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Sugar-sweetened beverages, relative grip strength, and psychological symptoms among rural adolescents in western China: a cross-sectional study
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Background: The increasing prevalence of psychological symptoms in adolescents has become an important problem faced by all countries in the world. The increased sugar-sweetened beverages (SSB) consumption and the decreased muscle strength had a serious negative impact on adolescent health. However, previous studies have mainly focused on adolescents in developed countries and fewer studies have been conducted in developing countries, especially in rural areas of western China. This study aims to explore the association of sugar-sweetened beverages consumption, and relative grip strength with psychological symptoms among rural adolescents in western China.

Methods: In this study, 11,018 adolescents aged 13–18 years from rural areas of Xinjiang and Tibet in western China were recruited using stratified randomized whole-cluster sampling in 2023. The participants were assessed for sugar-sweetened beverages consumption, relative grip strength, and psychological symptoms. Non-parametric tests, t-tests, logistic regression analyses, and ordered logistic regression analyses of generalized linear models were used to analyze the associations of sugar-sweetened beverage consumption and relative grip strength with psychological symptoms in adolescents.

Results: The proportions of adolescents with sugar-sweetened beverages consumption of <1 times/week, 2–4 times/week, and >4 times/week in rural areas of western China were 34.6, 52.7, and 12.7%, respectively. The prevalence of adolescents’ emotional problems, behavioral problems, social adjustment difficulties, and psychological symptoms were 28.7, 27.0, 20.2, and 22.1%, respectively. The mean and standard deviation of grip strength among adolescents was assessed as (32.52 ± 10.13) kg and the relative grip strength was (0.60 ± 0.16) in rural areas of western China. Taking participants with sugar-sweetened beverages consumption <1 times/week group and relative grip strength at the fourth quartile as the reference, participants with SSB consumption >4 times/week and relative grip strength at the first quartile had the highest risk (OR = 2.77, 95% CI: 2.09–3.67, p < 0.001) of psychological symptoms.

Conclusion: Elevated sugar-sweetened beverages consumption and decreased relative grip strength were associated with an increased prevalence of psychological symptoms. Prospective cohort studies are needed in the future to explore the causal relationships among SSB consumption, muscle strength, and psychological symptoms.
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1 Introduction

In recent years, with the continuous development of science and technology, people’s lifestyles have changed dramatically, such as an increase in light physical activity behaviors, the prolongation of video screen time and static behaviors, and the continuous increase in sugar-sweetened beverages (SSB) consumption (1–3). These lifestyle changes have led to a sustained increase in obesity rates among adolescents, as well as a sustained decrease in muscle strength, which has led to a sustained increase in the prevalence of psychological symptoms, posing a serious threat to adolescent health development (4). Globally, a meta-analysis of 29 studies showed a significant increase in the prevalence of depression and anxiety symptoms among adolescents, posing a threat to adolescent health (5). Another analysis, which included 41 studies in 27 countries around the world, showed that the global prevalence of mental disorders was as high as 13.4%, with a negative impact on academic performance and quality of life in future adulthood (6). It was also found that an estimated 8.5% of adolescents globally suffered from depression and 11.6% suffered from anxiety before COVID-19, compared to 23.8 and 19.0%, respectively, after the epidemic, resulting in a serious disease burden for governments (7, 8). The same trend exists in developed countries. The study found that from 2011 to 2020, U.S. adolescent mental health-related office visits increased from 4.8 million to 7.5 million, with an average annual growth rate of 8.0%, which suggests that all types of disorders due to mental health problems among U.S. adolescents have increased rapidly over the past 10 years, emphasizing the need to urgently improve mental health research and interventions for adolescents (9). China, also a developing country, is no exception. The study shows that 21.4% of adolescents in China have psychosomatic symptoms, which hurt adolescent health (10). In addition, the prevalence of psychological symptoms among adolescents in rural areas of China is significantly higher than that in urban areas, and the prevalence of psychological symptoms among adolescents in western China, where the level of economic development is relatively backward, is also higher than that in eastern China, where the level of economic development is comparatively higher, which suggests that adequate attention should be paid to psychological health problems among adolescents in rural areas of western China. This shows that the mental health problems of adolescents in rural areas of western China should be given sufficient attention and concern (11, 12). It has also been shown that the occurrence of psychological symptoms in adolescence will have an impact on adult health, with significant trajectory effects (13). The occurrence of adolescent psychological symptoms is affected by a combination of factors, which are mainly related to dietary behavior and physical activity, of which SSB consumption has become one of the most important risk factors affecting the physical and mental health of adolescents, which is worthy of attention and concern (14).

According to surveys, SSB consumption among adolescents is increasing globally, posing a serious threat to adolescent health (15). An analysis of SSB consumption in 185 countries showed that 56 countries (30.3%) had adolescents consuming an average of ≥7 servings per week, which represents 238 million adolescents, or about 10.4% of the global population in this age group involved in higher frequency SSB consumption (16). A survey of U.S. adolescents also showed that 32.0% of U.S. adolescents aged 12–18 years had high SSB consumption and 47.9% had low SSB consumption and measures should be taken to improve the dietary behaviors of U.S. adolescents (17). A survey of Chinese adolescents also showed that adolescent SSB consumption was consistently elevated, with the main frequency of adolescent SSB consumption ranging from 1 to 3 times/week, and the average intake of SSB among adolescents aged 6–17 years was 193.8 g/d, which poses a serious threat to health (18). Of concern are the various types of adverse health effects associated with continued elevated SSB consumption (19). Increased SSB consumption is an important risk factor for obesity, chronic cardiovascular disease, type 2 diabetes mellitus, dental caries, and various types of cancers, resulting in a large disease burden for all countries (15, 20, 21). The reasons for the impact of SSB consumption on health are manifold. Firstly, excessive SSB consumption will lead to the development of obesity, which is an important risk factor for the development of various chronic diseases. Secondly, excessive SSB consumption will also lead to an inflammatory response in the body, which will lead to a decrease in immunity, a decrease in muscle strength, and psychological problems, thus posing many health threats (15, 20, 21). In addition, it has been found that increased SSB consumption will lead to the development of various types of psychological disorders, mainly in the form of a sustained increase in the prevalence of psychological symptoms, which will hurt mental health (22). It is noteworthy that SSB consumption is increasing in developing countries, especially in rural areas where economic development is less advanced, with negative impacts on mental health, which should be a cause for concern and attention (23). Increased SSB consumption also negatively affects muscle strength, posing a threat to adolescent health (24).

Grip strength, as an important indicator of upper limb muscle strength in adolescents, is associated with several health indicators and has been of great interest to researchers in various countries (25, 26). Studies have shown significant associations between adolescent grip strength levels and mental health, various chronic diseases, cancer, and the ability to influence adult health (27, 28). It is worth noting that absolute grip strength tends to ignore the effect of body weight on muscle strength. Therefore, to more accurately assess the influence of muscle strength on various health factors, in recent years, scholars have more widely used relative grip strength to assess the muscle strength of adolescents, to better eliminate the influence of body weight on muscle strength (29). The study shows that there is an association between RELATIVE grip strength and mental health in adolescents, and calls for the effective improvement of adolescents’ grip strength level to promote mental health development (30). It has also been found that relative grip strength can more accurately assess people’s depression and anxiety than absolute grip strength levels to more accurately assess people’s mental health (31–33).

Given the continued elevation of SSB consumption and the decline in relativistic grip strength levels, coupled with the associations that exist between SSB consumption and grip strength levels with adolescent mental health. It is necessary to analyze the correlations that exist between SSB consumption and relative grip strength and psychological symptoms in adolescents. To provide a reference for the prevention and intervention of adolescents’ psychological symptoms to better promote adolescents’ mental health. However, it is noteworthy that past studies have mainly focused on adult or elderly populations in developed countries, while relatively few studies have been conducted on adolescent populations in developing countries (34, 35). At the same time, no research has been conducted on adolescents in rural areas of western China, where economic development is relatively backward. Given the relatively backward economic development of rural areas in western China, coupled with the high prevalence of psychological symptoms among adolescents in rural areas, this study therefore focuses on adolescents in rural areas of western China. The purpose of this study was to analyze the associations between SSB consumption, and relative grip strength with psychological symptoms in adolescents, and to provide reference and theoretical support for adolescent mental health education and intervention in rural areas of western China.



2 Methods


2.1 Participants

This study used stratified random whole cluster sampling for participant sampling and assessment from September to November 2023 in the rural areas of Xinjiang and Tibet in the western region of China. Participant extraction was divided into the following steps: First, the rural areas of Xinjiang and Tibet in the western region of China were selected as the participant sampling areas for this study. Second, two rural areas were selected in each province, Hotan and Yining in Xinjiang and Nagchu and Linzhi in Tibet. Third, 4 secondary schools in each of the selected rural areas were chosen as the schools to be assessed. Fourth, according to grade level, 3 teaching classes were randomly selected for each grade level, and a total of 12 teaching classes were selected for each school as the classes to be assessed in this study. Adolescents in the classes who met the inclusion criteria served as participants in this study. The inclusion criteria for this study were: adolescents between the ages of 13 and 18 who were enrolled in school, whose fathers and mothers and the participants themselves were of rural household registration, and who gave informed consent to the participants and their parents and volunteered to be surveyed for this study. In the end, a total of 11,872 adolescents aged 13–18 years old in rural areas from 288 teaching classes were assessed in this study. After the assessment, 854 questionnaires that were damaged, lost, had a response rate of less than 70% and were missing major demographic information were excluded. Finally, 11,018 valid questionnaires were returned in this study, with a valid return rate of 92.81%.

Figure 1 shows the sampling process of adolescent participants in this study in rural areas of western China. This study was conducted by the Declaration of Helsinki. Informed consent was obtained from parents or guardians before the assessment of participants in this study, and participants volunteered to be assessed for this study. Approved by the Human Ethics Committee of Jiangxi Science and Technology Normal University (IRB-JXSTNU-2022003).
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FIGURE 1
 Sampling process of adolescent participants in rural areas of western China.




2.2 SSB consumption assessment

In this study, SSB consumption among adolescents in rural areas of western China was assessed using the beverage intake questionnaire (BEVQ-15) (36). The EVQ-15 questionnaire is widely used in China for the assessment of SSB consumption and has good reliability and validity (37). The EVQ-15 questionnaire consists of 15 entries. It mainly assesses the frequency of SSB consumption, the amount consumed, and the types of SSB consumed by the participants in the past 1 month, and is calculated by using a fixed formula to derive (38). Based on the EVQ-15 questionnaire and in conjunction with the actual assessment of this study, the types of SSBs in this study included functional beverages, carbonated beverages, unsweetened colas, nut-based beverages, coffee, beer, milk with added sugar, and milk tea with added sugar. The amount assessed in this study was assessed according to the commonly used consumption amount, which was calculated using 8 ounces as 1 cup. The frequency of participants’ SSB consumption in this study was categorized into 3 types, respectively “≤1 times/week,” “2–4 times/week,” and “≥4 times/week.”



2.3 Relative grip strength assessment

The relative grip strength was calculated as absolute grip strength (kg)/body weight (kg). The assessment of absolute grip strength and body weight in this study was based on the testing instruments and methods required by the China National Survey on Students’ Constitution and Health (CNSSCH) (39). The absolute grip strength of the participants in this study was assessed using an electronic grip strength meter (Wanqing brand WCS-10000, China). Participants were asked to perform the test twice with the left hand and twice with the right hand. The average of the best performance of the left hand and the best performance of the right hand was used as the final absolute grip strength of the participants in this study. The results were evaluated to the nearest 0.1 kg (39). Participants were asked to assess absolute grip strength with their arms naturally hanging down in a standing position (39). The grip strength assessment can be done by adjusting the grip strength meter’s handle according to the size of one’s hand to guarantee the accuracy of the grip strength assessment results. Participants are required to do sufficient preparatory activities before the assessment to conduct the grip strength assessment more accurately (39).

Participants’ weight was assessed using an electronic weight scale (Omron HN – 289 model, China). The results were accurate to 0.1 kg, and participants were asked to empty their bowels and urine before the weight assessment. Participants were asked to wear light clothing for the weight assessment to ensure the accuracy of the results (39).

Grip strength and weight are assessed by trained and qualified staff. The assessment results are recorded on a questionnaire and alteration of the assessment results is strictly prohibited. Staff are required to calibrate the instruments before each day’s assessment to guarantee the accuracy of the results.



2.4 Psychological symptoms assessment

In this study, the prevalence of psychological symptoms among adolescents in rural areas of western China was assessed using the Brief Instrument on Psychological Health of Youths (BIOPHY) (40). The BIOPHY questionnaire consists of 15 items assessing various types of manifestations of psychological symptoms in the past 6 months. The BIOPHY questionnaire consists of three dimensions: emotional problems, behavioral problems, and social adjustment difficulties. The presence or absence of Psychological symptoms was based on the total score of the participant’s assessment. Each entry was categorized into six options, ranging from “more than 3 months” to “none or less than a week.” Participants were asked to choose one of these options based on their performance. Participants with symptoms lasting more than 1 month or more were defined as having a positive result, which was recorded as a score of 1, and vice versa. The scores for each dimension were summed to obtain a total psychological symptoms score. A score of <P90 was defined as the absence of psychological symptoms, and a score of ≥P90 was defined as the presence of psychological symptoms. This questionnaire has been widely used among Chinese adolescents (41, 42). The questionnaire has good reliability and validity with a Cronbach alpha coefficient of 0.93.



2.5 Covariates

The covariates in this study include the father’s education level, the mother’s education level, the family’s economic level, commuting to and from school, sufficient sleep, exercise duration, and BMI. The father’s education level and the mother’s education level are divided into junior high school and below, high school, college, and above. Family economic level is categorized into three types, which are <5,000 RMB/month, 5,000–10,000 RMB/month, and >10,000 RMB/month. Commuting to and from school was categorized into two types, positive approach, and negative approach. Sufficient sleep was categorized into two types based on relevant studies: No (<8 h/day), and Yes (≥8 h/day) (43). Exercise duration was categorized into three types based on the classification of related studies into <30 min/day, 30–60 min/day, and >60 min/day (44). BMI was calculated based on the height and weight of the participants. BMI was calculated using the formula weight (kg)/height (m)2.



2.6 Statistical analysis

The results of the continuous type of assessment in this study were expressed as mean and standard deviation (M ± SD). The results of the subtyped variables were expressed as percentages (%). A comparison of means between sexes and the presence of psychological symptoms was performed using a t-test. A comparison of basic characteristics and prevalence of psychological symptoms by subtype was performed using non-parametric tests. The analysis of the association between SSB consumption and relative grip strength and psychological symptoms was performed using logistic regression analysis and ordered logistic regression analysis. In logistic regression analysis, the presence of psychological symptoms was analyzed as the dependent variable, and the SSB consumption and relative grip strength quartiles were analyzed as the independent variables. Model 1 is crude, Model 2 adjusts age, father’s education level, mother’s education level, and family economic level based on Model 1, and Model 3 adjust commuting to and from school, sufficient sleep, exercise duration, and BMI based on Model 2. In ordered logistic regression analyses, the presence of psychological symptoms was analyzed as the dependent variable, and SSB consumption and relative grip strength quartiles combined across groups were analyzed as independent variables. Ordered logistic regression Model adjusts age, father’s education level, mother’s education level, family’s economic level, commuting to and from school, sufficient sleep, exercise duration, and BMI. Logistic regression analysis results are reported as ORs and 95% CIs, respectively. Data analysis was performed using SPSS 25.0 software. A two-sided test level of p < 0.05 was used.




3 Results

Table 1 shows the basic characteristics of adolescents in rural areas of western China. In this study, 11,018 (5,294 boys, 48.0%) adolescents aged 13–18 years in rural areas were assessed for SSB consumption, relative grip strength, and psychological symptoms. The mean age of the participants was (15.81 ± 1.60) years.



TABLE 1 Basic characteristics of adolescents aged 13–18 in rural areas of western China.
[image: Table1]

The results of this study showed that the proportions of adolescents with SSB consumption of <1 times/week, 2–4 times/week, and >4 times/week in rural areas of western China were 34.6, 52.7, and 12.7%, respectively. The difference in the detection rate of SSB consumption between sexes was statistically significant (χ2-value: 179.982, p < 0.001). The prevalence rates of emotional problems, behavioral problems, social adjustment difficulties, and psychological symptoms among adolescents in rural areas of western China were 28.7, 27.0, 20.2, and 22.1%, respectively. Adolescent grip strength was assessed as (32.52 ± 10.13) kg. Adolescent relative grip strength was (0.60 ± 0.16).

Table 2 shows a comparison of the prevalence of psychological symptoms among different categories of adolescents in rural areas of western China. The results showed that the prevalence of psychological symptoms among adolescents with SSB consumption <1 times/week, 2–4 times/week, and >4 times/week in rural areas of western China were 20.0, 21.1, and 31.9%, respectively, with statistically significant differences (χ2-value of 90.086, p < 0.001). The prevalence of psychological symptoms in adolescents with Relative grip strength quartiles for Q1, Q2, Q3, and Q4 was 26.1, 21.2, 21.0, and 20.1%, respectively, and the difference was statistically significant in comparison (χ2-value of 34.674, p < 0.001).



TABLE 2 Comparison of the prevalence of different categories of adolescent psychological symptoms in rural areas of western China.
[image: Table2]

Table 3 shows a one-way comparison of SSB consumption and relative grip strength with psychological symptoms among adolescents in rural areas of western China. Overall, the results showed that the differences in the prevalence of adolescents with different categories of SSB consumption in terms of the dimensions of emotional problems, behavioral problems, and social adjustment difficulties were statistically significant when compared with each other (χ2-values of 77.064, 68.132, 91.295, p < 0.001). The SSB consumption >4 times/week group had the highest prevalence of psychological symptoms and dimensions. The differences in the dimensions of emotional problems, behavioral problems, and social adjustment difficulties among adolescents with different relative grip strength quartiles were also statistically significant (χ2-values of 27.887, 27.431, and 26.431, p < 0.001). Relative grip strength quartiles were the highest prevalence of psychological symptoms and dimensions in adolescents in the Q1 group.



TABLE 3 A one-way comparison of SSB consumption and relative grip strength with psychological symptoms among adolescents in rural western China.
[image: Table3]

Table 4 shows the logistic regression analysis of SSB consumption and relative grip strength with psychological symptoms among adolescents in rural areas of western China. The presence of psychological symptoms in adolescents was used as the dependent variable, and the SSB consumption and relative grip strength quartiles were analyzed as independent variables, respectively. Model 1 is crude, Model 2 adjusts age, father’s education level, mother’s education level, and family economic level based on Model 1, and Model 3 adjust commuting to and from school, sufficient sleep, exercise duration, and BMI based on Model 2. Overall, the results showed that the prevalence of psychological symptoms was significantly higher in adolescents in the SSB consumption >4 times/week group (OR = 1.95, 95% CI: 1.69–2.24), using the SSB consumption <1 time/week group as the reference group (p < 0.001). With relative grip strength quartiles as the Q4 group as the reference group, the prevalence of psychological symptoms in adolescents with relative grip strength quartiles in group Q1 (OR = 1.13, 95% CI: 1.69–2.24) was also significantly higher, but the results were not significant.



TABLE 4 Logistic regression analysis of SSB consumption and relative grip strength with psychological symptoms among adolescents in rural western China.
[image: Table4]

Figure 2 shows the trend of OR values of logistic regression analysis of SSB consumption and relative grip strength with psychological symptoms in adolescents in rural areas of western China. As can be seen from the figure, with the increase in SSB consumption and the decrease in relative grip strength, adolescents had a higher risk of developing psychological symptoms, and the OR value was larger.
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FIGURE 2
 Trends in ORs of logistic regression analysis of SSB consumption and relative grip strength with psychological symptoms among adolescents in rural areas of western China.


Table 5 shows the ordered logistic regression analysis of SSB consumption and relative grip strength with psychological symptoms among adolescents in rural areas of western China. Ordered logistic regression analyses with generalized linear models were conducted using the presence of psychological symptoms among adolescents in rural areas of western China as the dependent variable, and the joint quartiles of SSB consumption and relative grip strength as the independent variables. Ordered logistic regression Model adjusts age, father’s education level, mother’s education level, family’s economic level, commuting to and from school, sufficient sleep, exercise duration, and BMI. Overall, the results of the analysis showed that, using the SSB consumption <1 times/week group and relative grip strength quartiles as the Q4 group as the reference group. Adolescents in the SSB consumption >4 times/week group and relative grip strength quartiles as Q1 group (OR = 2.77, 95% CI: 2.09–3.67) had the highest risk of psychological symptoms (p < 0.001).



TABLE 5 Ordered logistic regression analysis of SSB consumption and relative grip strength with psychological symptoms among adolescents in rural western China.
[image: Table5]

Figure 3 shows the trend of OR values of ordered logistic regression analysis of SSB consumption and relative grip strength with psychological symptoms among adolescents in rural areas of western China. As can be seen from the figure, as SSB consumption increases and relative grip strength decreases, adolescents have a higher risk of developing psychological symptoms, i.e., the OR value is higher, up to 2.77.

[image: Figure 3]

FIGURE 3
 Trends in ORs of ordered logistic regression analyses of SSB consumption and relative grip strength with psychological symptoms among adolescents in rural areas of western China. “times/week” is SSB consumption; “Q” is relative grip strength quartiles. A is <1 times/week and Q4; B is <1 times/week and Q3; C is <1 times/week and Q2; D is <1 times/week and Q1; E is 2–4 times/week and Q4; F is 2–4 times/week and Q3; G is 2–4 times/week and Q2; H is 2–4 times/week and Q1; I is >4 times/week and Q4; J is >4 times/week and Q3; K is >4 times/week and Q2; L is >4 times/week and Q1.




4 Discussion

The prevalence of psychosomatic symptoms among adolescents is rising steadily, negatively affecting the health of adolescents and future adults, and placing a serious disease burden on the country (45). To the best of our knowledge, this study is the first to assess the prevalence of psychological symptoms and their association with SSB consumption and relative grip strength among adolescents in rural areas of western China. The results of this study showed that the prevalence of psychological symptoms among adolescents in rural areas of western China was 22.1%. This result is higher than that of the national survey on the prevalence of psychological symptoms among adolescents in China (16.3%) (46). It is also higher than the results of the survey on adolescents’ psychological symptoms in Eastern China (21.39%) (47). It can be seen that the prevalence of psychological symptoms among adolescents in the rural areas of western China is high, which should be paid attention to and analyzed to reduce the prevalence of psychological symptoms among adolescents in the rural areas of western China. Overall, the reasons for the higher prevalence of adolescent psychological symptoms in rural areas of western China are manifold. First, compared with the eastern part of China, the western part of the country is relatively backward in terms of economic development, and the investment in education and medical care is relatively low, which leads to limited attention and financial investment in mental health education by families and schools, and is an important reason for the higher prevalence of adolescent psychological symptoms in the western rural areas. Research shows that the incidence of adolescent mental health problems in economically backward areas is higher than that in economically more developed areas (48). Second, the relatively low educational level of parents in rural areas of western China, who do not pay enough attention to their children’s mental health, coupled with the fact that more parents go out to work and have less time to accompany and educate their children, is another important reason for the high prevalence of psychological symptoms among adolescents in rural areas of western China. Past studies have shown that the higher the level of parental education, the lower the risk of adolescents developing psychological problems, showing a negative correlation (49).

The present study also showed that the proportion of adolescents with SSB consumption >4 times/week in rural areas of western China was 12.7%, suggesting that a certain proportion of adolescents have high SSB consumption, which should be a cause for concern. The specific reason is related to the prevalence of short videos and various kinds of publicity advertisements brought about by the development of the current information network and the development of cell phone smart terminals. The lack of health knowledge among adolescents or guardians in remote rural areas is an important reason for the higher consumption of SSB. A survey of SSB consumption among Spanish adolescents showed that the proportion of those with SSB consumption higher than 3 times/week was 9.6%, which was lower than the results of this study (50). Surveys have also shown that SSB consumption among adolescents in rural areas of China is increasing, suggesting that health education and guidance should be given to adolescents in rural areas to improve their health literacy, reduce SSB consumption, and promote physical and mental health (51). The results of this study also showed that adolescents with higher SSB consumption in rural areas of western China were at higher risk of developing psychological symptoms. A study has shown that higher SSB consumption tends to lead to the development of overweight or obesity, and the detection rate of psychological symptoms is relatively high among obese individuals (52). Studies have also shown that high SSB consumption can lead to intestinal flora disorders, inflammation of the nervous system, and hormonal abnormalities, which can lead to various psychological disorders (53). The results of this study also showed that lower relative grip strength was associated with a higher risk of developing psychological symptoms among adolescents in rural areas of western China. Previous studies have found that adolescents with lower muscle strength are associated with lower physical activity and shorter duration of exercise, which are strongly associated with the development of psychological symptoms (54). It has also been shown that lower muscle strength in adolescents leads to elevated levels of inflammation in the body and that elevated levels of inflammation are associated with the development of psychological symptoms (55).

The joint effect analysis of SSB consumption and relative grip strength in this study showed that adolescents with higher SSB consumption and lower relative grip strength had a higher risk of developing psychological symptoms in rural areas of western China, indicating that there was a joint effect of SSB consumption and relative grip strength on psychological symptoms. Previous studies have also found that increased SSB consumption is associated with decreased muscle strength and that increased SSB consumption may hinder muscle neuron regeneration, which may hurt muscle strength (56). It has also been shown that increased SSB consumption in adolescents leads to the development of obesity and that obese individuals have relatively low muscle strength (21). In addition to this, it has also been found that increased SSB consumption can lead to inflammation in the body, as well as a decrease in the body’s muscle strength, which can have a detrimental effect on health (57). The results of this study also suggest that in the future, we should take necessary measures to reduce SSB consumption and improve muscle strength in adolescents in rural areas of western China to better promote adolescent mental health development.

The present study has some strengths. First, to the best of our knowledge, this study is the first to investigate the association between SSB consumption and relative grip strength with psychological symptoms in adolescents in rural areas of western China. This study may provide necessary help for the reduction and intervention of adolescents’ psychological symptoms in rural areas of western China. Second, this study assessed SSB consumption, relative grip strength, and psychological symptoms among adolescents in Xinjiang and Tibet in the rural areas of western China, which has typical regional characteristics. This study enriches the basic information in the field of adolescent mental health in rural areas of western China and provides theoretical support for the development of adolescent physical and mental health in rural areas of western China. However, there are some limitations to this study. First, the present study was a cross-sectional investigation and was only able to analyze the associations between SSB consumption and relative grip strength with psychological symptoms, but not the causal associations that existed between them. Prospective cohort studies should be conducted in the future to compensate for this deficiency. Second, although this study investigated Xinjiang and Tibet in western China, Gansu, and Ningxia, which are also in the western part of China, were not investigated and evaluated due to the vastness of China. In the future, more surveyed regions should be included to improve the typicality and representativeness of the study.



5 Conclusion

The prevalence of psychological symptoms among adolescents in rural areas of western China was high compared with that of the whole country. Adolescents’ SSB consumption and relative grip strength were associated with psychological symptoms. The prevalence of psychological symptoms was higher in adolescents with higher SSB consumption and lower relative grip strength. Prospective cohort studies are needed in the future to explore the causal relationships among SSB consumption, muscle strength, and psychological symptoms.
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Relative grip strength (M + SD) 0.68+0.16 053013 060016 51691 <0.001

N, numbers; M, mean; SD, standard deviation; SSB, sugar-sweetened beverage; BMI, body mass index.
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Sex/variable ~Group Psychological symptoms

Model 1 Model 2 Model 3
OR (95% CI) P-value OR (95% CI) P-value OR(95%CI)  P-value

Boys
<1 times/week 100 100 100

SSB consumption | 2-4 times/week 0.97(0.83 ~ 1.13) 0.669 0.97(0.83 ~ 1.13) 0.674 101087~ 1.18) 0921
>4 times/week 1.67(1.38 ~ 2.03) <0.001 1.68(1.38 ~ 2.03) <0.001 1.71(1.41 ~2.08) <0.001
Q 100 1.00 100

Relative grip Q@ 113(097 ~ 1.32) 0.129 111095 ~ 1.30) 0.208 1.06(0.90 ~ 1.24) 0,500

strength quartiles Q2 119(0.99 ~ 1.44) 0.064 114095 ~ 1.38) 0.167 1.06(0.87 ~ 1.29) 0.580
Q 1.66(1.35 ~ 2.03) <0.001 157(1.27 ~ 194) <0.001 1.34(1.06 ~ 1.69) 0013

Girls.
<1 times/week 100 100 100

SSB consumption 24 times/week 116(1.01 ~133) 0.034 L15(1.00 ~ 132) 0.050 119(1.04 ~ 1.37) 0013
>4 times/week 2.06(1.68 ~ 2.53) <0.001 207169 ~ 2.54) <0.001 2170176 ~ 2.67) <0.001
Q4 100 100 100

Relative grip Q3 1.09(0.82 ~ 1.45) 0,545 111(0.83 ~ 146) 0.489 1.06(0.8 ~ 1.41) 0.674

strength quartiles Q2 116(0.89 ~ 1.52) 0273 117(089 ~ 1.53) 0.258 1.07(081 ~ 1.40) 0.643
Ql 1.54(1.19 ~ 2.00) 0.001 1.54(1.19 ~ 2.00) 0.001 1.26(0.96 ~ 1.66) 0.091

Total
<1 times/week 100 100 100

SSB consumption | 2-4 times/week 1.07(097 ~ 1.19) 0.174 107096 ~ 1.18) 0218 111(1.01 ~ 1.24) 0,039
>4 times/week 1.87(1.63 ~ 2.15) <0001 1.87(1.63 ~ 2.15) <0.001 1.95(1.69 ~2.24) <0.001
Q4 100 100 100

Relative grip Q3 1.06(0.93 ~ 1.21) 0.365 105092 ~ 1.20) 0433 0.99(0.87 ~ 1.13) 0918

strength quartiles | Q2 1.07(094 ~1.22) 0.288 1.06(093 ~ 1.21) 0417 0.95(0.83 ~ 1.09) 0475
Qi 1.41(1.24 ~ 1.60) <0.001 138(1.21 ~ 157) <0.001 113(099 ~ 1.29) 0.080

SSB, sugar-sweetened beverage; OR, Odds Ratio; 95% CI, 95% Confidence Interval. Model 1 was crude, Model 2 was adjusted for age, father’s education level, mother’s education level, and
family economic level based on Model 1, and Model 3 was adjusted for commuting to and from school, sufficient sleep, exercise duration, and BMI based on Model 2.
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Classification of Psychological

interaction symptoms
SSB Relative ~ OR (95% CI) 2
consumption grip value
strength
quartiles
Boys | <I times/week Qi 100
Q@ 125094~167) 0122
Q 099(0.69~142) | 0949
Qi 1170076 ~181) 0475
2-4 times/week Qi 092(073~116) 0489
Q3 100(0.78 ~128) | 0.9%
Q@ 113085~151) 0384
Q 164121 ~222) 0001
>4 times/week Qi 158(116~2.15) 0003
Q@ 163(117~227) | 0004
Q 2020138~295) | <0001
Ql 285(1.86~4.36) <0001
Girls | <1 times/week Q 100
Q3 095061 ~148) | 0815
Q@ 104068 ~159) 0846
Q 097(063~149) 0889
2-4 times/week Qi 097(063~149) | 0.889
Q3 097(063~149) | 0.889
Q 109(072~165) 0675
[ 1400063 ~3.13) 0411
>4 times/week Q4 140063 ~3.13) 0411
Q3 203020~342) | 0008
Q 175(107~288) 0026
Qi 295(185~473) | <0.001
Total | <1 times/week Qi 100
Q3 106084~133) 0642
Q@ 097(077~122) | 0.764
[ 106(085~133) 0607
2-4 times/week Qi 0920074~ 1.14) | 0446
Q@ 0970078 ~119) 0748
Q 105085~130) 0651
Q1 1500122 ~184)  <0.001
>4 times/week Q 158(119~210) | 0002
Q 173(132~228) | <0.001
Q@ 180(135~239)  <0.001
Q 2770209 ~367) | <0001

SSB, sugar-sweetened beverage; OR, Odds Ratio; 95% CI, 95% Confidence Interval. Ordered
logistic regression Model adjusts age, father’s education level, mother's education level,
family’s economic level, commuting o and from school, suffcient sleep, exercise duration,
and BMI.
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The rural areas of Xinjiang and Tibet in the western region of China were
selected as the participant sampling areas for this study. Two rural areas were
selected in each province, Hotan and Yining in Xinjiang and Nagchu and Linzhi
in Tibet.

4 secondary schools in each of the selected rural areas were chosen as the
schools to be assessed.

According to grade level, 3 teaching classes were randomly selected for each
grade level, and a total of 12 teaching classes were selected for each school as
the classes to be assessed in this study. Adolescents in the classes who met the
inclusion criteria served as participants in this study.

The inclusion criteria for this study were: adolescents between the
ages of 13 and 18 who were enrolled in school, whose fathers and
mothers and the participants themselves were of rural household
registration, and who gave informed consent to the participants and
their parents and volunteered to be surveyed for this study.

A total of 11,872 adolescents aged 13-18 years old in rural areas from 288
teaching classes were assessed in this study.

After the assessment, 854 questionnaires that were damaged, lost,
had a response rate of less than 70%, and were missing major
demographic information were excluded.

Finally, 11,018 valid questionnaires were returned in this study, with a valid
return rate of 92.81%.
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