
Functional connectivity between the
parahippocampal gyrus and themiddle temporal
gyrus moderates the relationship between
problematic mobile phone use and depressive
symptoms: Evidence from a longitudinal study

LIWEI ZOU1,3,5y , XIAOYAN WU2,3,4,5y , SHUMAN TAO6 ,
YAJUAN YANG7 , QINGJUN ZHANG8 ,
XUEDONG HONG8 , YANG XIE2,3,5 , TINGTING LI2,3,5 ,
SUISHENG ZHENG8p and FANGBIAO TAO2,3,4,5p

1 Department of Radiology, the Second Hospital of Anhui Medical University, No 678 Furong Road,
Hefei, 230601, Anhui, China
2 Department of Maternal, Child and Adolescent Health, School of Public Health, Anhui Medical
University, No 81 Meishan Road, Hefei, 230032, Anhui, China
3 MOE Key Laboratory of Population Health Across Life Cycle, No 81 Meishan Road, Hefei, 230032,
Anhui, China
4 NHC Key Laboratory of Study on Abnormal Gametes and Reproductive Tract, No 81 Meishan
Road, Hefei, 230032, Anhui, PR China
5 Anhui Provincial Key Laboratory of Population Health and Aristogenics, No 81 Meishan Road,
Hefei, 230032, Anhui, China
6 Department of Nephrology, the Second Hospital of Anhui Medical University, No 678 Furong
Road, Hefei, 230601, Anhui, China
7 School of Nursing, Anhui Medical University, No 15 Feicui Road, Hefei, 230601, Anhui, China
8 Ping An Healthcare Diagnostics Center, Hefei, 230000, Anhui, China

Received: July 20, 2020 • Revised manuscript received: November 11, 2021; December 19, 2021 • Accepted: December
28, 2021
Published online: January 19, 2022

ABSTRACT

Background and aim: Problematic mobile phone use (PMPU) is prevalent and increases the risk for a
variety of health problems. However, few studies have explored the neural mechanisms that might
render adolescents more or less vulnerable. Here, we aimed to identify whether PMPU is associated with
depressive symptoms and whether this relationship is moderated by intrinsic functional connectivity
(iFC) which is associated with PMPU. Methods: In this longitudinal study, we included 238 students
(mean age5 19.05, SD5 0.81) that came from a university in Hefei, China. They all finished MRI scans
at baseline and completed questionnaires both at baseline and 1 year later. A self-rating questionnaire
for adolescent problematic mobile phone use and depression anxiety stress scale-21 were used to assess
PMPU and depressive symptoms. We first assessed the relationship between PMPU and depressive
symptoms using an autoregressive cross-lagged model. Then, we detected the brain regions that were
associated with PMPU. Moreover, the neuroimaging results were extracted to explore whether the iFC
of these brain regions moderated the relationship between PMPU and depression. Results: Consistent
with our hypotheses, PMPU was positively associated with depressive symptoms, and the relationship
between PMPU and depressive symptoms was moderated by iFC of the left parahippocampal gyrus-
right middle temporal gyrus both at baseline and after 1 year (b 5 0.554, P 5 0.003; b 5 0.463, P 5
0.016, respectively). Conclusions: These results advance the understanding of PMPU and suggest that
iFC of the left parahippocampal gyrus-right middle temporal gyrus may be a neurobiological
contributor to its relationship with depressive symptoms.
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INTRODUCTION

Depression is a common mental disorder at all ages (Boers,
Afzali, Newton, & Conrod, 2019). Adolescence is a devel-
opmental stage that is defined as the transition period from
childhood to adulthood (Crone & Konijn, 2018). Adoles-
cents are currently growing up in a digital time and hence
are called “digital natives” (Haluza, Naszay, Stockinger, &
Jungwirth, 2017). However, the rate of depression has
increased among adolescents in recent decades. Researchers
have identified the amount of time spent in digital device use
as possible reason for this increase (Augner & Hacker, 2012;
Brailovskaia & Margraf, 2020).

In China, it has been reported that there were 985.8
million mobile phone users, 21.0% of whom were students,
by December 31, 2020 (CNNIC, 2021). Currently, mobile
phones, the main digital device, have saturated college life.
Excessive digital device use may have potential negative
consequences, and high frequencies of mobile phone use
have drawn the attention of researchers toward the detri-
mental impact on adolescents’ mental health, especially
regarding depression (Ng et al., 2020; Zhang, Yang, Tu,
Ding, & Lau, 2020; Zou et al., 2019).

Problematic mobile phone use (PMPU) is defined as the
inability to regulate one’s mobile phone use, with features of
craving, tolerance, and dependence, which would eventually
lead to adverse health and functional consequence (Billieux
et al., 2015; Zou et al., 2021). PMPU has also been known as
problematic smartphone use, smartphone addiction, mobile
phone addiction and mobile phone dependence (Der-
evensky, Hayman, & Lynette, 2019; Li, Li, Liu, & Wu, 2020).

Several studies have shown a positive relationship be-
tween PMPU and depression in adolescents (Demirci,
Akgonul, & Akpinar, 2015; Lapierre, Zhao, & Custer, 2019;
Liu et al., 2019; Park, Yang, Shin, Jang, & Park, 2019).
Another study found no association (Casiano, Kinley, Katz,
Chartier, & Sareen, 2012), whereas a systematic review by
Elhai et al. (Elhai, Dvorak, Levine, & Hall, 2017) reported a
significant association between problematic or general
smartphone use and the severity of depression among
different adolescents and adults. However, most studies were
cross-sectional in design and the evidence was limited.

A growing number of studies are focusing on brain
structure and function in addictive behaviours to define
neural mechanisms based on advancements in neuro-
imaging techniques. Emerging evidence suggests that gray
matter volume (GMV), cortical thickness and intrinsic
functional connectivity (iFC) are altered in addictive be-
haviours, such as internet gaming disorder (IGD) (Wein-
stein, Livny, & Weizman, 2017; Yao et al., 2017). The iFC
between brain regions reflects the correlation of activities
and has been an important tool to understand altered brain

function in studies. Brain function may pay a key role
among the relationship between addictive behaviours and
mental health. We hypothesized that iFC between brain
regions were correlated with PMPU, which could moderate
the association between PMPU and depressive symptoms.

Here, we conducted a longitudinal follow-up study to
detect the relationship between PMPU and depressive
symptoms among college students. Second, we aimed to
detect the difference of brain function between PMPU group
and Non-PMPU group by comparing iFC between two
groups applying a ROI-based approach. At last, we used
moderating analysis to assess the underlying mechanisms of
the association between PMPU and depressive symptoms.

METHODS

Participants

The study initially recruited 574 college freshmen from five
different majors in Anhui Medical University at baseline,
and progressively assess behaviours and mental health 1 year
later. The present study was a subset of participants who
took part in the brain imaging study, based on a voluntary
basis. Moreover, we also described the aim of study and the
questionnaires to the students. At last, we send a QR code to
class teacher for collecting information by the electronic
questionnaires. A total of 268 students completed the MRI
scan in the baseline, combined the questionnaire data
(baseline and 1 year later) and the image preprocessing
criteria, we eventually included the 238 college students
(Fig. 1).

Fig. 1. The flow diagram of sample selection in this study
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This study included 238 college students aged between 17
and 22 years old (mean ± SD: 19.05 ± 0.81) after imaging
preprocessing and obtained questionnaire data at both baseline
and 1 year later. The information collected from all subjects
contained sociodemographic data, such as gender, age, resi-
dential area, family income, parents’ education level, and two
measures regarding problematic mobile phone use and
depressive symptoms: the Self-rating Questionnaire for
Adolescent Problematic Mobile Phone Use (SQAPMPU) (Tao,
Fu, Wang, Hao, & Tao, 2013) and the Depression Anxiety
Stress Scale-21 (DASS-21) (K. Wang, Zou, et al., 2016).

Measures

Self-rating Questionnaire for Adolescent Problematic Mobile
Phone Use (SQAPMPU): The SQAPMPU consists of 13 items
(e.g. “I always feel I do not have enough time to use my mobile
phone,” “I do not have enough time for sleeping due to the
time I spend on my mobile phone,” and “I feel lost without my
mobile phone”) and a 5-point Likert scale ranging from 1 (not
at all) to 5 (extremely true), which is used to assess PMPU in
college students. This scale covers 3 dimensions: withdrawal
symptoms, craving, and physical and mental health status. The
total score ranged from 13 to 65. We defined SQAPMPU ≥28
as the PMPU group and SQAPMPU <28 as the non-PMPU
group, with the 75th percentile as the cutoff point. Cronbach’s
alpha coefficient was 0.90.

Depression Anxiety Stress Scale-21 (DASS-21): The sub-
scale depression of the DASS-21 consists of 7 items (e.g. “I
couldn't seem to experience any positive feeling at all,” “I felt
that I had nothing to look forward to,” and “I felt that life was
meaningless”). Each item on the measure contains 4 options
to describe how often each feeling is experienced. The scores
assign 0 for not at all, 1 for several days, 2 for more than half
the days and 3 for nearly every day. The total scores range
from 0 to 21, with higher scores indicating more severe
depressive symptoms. Cronbach’s alpha coefficient was 0.85.

MRI acquisition

MRI scans were obtained on a 3.0 T Philips Ingenia CX
scanner (Philips, Best, Netherlands) with a 32-channel head
coil at the Ping An Healthcare Diagnostics Center (Hefei,
Anhui, China). Foam pads and earplugs were used for each
participant to reduce head motion and scanner noise. The
resting data of functional images were acquired by echo
planar imaging (EPI) sequence with echo time (TE) 5
25ms, repetition time 5 2,000ms, 908 flip angle, 35 slices,
field of view (FOV) 5 2403 240, and slice thickness 5
4mm. For each subject, a total of 240 vol were acquired. The
acquisition time was 8min and 8 s.

fMRI data preprocessing

Functional image preprocessing was performed with DPABI
v4.5 (http://rfmri.org/dpabi) and SPM12 toolkits. The first
10 vol were dropped duo to instability of the initial MRI
signal and to allow participants to adapt to the MRI acqui-
sition circumstances. The subsequent steps were slice time
correction and head motion correction. We excluded 30

participants (5 in the PMPU group and 25 in the non-PMPU
group) due to head motion correction for a criterion of 2mm
in translation and 28 in rotation. We also used the criteria of
calculating the framewise displacement (FD) to express
instantaneous head motions, with a threshold of 0.5mm. No
one was excluded under the head motion criterion. Next, the
corrected images were normalized to Montreal Neurological
Institute (MNI) spaces by EPI templates in SPM 12, resam-
pled to 3-mm isotropic voxels, and further spatially
smoothed with a 4-mm full width-half maximum (FWHM)
Gaussian kernel. After linear detrending and temporal
bandpass filtering (0.01–0.1 HZ), several nuisance variables,
including Friston 24 head motion parameters, white matter,
cerebrospinal fluid signal and global mean signal were
regressed from the BOLD time series for all voxels.

fMRI data analysis

Regions of interest (ROIs) were defined by the Human
Brainnetome Atlas and consist of 210 cortical and 36
subcortical subregions that contain information on both
anatomical and functional connections (Fan et al., 2016). For
each subject, the representative time series of each ROI was
estimated by averaging the fMRI time series throughout all
voxels in each ROI (Salvador et al., 2005). We computed the
Pearson correlation coefficient between each pair of 246
ROIs to assess the iFC for all participants. Finally, to improve
the normality of the correlation coefficients, Fisher’s r-to-z
transformation was performed for subsequent analysis. We
used the false discovery rate (FDR) corrected for multiple
comparisons (P < 0.05). We also extracted iFC from the
difference between college students with and without PMPU
in these brain regions to perform moderating analysis.

Statistical analysis

Moderation analysis used by PROCESS (model 1) that is a
macro of SPSS, which was developed by Hayes (Hayes &
Rockwood, 2017). The statistical significance was set at two-
tailed P < 0.05 and was performed using SPSS version 23.0
(SPSS, Chicago, IL, USA) and Mplus 8.3.

An autoregressive cross-lagged model was used to test
the relationship between PMPU and depressive symptoms.

Differences in iFC were conducted at the group level to
identify the significant iFC related to PMPU. Then, we
performed moderating analysis to assess whether iFC
moderates the association between PMPU and depressive
symptoms. A moderating analysis was conducted with
PMPU as an independent variable, iFC between brain re-
gions that were strongly (P < 0.05, FDR corrected) associated
with PMPU as a moderator, and depressive symptoms at
baseline and 1 year later as a dependent variable by PRO-
CESS in SPSS.

Ethics

The study was approved by the Ethics Committee of Anhui
Medical University and written informed consent was ob-
tained before the survey.
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RESULTS

Demographic data

The demographics of the study participants are summarized in
Table 1. We included 238 participants aged between 17 and 22
years old and the mean age (SD) was 19.05 (0.81). Of the
sample, 55 were male (23.1%), 142 (59.7%) participants came
from rural areas, and 31.9% (n 5 76) of participants were
classified as PMPU. We did not find any differences in gender,
residential area, number of siblings, perceived family income
or parents’ educational level between PMPU and non-PMPU
students, except for the depression scores at baseline.

Cross-lagged model

The model showed that the PMPU at baseline was positively
associated with depressive symptoms 1 year later but did not
find depressive symptoms at baseline associated with PMPU
1 year later. There was a significant relationship between
PMPU and depressive symptoms both at baseline and 1 year
later (Fig. 2, Table 2).

Association between PMPU and functional
connectivity: whole brain analysis

For iFC analysis, we found that iFC of the left inferior frontal
gyrus (IFG)-left occipital gyrus (OcG), right orbital gyrus

Table 1. Demographic characteristics of adolescents with and without problem mobile phone use

Total
(n 5 238)

PMPU group
(n 5 76)

Non-PMPU group
(n 5 162)

Test value
(t/c2/Z) P value

Age (years), Mean ± SD 19.05 ± 0.81 19.12 ± 0.65 19.02 ± 0.87 �0.89 0.376
Gender
Male (n, %) 55 (23.1%) 14 (18.4%) 41 (25.3%) 1.38 0.240
Female (n, %) 183 (76.9%) 62 (81.6%) 121 (74.7%)

Residential Area
Rural (n, %) 142 (59.7%) 48 (63.2%) 94 (58.0%) 0.57 0.452
Urban (n, %) 96 (40.3%) 28 (36.8%) 68 (42.0%)

Any siblings
Yes (n, %) 53 (22.3%) 14 (18.4%) 39 (24.1%) 0.96 0.328
No (n, %) 185 (77.7%) 62 (81.6%) 123 (75.9%)

Perceived family income
Low (n, %) 49 (20.6%) 18 (23.7%) 31 (19.1%) 1.67 0.422
Medium (n, %) 177 (74.4%) 56 (73.7%) 121 (74.7%)
High (n, %) 12 (5.0%) 2 (2.6%) 10 (6.2%)

Father's educational level
Primary school or lower (n, %) 50 (21.0%) 22 (28.9%) 28 (17.3%) 5.36 0.068
Middle school (n, %) 121 (50.8%) 38 (50.0%) 83 (51.2%)
College or above (n, %) 77 (28.2%) 16 (21.1%) 51 (31.5%)

Mother's educational level
Primary school or lower (n, %) 109 (45.8%) 38 (50%) 71 (43.8%) 2.04 0.360
Middle school (n, %) 81 (34.0%) 21 (27.6%) 60 (37.1%)
College or above (n, %) 48 (20.2%) 17 (23.4%) 31 (19.1%)

SQAPMPU scores (Median) 23.50 34.00 21.00 – –
DASS-depression scores (Baseline, Median) 2 6 0 �5.45 <0.001
DASS-depression scores (1 year later, Median) 0 2 0 �1.93 0.054

Note: PMPU, problematic mobile phone use; SD, standard deviation; SQAPMPU, Self-rating Questionnaire for Adolescent Problematic
Mobile Phone Use scale; DASS, Depression Anxiety Stress Scale.

Fig. 2. Cross-lagged model of PMPU associated with depressive symptoms in this study. PMPU, problematic mobile phone use
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(OrG)-left OcG and left parahippocampal gyrus (PhG)-right
middle temporal gyrus (MTG) increased in the PMPU
group compared with college students without PMPU (P <
0.05, FDR corrected) and did not find significantly decreased
iFC in PMPU (Fig. 3).

Moderation analysis

For moderation analysis, we tested whether the association
between PMPU and depressive symptoms was reduced or
increased by introducing iFC, which was significantly asso-
ciated with PMPU, from the above group-level results. We
found that iFC of the left PhG-the right MTG had a signifi-
cant moderating effect on the association between PMPU
and depressive symptoms both at baseline and 1 year later
(b5 0.351, ΔR2 5 0.028, P5 0.003, b5 0.149, ΔR2 5 0.023,
P5 0.016, respectively) (Table 3, Fig. 4). The results indicated
that lower iFC of the left PhG-the right MTG could reduce
the association between PMPU and depressive symptoms.

DISCUSSION

To our knowledge, this is the first longitudinal study to
detect the neural mechanism underlying the association
between PMPU and depressive symptoms by iFC from MRI.
In line with our hypothesis, PMPU increases college stu-
dents’ risk for depressive symptoms, and college students
with PMPU have shown that they had increased iFCs of the
left IFG-the left OcG, the right OrG-the left OcG and the left
PhG-the right MTG. Furthermore, a moderate analysis
found that iFC between the left PhG and right MTG played
a key role in the association between PMPU and depressive
symptoms. The results suggest a neural basis for under-
standing how PMPU is associated with depressive symptoms
in college students.

For the association between PMPU and iFC, our results
were not consistent with previous studies in internet
addiction, which found increased iFC between the striatum
and thalamus, amygdala and dorsolateral prefrontal cortex
in internet gaming disorder compared with controls (Dong,
Wang, Wang, Du, & Potenza, 2019; Liu et al., 2018).
However, our results were consistent with previous brain
structural studies, which reported abnormalities in gray
matter volume in the IFG, lateral orbitofrontal cortex and

left parahippocampal cortex in PMPU students compared to
those in controls (Horvath et al., 2020; Lee, Namkoong, Lee,
Lee, & Jung, 2019; Y. Wang, Zou, et al., 2016).

The IFG plays a key role in the frontoparietal network
which involves inhibitory control, attention switching, and
behaviour modulation (Hampshire, Chamberlain, Monti,
Duncan, & Owen, 2010). Impairment of the function/
structure of the IFG is associated with executive control and
has served as behavioural disinhibition, which is related to
the maintenance and exacerbation of addiction behaviours
(Y. Wang, Zou, et al., 2016). The OrG is correlated with
decision-making (Mohammadi et al., 2016; Wallis, 2007).
Thus, it seems that interference with decision-making results
due to abnormalities in the OrG and dysfunction of deci-
sion-making have been related to addiction behaviours (Lee
et al., 2019). In particular, the iFC of the IFG and the OrG
was identified in the present study while pursuing rewards in
PMPU.

The PhG contributes to memory recall, which activity is
related to the representation and retrieval of contextual in-
formation (Aminoff, Kveraga, & Bar, 2013). We found that
iFC increased between the left PhG and the right MTG in
the PMPU, which is consistent with previous results that
suggested involuntary retrieval and processing of prior ex-
periences in pathological gamblers (Clark, Boileau, & Zack,
2019; Crockford, Goodyear, Edwards, Quickfall, & el-Gue-
baly, 2005). Moreover, increased iFC of the PhG-MTG may
be the underlying mechanism (at least partly) of the asso-
ciation between PMPU and depressive symptoms and may
provide a new perspective for treating emotion problems in
PMPU. Future studies are needed to determine the speci-
ficity mechanisms of negative emotion problems in the
PMPU group.

The IFG, OrG and PhG are parts of reward-related brain
regions that contribute to behavioural problems (Balodis &
Potenza, 2015; Dong, Hu, & Lin, 2013). The reward circuit is

Table 2. Standardized coefficient of PMPU and depressive
symptom on cross-lagged model

Parameter b SE P

Stability paths
PMPU 1→PMPU 2 0.497 0.059 <0.001
Dep 1→Dep 2 0.382 0.065 <0.001
Cross-lagged effects
PMPU 1→Dep 2 0.153 0.069 0.008
Dep 1→PMPU 2 0.023 0.065 0.729

Note: PMPU, problematic mobile phone use; Dep, depressive
symptom; SE, standard error.

Fig. 3. Intrinsic functional connectivity (iFC) of whole brain anal-
ysis between college students with PMPU and without PMPU.

PMPU students showed increased iFC of left inferior frontal gyrus
(IFG) to left occipital gyrus (OcG), right orbital gyrus (OrG) to left

OcG and left parahippocampal gyrus (PhG) to right middle
temporal gyrus (MTG) than college students without PMPU

(PFDR < 0.05). PMPU, problematic mobile phone use
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a network of brain regions involved in reward processing,
including reward anticipation and receipt of rewards. The
results of this study were consistent with previous behav-
ioural studies on disruption of reward-related function in
major depressive disorder, which suggested insensitivity to

reward contingencies (Admon & Pizzagalli, 2015; Pizzagalli,
Iosifescu, Hallett, Ratner, & Fava, 2008), and that predicted a
poor response to treatment (Downar et al., 2014). A
dysfunctional reward system may have played a vital role in
core features of depression based on converging evidence,

Fig. 4. Simple slope analyzes of moderation effect by iFC of left PhG to right MTG on PMPU and depressive symptom in baseline and 1 year
later. For illustrative purposes, iFC of left PhG to right MTG were graphed at lower (-1 standard deviation) and higher (þ1 standard
deviation) connectivity from the mean level. PMPU, problematic mobile phone use; iFC, intrinsic functional connectivity; PhG, para-

hippocampal gyrus; MTG, middle temporal gyrus; L, left; R, right

Table 3. Results from the moderated regression analysis predicting depressive symptoms in baseline and 1 year later

Predictors

Model 1 Model 2

b t ΔR2 F b t ΔR2 F

Cross-sectional effect
1 PMPU 0.368 9.042** <0.001 0.009 0.375 8.982** 0.001 0.238

IFG-OcG 2.377 1.336 1.445 0.783
PMPU3 IFG-OcG 0.020 0.096 0.103 0.488

2 PMPU 0.368 9.064** 0.004 1.216 0.376 9.003** 0.007 2.316
OrG-OcG 2.860 1.531 2.018 1.057

PMPU3OrG-OcG 0.260 1.103 0.365 1.523
3 PMPU 0.352 8.756** 0.021 7.038* 0.351 8.527** 0.028 9.304**

PhG-MTG 2.663 1.757 2.167 1.430
PMPU3PhG-MTG 0.477 2.653* 0.554 3.050**

Longitudinal effect
1 PMPU 0.172 4.104** 0.002 0.584 0.173 3.979** 0.002 0.531

IFG-OcG �2.014 �1.101 �1.663 �0.862
PMPU3 IFG-OcG 0.164 0.764 0.161 0.729

2 PMPU 0.168 4.006** 0.001 0.239 0.172 3.923** 0.001 0.219
OrG-OcG �0.588 �0.304 �0.713 �0.352

PMPU3OrG-OcG 0.119 0.489 0.118 0.468
3 PMPU 0.147 3.526** 0.026 6.754* 0.149 3.412** 0.023 5.847*

PhG-MTG 0.559 0.356 0.587 0.366
PMPU3PhG-MTG 0.484 2.600* 0.463 2.418*

Note: *P < 0.05, **P < 0.01, model 1 was did not adjust any variables, model 2 was adjusted by age, gender, residential area, any siblings,
perceived family income and parents' education level. PMPU, problematic mobile phone use; IFG, inferior frontal gyrus; OcG, occipital
gyrus; OrG, orbital gyrus; PhG, parahippocampal gyrus; MTG, middle temporal gyrus.
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including anhedonia, decreased motivation and depressed
mood (Keren et al., 2018; Luking, Pagliaccio, Luby, & Barch,
2016; Stringaris et al., 2015).

This study has several limitations and points that require
further discussion. First, there are some limitations in our
measures of PMPU through well-validated self-report
questionnaires. Behavioural PMPU patterns obtained from
mobile phone applications need to be detected further in
future studies. Second, we used resting-state MRI studies
and mainly focused on iFC from the whole-brain method
rather than ROI-based iFC, such as reward-related brain
regions.

CONCLUSIONS

The current study is the first to demonstrate that iFC be-
tween the left PhG and the right MTG has a moderating
effect on the relationship between PMPU and depressive
symptoms among college students. These results support that
PMPU is a behavioural problem that correlated with ab-
normality of brain function, which reminder the importance
to prevent and control PMPU, so as to reduce potentially risk
of mental health problems among young adults.
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