence of BMI ≥ 24 among those with 10–12 education years (high school and below) was the highest at 42.9%. The rate of BMI ≥ 24 among non-smokers was 40.1%. Longer weekly screen times increased BMI ≥ 24 risk. Older adults reporting 21–40 h of screen time per week had BMI ≥ 24 rates of 42.4% (Table 1).


TABLE 1 BMI among older adults in China (comparisons were made with the chi-square test; n = 7,359).

[image: Table 1]

Single-factor chi-square test revealed differences in BMI levels among groups defined by sex, age, residence, marital status, per capita annual household income, education years, and lifestyle choices (Table 1). Considering the limitations of the chi-square test itself and the possible confounding factors in the inclusion of variables in this study, the results of the chi-square test only provide the basis and reference for subsequent research, and do not provide the final conclusion for this study. Based on the results of the single factor chi-square test, this result suggests that these factors influence BMI in Chinese older adults.



Factors affecting BMI

After a binary logistic regression model was established, the omnibus test of model coefficients were performed (χ2 = 221.956, P < 0.001), suggesting that the overall model was statistically significant. The Hosmer and Leme showed test results suggested good model fit (χ2 = 11.904, P = 0.156). Age, marital status, and smoking amount were risk factors for BMI ≥ 24; urban residence, higher education years, and reduced screen time were protective factors for BMI ≥ 24 (Table 2).


TABLE 2 Binary logistic regression analysis results of factors affected of BMI in older adults in China.
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Mediating effects

The variables included in stepwise regression analysis are presented in Table 3. Model 1 indicates the directing effect of education years on BMI, model 2 indicates the direct effect of education years on smoking amount, model 3 indicates the direct effect of education years on screen times, while model 4 indicates the parallel multiple mediating effect of independent variable education years on BMI when smoking amount and screen time were included as two mediating variables (Table 3).


TABLE 3 Regression analysis results of smoking amount, screen time, and education years on BMI of older adults.
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After controlling for demographic variables, education years affected smoking amount, screen time, and BMI (t = −4.642, 7.150, 0.048, P < 0.001). When the mediating variables, smoking amount and screen time, were included, smoking amount, screen time, and education years all affected BMI (t = −4.902, 7.491, 3.907, P < 0.001), and the partial regression coefficient associated with education years decreased from 0.048 to 0.039. The estimated direct effect is 0.039, lower than the total effect value of 0.048. Coefficients a1, b1, and c were the same symbol as a2, b2, and c, suggesting that the mediating effect of lifestyle choice on education level and BMI is a partial mediator, that is, both the direct effect and the mediating effect were present. Education years had a direct impact on BMI, but also an impact on BMI through the intermediary variable, namely behavioral lifestyle (Figure 1).


[image: Figure 1]
FIGURE 1
 Mediating effect of smoking amount and screen time on education years and BMI. a1 represents the effect value of education years on smoking amount; a2 represents the effect value of education years on screen time; b1 represents the effect value of smoking amount on BMI index; b2 represents the effect value of screen time on BMI index; c represents the total effect value of education years on BMI index; c' represents the direct effect value of education years on BMI index. *P < 0.05; **P < 0.01; ***P < 0.001.




Bootstrap mediating effect tests

The non-parametric percentile bootstrap test was used to test the hypothesis of the partial mediating effect of smoking amount and screen time on education years and BMI. The resulting CI did not contain zero, suggesting a partial mediating effect of smoking amount and screen time on the influence of education years on BMI (Table 4).


TABLE 4 Bootstrap tests of mediating effect between smoking amount, screen time, education years, and BMI in older adults.
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Discussion

The purpose of this study was to investigate whether lifestyle factors mediate the association between education attainment and BMI. The evidence for these relationships is complex, providing preliminary insights into the mediating effects of lifestyle on the relationship between education and BMI.

The rate of BMI ≥ 24 among older adults in China is 37.2%; this estimate is consistent with that recently reports (25) and is alarming (9, 26, 27). The prevalence rate of BMI ≥ 24 in this group is affected by sex, age, residence, marital status, per capita annual household income, years of education, and lifestyle choices. The obesity epidemic translates into a chronic disease epidemic in China and worldwide (28). The Chinese government and other organizations have attempted to control and prevent the increase in obesity and chronic disease rates in China (29). Evidence on the root causes of the increases in the rate of BMI ≥ 24 is required to develop effective prevention and management strategies.

The risk of BMI ≥ 24 in older adults in China increases with age. Older age is associated with metabolic changes in the body, including gastrointestinal absorption and digestive function decline, and heat absorption reduction. Concurrently, the risk of disease increases; some diseases may affect body tissue composition and increase the risk of malnutrition and body wasting (30). Smoking negatively affects the risk of BMI ≥ 24. Epidemiological and empirical studies have described an inverse relationship between smoking or nicotine use and body weight (27, 31). Thus, long-term exposure to nicotine may prevent excess weight gain; meanwhile, weight loss or management tends to be the causes of continued smoking (32). The rate of BMI ≥ 24 among older adults who live in urban areas is higher than in rural areas. Urban lifestyles are considered obesogenic due to high fat intake and low physical activity levels (33). Education level may protect against BMI ≥ 24. The rate of BMI ≥ 24 was the highest among older adults with 10–12 years of education; it decreased slightly among those with ≥12 years of education. Higher education may be associated with better quality of life, which reduces the risk of obesity (34). It is also associated with greater health literacy, which may enable better lifestyle choices and greater awareness of the associated consequences (7, 17). Individuals with high health literacy tend to be aware of the harm associated with obesity and may be more proactive in pursuit of habit change (35). The results of this study show that increased screen time is a risk factor for the occurrence of BMI > 24 and promotes increases in BMI. Increased screen time is associated with a sedentary lifestyle, which increases the risk of obesity (36, 37); among older adults, screen time is a risk factor for obesity (38, 39).

Lifestyle choices reflect older adults' attitude to health (8, 9). For most older adults, educational attainment and socioeconomic status tend to be stable variables; consequently, the association between educational attainment and obesity follows a relatively fixed pattern (40). We chose to evaluate smoking amount and screen time as indicators of lifestyle choices, which mediate the relationship between educational attainment and BMI, which is an indicator of overweight/obesity (39). Older adults should be encouraged to increase their health literacy, maintain their cognitive fitness, understand the relationship between lifestyle and obesity, and adjust their lifestyle choices, including exercise levels, to help maintain health (41). Population-level interventions should aim at achieving smoking cessation, moderate alcohol consumption, healthy diets, and increased physical activity, among others (42), helping older adults establish health-promoting habits. Community-level interventions should include fitness activities for older adults, such as square dancing and art clubs, reducing sedentary lifestyles and screen time among older adults. Through the above measures, the elderly are encouraged to maintain a reasonable BMI, thus promoting physical health.

This study had some limitations, which may affect the validity of our findings. First, the CFPS is a national, large-scale, multidisciplinary social tracking survey, which includes, but is not limited to, older adults. Therefore, there may be some limitations in the representation of older adults. Second, this study was based on cross-sectional data. Cross-sectional data are subject to omitted variable bias, where individual, unobserved effects may be associated with the observed variables. Consequently, the presented values may be over- or underestimates of the true effects. Given the available data, we used smoking amount and screen time to evaluate lifestyle factors. However, this study did not include positive behavioral variables. This may affect the results of our study to a certain extent by exaggerating the influence of smoking amount and screen time, namely, poor lifestyle habits, on unhealthfully high BMI levels, among older adults in China, while ignoring the mechanism of benign lifestyles on BMI. However, there is no doubt that smoking amount, as an important factor of bad behavior habits, and the length of screen time, as an important factor in measuring the degree of sedentary behaviors, both play a mediating role in the mechanism of BMI among Chinese elderly adults by education years, and also provide a basis for the control of BMI. Future studies should evaluate the impact of positive behaviors on BMI. Finally, some studies have shown that the feedback effects between the mediator and dependent variable will lead to simultaneity bias (43), which may have affected the presented results.



Conclusion

This study examined the mediating impact of lifestyle choices on the relationship between educational attainment and BMI in older adults in China. The present findings may contribute to the development of prevention and management policies for unhealthfully high BMI levels. The BMI among older adults in China is alarming and is also affected by a variety of factors, including lifestyle choices and education levels. This evidence suggests that national-, community-, and individual-level interventions should be multifaceted to promote healthy choices among older adults in China, helping reduce unhealthfully high BMI levels in this population.
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