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Objective: Health dietary pattern is related with reduced risk of chronic metabolic disease, but the benefits were not fully clear in the Chinese population. The aim of this study was to explore the association between dietary patterns and multiple chronic metabolic diseases in middle-aged and elderly Chinese.

Methods: A total of 718 Chinese adults aged ≥ 45 who lived in the Huairou regions of Beijing were included in the present cross-sectional analysis from 2019 to 2020. Dietary data were obtained by food frequency questionnaires (FFQs). Dietary patterns were identified by principal components analysis (PCA). Logistic regression analysis and hierarchical analysis were used to examine the relationship among dietary patterns, health management, and chronic diseases.

Results: Five dietary patterns were discovered in the subjects. The pattern with the higher percentage of energy supply by lipid was a risk factor for hypertension [odds ratio (OR) = 2.067, p = 0.013]. Lower energy intake (OR = 0.512, p = 0.012) and a reasonable ratio of dietary energy supply (OR = 0.506, p = 0.011) were beneficial to diabetes. The substitution of potato for grain might be an effective way of reducing diabetes (OR = 0.372, p < 0.001). The higher intake of high-quality protein was the protective factor for coronary heart disease (CHD; OR = 0.438, p = 0.008). Moderate intervention (OR = 0.185, p = 0.033) and appropriate health education (OR = 0.432, p = 0.016) could greatly subserve the prevention of chronic diseases, especially for hyperlipidemia. Men were more likely to be affected by health education, intervention, and follow-up than women. The prevalence of multimorbidity was higher in women (43.2%) than men (41.5%). The staple food intake and health management were also important factors to prevent multimorbidity.

Conclusion: Dietary pattern with appropriate energy intake, a reasonable source of energy supply, high quality of macronutrients, and moderate management was associated with decreased risk of chronic metabolic diseases. Further studies are needed to clarify the cause–effect relationship between dietary patterns, health management, and chronic diseases and give suggestions to chronic metabolic disease prevention in middle-aged and elderly people in a rural area.
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INTRODUCTION

Dramatic gains in life expectancy have been made globally in the last couple of decades (1). However, the aging population leads to a growing burden of chronic diseases (2). Healthy aging, defined as increased healthy active years of life, may benefit from good habits, such as reasonable nutrition (3). The dietary pattern has been shown to be a major underlying factor that affects the health of elderly people (4). In that, a balanced diet is recognized as an effective way of reducing the risk of chronic metabolic diseases. The potential value of dietary pattern analysis is developing and evaluating food-based dietary guidelines, and it has emerged as an alternative and complementary approach for finding the association between diet and chronic diseases (5–8). Dietary pattern identification stresses the importance of holistic evaluation, indicating that different foods are consumed in intricacy combinations. Therefore, their synergistic effect on health should be considered when the diet-disease relationship was evaluated (9).

Nutritional transition, from higher intake of plant food to various dietary patterns, is a popular situation in Chinese. There is no doubt that dramatic change in dietary patterns and lifestyle in the last 20–30 years is an important reason for higher risk of chronic diseases (10, 11). With the increase of residents' income, the risk of chronic diseases among the elderly in Chinese rural areas continues to rise, which surpassed the prevalence of chronic diseases in urban areas for the first time in 2018 (12). According to our previous study, the elderly people in rural areas have become the focus population for changing dietary patterns and preventing chronic metabolic diseases, especially in Beijing of China (12, 13).

Different from the traditional research of single nutrients and foods (14), dietary pattern analysis was proposed as a “whole” nutritional assessment on different health outcomes (4, 15). A stronger evidence showed that dietary pattern analysis is better than individual nutrient and food when discussed the relationship between nutrition and chronic diseases (16). Huairou District is China's national demonstration area for comprehensive prevention and control of chronic diseases. The local government has taken great measures in health management. Considering its impact on chronic diseases, we also included some management factors into the statistical scope. In the present study, a cross-sectional study was conducted to find the associations between different dietary patterns and common chronic metabolic diseases in rural middle-aged and elderly people from Huairou of Beijing.



METHODS


Study Design and Participants

In this study, rural population aged ≥45 was collected in Huairou of Beijing from 2019 to 2020 (subjects were derived from the baseline data conducted before the intervention study, registered at Chinese Clinical Trial Registry as ChiCTR2100054969). A multistage, stratified, cluster-sampling method was conducted, according to the geographical location, history, ethnicity, population distribution, etc. People with mental illness or who cannot complete questionnaires independently will be excluded. Finally, 718 individuals were included.



Demographic and Measurements

The structured questionnaire was used to collect the data of demographics of participants that included age, sex, education level, income, and marital status. Clinical characteristics of subjects were collected by a self-guided questionnaire that includes hypertension, diabetes, hyperlipidemia, coronary heart disease (CHD), and stroke. The information of health management, such as community doctor follow-up (frequency categories: never, 1–3, 4–6, 7–9, 10–12, and above 12 times/year), village doctor intervention (frequency categories: never, 1–3, 4–6, 7–9, 10–12, and above 12 times/year), and village doctor health education (frequency categories: never, 1–3, 4–6, 7–10, and above 10 times/year), was detected. In addition, body mass index (BMI) was calculated by the formula of weight (kg)/height (m2).



Dietary Assessment

A semi-quantitative food frequency questionnaire (FFQ) was used to do the dietary assessment. FFQ, which reflects the long-term dietary intake, is usually used to evaluate the dietary pattern of subjects (17, 18). There were five frequency categories in FFQ, which are as follows: (1) almost never eat or drink; (2) how many times per day; (3) how many times per week; (4) how many times per month; and (5) how many times per year. Standard portion size (e.g., tablespoon, bowl, and ladle) was recorded with the visual aids. Then, the frequency of each food item was converted into the daily intake. The China Food Composition Database was used to compute the daily energy consumption of participants. According to the Chinese Dietary Guidelines, all the food items were classified into 11 food groups as a criterion. Because sauces have been proven as one of main contributors to salt intake (19, 20), we converted sauce intake that includes soy sauce and sauce to salt intake through sodium, merged as “equivalent salt” with table salt. Finally, for each category of food, the total consumption was summing up all daily intake of every item in its classification.



Statistical Analysis

Data were described as n (%) for categorical variables or median (interquartile range [IQR]) for continuous variables. Principal components analysis (PCA) was used to identify major dietary patterns. Component scores were obtained for the dietary pattern of every subject. The chi-square test was used for categorical variables analysis, and the rank-sum test was used to deal with non-normal distributions of continuous variables. The Kruskal–Wallis test was used to determine whether there were statistically significant differences in food-derived or nutrient intake between different patterns, and post-hoc comparisons were performed using the Dunn-Bonferroni method. The factors were rotated with an orthogonal rotation (varimax) to increase the interpretation and simplify the structure (21, 22). For each participant, factor scores were generated by multiple regression for every component, which was used in the final analysis, and factor loadings were based on the dietary intake. Quartile was classified based on the distribution in the whole population across the score of each dietary pattern that is used to describe the features of each pattern, build a regression model, and so on (17). The effects of basic characteristic and disease status on component scores of each dietary pattern were analyzed by a multivariate linear regression model. Model 1 was adjusted by individual characteristics (sex, age, education, marital status, nation, BMI, and income). The factors of health management (community doctor follow-up, village doctor intervention, and village doctor health education) were added in Model 2 based on adjusting Model 1. All statistical tests were two-sided, and the significance level was set at p ≤ 0.05. Statistical analyses were performed by IBM SPSS Statistics 26 and the R studio software program.




RESULTS


Demographic Characteristics of Participants

Table 1 shows the demographic and clinical characteristics of all subjects. Participants (n = 718) had a mean (SD) age of 63.81 (8.71) years; 64.9% were women. In addition, the adult of middle-aged (45–64 years), young-old (65–79 years), and the old-old elderly (≥80 years) were 375 (52.2%), 316 (44.0%), 27 (3.8%) separately. The prevalence of each chronic diseases was 79.0% (hypertension), 27.9% (diabetes), 27.9% (hyperlipidemia), 19.4% (CHD), and 9.1% (stroke).


Table 1. Demographic features and distribution.
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As shown in Table 1, a significant higher prevalence of hypertension, diabetes, and stroke in women is found when compared with men. Young-old people (65–79 years) were more likely to be CHD and stroke. In addition, obese people had a higher probability to suffer from hypertension and CHD. Poorly educated people were at higher risk of CHD.



Comparison of Dietary Intake in Different Chronic Diseases

As shown in Table 2, people with hypertension are more likely to have a higher intake of vegetables and fruits. Diabetics ingested more milk and dairy products, while having lower consumption of nuts, fruits, sugar, and alcohol. Hyperlipidemia patients consumed more seafood. Subjects of CHD were liable to intake less meat and grease. These results made us focus on the dietary pattern analysis in the next step.


Table 2. Dietary intake of the study population across chronic diseases categories.

[image: Table 2]



Dietary Pattern

Factor analysis revealed five main dietary patterns, which together explained 49.3% of the total variance in dietary intake. An eigenvalue cutoff >1, scree plot, and component interpretability were used to decide the number of components to retain. We found a significant χ2 (p < 0.001) for Bartlett's test of sphericity and the Kaiser–Meyer–Olkin test >0.6, indicating that the correlation among the variables was strong enough for factor analysis.

The characteristics of five dietary patterns are shown in Tables 3, 4. Food groups with an absolute factor loading coefficient of 0.5 and above were strongly correlated within the pattern. Pattern 1, which explained 13.8% of the total variance, was characterized by the consumption of cereals and vegetables. However, it showed the highest energy intake and higher percentage of energy from carbohydrates in all five patterns. People in pattern 2, which explained 10.2%, were more likely to eat meat and seafood. While, it was the one that the percentages of energy supplied by carbohydrate (PEC), protein (PEP), and fat (PEF) were all in the range of Chinese Dietary Reference Intakes. Pattern 3, explained 8.8%, had higher consumption of fruits, milk, and dairy products. This pattern contained more animal food-derived protein than others, which was recognized as high-quality protein. Pattern 4, explained 8.5%, included grease, sugar, and equivalent salt. The total energy in this pattern was lower than others, but the PEF was the highest one. The characteristic of pattern 5 (explained 8.0%) was that tubers were the main sources of carbohydrate instead of grain and the energy intake was the lowest one.


Table 3. Factor-loading matrix for the dietary patterns and food groups.
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Table 4. Different food-derived and nutrients intake among the highest quartiles of five patterns.
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Association Between Demographic and Clinical Characteristics and Dietary Pattern

Results of the linear regression models for the relationship between demographic characteristics and food component scores could be found in Table 5. Sex and income (βsex = −0.152, 95% CI −0.483, −0.155; βincome = 0.110, 95% CI 0.010, 0.068) were main influential factors in pattern 1. The factors affected pattern 2 were sex, age, BMI, and income (βsex = −0.099, 95% CI −0.369, −0.045; βage = −0.098, 95% CI −0.021, −0.002; βBMI = −0.097, 95% CI −0.046, −0.006; βincome = 0.091, 95% CI 0.004, 0.061). Pattern 3 was associated with sex, age, education, and income (βsex = 0.125, 95% CI 0.098, 0.428; βage = 0.108, 95% CI 0.003, 0.022; βeducation = 0.094, 95% CI 0.006, 0.188; βincome = 0.101, 95% CI 0.007, 0.065). None was found in patterns 4 and 5.


Table 5. Association between dietary patterns and characteristic.
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Table 6 presents the results of multivariate linear regression models which showed the effectiveness of dietary patterns on each chronic disease after adjusting demographic characteristics. The relationships between hypertension and pattern 1 (βpattern 1 = 0.103, 95% CI 0.074, 0.432), diabetes and pattern 4 or pattern 5 (βpattern4 = −0.094, 95% CI −0.373, −0.044; βpattern5 = −0.142, 95% CI −0.481, −0.153) were found in present study.


Table 6. Association between dietary patterns and chronic diseases.
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The Effect of Dietary Pattern on Chronic Diseases

Results of logistic regression analysis were manifested in Figure 1. Compared with the reference group, Q3 of the pattern 4 was the independent risk factor for hypertension either in the crude model (OR 1.980, 95% CI 1.148, 3.415, p = 0.014) or in model 1 [odds ratio (OR) 2.067 95% CI 1.166, 3.664, p = 0.013]. It was shown that too much condiment intake and illogical PEF probably increased the prevalence of hypertension. It was noteworthy that diabetes was closely associated with the dietary patterns. Q4 of pattern 2 (OR 0.506, 95% CI 0.299, 0.587, p = 0.011), Q4 of pattern 4 (OR 0.512, 95% CI 0.303, 0.864, p = 0.012), and Q2 (OR 0.585, 95% CI 0.359, 0.952, p = 0.031), Q3 (OR 0.374, 95% CI 0.222, 0.629, p < 0.001), Q4 (OR 0.372, 95% CI 0.221, 0.626, p < 0.001) of pattern 5 were all the protective factors of diabetes in both models. In CHD, Q2 of pattern 3 was an important protective factor in the crude model (OR 0.466, 95% CI 0.263, 0.826, p = 0.009). Meanwhile, the extent of this protection was increased in model 1 (OR 0.438, 95% CI 0.239, 0.804, p = 0.008).


[image: Figure 1]
FIGURE 1. Association between dietary patterns and prevalent metabolic diseases (A) unadjusted; (B) Model 1: adjusted for sex, age, education, marital status, nation, body mass index (BMI), and income; (C) Model 2: add community doctor follow-up, village doctor intervention, and village doctor health education based on Model 1. Q1 was the reference group. *p < 0.05, **p < 0.01.


To observe the performance of different genders, these results stratified by sex were next explored (Table 7). After adjusting for age, education, marital status, nation, BMI, and income, Q3 of pattern 4 was definitely the risk factor for hypertension (OR 3.198, 95% CI 1.189, 8.602) in men and Q4 of pattern 1 was in women (OR 3.203, 95% CI 1.349, 7.606). Q4 of pattern 2 (OR 0.167, 95% CI 0.054, 0.511), and Q3 (OR 0.246, 95% CI 0.086, 0.706), Q4 (OR 0.255, 95% CI 0.087, 0.749) of pattern 5 were directly related to a lower prevalence of diabetes in men. Furthermore, Q3 (OR 0.384, 95% CI 0.204, 0.724) and Q4 (OR 0.411, 95% CI 0.219, 0.770) of pattern 5 were significantly associated with the lower prevalence of diabetes in women. Besides, pattern 3 was associated with a lower prevalence of CHD in women (OR 0.289, 95% CI 0.127, 0.658). What is more, pattern 1 was an independent risk factor for stroke in men (OR 12.38, 95% CI 1.777, 86.234).


Table 7. Factors contributing to different chronic diseases across sex categories.
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Role of Health Management in the Link of Dietary Pattern and Chronic Diseases

In the present study, it was interesting that the relationship between dietary patterns and chronic diseases became stronger after adjusted health management (Figure 1). It could be seen that hyperlipidemia had a very close association between health management and chronic diseases. Moderate intervention (10–12 times/year: OR 0.185, 95% CI 0.039, 0.876) and appropriate health education (1–3 times/year: OR 0.553, 95% CI 0.321, 0.952; 4–6 times/year: OR 0.432, 95% CI 0.218, 0.856) in follow-up conducted by village doctor could significant reduce the risk of hyperlipidemia.

After stratified by sex further, the association between diabetes and pattern 5 disappeared when the factors of health management were added in the model, while health education became the independent protective factor for diabetes (4–6 times/year: OR 0.196, 95% CI 0.041, 0.953) in men, but not in women. In hierarchical analysis, health education provided by village doctors still benefited to reduce the prevalence of hyperlipidemia both in men and women. After adjusted health management, Q4 of pattern 5 (OR 4.398, 95% CI 1.235, 15.660) in men and Q3 of pattern 3 in women (OR 2.254, 95% CI 1.121, 4.530) were more likely to develop hyperlipidemia. All participants had profit to avoid CHD because of village doctor intervention. Community doctor follow-up (1–3 times/year) could reduce the prevalence of CHD (OR 0.320, 95% CI 0.115, 0.867) in men. What is more, moderate intervention (4–6 times/year) provided by village doctor could prevent the stroke in men (OR 0.018, 95% CI 0.001, 0.335).



Multimorbidity Status

Multimorbidity in the present study refers to the coexistence of two or more chronic diseases in one patient (23). The prevalence of multimorbidity across sex categories is shown in Table 8. The results confirmed the close relationship between dietary consumption of pattern 5 and multimorbidity again in all subjects, especially in women as well. In addition, it was found that widower (OR 3.342, 95% CI 1.089, 10.316) was more likely to suffer from multimorbidity than single (Table 9), but this association was not significant in different sex. Health management also influenced multimorbidity status. Community doctor follow-up (1–3 times/year: OR 0.330, 95% CI 0.145, 0.753) and village doctor intervention (10–12 times/year: OR 0.110, 95% CI 0.015, 0.802) could reduce the risk of multimorbidity in men but not in women and overall participants.


Table 8. Association of prevalence of multimorbidity and dietary patterns across sex categories.
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Table 9. Factors contributing to multimorbidity across sex categories.
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DISCUSSION

Dietary pattern analysis, which might be especially valuable to the development and evaluation of food-based dietary guidelines, has emerged as an alternative and complementary approach for examining the association between diet and chronic diseases (5–7). Dietary pattern identification stresses the importance of holistic evaluation, indicating that different foods are consumed in intricacy combinations. Thereby, in evaluating the diet-disease relationship, the synergistic effect should be considered on health (9). In addition, health management, such as health education, intervention, and follow-up, by village or community doctor is very important daily work for chronic diseases prevention and control in Beijing nowadays. It is demonstrated to have a vital role in reducing the prevalence of chronic diseases. In this case, we explored the relationship between dietary patterns and chronic diseases among middle-aged and elderly in Huairou of Beijing, and the effect of health management was further detected.

First, we found that men and elder participants with lower education and obese people had higher incidence of chronic disease, which had been demonstrated in many countries (24–28). Women and obese people had a higher probability of suffering from hypertension. Diabetes was more prevalent in women. Young-old subjects and obese people were prone to have CHD, while population with higher education is opposite. In addition, women and young-old people were more likely to get a stroke. These results were similar to other research studies, which have shown that men, elder, low education, and high BMI played an important role in promoting chronic disease.

The comparison of dietary intake in different chronic diseases indicated that patients suffering from different diseases had the different dietary habits. People with hypertension had a high intake of vegetables and fruits. Patients who suffered from diabetes consumed more milk and less nuts, fruits, sugar, and alcohol. Patients with hyperlipidemia ate more seafood. Patients with CHD had less intake of meat and grease. These results of food intake were contrary to the conventional consideration of dietary risk factors (29, 30). In that, we focus on the relationship between dietary pattern and chronic diseases in the next step. From another point of view, this phenomenon might possibly prove that chronic disease patients have improved awareness of disease control and prevention.

In order to explore the synergistic effect of different kinds of foods, dietary patterns were derived by the factor analysis. Results definitely showed the correlation between dietary patterns and chronic diseases. There is evidence that intake of fat, sugar, or sugar-sweetened beverages was associated with high BMI, systolic blood pressure (SBP), and diastolic blood pressure (DBP), and a higher level of meat consumption is associated with lower SBP and DBP (31). In the present study, we observed that pattern 4, which is composed mainly of a large proportion of condiments and the highest PEF, was a risk factor for hypertension. The very high PEF resulting in hypertension is similar to the results of other research studies. The cooking oil use in rural people usually contains more saturated fatty acid that could influence blood pressure (32) and lead to chronic diseases (33, 34). These results reminded us that the high intake of grease and salt was still widespread in Huirou of Beijing countryside, and the consumption of sugar-sweetened beverages is also rising, which are important factors that lead to chronic diseases (35). However, from the perspective of energy intake, a lower energy intake of pattern 4 was a protective factor for diabetes. The different roles of pattern 4 in different chronic diseases suggested that various characteristics of the same dietary pattern may have different effects on specific chronic diseases (36).

Tubers as the staple food instead of refined grains can mitigate the postprandial glycemic excursion (37). This was proved in our result that pattern 5 was beneficial to diabetes as well. Meanwhile, the energy intake of pattern 5 was lower than the other patterns (the closest one to the dietary recommendation), which was demonstrated could reduce the prevalence of diabetes (38). Pattern 2 had a reasonable ratio of dietary energy source, which benefit to diabetes (39, 40). Results also indicated that pattern 3, which had the largest proportion of animal-food-derived protein, was a protective factor for CHD. Our finding was consistent with the report and meta-analyses which showed that dairy products' consumption did not adversely affect the risk of cardiovascular outcomes (cardiovascular disease, CHD, and stroke) and may make a contribution to reduce the prevalence of cardiovascular disease (41, 42). It might be related to the higher intake of high-quality protein (41).

Because we found chronic disease patients might have improved awareness on disease control and prevention, the characteristics of people who were prone to specific dietary patterns were tested. Men and people with higher income were positively associated with pattern 1, which had the highest energy and higher PEC consumption. Pattern 2, which had a proper energy supply ratio and more animal food, was more prevalent among men, middle-aged, lower BMI, and high-income population. While, pattern 3, as the high-quality protein sources, could be found much more in women, elder, higher education, and higher income subjects. These findings were consistent with several recent reports, which indicated that dietary patterns containing more healthy food were associated with a higher level of education, while people with lower socio-economic status might have poor-quality diet and less healthful dietary patterns (43–45). This reminded us that men, youth, lower education, higher BMI, and low income people might be the target population for receiving healthy nutrition education.

In order to further find out the role of health management in the relation between dietary patterns and chronic diseases, health management that includes health education, intervention, and follow-up by village doctor and community doctor were tested as interact factors. The most significant impact on hyperlipidemia could be seen in the result. Moderate intervention and appropriate health education could greatly subserve the prevention of hyperlipidemia. A recent study showed that education interventions have a meaningful positive impact on the effectiveness of chronic disease prevention in the Southeast Asian context, which is similar to the result (46). Some cohort study and intervention research also confirm that lifestyle intervention or integrated health education could contribute to controlling blood lipid levels in the normal range (47). The intervention also provides early support for patients to manage their lipids and prevent obesity through non-pharmaceutical interventions (48). According to the above results, dietary pattern with appropriate energy intake, source of energy supply, quality of macronutrients, and proper management of chronic diseases were significant for the chronic diseases prevention.

Moreover, hierarchical analysis by gender was detected as well. Results gave the evidence that the excessive level of energy intake may lead to strokes in men and hypertension in women. Besides the exploration of the significant impact on hyperlipidemia mentioned before, men were more likely to be affected by health education, intervention, and follow-up than women. These results reminded us that different aspects of dietary education and health management should be used in a different target population.

Finally, multimorbidity could be found nearly a half in our subjects. It was consistent with the evidence that multimorbidity was higher in elder people in Brazil (49). It also could be found that the prevalence of multimorbidity in women was higher than men, which was similar to the report of the China Health and Retirement Longitudinal Study (CHARLS) survey in 2015 (50). The multimorbidity also had a significance relationship with pattern 5, which indicated that the substitution of potato for grain could be a meaningful precaution. Well, men who suffered from multimorbidity were easier to accept health management. It hinted us again that enhancing the management of chronic diseases for men and finding other interventions for women, such as “expert patients,” are equally important (51).

This study had some limitations. The cross-sectional design could not draw conclusions about the etiological link among dietary patterns, health management, and chronic diseases, so it was impossible to describe causal relationships. Because of the limitation of subjects in the present study, the result was difficult to extrapolate to the general population. More research studies are needed to verify the conclusion.



CONCLUSION

In conclusion, the association between dietary pattern and chronic diseases could be found in rural middle-aged and elder population in the countryside of Beijing. Health management plays important role in the link. The results of this study suggested that healthy dietary pattern combined with moderate management could decrease the risk of chronic diseases. A dietary pattern with appropriate energy intake, a reasonable source of energy supply, and high quality of macronutrients should be suggested. Long-term and interventional studies are needed to clarify the cause–effect relationship between dietary patterns, health management, and chronic diseases that can give suggestions to reduce the incidence of chronic metabolic diseases in middle-aged and elderly people in rural area.
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Village doctor health education
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7-10 times/year - - - - - - 0645 0.194,2149 0475
Above 10 - - - - - - 0.369 0.137,0989 0048
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Pattern 3
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10-12 times/year - - - - - - 1.102 0.289, 421 0.887
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times/year

Model 1: adjusted for age, education, marital status, nation, body mess index (BM), and income; Mode! 2: add community doctor follow-up, vilage doctor intervention and vilage
doctor health education based on Mode! 1

Q1 was the reference group.

‘p < 0.05 "p < 0.01.
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