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Abstract 

Background: Smartphone use disorder (SUD) of college students has drawn increasing attention. Although future 
time perspective (FTP) may be an important protective factor for individual SUD, the moderating and mediating 
mechanisms underlying this relationship remain unknown. We tested the individual roles of depression and mindful-
ness as moderators of this relationship.

Methods: A cross-sectional study was conducted in two colleges in Shandong and Chongqing in China using a 
sample of 1304 college students recruited by stratified cluster sampling. Data were collected through a validated 
self-report instrument. A moderation–mediation model was constructed, and an SPSS PROCESS macro was used to 
analyse the data.

Results: The correlation analyses showed that FTP was negatively associated with SUD of college students. The medi-
ation model revealed that depression partially mediated the link between FTP and SUD of college students. The mod-
eration–mediation model suggested that mindfulness moderates two direct paths: FTP to depression and depression 
to SUD. In the first path (FTP to depression), a high level of mindfulness among college students had weakened the 
relationship between FTP and depression. Here, the relationship is strengthened by a low level of mindfulness. In 
the second path (depression to SUD), low levels of mindfulness strengthen the link between depression and FTP. In 
contrast, significant association was not found with high levels of mindfulness.

Conclusions: Results suggest that interventions, such as improving the individual level of FTP and mindfulness, 
should be conducted. These interventions, in turn, help control the level of depression in college students and ulti-
mately decrease their level of SUD.
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Background
Mobile phones, especially smartphones, are widely used 
and popular with adolescents worldwide. Compared 
with traditional mobile phones, smartphones are supe-
rior with their numerous functions that include com-
munication and entertainment. According to the China 
Internet Information Centre survey in 2018, the num-
ber of smartphone users has rapidly increased to 98.6% 
among the Internet-using population, as registered users 
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of smartphones had exceeded more than 829 million in 
China [1]. Notably, ‘gaming disorder’ (GD) has recently 
been defined as a mental disorder due to excessive gam-
ing behaviour and even deemed to be an addiction. This 
notion was approved by the World Health Organization 
in the 11th Revision of the International Classification 
of Disease (ICD-11). On the basis of the ICD-11, smart-
phone use disorder (SUD) may be a potential kind of 
GD and may have attracted major concerns in society 
[2, 3]. SUD is often accompanied by a series of physical 
and mental health problems, such as GD, sleep disorders, 
poor concentration, negative emotions including anxi-
ety and depression [4, 5]. Young people and college stu-
dents with SUD often exhibit antisocial behaviours, such 
as poor peer relationships and suicidal ideation, and are 
often involved in crimes [6, 7]. These pathological behav-
iours increase the odds of early death among adolescents. 
Moreover, SUD and Internet communication disorder 
(ICD) are related with substance addiction. Chamber-
lain et al. found that SUD was associated with alcohol use 
disorder via large-scale email investigation [8]. Moreo-
ver, Montag et al. reported that the association between 
ICD and alcohol consumption was moderated by smok-
ing status, and people who quit smoking may have a ten-
dency to increase Internet overuse and consumption of 
mixed alcoholic beverages [9]. To further understand 
and develop these new psychological mechanisms about 
SUD and related risk factors, temperament or personal 
psychological traits were further observed and studied 
[10–12].

Cognitive–behavioural theory of Davis is known as a 
broad interpretation and understanding of the etiology, 
development and outcomes of ICD based on a model 
of pathological Internet use [13]. Davis suggested that 
maladaptive cognition is the potential instigator of Inter-
net addiction (IA), which induces relative emotional 
and behavioural symptoms. Recently, the Interaction 
of Person-Affect-Cognition-Execution (I-PACE) model 
was regarded as an important theoretical framework, 
which integrates individual psychological and neurobio-
logical aspects of ICD. Many significant characteristics, 
such as psychopathology, vulnerable personality traits 
(P), affective (A) and cognitive (C) responses to Internet 
use experience of users, executive and inhibitory con-
trol and decision-making behaviour, may all lead to the 
addictive use of a specific Internet application [3]. In 
2019, an updated version of the I-PACE model was found 
to be effective for several types of addiction behaviours 
including gambling, buying–shopping, compulsive sexual 
behaviour disorders and gaming [14]. Empirical studies 
have indicated that future time perspective (FTP) and 
mindfulness are important cognitive factors affecting 
ICD [15, 16]. Although SUD has many similarities with 

behaviour addiction (e.g. ICD and pathological gam-
bling) in its symptoms and adverse consequences, schol-
ars suggest that SUD belongs to substance addiction [17]. 
Hence, FTP and mindfulness may also be key elements 
in the development of SUD. Time perspective (TP) is a 
personality trait of individual cognition, experience and 
action (or action tendency) about time [18]. FTP is sepa-
rated from TP, and this separation implies that individu-
als have relatively stable personality characteristics about 
the future. Thus, FTP is considered a potential protective 
factor against ICD [19, 20]. Expectancy–value theory 
of Wigfield reasons that outcome expectancy and value 
assessment decide individual behavioural motivation 
[21]. FTP can influence individual expectancy or value 
regarding the choice to delay gratification [19]. That is, 
FTP promotes individuals to pursue high-level value in 
the future and devalue immediate gratification. In addi-
tion, Park et al. reported that FTP of female high-school 
students was negatively associated with smartphone 
addiction [22]. This negative relationship was found again 
among college students in mainland China [23]. Thus, 
people with high-level FTP may have a lower risk of SUD 
than those with low-level FTP.

Karel and Erin argued that personality traits are closely 
related to mental health, such as depression in col-
lege students, and are essential elements for individual 
well-being and health behaviour [24]. As an important 
personality trait, TP could be associated with many psy-
chosocial variables (e.g. depression, self-esteem) [25]. 
The broad Big Five of Personality is regarded as a con-
sistent and stable model in describing different person-
ality traits. Overall, the broad Big Five of Personality 
have direct and indirect effects on addictive behaviours, 
such as smoking, drinking and Internet use [26]. Spe-
cifically, agreeableness can predict personal SUD/ICD 
and present negative direct effect because a low level 
of agreeableness is associated with high SUD/ICD [27]. 
Agreeableness mainly includes trust, honesty, avoidance 
and compliance. Individuals with low agreeableness tend 
to be self-centred and competitive. They are uncoop-
erative and unwilling to comply to rules and regulations 
[28]. Hence, individuals with low level of agreeableness 
are prone to addictive behaviours. Similarly, people with 
short-sightedness do not always believe in the instru-
mental relationship between their behaviour and future 
time, leading to an unrealistic optimism about the future. 
From this point of view, TP may be linked to agreeable-
ness, and both contribute to the outcome of SUD/ICD. 
In line with this notion, well-executed research with 
diverse methodologies and population have confirmed 
that TP could predict individual depression. For example, 
a mixed methods study using qualitative and quantitative 
methods was conducted to examine levels of individuals 
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with alcohol/drug dependence, and a positive association 
was found among past negative TP and present hedonis-
tic TP and depression [29]. In addition, an observational 
study using the Berlin Aging Study revealed a significant 
relationship between high depressive symptoms and low 
FTP, which could be explained by poor health behav-
iour and low adaptive coping [30, 31]. Furthermore, an 
empirical study controlling the influence from psycho-
logical factors of parents indicates a potential causa-
tion between great FTP of adolescents and low level of 
depressive symptoms [32]. Results indicate that the risk 
dimension of TP can play a negative role and that FTP 
as a protective factor, conversely, may mitigate adverse 
mental factors. Psychosocial factors have been keys to 
hypothesise the maintenance and development of SUD. 
Considerable research regarding the association and 
result between depression and SUD have been widely 
studied and reported from different areas and cultural 
backgrounds [11, 33–35]. Although an enormous amount 
of research is in line with the notion that high depression 
could predict adolescent SUD, studies that have directly 
tested the mediating role of depression in the association 
between FTP and SUD are minimal. For example, Mon-
tag et  al. found that maladaptive cognitive and emotion 
process were significant mediators between anxiety and 
depression with SUD [36]. Individuals with high depres-
sion feel that they are useless and lose control of their 
lives. However, Internet gaming has characteristics, such 
as strong operability, positivity and instant feedback. 
Players can develop feelings of strength and achievement 
in a short time. Therefore, individuals with high depres-
sion consider that Internet gaming alleviates the threat of 
self-value; hence, they can experience their identity in the 
virtual environment instead of the real world, resulting in 
maladaptive cognition.

Individual traits are influenced by age, sex, emotion, 
experience, interpersonal relationships and the environ-
ment [37]. Given this complexity, FTP research presents 
inconsistent results between different addiction behav-
iours. For example, high-level FTP can decrease cigarette 
and drug use among high school students, but this asso-
ciation was not found in people with drug and alcohol 
addictions [38]. This inconsistency indicates that the gen-
erative mechanisms of behaviour and substance addiction 
may be distinct. One explanation is that individual FTP 
varies from person to person, influencing their feedback 
for risk perception, and FTP is considered a dynamic 
process [39, 40]. Results indicate that cognitive–behav-
ioural theory had successfully explained part of addic-
tion behaviour, but more addict behavioural variances 
have yet to be explained fully. The reason for this lack of 
explanation is that other potential variables exist between 
behavioural intention and behavioural occurrence that 

affect individual specific behaviour. Hence, the above evi-
dence supports the moderating effect of FTP and SUD.

Mindfulness is defined as a meta-cognitive state in 
which individuals focus on present-moment experiences 
without judgment or evaluation [41, 42]. Mindfulness 
is also considered a personality trait of perceived emo-
tion and behaviour [43]. High-level mindfulness means 
that individuals adopt an open and receptive attitude to 
current experiences, which effectively offsets the effect 
of stressors [42]. When dealing with stressors, exces-
sive attention to the past or future (e.g. TP) can lead to 
depression and anxiety [42]. In addition, mindfulness 
refers to the tendency to remain alert in daily life, which 
is positively associated with better sleep quality, well-
being, life satisfaction, negatively associated anxiety, 
depression and impulsiveness [44–47]. Empirical studies 
show that non-clinical mindfulness training can improve 
positive emotional level and buffer negative emotions of 
individuals [48, 49]. Hence, mindfulness may play a mod-
erator role in the relationship between TP and emotion.

Current or past beliefs may impact individual future 
awareness and behaviour. Mindfulness is used to evalu-
ate the focus of individuals on experiences at a particular 
moment, and these experiences include a focus on now 
without consideration of future external events, emo-
tions, thoughts or intentions [50]. In a cross-sectional 
study from the USA, mindfulness was found to signifi-
cantly predict individual promotion focus and preven-
tion focus, and this link was strongly associated with 
prevention focus [51]. According to Higgins, individu-
als with promotion focus tend to pursue ideal goals and 
increase self-perception, which decrease the control of 
external safety and protection. This notion negatively 
impacts attention to the future and positively increases 
the odds of risk behaviour [52]. In contrast, individuals 
with prevention focus tend to purse the goal of respon-
sibility and increase rational cognition. They believe that 
inaction will maintain the status quo, and while reduc-
ing the expectation of benefits, they become increas-
ingly concerned about the benefits after use [52]. This 
notion positively impacts attention to the future and is 
negatively linked with the odds of risk behaviour. Hence, 
mindfulness may be a potential moderator influencing 
risk behaviour and attention to future with change in 
now focus. In a repeated-measures web survey, research-
ers found that distress tolerance and mindfulness were 
inversely associated with levels of SUD, and mindfulness 
can partly explain the mechanism between depression 
and anxiety sensitivity with the level of SUD [53].

Hundt found that promotion focus could positively 
influence drug addiction and drinking behaviour, and 
prevention focus could negatively influence drug addic-
tion [54]. Different conditional levels exist among 
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individuals with the same addiction behaviour. Individu-
als with high levels of mindfulness may have excellent 
conditional ability, such as promotion and prevention 
focus, and low levels of mindfulness would weaken this 
efficiency. In our study, people with low focus are always 
more frequent mobile phone users, which leads to SUD 
[55]. The hypothesis of mindfulness as a moderator 
between FTP and SUD was further enhanced.

To date, only a few researchers have examined mindful-
ness as a moderator of the indirect relationship between 
FTP and SUD of college students. We expect our study 
to provide in-depth understanding of IA among college 
students and to contribute to the development of effec-
tive mental health interventions. The hypotheses of this 
study are as follows:

Hypothesis 1 FTP is negatively correlated with the 
depression variable but is positively correlated with SUD. 
That is, the depression variable mediates the link between 
FTP and SUD of college students.

Hypothesis 2a Mindfulness moderates the association 
between FTP and depression or depression and SUD.

Hypothesis 2b The indirection between FTP and SUD 
through depression varies as a function of mindfulness.

Hypothesis 3a The indirect relationship between 
depression and SUD of college students is strong with 
low levels of mindfulness and is weak with high levels of 
mindfulness.

Hypothesis 3b The indirect relationship between FTP 
and depression is weak with high mindfulness and strong 
with low mindfulness.

Considering the purposes of this study, a moderation–
mediation model was constructed and is depicted in 
Fig. 1.

Methods
Participants
A cross-sectional study was conducted from March 
to April 2019 in Qingdao, Shandong and Chongqing in 
China. A total of 1304 freshmen and sophomore student 
participants were recruited from two colleges in Qing-
dao and Chongqing by stratified cluster sampling. The 
mean age of the participants was 19.71 years (SD = 1.03, 
range = 18 to 22  years), and 522 (40%) of respondents 
were male. Before the experiment, we provided a detailed 
explanation about the purpose and methods of the study 
and requested oral and written informed consent from 
participants. Self-reported questionnaires were then dis-
tributed in class to collect data on age, sex and related 
research variables from students. At the end of the inves-
tigation, we offered small gifts to participants.

Measures
Future time perspective
The 28-item FTP scale of Young was used to test the lev-
els of FTP of participants [56]. This scale mainly meas-
ures cognition, experience and behavioural tendency 
of adolescents towards future time (e.g. ‘As long as it is 
conducive to my own development, I can persist in over-
coming difficulties and accomplishing tasks’). The FTP 
scale of Young, as a Chinese version, has been commonly 
used among Chinese adolescent students [57, 58]. Par-
ticipants rated each item on a five-point scale that ranged 
from one (never) to five (always). Two dimensions, future 
negative and future confused, were reversely scored. High 
total scores indicated high levels of FTP. This scale was 
highly reliable (Cronbach’s α = 0.90).

Smartphone use disorder
The mobile phone addiction index (MPAI) was applied to 
test adolescent SUD [59]. This scale consists of 17 items 
(e.g. ‘If you have not checked messages or turned on your 
cell phone for a while, you will feel anxious’). Participants 
rated each item on a five-point scale that ranged from 

Fig. 1 Conceptual diagram of the moderation–mediation model. FTP future time perspective, SUD smartphone use disorder
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one (never) to five (always). The Chinese version of MPAI 
reveals adequate psychometric properties among Chinese 
adolescents [60, 61]. All items are forward scored. High 
total scores indicate high possibility of SUD. This scale 
demonstrated high reliability (Cronbach’s α = 0.90).

Depression
The Depression Anxiety Stress Scale-21 was used to 
check the mental condition of participants, including 
depression, anxiety and stress [62]. In the present study, 
the Chinese version of this scale was used to test depres-
sion of students [63]. This scale consists of seven items to 
evaluate the level of depression (e.g. ‘I find working up the 
initiative to do things difficult’). Participants rated each 
item on a five-point scale that ranged from one  (always 
inconsistent) to five (always consistent). High scores indi-
cate a high level of depression. This scale reported high 
reliability (Cronbach’s α = 0.91).

Mindfulness
The Child and Adolescent Mindfulness Measure 
(CAMM) is a six-point scale used to assess mindful-
ness of an individual [64]. The scale is confirmed to have 
good psychometric properties [65]. This scale consists of 
10 items (e.g. ‘I get upset with myself for having feelings 
that do not make sense’). Participants rated each item 
on a five-point scale that ranged from zero  (never) to 
four (always). The Chinese version of the CAMM shows 
satisfactory test–test reliability and validity among Chi-
nese adolescents [66, 67]. All items were conducted with 
reverse scoring. High scores indicate a high level of mind-
fulness. This scale showed high reliability (Cronbach’s 
α = 0.82).

Statistical analyses
Statistical analyses were conducted using SPSS 23 (SPSS 
Inc., Chicago, IL, USA). Firstly, a correlation matrix of 
Pearson that included FTP, SUD, depression and mind-
fulness was developed. Secondly, to identify the mediat-
ing effect of depression, we used the four-step procedure 
of MacKinnon to test (1) the significance of the rela-
tionship between FTP and SUD, (2) the significance 
of the association between FTP and depression, (3) the 

significance of the association between depression and 
SUD while controlling for FTP and (4) the significance 
of the coefficient for the indirect path between FTP and 
SUD through depression (Hypothesis 1) [68]. Thirdly, 
we examined whether mindfulness moderates the direct 
effect of FTP and depression or depression and SUD 
(Hypothesis 2a). Fourthly, we identified the overall mod-
erated mediation (Hypothesis 2b). Finally, simple slope 
tests (mean ± SD) were conducted to demonstrate the 
relationship between FTP and depression and depres-
sion and SUD among adolescents at low and high levels 
of mindfulness (Hypotheses 3a and 3b). All continuous 
variables were mean-centred before constructing the 
moderation–mediation model to avoid multicollinearity. 
Hayes’ SPSS PROCESS macro (Model 58) was applied 
to construct this moderation–mediation model with age 
and sex controlled [69]. The bootstrapping technique 
was used to estimate 5000 resamples of the data, and 95% 
bias-corrected confidence intervals (CIs) were calculated 
and checked. Supposing that confidence intervals did not 
include zero, the effects indicated significant levels.

Results
Correlations between the main study variables
Pearson correlation coefficients for the main study vari-
ables were calculated and are presented in Table 1. FTP 
was positively correlated with mindfulness (r = 0.35, 
p < 0.01) and negatively correlated with depression 
(r = − 0.60, p < 0.01) and SUD (r = − 0.40, p < 0.01). 
Mindfulness was negatively correlated with depression 
(r = − 0.57, p < 0.01) and SUD (r = − 0.53, p < 0.01). Par-
ticipants with high levels of depression were inclined 
to develop SUD (r = 0.46, p < 0.01). Table  2 shows the 
descriptive analysis of study variables by gender.

Testing of the mediation model
In Hypothesis 1, the depression variable mediates the link 
between FTP and SUD of college students. To verify the 
assumption, multiple linear regression was conducted to 
test the effects of mediation. In the first step, FTP was 
negatively associated with SUD in Model 1 (β = − 0.26, 
p < 0.001). In the second step, FTP was negatively 

Table 1 Correlations between the main study variables

M mean, SD standard deviation, FTP future time perspective, SUD smartphone use disorder

* p < 0.05, ** p < 0.01, N = 1304

Variables M SD FTP Mindfulness Depression SUD

FTP 100.26 15.30 1

Mindfulness 37.54 5.83 0.35** 1

Depression 12.66 4.76 − 0.60** − 0.57** 1

SUD 33.89 9.88 − 0.40** − 0.53** 0.46** 1
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associated with depression in Model 2 (β = − 0.19, 
p < 0.001). In the third step, depression was positively 
associated with SUD when the direct effect of FTP on 
SUD was controlled in Model 3 (β = 0.696, p < 0.001). In 
the fourth step, the bootstrapping technique and 95% 
bias-corrected confidence intervals were calculated to 
test the mediating effect. Results showed that depres-
sion partially and significantly mediates the relation-
ship between FTP and SUD (ab = − 0.13, SE = 0.02, 95% 
CI = [− 0.16, −  0.10]). The mediation effect accounted 
for approximately 50% of the overall mediation model. 
As these four steps were all significantly established, 
Hypothesis 1 is supported (Tables 3 and 4).

Testing of moderation
In Hypotheses 2a and 2b, we assumed that mindfulness 
moderates the indirect association between TP and SUD. 
The PROCESS macro (Model 58) was used to test the 
moderation–mediation model. In this study, two regres-
sion models were constructed, and regression coefficients 
were estimated. In Model 1, we examined the moderat-
ing effect of mindfulness on the relationship between TP 
and SUD. In Model 2, we tested the moderating effect 
of mindfulness on the relation between depression and 
SUD. Table  5 presents the estimated moderating effects 
of the two models.

Table 4 shows that the total effect of FTP on SUD was 
significant (β = − 0.26, 95% CI = − 0.29, − 0.23), and the 
indirect effect of mediation was supported (β = − 0.13, 

95% CI = − 0.16, −  0.10). According to the results of 
Model 1 in Table 5, the effect of FTP on depression was 
significant (β = − 0.15, p < 0.001), and this effect was 
moderated by mindfulness (β = 0.01, p < 0.001). In Model 
2, the main effect of depression on SUD was significant 
(β = 0.29, p < 0.001), and this association was moderated 
by mindfulness (β = − 0.02, p < 0.05). Hence, Hypotheses 
2a and 2b are supported.

To clearly explain the essence of the interaction 
effect in the moderation–mediation model, the levels 
of mindfulness were divided into high and low groups 
(mean ± SD), and simple slope tests were used to show 
the effect trend of FTP on depression and depression on 
SUD under different mindfulness levels (Hypotheses 3a 
and 3b). As Fig.  3 depicts, participants with high levels 
of mindfulness and FTP were associated with low lev-
els of SUD (βsample = − 0.10, p < 0.001). This significant 
association was also supported by low levels of mind-
fulness (βsample = − 0.19, p < 0.001), as shown in Fig.2. 
Adolescents with low levels of mindfulness and high 
levels of depression were positively associated with SUD 
(βsample = 0.29, p < 0.001). However, this trend was not 
supported by high levels of mindfulness (βsample = 0.10, 
p > 0.05), as shown in Fig. 3. Thus, Hypothesis 3b is fully 
supported, and Hypothesis 3a is partially supported. 

Discussion
Previous studies provided evidence of the negative asso-
ciation between FTP and SUD. However, the role of FTP 
and SUD as mediating and moderating mechanisms 
remain unclear. In the present study, FTP negatively 

Table 2 Descriptive analysis of study variables by gender

Variable Gender p value

Male (mean ± SD) Female (mean ± SD)

Age 19.96 ± 1.18 19.65 ± 1.04 < 0.001

FTP 100.51 ± 16.69 100.19 ± 14.83 0.75

Mindfulness 36.89 ± 6.47 37.76 ± 5.60 < 0.05

Depression 12.96 ± 5.02 12.56 ± 4.67 0.21

SUD 32.02 ± 10.91 34.49 ± 9.46 < 0.001

Table 3 Regression results for mediating test

FTP future time perspective, SUD smartphone use disorder

*** p < 0.001, N = 1304

Predictors Model 1: SUD Model 2: Depression Model 3: SUD

β SE t β SE t β SE t

FTP − 0.26 0.02 − 15.60*** − 0.19 0.01 − 26.93*** − 0.13 0.02 − 6.48***

Depression 0.70 0.06 11.08***

R2 0.49 0.36 0.24

F 200.63*** 752.02*** 200.63***

Table 4 Total, direct and indirect effects of FTP on SUD

N = 1304

Item β SE 95% CI

Total effect of FTP on SUD − 0.26 0.02 (− 0.29, − 0.23)

Direct effect of FTP on SUD − 0.13 0.02 (− 0.09, − 0.01)

Indirect effect of FTP on SUD − 0.13 0.02 (− 0.16, − 0.10)
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predicts depression and depression positively predicts 
SUD. This indirect relationship is moderated by mind-
fulness in a two-stage mediation process. Specifically, 
high levels of FTP as a protective factor of depression 
are moderated by increased mindfulness, which was 
observed in adolescents with low levels of mindfulness. 
On the other paths, high levels of depression, as a risk 
factor of SUD, are moderated by increased mindfulness, 

but this effect was found in adolescents with low levels 
of mindfulness. Overall, our study provides a promising 
research approach for examining the association between 
FTP and SUD.

A direct effect was found between FTP and SUD. 
Firstly, FTP had a negative predictive effect on SUD, and 
these results are consistent with those reported in pre-
vious studies [12, 39]. Low levels of FTP indicate a sig-
nificant association with fatalism and pessimism [70]. 
People with low levels of FTP only focus on the past and 
present and lack a proper plan for their own behaviour; 
they are inclined to instant gratification and impulsive 
behaviour [70]. In contrast, individuals with high levels 
of FTP have better self-regulation and make long-term 
plans with purpose. With full consideration of conse-
quences, they make rational decisions to achieve long-
term benefits [71]. Neurobiological research has reported 
that TP mainly activates individual anterior cingulate 
cortex, temporal cortex, parietal lobe and prefrontal cor-
tex. In particular, FTP activates the ventral prefrontal 
cortex [72]. When individual impulsion and reflection 
are unbalanced, the prefrontal cortex reacts abnormally, 
resulting in behavioural addiction. Problematic use of 
social media/messenger app was connected with the 
change of neurobiological function. Individuals with high 
levels of addictive social app use were accompanied with 
low volume of grey matter in the subgenual anterior cin-
gulate and the nucleus accumbens [73, 74]. Scholars also 
found that SUD is associated with cortical areas in the 
brain due to the use of touch display for a long time with 
fingers [75]. Hence, individuals with low levels of FTP 
may increase their risk of SUD due to the hyperactivation 
of cortical areas in the brain, which influence the reward 
and cold-executive functions.

Secondly, a mediating effect of depression was found 
between FTP and SUD. On the basis of theory of ‘diathe-
sis–stress’ in depression, low stress can trigger depression 
in individuals with high susceptibility [76]. This theory 

Table 5 Testing the moderated mediation effect of FTP and SUD

* p < 0.05, ** p < 0.01, *** p < 0.001, N = 1304

Predictors Model 1: Depression Model 2: SUD

β SE t β SE t

FTP − 0.15 0.01 − 22.94*** − 1.13 0.02 − 7.21***

Depression 0.19 0.07 2.79**

Mindfulness − 0.32 0.02 − 18.89*** − 0.66 0.05 − 14.25***

FTP × mindfulness 0.01 0.01 8.03***

Depression × mindfulness − 0.02 0.01 − 2.43*

R2 0.53 0.34

F 488.85*** 169.15***

Fig. 3 SUD among college students as a function of mindfulness and 
depression (N = 1304)

Fig. 2 Depression among college students as a function of FTP and 
mindfulness (N = 1304)
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reflects individual differences in internal diatheses, such 
as self-esteem and personality [77]. As a stable personal-
ity trait, FTP can also have a different influence on indi-
vidual emotions. In this study, college students with high 
levels of FTP were likely to have good mental status. This 
result corresponds with that of a previous study wherein 
past negative and current perspectives were explored to 
test the relationship between depression and anxiety [33]. 
Regarding the association between depression and SUD, 
depression is positively associated with SUD. This result 
is congruent with the findings reported in previous theo-
retical and empirical research [33, 78] and is supported 
by theory of social support [79]. The theory indicates that 
people with depression would seek social support to fight 
depression and that smartphones can provide instant 
interpersonal interaction to alleviate negative emotions. 
By using mobile phones, participants experience social 
support or pleasure, which can be considered types of 
reward. On the basis of operational conditional reflex 
[80], people who lack social support increase the dura-
tion and frequency of mobile phone use to gain rewards, 
which, in turn, aggravate mobile phone addiction.

Thirdly, the moderating effect of mindfulness is sig-
nificant between FTP and SUD. Results suggest that 
mindfulness can predict SUD of college students. Col-
lege students with low levels of mindfulness are prone to 
SUD. Our findings are consistent with those of a previous 
study that indicated that individuals with a high level of 
SUD possess weak inhibition [81]. Mindfulness can help 
develop individual positive coping techniques for needs, 
namely, observation without reaction, which can prevent 
the automatic connection between needs and behaviour. 
Finally, in individuals who show decreased needs for 
stimulus, addiction behaviour decreases, and inhibition 
ability is promoted.

Mindfulness can moderate the path between FTP and 
depression. The effect of FTP on depression was nega-
tive in college students with a high level of mindfulness 
and was heightened with low levels of mindfulness. 
Mindfulness refers to focusing on the present moment 
in a conscious and non-critical way, which can promote 
the individual support of psychological resources. For 
example, high levels of mindfulness in college students 
may enhance levels of hope and strengthen psychologi-
cal resilience and self-efficacy [82, 83]. As FTP indicates 
positive psychological resources for high levels of mind-
fulness in college students, the interaction effect of FTP 
and mindfulness may increase the individual ability to 
buffer mental problems. The hypothesis based on gen-
eral strain theory indicates that when individuals feel 
stress and strain, they experience negative emotions that 
induce inadaptable behaviour [84]. Students with low 
levels of mindfulness have a poor ability to control and 

regulate impulsive emotions and behaviour and have a 
poor awareness of FTP [85]. This scenario could increase 
the risk of negative emotions caused by poor FTP. In con-
trast, people with high levels of mindfulness have a low 
probability of suffering from poor FTP, and the effect of 
moderation was weakened in this path (FTP to depres-
sion). In the mechanism of protective and risk factors 
[86], low levels of mindfulness play a risky role among 
college students. Mindfulness strengthens the prediction 
of depression by poor FTP and mainly plays a compen-
satory role in college students with high levels of mind-
fulness to offset and compensate the influence of FTP on 
depression.

Moreover, the relationship between depression and 
SUD was significant in college students with a low level 
of mindfulness but was not significant for college stu-
dents with high levels of mindfulness. According to the 
re-perceiving model, ‘re-perception’, as a key element of 
mindfulness, can help individuals objectively experience 
internal and external stimuli and reduce the subjective 
feeling of adverse stimuli, and in turn tolerantly accept 
internal and external experiences [87]. Individuals with 
a high level of mindfulness are able to concentrate on 
the present and worry about the past and future with-
out negative emotions. Thus, the mediating relation-
ship between depression and SUD is not significant for 
them. Individuals with low levels of mindfulness possess 
poor inhibition functioning and self-control and they 
are always concerned with the past and future, resulting 
in depression and anxiety [82]. People with low levels of 
mindfulness may have high levels of cortisol, which influ-
ences individual stress reactions [88]. In addition, people 
with low levels of mindfulness become impulsive, and the 
buffer effect of mindfulness for anxiety and depression 
decreases [89]. Therefore, mindfulness can be regarded 
as an indicator when testing individuals for negative 
emotions, such as depression, and can prevent mobile 
phone addiction.

In the current study, identification of SUD requires 
more objective measurement index than self-reported 
data. The majority of mobile applications are designed 
to prolong usage time leading to individual time dis-
tortion. Some scientists and technicians attempted 
to develop new techniques to measure and analyse 
smartphone addiction [90–92]. For example, Lin et  al. 
identified smartphone addiction via app-generated 
parameters, and the results suggested that recorded 
total usage time via app was significantly higher than 
self-reported usage time because of the time distor-
tion effect [90]. However, Montag et  al. found that 
total length of weekly mobile phone usage in hours was 
overestimated and weekly outgoing calls were under-
estimated [91]. Furthermore, researchers reported that 
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social media/messenger and freemium game applica-
tions were significant drivers of excessive smartphone 
usage; these applications could be much more addic-
tive than traditional/classic computer/console games 
[92]. Hence, enterprises should seriously consider how 
to develop less addictive products and recognise what 
kinds of approaches facilitate use reduction and create 
the healthiest effects.

The present study has several limitations. Firstly, as a 
cross-sectional study, it cannot reveal the causal relation-
ship between variables. Follow-up studies or experimen-
tal methods are needed to verify the relationship between 
variables. Secondly, study variables were collected by self-
reporting, in which retrospective memory bias is pos-
sible. Future research can adopt objective and effective 
indicators. Thirdly, personality traits, such as psycho-
logical resilience, may also affect SUD of college students. 
Further research can test the association between differ-
ent personality traits and SUD. Fourthly, we conducted 
this study only in two colleges in Chongqing and Shan-
dong, and the conclusion lacks extrapolation. Further 
research should be developed on a large sample and other 
age groups. Finally, this study included more female than 
male students, and maladaptive cognitions may indicate 
differences between sexes.

Conclusions
FTP can be a protective factor for SUD. The media-
tion analysis indicated that depression can be a poten-
tial mechanism underlying this relationship. Moderated 
mediation indicated that mindfulness moderates the 
relationship between FTP and SUD, and college students 
with low levels of mindfulness are likely to be affected by 
depression and engage in addictive behaviour. This likeli-
hood demonstrates the superposition effect of the two-
risk factor. Results suggest that interventions increase 
the level of FTP and mindfulness, which in turn decrease 
the level of depression of college students and ultimately 
their SUD.
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