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Background: Psychological problems often occur in college students, with the most common ones being depression and anxiety symptoms. Exploring the risk factors that influence depression and anxiety symptoms in college students is essential to promote their physical and mental health.

Objective: This study aimed to investigate the independent and interaction effects of problematic mobile phone use (PMPU) and the number of close friends (NCFs) on depression and anxiety symptoms and the comorbidity of these symptoms among college students.

Methods: A cross-sectional survey was conducted in Huainan, Anhui Province, and Suzhou, Jiangsu Province in China from October to December 2022. Data from 7,617 college students were collected. The Patient Health Questionnaire and Generalized Anxiety Disorder-7 were used to evaluate depression and anxiety symptoms. The PMPU data were collected by the Mobile Phone Addiction Type Scale. Multinomial logistic regression models were performed to examine the associations of PMPU and NCFs with depression and anxiety symptoms and their interaction effects.

Results: PMPU and lack of close friends significantly increased the risk of depression and anxiety symptoms and the comorbidity of these symptoms in college students (p < 0.001). In addition, the effects of PMPU and lack of close friends on depression and anxiety symptoms in college students were interactive (p < 0.001). No significant sex differences were found.

Conclusion: PMPU and lack of close friends are important risk factors for depression, anxiety, and the comorbidity of these symptoms in college students in China.
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1 Introduction

College students are prone to depression and anxiety symptoms as they undergo many changes during their developmental stages, such as establishing new interpersonal relationships and adapting to new academic pressures (1, 2). A recent meta-analysis including 64 studies involving 100,187 individuals showed that the overall detection rates of depression and anxiety symptoms among university students were 33.6% (95% confidence interval CI., 29.3–37.8%) and 39.0% (95% CI, 34.6–43.4%) (3). Depression and anxiety symptoms were most commonly detected in low- and middle-income countries and among medical students (4, 5). College students with depression symptoms were associated with higher levels of suicidal behavior (6). High anxiety symptom scores among college students were associated with poor physical fitness (7).

Studies have shown that comorbidities often occur with psychiatric disorders; depression symptoms often coincide with anxiety symptoms (8). A British study evaluated anxiety and depression symptoms among college students and found a comorbidity rate of 27.8% (9). An Italian study evaluating anxiety and depression symptoms among medical students at two universities found that 47% reported comorbid symptoms of anxiety and depression (10). In addition, a Chinese study evaluating anxiety and depression symptoms among college students showed that 18.3% had comorbid symptoms of anxiety and depression (11). Compared with students with either depression or anxiety symptoms, college students with comorbid anxiety and depression usually experience more stressful life events, worse emotional regulation ability, more severe physical and mental symptoms, more serious impairment of social functioning, and worse prognosis, making the comorbidities of depression and anxiety a key public health issue (12). As a result, there is increasing attention being paid to the factors that contribute to depression and anxiety symptoms, the comorbidity of these symptoms, as well as the interactions among these factors (13).

The popularity and convenience of smartphone use can lead to psychological problems. Problematic mobile phone use (PMPU) is an addictive behaviour caused by the excessive use of mobile phones, which impairs the psychological and social functions of users, enables mobile phone dependence and negatively affects daily lives (14). Domestic and foreign studies have shown that excessive or frequent use of mobile phones can cause wrist and neck pain (15, 16), blurred vision (17, 18), poor academic performance (19), and poor sleep quality (20, 21). Recently, many studies have focused on the effects of mobile phone overuse on mental health. Some researchers found that mobile phone overuse positively correlates with depression and anxiety scores among college students, indicating that college students with more severe mobile phone overuse are more likely to experience depression and anxiety symptoms (22–25). These findings suggest that PMPU is an important risk factor for depression and anxiety. Given that depression and anxiety symptoms often occur simultaneously, this study focused on the effects of PMPU on the comorbidity of depression and anxiety.

Friendship is a valuable source of social support throughout life and provides psychological support to people facing stressful events. Previous studies have found that a lack of close friends is significantly associated with depression and anxiety symptoms among college students (26). Evidence suggests that the quantity and quality of social relationships affect various health outcomes, including mental health (27). In addition, the World Health Organization suggests that developing interpersonal skills among adolescents can help reduce mental health problems such as depression and anxiety. Depression and anxiety can lead to broader adverse effects on adolescents physical and mental health as well as adverse health and social consequences (28). This study focused on the association between the number of close friends (NCFs) and depression and anxiety. Further, it explored the role of the number of close friends on the comorbidity of depression and anxiety.

Previous research has shown that PMPU is associated with psychological problems in college students and that good peer relationships are an important protective factor from mobile phone addiction and mental health in adolescents. However, the association between PMPU and NCF interactions on depression and anxiety symptoms in college students has not been determined. Therefore, this study investigated the prevalence of depression and anxiety symptoms and their comorbidities. Second, the independent and interaction effects of PMPU and NCFs on depression and anxiety symptoms in college students were analysed.



2 Materials and methods


2.1 Aim and design

This study investigated the moderating effect of NCFs on the relationship between PMPU, depression, and anxiety symptoms among college students. In October 2022, we conducted a cross-sectional survey at two colleges in Huainan, Anhui Province, and Suzhou, Jiangsu Province, China.



2.2 Participants

We conducted an electronic questionnaire for all first-year students. After screening, 249 invalid questionnaires were removed, because 1.2% (93) of the students or their parents/guardians were unwilling to participate in the study/investigation,0.6% (29) students were absent on the day of the survey, and 1.3% (105) has incomplete ques. tionnaires with a high level of missing data (>15%) or apparent logic errors or inconsistent answers. Ultimately, 7,617 valid samples were obtained, at an efciency rate of 96.8%. According to the previous survey results of the author’s research team, the prevalence of depression, anxiety, and co-morbidity of depression and anxiety symptoms were 20.0, 20.3, and 10.1%, respectively (13), and the calculation of study power inferred that 7,617 subjects could meet the needs of the design sample size of this study. A total of 2,312 (30.4%) were boys, and 5,305 (69.6%) were girls. The mean age was 18.9 ± 0.84 years. This study was approved by the Suzhou Health Vocational and Technical College (batch number: SW-YXLL202202). Informed consent was obtained from participants, all participants signed informed consent forms.



2.3 Measures

Data on participant demographics, problematic mobile phone use, depression, and anxiety symptoms were collected using electronic questionnaires.


2.3.1 Demographic information

Information was collected on sex, place of residence, only child status, family economic situation, parent education level, and NCFs. The type of family residence was classified as either urban or rural. Family economic status was classified as low, medium, or high. The educational level of parents was divided into two categories: junior high school and below or high school and above.



2.3.2 Problematic mobile phone use

PMPU was measured using the Mobile Phone Addiction Type Scale, developed by Xiong et al. (30). This scale has been widely used to evaluate the PMPU of college students and has shown good reliability and validity in China (31). The scale includes 16 items corresponding to four dimensions: withdrawal symptoms, significance, social comfort, and mood changes. All items are evaluated on a 5-point scale, ranging from 1 (never) to 5 (always). The total score is the sum of the scores of the four dimensions, ranging from 16 to 80 points. The higher the total score, the higher the PMPU level. In this study, Cronbach’s α coefficient for this scale was 0.94.



2.3.3 The number of close friends

NCFs were measured using the question, ‘How many close friends do you have?’ which is a valid measure that has been used in a lot of studies (32, 33). The NCFs were divided into three categories: 0, 1–2 and ≥ 3.



2.3.4 Depression and anxiety symptoms

Depression symptoms were assessed using the 9-item Patient Health Questionnaire-9 (PHQ-9). This scale is derived from the Diagnostic and Statistical Manual of Mental Disorders (34). The PHQ-9 scale score is the sum of the scores for each item from 1 to 9, and the total score range of the PHQ-9 is 0 to 27. The total score of PHQ-9 can be used to assess the depression symptoms: < 5 is no depression symptoms, and ≥ 5 is depression symptoms. The PHQ-9 has shown good reliability (Cronbach’s α = 0.87) and effectiveness in previous studies (35) and has been widely used with Chinese college students (36). Cronbach’s α coefficient in this study was 0.90.

Anxiety symptoms were assessed using the 7-item Generalized Anxiety Disorder-7 (GAD-7) developed by Spitzer et al. (37). The total GAD-7 score can be used to assess the presence or absence of anxiety symptoms: < 5 is no anxiety symptoms, and ≥ 5 is anxiety symptoms. The GAD-7 has shown good reliability (Cronbach’s α of 0.88) and effectiveness in previous studies (38) and has been widely used with Chinese college students (39). Cronbach’s α coefficient of this study is 0.95. If both depressive and anxiety symptoms are present, it is determined to be comorbid with depression and anxiety; if you have only anxiety or depression symptoms, you are anxious or depressed.




2.4 Statistical analysis

All analyses were conducted using the SPSS software (version 23.0; SPSS Inc., Chicago, IL, USA). First, the chi-square test was used to compare sex differences among demographic variables. Second, multivariate logistic regression models were performed to examine the associations and evaluate the interactions between PMPU, NCFs, depression symptoms, anxiety symptoms, and comorbidity of depression and anxiety symptoms. Adjustments were made for confounding factors, such as sex, place of residence, only child status, family economic situation, and parent education level. The odds ratios (OR) and 95% CI for these factors were calculated to determine their associations. Third, the adjusted model effects were tested for different sex subgroups. Finally, sex differences in the associations were examined using the ratio of the two odds ratios (40). A p value of <0.05 indicated statistical significance.




3 Results


3.1 Characteristics of the participants

Among the 7,617 participants, 69.6% (n = 5,305) were female students. The prevalence of depression symptoms, anxiety symptoms, and comorbidity of depression and anxiety symptoms was 49.9, 34.9, and 32.3%, respectively (Table 1).



TABLE 1 Characteristic of participants by gender, data shown as n% / M(SD).
[image: Table1]



3.2 Multivariate logistic regression analyses

Results from multivariate logistic regression analysis indicated that both PMPU (OR = 6.14, 95% CI: 5.44–6.93; OR = 5.27, 95% CI: 4.73–5.88; OR = 9.03, 95% CI: 7.90–10.33) and NCFs (OR0 = 1.97, 95% CI: 1.52–2.56, OR1-2 = 1.52, 95% CI: 1.38–1.67; OR0 = 1.96, 95% CI: 1.52–2.53, OR1-2 = 1.56, 95% CI: 1.41–1.72; OR0 = 2.28, 95% CI: 1.72–3.03, OR1-2 = 1.69, 95% CI: 1.52–1.88) remained independently associated with depression symptoms, anxiety symptoms, comorbidity of depression and anxiety symptoms (p < 0.001 for each, Supplementary Table S1). In addition, they had a multiple interaction impact on depression symptoms, anxiety symptoms, and comorbidity of depression and anxiety symptoms. PMPUyes + NCF0 (OR = 10.16, 95% CI: 5.08–20.323, OR = 6.52, 95% CI: 4.00–10.64, OR = 6.20, 95% CI: 3.87–9.93) and PMPUyes + NCF1-2 (OR = 6.38, 95% CI: 5.281–7.717, OR = 4.98, 95% CI: 4.27–5.81, OR = 5.11, 95% CI: 4.39–5.95) was associated with depression symptoms, anxiety symptoms, comorbidity of depression and anxiety symptoms (p < 0.001 for each, Supplementary Table S1). After adjusting for sex, residence, only child status, family economic status, and parent education level, these positive associations remained significant (Table 2).



TABLE 2 The effects of PMPU and NCFs on depression and anxiety symptoms, adjusted model.
[image: Table2]



3.3 Differences between sex subgroups

In both boys and girls, after adjusting for sex, residence, only child status, family economic status, and parent education level, PMPU and NCFs remained independently associated with depression symptoms (Figure 1), anxiety symptoms (Figure 2), comorbidity of depression and anxiety symptoms (Figure 3). In addition, they had multiple interacting effects on depressive symptoms, anxiety symptoms, and comorbidities of depression and anxiety symptoms. However, no statistically significant differences were found between the sexes. The specific values were detailed in supplementary material (Supplementary Tables S2–S4).

[image: Figure 1]

FIGURE 1
 OR(95%CI) associated of PMPU and NCF on depression symptoms in female and male, and the gender ratio. PMPU = problematic mobile phone use; NCFs = the number of close friends. Adjusted for sex, residence, only child, family economic status, parents’ education level. (A) All participants, (B) Male participants, (C) Female participants, (D) Male participants compared to female participants.
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FIGURE 2
 OR(95%CI) associated of PMPU and NCFs on anxiety symptoms in female and male, and the gender ratio. PMPU = problematic mobile phone use; NCFs = the number of close friends. Adjusted for sex, residence, only child, family economic status, parents’ education level. (A) All participants, (B) Male participants, (C) Female participants, (D) Male participants compared to female participants.
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FIGURE 3
 OR(95%CI)associated of PMPU and NCFs on depression and anxiety symptoms in female and male, and the gender ratio. PMPU = problematic mobile phone use; NCFs = the number of close friends. Adjusted for sex, residence, only child, family economic status, parents’ education level. (A) All participants, (B) Male participants, (C) Female participants, (D) Male participants compared to female participants.





4 Discussion

The results of this study showed that the detection rate of depression symptoms in college students was 49.9%, which was higher than previous results on depression symptoms among Chinese college students (20%) (41). In addition, relevant studies have shown that the detection rate of depression symptoms among college students was in Association of Southeast Asian Nations (29.4%) (42), Tanzania (21.3%) (43), Canada (8%) (44), and Australia (21.8%) (45). The detection rate of anxiety symptoms in this study was 34.9%, which was higher than the results of a study on anxiety symptoms in Chinese college students (30.8%) (46) and similar to the results of a meta-analysis of 69 studies involving 40,348 college students (33.8%) (47). Other studies showed that the detection rates of anxiety symptoms among college students were in Israel (29.4%) (48), Spain (23.6%) (49), and Japan (30.5%) (50). The prevalence of depression and anxiety comorbidities in the participants in this study was 32.3%, which was higher than the previous detection rate of depression and anxiety comorbidities among Chinese college students (20.9%) (51), Ethiopian college students (20.0%) (29), and American college students (10.0%) (52). These inconsistent results may be related to the different survey periods, respondents, and questionnaires. The study was completed during the COVID-19 epidemic, and the participants were college students. The use of PHQ-9 and GAD-7 to evaluate depression and anxiety symptoms may be the main reason for the high detection rate of depression and anxiety symptoms in this study (53–58). In addition, the incidence of depression, anxiety, and comorbidities was higher in girls than in boys in this study, possibly due to biological structure and social roles (3).

This study showed that PMPU is an independent risk factor for depression and anxiety symptoms in college students. Previous studies have shown that negative emotions such as depression symptoms are predictors of mobile phone addictive behaviour (59, 60). According to behavioural cognitive theory, an individual not only reacts to emotions but also responds to their emotions (61). Increasing evidence shows that PMPU is an important risk factor for depression and anxiety symptoms in college students, endangering their physical and mental health (62, 63). A meta-analysis of 40 studies involving 33,650 university students showed that PMPU was positively associated with anxiety and depression (64). Studies have shown that PMPU can cause symptoms of depression and anxiety in college students by affecting their sleep quality (65). In addition, lack of close friends is another important risk factor for depression and anxiety symptoms among college students. According to the interpersonal relationship theory, interpersonal problems increase social anxiety, reducing interpersonal security and increasing the risk of depression (66). Evidence has shown that a lack of close friends predisposes students to poor emotional states, leading to depression, anxiety, or both (67). Increased intimate peer contact has been associated with fewer anxiety symptoms in men and women and fewer depressive symptoms in women (68).

Earlier research has confirmed that technology addiction (e.g., mobile phone addiction) is often accompanied by relationship problems (69). The displacement theory states that if an individual has a compulsive need to use a mobile phone, it may reduce face-to-face social circles and communication, leading to a lack of close friends and, ultimately, more interpersonal problems (70). Studies have pointed out that unlike chemical addictions (e.g., drugs), PMPU is a technological addiction that makes it difficult to directly affect the psychiatric problems of an individual without other moderating variables (71). The results showed that PMPU interacted with a lack of close friends to jointly influence depression and anxiety symptoms in college students. PMPU and interpersonal relationship problems, such as lack of close friends, are two-way causal and produce a vicious cycle, affecting depression and anxiety symptoms (71). In addition, studies have shown that close friends are an important factor in influencing and maintaining physical activity during college (72), and moderate-to-high-intensity physical activity is associated with a reduced risk of depression symptoms in students (73). It was indirectly confirmed that PMPU interacts with a lack of close friends, affecting the mental health of college students. This study did not find a sex difference in the effect of PMPU and lack of close friends on depression and anxiety symptoms, prompting us to focus on the effects of PMPU and NCFs on the physical and mental health of college students.



5 Strengths and limitations

Although this study elucidated the effect of the interaction between PMPU and NCFs on depression and anxiety symptoms in college students, it also focused on independent and interactive effects on depression and anxiety comorbidities. However, this study has several limitations. First, it was conducted during the COVID-19 pandemic. In the context of COVID-19, Chinese college students needed to complete learning tasks online, which inevitably increased the risk of developing a dependence on mobile phones. However, owing to data limitations, we did not measure the effect of using mobile phones for learning in online courses. Future research should attempt to avoid the impact of online courses on mobile phone usage under special environmental conditions. Second, this is a cross-sectional study with evidence of a two-way relationship between PMPU and depression and anxiety symptoms. Therefore, a causal relationship cannot be inferred, and longitudinal studies should be considered and mediation effect analysis should be attempted to test the size of the mediating effect of PMPU and NCFs on individuals. Third, our sample was from a university campus, the distribution of male and female students was uneven, and the selection bias of the sample may limit the interpretation of the results. Future studies should be extended to the community and include an adolescent sample to provide a theoretical basis for promoting the physical and mental health of more Chinese adolescents. Finally, this study relied on retrospective self-reporting from questionnaires, and students may have recall bias when completing the questionnaire. Future research should develop detailed data collection and strict quality control methods.



6 Conclusion

PMPU and lack of close friends are important risk factors for depression and anxiety symptoms in college students. In addition, PMPU has a synergistic effect on depression and anxiety symptoms in the absence of close friends. Therefore, college students with PMPU who lack close friends are more likely to have symptoms of depression and anxiety. Paying attention to PMPU situations and interpersonal relationships among college students can help reduce depression and anxiety symptoms.
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