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Background: Mental health of college students has become a public health issue of common concern worldwide. Especially during the COVID-19 pandemic, the problem has become even more acute. The aim of this study was to assess the association between sugar-sweetened beverages (SSB) consumption and psychological symptoms among Chinese college students in order to promote their mental health.

Methods: The study population was 6,120 college students aged 19–22 years from Anhui, Henan and Xinjiang, China. Basic demographic information, covariates and SSB Consumption data were collected through a self-assessment questionnaire. The “Multidimensional Sub-health Questionnaire of Adolescents” was used to assess the psychological symptoms of college students. The Chi-square test, one-way ANOVA and logistic regression analysis were used to investigate the differences and associations between SSB consumption and psychological symptoms among Chinese college students.

Results: The detection rate of psychological symptoms among Chinese college students was 8.1%. The detection rate of boys students was 9.4% and that of girls students was 7.1%, and the difference was statistically significant in comparison (χ2-value was 11.08, p < 0.001). After controlling for covariates, Model 2 analysis showed that compared to SSB consumption <2 time/week, college students with SSB consumption ≥2 time/week (OR = 2.96, 95% CI: 2.36, 3.70) had a higher risk of psychological symptoms (p < 0.001). The same trend was found for emotional symptoms, behavioral symptoms, and social adaptation difficulties dimensions.

Conclusion: There is an association between SSB consumption and the occurrence of psychological symptoms among Chinese college students. Future measures should be taken to reduce both SSB consumption and the incidence of psychological symptoms.
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Introduction

Over the past 2 years or so, the COVID-19 pandemic has become a major public health emergency of international concern all over the world (Chilamakuri and Agarwal, 2021). Evidence suggested that, college students are more vulnerable to sudden changes in COVID-19 pandemic compared to the general population (Stangier et al., 2021). Mental health among college students is a significant public health concern (Mackenzie et al., 2011; Beiter et al., 2015). Several meta-analysis presented that the prevalence of psychological symptoms (e.g., depression, anxiety) among college students greatly increased during the COVID-19 pandemic (Li et al., 2021; Liyanage et al., 2021; Mulyadi et al., 2021; Santabarbara et al., 2021), including in China (Ma et al., 2020; Wang et al., 2021; Wu et al., 2021).

An emerging body of evidence has suggested that diet plays an important role in mental health (Huang et al., 2019). Current evidence also supported that healthy eating patterns that meet food-based dietary recommendations and nutrient requirements may assist in the prevention and treatment of depression and anxiety (Kris-Etherton et al., 2021). Constituting a large part of the energy intake, sugar-sweetened beverages (SSB) has been considered to be an important risk factor for obesity, type 2 diabetes mellitus, cardiovascular disease. The SSB consumptions per person are still increasing (Popkin and Hawkes, 2016). In China, the percentage of SSB consumption in children increased from 72.6 to 90.3% in 2004–2011 (Guo et al., 2021). During the COVID-19 pandemic and lockdown, changes in dietary behavior factors include increased total food consumption, decreased adherence to healthy diets, and increased snack and SSB intake (Chew and Lopez, 2021). It has also been reported that due to emotional As a way of comforting and feeling better in an anxious state, snacking and SSB intake have increased markedly during the COVID-19 pandemic (Di Renzo et al., 2020; Scarmozzino and Visioli, 2020).

A meta-analysis including 10 observational studies involving 365,289 participants indicated that SSB consumption might be associated with a modestly higher risk of depression (Hu et al., 2019). It was reported that consuming SSB 1 or more times per day versus consuming none was associated with a 26% greater prevalence of poor mental health (95% CI: 1.11–1.43) among US adults (Freije et al., 2021). Similar results were also found in Korean (Kim et al., 2022), Canada (Yu et al., 2017) and Chinese (Yu et al., 2015) adults and children and adolescents from Iranian (Zahedi et al., 2014) and China (Liu et al., 2022). A prospective data suggested that high consumption of SSB during adolescence were associated with psychological distress in young adulthood (Kleppang et al., 2021). A study of Tibetan adolescents at high altitudes in China showed an association between SSB consumption and executive function (Zhang et al., 2022). A study of Australian women during the COVID-19 pandemic showed a strong positive association between SSB consumption days and psychological distress, and SSB consumption days were higher during the COVID-19 pandemic (Grieger et al., 2022). However, there are few such studies on Chinese college students.

There is evidence to show that, 9 months after initiation of the outbreak of COVID-19, More than half of Chinese college students have depressive and anxiety symptoms (Xiao et al., 2021). In contrast, a large proportion of college students consumed SSB (82.0, 95%CI, 81.4, 82.6; Rahman et al., 2022). This study hypothesized that there is an association between SSB consumption and psychological symptoms of Chinese college students. Our study focuses on exploring whether there is an association between SSB consumption and psychological symptoms among Chinese college students during the COVID-19 pandemic. To provide reference for Chinese college students to control SSB consumption and reduce the incidence of psychological symptoms.



Materials and methods


Study design and population

Our study was a cross-sectional original study. In April 2022, a stratified whole-group sampling method was used to sample subjects in two steps. First, one university in Anhui (Eastern China), one in Henan (Central China) and one in Xinjiang (Western China) were selected. Second, two colleges were randomly selected from each school through communication with the school administration. All eligible students participated in the survey. The college students included in our study met the following criteria: (1) enrolled college students; (2) aged between 19 and 22 years old; (3) by asking the head teacher, the included subjects had no significant physical or psychological problems. Finally, 6,245 college students aged 19–22 were selected for the study, and 6,120 (boys: 2668, 43.6%) questionnaires were returned, with an effective rate of 97.99%. The specific sampling process of the subjects is shown in Figure 1.
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FIGURE 1
 Sampling process of Chinese college students’ subjects.


The written informed consent of the student was obtained prior to the survey, which was conducted anonymously and encoded. This research survey was approved by the Human Ethics Committee of Chizhou University (202201051).


Procedure

Under the cooperation of teachers and accompanied by graduate students majoring in human movement science, college students completed the questionnaire independently. An electronic questionnaire containing basic information, sugary drinks, and psychological symptoms was distributed to the students in the classroom. Students obtained the electronic questionnaire by scanning a QR code and submitted it on the spot when finished.



SSB consumption

Data on SSB consumption were obtained using the following question: In the past 7 days, how many time did you drink SSB. SSB include milk tea, carbonated beverages, non-carbonated sugar-sweetened non-alcoholic beverages, sports beverages, fruit juice beverages, sweetened milk and yogurt beverages, vitamin water, and sweetened iced tea that are common in our daily lives, such as Natural fruit juices, Coke, Sprite, Nutrition Express, Red Bull etc.?” (0, 1, 2, 3, 4, ≥5)? About 250 ml is consumed each time. To ensure an adequate number of participants in each group, the frequency of SSB consumption was categorized into two groups (<2 time/week, and ≥2 times/week).



Psychological symptoms

The Multidimensional Sub-health Questionnaire of Adolescents (MSQA) is a psychological symptoms designed specifically for a group of children and adolescents (including college students) and has been used in several studies (Yao et al., 2015; Yang et al., 2019; Mahara et al., 2021; Huang et al., 2022). In this paper, the survey of psychological symptoms was completed using a simple version of the MSQA with good reliability and validity. The short version of the questionnaire contains 15 items to investigate emotional symptoms (7 items, e.g., “often blaming yourself”), behavioral symptoms (4 items, e.g., “always feeling like people are working against you”), and social adaptation difficulties (4 items, e.g., “unwilling to ask for help when in trouble”). There are six response options for each items: “more than 3 months,” “more than 2 months,” “more than 1 month,” “more than 2 weeks,” “more than 1 week,” “never or less than 1 week.” Participants choose one option that can best describe their situations. The score is recorded as 1 if the response was “more than 1 month,” “more than 2 months,” and “more than 3 months” and recorded as 0 for the other responses. Scores for the three dimensions (emotional symptoms, behavioral symptoms, and social adaptation difficulties) were obtained by summing the scores for the corresponding items. Psychological symptoms were calculated by summing the scores of the all the 15 items. The cutoff points for emotional symptoms, behavioral symptoms, and social adaptation difficulties were ≥4, ≥1, and ≥2, respectively; the cutoff for psychological symptoms was ≥7.



Covariates

Covariates investigated in our study included siblings, parental education, body mass index (BMI), Socioeconomic Status (SES), sleep duration, screen time and Moderate and Vigorous Physical Activity (MVPA). Parental education is divided into primary school and below, junior high school and high school, college and above. BMI is calculated as weight (kg)/height (m)2. The SES survey includes surveys of parents’ occupations, educational attainment, and household facilities, and a composite score is calculated. According to the final score of the survey, SES defines the low grade according to the percentile <15th percentile, 15–85th percentile as the middle grade, and >85th percentile as the high grade. Sleep duration is divided into ≥8 h/days, <8 h/days. Screen time is divided into <2 h/days, ≥2 h/days. MVPA was calculated based on the time and frequency of moderate-to-high-intensity exercise that participants filled out each day for the past week. MVPA is defined as an activity performed with moderate or high effort while exercising, and one feels short of breath. Such as cycling, brisk running, playing football, lifting heavy objects, skating, etc.



Statistical analysis

Descriptive language was used to express the SSB status of different categories of Chinese college students. The description of continuous variables was expressed as mean ± standard deviation (M ± SD). Categorical variables are expressed as percentages (%). The detection rate of psychological symptoms and its three dimensions for Chinese college students with different SSB was analyzed by Chi-squares test. The relationship between SSB consumption and psychological symptoms and its three dimensions was analyzed by logistic regression using three models (Crude Model, Model 1, Model 2). Crude Model was conducted without adjustment; Model 1 was conducted after adjusting age, siblings, parental education, BMI, SES; Based on Model 1, Model 2 included sleep duration, screen time and MVPA as additional control variables. α = 0.05 was used as the two-sided test level.





Results

We conducted the SSB consumption survey on 6,120 (boys: 2668, 43.6%) Chinese college students, with an average age of (20.16 ± 1.03) years. In China, 12.2% (748/6120) of college students had SSB consumption ≥2 time/week.

The results showed that the detection rate of psychological symptoms among Chinese college students was 8.1% (495/6120). The detection rate of psychological symptoms problems was 9.4% (251/2668) in boys students and 7.1% (244/3452) in girls students, and the difference was statistically significant in comparison (χ2-value of 11.08, p < 0.01).

Overall, among college students with SSB consumption <2 time/week and SSB consumption ≥2 time/week, the detection rate of psychological symptoms was similar in terms of sex, only child, father’s education, mother’s education, sleep duration, screen time, and socioeconomic status, the differences were statistically significant. The detection rate of psychological symptoms of college students with SSB consumption ≥2 time/week was higher than that of college students with SSB consumption<2 time/week (Table 1).



TABLE 1 Comparison of SSB consumption status of college students with different characteristics in China.
[image: Table1]

Overall, the detection rate of psychological symptoms was 20.2% among college students with SSB consumption ≥2 time/week, which was higher than that of those with SSB consumption <2 time/week (6.4%). Regarding the different dimensions, emotional symptoms, behavioral symptoms, and social adaptation difficulties were detected at the highest rates among college students with SSB consumption ≥2 time/week, 26.3, 30.6, and 26.5% respectively, the differences were statistically significant (χ2-value was 302.786, 354.593, 272.343, respectively; p < 0.001; Table 2).



TABLE 2 Comparison of the detection rate of psychological symptoms among college students with different SSB consumption in China.
[image: Table2]

After controlling for covariates, Model 2 analysis showed that compared to SSB consumption <2 time/week, college students with SSB consumption ≥2 time/week (OR = 2.96, 95% CI: 2.36, 3.70) had a higher risk of psychological symptoms (p < 0.001). The same trend was found for emotional symptoms, behavioral symptoms, and social adaptation difficulties dimensions. And the trends were consistent for college boys and girls (Table 3).



TABLE 3 Logistic regression analysis of SSB consumption and psychological symptoms among Chinese college students (n = 6,120).
[image: Table3]



Discussion

Our study investigated SSB consumption and psychological symptoms of Chinese college students, and analyzed the association between the two. Our results showed a strong association between SSB consumption and psychological symptoms among Chinese college students. After controlling for relevant demographic factors and confounders, compared to SSB consumption <2 time/week, college students with SSB consumption ≥2 time/week had a higher risk of psychological symptoms.

More and more studies have confirmed that SSB consumption among children and adolescents is increasing rapidly year by year, and college students are an important stage of SSB consumption and an important group of SSB consumption (Sharma et al., 2020). The Scientific Research Report on Dietary Guidelines for Chinese Residents (2021) shows that the sales of sugary beverages are increasing year by year, and children and adolescents have the highest consumption rate of sugary beverages at more than 30 and 25%, which should draw sufficient attention (Residents, 2021). In addition, 42.1% of free sugar intake in urban population comes from sugary drinks and dairy beverages. Studies have confirmed that excessive SSB consumption will have more adverse effects on the physical and mental health of children and adolescents (Russo et al., 2020; Roesler et al., 2021). Studies have shown that during the COVID-19 pandemic lockdown, lifestyle changes such as decreased physical activity and increased SSB consumption have led to increased obesity (Sanchez et al., 2021; Pulvera et al., 2022). The occurrence of obesity due to excessive consumption of SSB is also an important factor to further increase the occurrence of psychological symptoms, which has adverse effects on mental health. This is an important reason for the higher detection rate of psychological symptoms in college students with higher SSB consumption.

Previous studies have tended to analyze the relationship between SSB consumption and physical function, while relatively few studies have addressed the relationship between SSB consumption and mental health, especially in college student populations with high and unstable psychological burdens. Our study analyzed the association between SSB consumption and psychological symptoms among Chinese college students. The results showed the association between SSB consumption and psychological symptoms. Our research also showed that the detection rate of psychological symptoms was significantly higher among Chinese college boys (9.4%) than girls (7.1%), which is consistent with the findings of related studies (Sagar-Ouriaghli et al., 2020).One of the main reasons is that, influenced by the traditional Chinese educational ideology, families and society give college boys greater hopes and responsibilities, which invariably increases the psychological burden of college boys, resulting in higher psychological symptoms than girls. Secondly, compared with girls students, boys college students have more bad life and eating habits, such as smoking, alcoholism, staying up late, drinking too many sugary drinks, obesity, etc. These bad life or eating habits are risk factors for the occurrence of psychological symptoms problems.

There are also some research explanations on the reciprocal mechanism of SSB consumption and psychological symptoms. Studies have confirmed that excessive intake of SSB in children and adolescents promotes the secretion of dopamine in the brain, which makes the body feel pleasure and stimulates the increase of appetite, leading to the occurrence of overweight and obesity, thus leading to the occurrence of psychological symptoms (Anjum et al., 2018). It was also confirmed that high sugar consumption groups (>100 g/days) were significantly associated with higher fatigue, social activity distress, and depression compared to low sugar consumption groups (<100 g/days) (Maaz et al., 2020). Potential deleterious effects of low to moderate intake of SSBs on cardiovascular risk markers such as low-density lipoprotein particles, fasting glucose and high sucrose C-reactive protein that contribute to an increased risk of psychological symptoms (Aeberli et al., 2011). In addition to fructose intake that promotes insulin resistance, hypertension, and dyslipidemia, leading to metabolic dysregulation, fructose intake stimulates the hypothalamic–pituitary–adrenal (HPA) axis, leading to elevated glucocorticoids, which in turn Elevated hormones are often associated with serious psychiatric consequences, such as suicide, psychotic disorders, depression, mania, and panic disorder (Harrell et al., 2015).

There are several advantages of this study. First, the study has a larger sample size, which can better represent the situation of SSB consumption and psychological symptoms among Chinese college students, and the results are more convincing. Second, the study is the first to analyze the association between SSB consumption and psychological symptoms among Chinese college students, which provides a reference and help for the development of education and public health policies by Chinese educational and administrative authorities (Farsad-Naeimi et al., 2020; Yin et al., 2021). Our study also has some limitations. For one, this study was a cross-sectional survey study, and it was only able to analyze the association between SSB consumption and psychological symptoms, but not to understand the causal causality between the two. Second, the investigation of covariates in this study was limited, only family factors, parental education, SES, diet, sleep, and physical activity were investigated, and more factors, such as video screen time and academic stress, should be investigated in future studies to better analyze the association that exists between SSB consumption and psychological symptoms. Third, it is difficult to accurately measure SSB consumption due to the influence of the subjects’ recall ability; at the same time, questionnaires assessing mental health may underreport results because students may be ashamed to answer certain questions.



Conclusion

In conclusion, there was an association between SSB consumption and psychological symptoms among Chinese college students. Future measures should be taken to reduce both SSB consumption and the incidence of psychological symptoms. The results of this study will provide a reference for the primary and secondary prevention of mental health among Chinese university students. It will also provide a reference and help for the development of education and public health policies by Chinese university education and government departments.
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Descriptive statistics are presented as mean (standard deviation) and number (percentage) for continuous and categorical. SSB consumption is calculated in 250 ml botles for each
calculation. SES, low (<15th percentile), medium (15-85th percentile), high (>85th percentile). SES, socioeconomic status; BMI, body mass index; MVPA, moderate and vigorous

physical activity;

SSB, sugar-sweetened beverages.
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