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' {\ ) ABSTRACT

%r;edcaliégr Backgrounds and aims: Given problematic Internet usage’s (PIU) negative impact on individual health,
this study evaluates how adverse childhood experiences (ACEs) affect young adults’ PIU and the
possible underlying mechanism of the “feeling of loneliness” (FOL) trajectory. Methods: Analyzing a
retrospective cohort sample from the Taiwan Youth Project, 2,393 adolescents were interviewed from
the average ages of 14-28. We constructed ACE in 2000 using six categories (e.g., abuse and low family
socioeconomic status) and 5-item PIU in 2017 from Chen’s Internet Addiction Scale. FOL trajectories
measured eight times, at average ages 14, 16, 17, 18, 20, 22, 25, 28 years-old. Results: Overall, 12.65%
of the participants did not have ACEs, and 12.78% exhibited PIU. FOL trajectory analyses yielded
three groups: “constant low” (reference group: 53.25%); “moderate decline” (36.81%); and “increasing”
(9.94%). Regression models showed a dose-response association between ACE and young adults’
PIU (adjusted odds ratio = 1.12; 95% confidence interval [CI] = 1.02-1.23) and the two risky
loneliness groups (moderate decline: relative risk ratio [RRR] = 1.42, 95% CI = 1.32-1.54; increasing:
RRR = 1.52, 95% CI = 1.37-1.71). Structural equation modeling further found that ACEs increase
young adults’ risk of being in the increasing group, and consequently, the risk of PIU. Discussion
and conclusions: We demonstrated that ACE may be associated with 1) adults’ PIU, 2) FOL from
adolescence to emerging adulthood, and 3) young adults’ PIU through its association with FOL
trajectories.

KEYWORDS

adverse childhood experiences (ACE), problematic internet use (PIU), loneliness trajectories, young adults,
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INTRODUCTION

Excessive or inappropriate Internet use poses serious concerns for individual health and well-
being. Although the literature uses several terms interchangeably (de Vries, Nakamae, Fukui,
Denys, & Narumoto, 2018), such as excessive Internet use (Yang, Choe, Baity, Lee, & Cho,
2005), Internet addiction (Spada, 2014), or problematic Internet use (PIU) (Caplan, 2002),
has gained popularity and acceptance (Laconi et al., 2018). In this study, PIU is characterized
by impulsive-compulsive Internet use, withdrawal symptoms when not using the Internet,
comfort-seeking attachment with the Internet, and negative effects on functioning (e.g.,
academic/occupational, or mental) (Yates, Gregor, & Haviland, 2012).

Understanding the developmental factors contributing to PIU among young people, in
’j Journals addition to adolescents (Fumero, Marrero, Voltes, & Penate, 2018), is important for
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addressing its negative impacts. Studies have shown that PIU
(including Internet addiction) is harmful to physical health
(Chern & Huang, 2018; Kim, Wineinger, & Steinhubl, 2016)
and compromises mental health (Kitazawa et al., 2018;
Leménager et al, 2018; Pan & Yeh, 2018). Consequently,
Gamez-Guadix, Calvete, Orue, and Hayas (2015) called PIU
a public-health issue.

Adverse childhood experience (ACE) is a possible early
risk factor of PIU from both theoretical and empirical per-
spectives. According to the Interaction-Person-Cognition
Executive (I-PACE) theory (Brand, Young, Laier, Wolfling,
& Potenza, 2016), early adverse experiences are crucial to
problematic technology-related behaviors (i.e., PIU). Taking
the stress paradigm (Lynch & Smith, 2005; McEwen, 1998)
and coping perspective (Caplan & High, 2010; Kardefelt-
Winther, 2014), individuals often employ various stimuli,
including Internet, to compensate for or escape from life
stress. Empirically, research has found a correlation between
ACE and PIU (Arslan, 2017; Yates et al., 2012) or similar
behaviors, such as problematic mobile (Li, Zhang, Chu, & Li,
2020). Most of them have focused on adolescents rather than
young adults (Worsley, McIntyre, Bentall, & Corcoran, 2018;
Yates et al., 2012). As an exception, Yates et al. (2012)
showed that U.S. college students who experienced more
ACEs were more likely to experience PIU. In addition,
Arslan (2017) also found that psychological maltreatment
contributed to Internet addiction among Turkish young
adults. While the results from both adolescents and young
adults report an association between ACE and high risk of
PIU or mobile phone addiction later in life, few studies
have directly considered the relationship between ACEs
and PIU specifically in the young adult population
(Ioannidis et al, 2018). Therefore, extending this line of
research, we hypothesize the following:

Hypothesis 1: ACE correlated with PIU in young adulthood.

While the ACE-PIU relationship may be expected,
further investigation into its possible underlying mecha-
nism can help designing appropriate interventions to
prevent PIU (Park, Kang, & Kim, 2014; Yates et al., 2012).
This expectation is supported by two theoretical view-
points. First is the I-PACE model (Brand et al., 2016) that
depicts a pathway from individual core characteristics to
specific Internet-use disorder (e.g., PIU) with several
possible mechanisms, including affective and cognitive
responses. Second, Kardefelt-Winther’s study in 2014 on
compensatory Internet use proposes that individual’s
negative life circumstances motivate them to adopt the
Internet, coping with their negative feelings. Consequently,
negative feelings may influence the relationship between
ACE (i.e,, life situation) and PIU. Accordingly, the feeling
of loneliness (FOL) were hypothesized as negative
emotional state of Internet-related addiction (Jeong, Kim,
& Lee, 2017; Mosalanejad, Nikbakht, Abdollahifrad, &
Kalani, 2019).

FOL may arise when a person perceives their social
companionship to be deficient (Perlman & Peplau, 1981) or
feels that their need for social connection/belongingness is

unmet (Heinrich & Gullone, 2006). It is particularly prev-
alent among young adults (18-34 years) (Qualter et al,
2015). Some scholars argued that early negative experiences
produce a sense of unworthiness, which can lead to nega-
tive emotions such as FOL (Harter, 1998; Loos & Alex-
ander, 1997). Several studies have demonstrated that ACEs
are related to FOL (Lin & Chiao, 2020; Luo, Liu, & Zhang,
2020; Wong, Dirghangi, & Hart, 2019). Another study
suggested that people engage in addictive behaviors (e.g.,
PIU) to reduce pain and negative emotions (e.g., FOL)
(Burglass, 1988). Moreover, other scholars have even
argued that social connection is one of our basic social
needs (Hawkley, Thisted, Masi, & Cacioppo, 2010); when
this need is unmeet in the real world, it leads to FOL,
forcing people to seek the virtual world (Billieux et al.,
2013). Empirical evidence has found that FOL increases the
risk of PIU (Tian, Bian, Han, Gao, & Wang, 2017; Zhang
et al., 2018).

Although limited studies have shown that FOL could
potentially influence the ACE-PIU association, research has
not examined that FOL can be individualized and dynamic
(Jobe-Shields, Cohen, & Parra, 2011). In this regard, a per-
son-centered approach, namely group-based, that groups
individuals with similar developmental pathways into finite
and distinct groups (Ermer, Segel-Karpas, & Benson, 2020;
Schinka, van Dulmen, Mata, Bossarte, & Swahn, 2013), is
appropriate for this task with three reasons. First, this
approach gives scholars the scope for “creating dense, yet
comprehensible description[s] of groups of people through
time,” while summarizing complex longitudinal data to
reduce their complexity (Nagin & Odgers, 2010, 2014,
p- 209). Second, the person-centered approach enables a
more comprehensive understanding of the focal attribute
(e.g., FOL) and some distant outcomes (e.g., PIU). Thirdly,
this approach provides an empirical ground for clinical
intervention by helping scholars identify the predictors and
outcomes of specific subgroups (Vanhalst, Goossens,
Luyckx, Scholte, & Engels, 2013).

FOL has multiple distinct trajectories from childhood to
adolescence (Harris, Qualter, & Robinson, 2013; Jobe-
Shields et al., 2011; Qualter et al., 2013; Schinka et al., 2013;
Vanhalst et al., 2013). For example, Jobe-Shields et al. (2011)
used a longitudinal sample of elementary school children
and classified them into three groups (i.e., “stable low”,
“increasing”, and “decreasing”), wherein the increasing
group exhibited elevated risks of developing internalizing
symptoms. While subsequent studies have suggested more
groups, they showed that the increasing group had high risk
of negative outcomes (e.g., depression and low self-rated
health) (Harris et al.,, 2013; Qualter et al., 2013; Vanhalst
et al., 2013).

Given the results of previous studies on the association
between ACE, FOL, and PIU, and the trajectory of FOL, we
further propose the following hypotheses:

Hypothesis 2: ACE correlated with a risky FOL trajectory.

Hypothesis 3: ACE correlated with PIU through a risky FOL
trajectory.
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METHODS

Participants

The data were drawn from the Taiwan Youth Project (TYP)
surveys, conducted in two phases by the Institute of Soci-
ology, Academia Sinica, Taiwan. The first phase began in
2000, surveying adolescents at mean age of 14 from northern
Taiwan. Follow-up surveys were conducted for all these
participants annually for nine years. In the second phase, the
recruited participants who responded to the last survey of
the first phase (the response rate was 74%) continued in
2011, 2014 and until 2017 (Lin & Chiao, 2020).

This study was restricted to those who responded to the
2017 survey (ie., from when information on PIU was
available), provided baseline information on ACE, and
had one of their parents participating in the baseline survey
(n = 2,440). After excluding individuals who did not pro-
vide full information on all the items (n = 147), we obtained
our final sample of 2,293 participants (94% of all 2,017
participants). A series of comparisons between the final and
the excluded participants did not show significant differ-
ences in terms of PIU, ACE and FOL trajectories, and the
covariates after Bonferroni tests with one exception: the
excluded samples were more likely to have substance use at
the baseline. The participants self-reported on most of the
variables, although some ACEs were derived from parental
reports (see Supporting information, Appendix S, for data
collection details).

Measures

PIU in young adulthood, at average age of 31, was an
outcome; it was constructed as a sum of five items adopted
from Chen’s Internet Addiction Scale (Ko et al., 2009),
measured in the last wave of the survey. These items (e.g.,
“I have to cut short my sleep time in order to surf online
longer”) capture five characteristics of PIU: compulsive-
ness, excessive use, withdrawal, tolerance, and adverse
consequences (Block, 2008). Responses to all items were
rated on a four-point scale, with higher scores indicating
less likelihood of PIU (a = 0.77). Although the current-five
item scale did not indicate a specific cut-off for PIU, we
created a PIU group based on a recent national survey in
Taiwan (National Development Council, 2017), which
indicated that approximately 8.3% of Taiwanese people
aged between 30 and 39 years were at a high risk of PIU. In
this study, the proportion of PIU-affected sample that was
the closest to that national survey was 12.59%, which cor-
responded with a total score of 15. Consequently, those
scored was 15 or higher were coded as 1 and all others were
coded as 0.

ACE is a major predictor of PIU (Clements-Nolle &
Waddington, 2019; Felitti et al., 1998; Finkelhor, Shattuck,
Turner, & Hamby, 2015). In this study, ACE included six
categories: abuse, household dysfunction, emotional neglect,
social isolation, unsafe community, and low socioeconomic
status of the family. The items used to capture these

categories were drawn from baseline self-reports of adoles-
cents and their parents (see Supporting information,
Table S1, for details). The total ACE scores ranged from
0 to 8.

FOL trajectories were measured across eight surveys
with the subjects’ ages from 14 to 28 years old. The single-
item FOL was referred to as a direct measure (Nicolaisen &
Thorsen, 2014). The participants were asked whether they
had felt lonely during the past two weeks. FOL was coded as
1 if the participants reported feeling lonely at slightly serious,
serious, and very serious levels, while those who reported
experiencing no feelings of being lonely were coded as 0.
Although the current measure may not be ideal, prior
research demonstrated that a single-item measure of lone-
liness and a commonly used scale (e.g., UCLA loneliness
scale) had a similar capacity to capture loneliness (Michalska
da Rocha, Rhodes, Vasilopoulou, & Hutton, 2018; Newmyer,
Verdery, Margolis, & Pessin, 2021). In addition, Lin and
Chiao (2020) using the same item and dichotomizing theme
found that this measure was correlated with de Jong Gier-
veld Loneliness scale (2006).

Procedure

Assessment of covariates (measured once at average age
of 31). We included three categories of confounders: indi-
vidual characteristics (early sexual maturation, lack of sleep,
class rank, substance use, and self-esteem levels), socio-de-
mographic characteristics (age, sex, residential location, and
parental education) and parental control. These variables
were assessed based on self-reported data at the baseline
(Cerniglia, Cimino, Marzilli, Pascale, & Tambelli, 2020; Lin,
Wu, You, Hu, & Yen, 2018; Vigna-Taglianti et al., 2017) (see
Supporting information, Table S2, for details; see descriptive
statistics in Table 1).

Statistical analysis

We examined whether ACE is longitudinally correlated with
young adults’ PIU by conducting a logistic regression anal-
ysis. ACE was approached from two perspectives: total ACE
(e.g., the summation of the above ACE items) and threshold-
like (presented by four dummy variables, that is, one, two,
three, four or more ACEs) because a review (Hughes et al.,
2017) concluded that the presence of four or more ACEs
substantially increases individuals’ health risks.

To explore the possible loneliness trajectories, we applied
group-based trajectory modeling (i.e., semi-parametric
mixture modeling) (Nagin & Odgers, 2010, Nagin, 2014).
This study employed three criteria of model selections. First,
the sample-adjusted Bayesian information criterion (SABIC)
was used to assess the model fit with the lowest absolute
value indicating the best fitting model among all the models
(Tein, Coxe, & Cham, 2013). Second, the Lo-Mendell-
Rubin adjusted-likelihood ratio test (LMRA) was used to
compare k and k-1 classes with insignificant p-values
preferring k-1 class model (Lo, Mendell, & Rubin, 2001).
Third, the membership probability for an individual should
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Table 1. Descriptive characteristics of the sample used in this study

Variable Percent or mean (SD) None PIU PIU
ACE measure (at age 14.3) Percent or mean (SD) Percent or mean (SD)
ACE (range: 0-8) 2.06 (2.07) 2.02 (1.42) 2.37 (1.51)
Threshold ACE

0 12.65 13.25 8.53

1 26.69 27.20 23.21

2 26.47 26.60 25.60

3 17.88 17.45 20.82

4 or more 16.31 15.50 21.84
PIU (at age 31.3) 12.78
Feeling lonely trajectory groups (age 14.3 to age 27.3)
Constant low (Ref) 53.25 54.75 43.00
Moderate decline 36.81 36.20 40.96
Increasing 9.94 9.05 16.04
Demographic covariates (at age 14.3)
Male 52.33 52.25 52.90
Age 14.33 (1.15) 14.34 (1.16) 1428 (1.12)
Being only child 3.84 3.70 4.78
Parent’s education: highest education level among 11.61 (3.01) 11.63 (3.05) 11.43 (2.77)

parents in years

Family location:
Taipei city (Ref) 36.76 37.15 34.13
Taipei county 37.90 37.00 44.03
Yilan county 25.34 25.85 21.84
Substance use 8.24 8.30 7.85
Individual covariates (at aged 14.3)
Early maturation with regard to pubertal timing 16.48 16.50 16.38
Lack of sleep: average sleep minutes <360 30.70 31.20 27.30
Class rank (range: 1-5) 2.97 (1.21) 2.99 (1.21) 2.89 (1.23)
Self-esteem (range: 1-4) 2.75 (0.56) 2.76 (0.56) 2.70 (0.57)
Depressive symptoms (range: 1-5) 1.50 (0.49) 1.48 (0.48) 1.60 (0.56)
Family covariates (at aged 14.3)
Parental control (range: 1-5) 2.46 (1.20) 2.45 (1.20) 2.54 (1.20)
N 2,293 2,000 293

Note: SD = standard deviation.

be greater than 0.7 (Nagin & Odgers, 2010). We also
considered the interpretability and the parsimony of the
model (Nagin & Odgers, 2010). Hence, the final model that
met the three statistical criteria to form interpretable/
meaningful groups would be deemed as best fit. All in-
dividuals provided at least three of the eight data points, and
missing was dealt with by considering the full information
maximum likelihood (Allison, 2002). We then employed an
appropriated-regression model to examine the relationship
between ACE and the derived groups. Finally, a structural
equation modeling investigated how ACEs, loneliness tra-
jectory, and PIU are interrelated using gsem in STATA 15.0,
but the group-based trajectory used Mplus 7.1.

Ethics

The study procedures were carried out in accordance with
the Declaration of Helsinki. The study protocol was
approved by the Research Ethics Committee of National
Yang Ming Chiao Tung University (Taipei, Taiwan) (IRB
number: YM106103E-2). In addition, the datasets generated
and analyzed in this study are available at the Survey

Research Data Archive (https://srda.sinica.edu.tw/). All
participants provided written informed consent at the start
of their interviews.

RESULTS

Table 1 shows the descriptive statistics of all the variables.
The average ACE was 1.89 and was over 2 for those who
later exhibited PIU (mean = 2.37). Only 12.65% of the
participants did not experience any ACEs; in contrast,
16.31% experienced four or more ACEs. This figure was
higher in the PIU group (21.84%) than the non-PIU group
(15.50%). Interestingly, while only 9.94% of the sample was
in the increasing FOL trajectory group (more details below),
this figure almost doubled for those who later developed
PIU (16.04%).

Table 2 shows the main effects of ACEs on PIU after
accounting for the aforementioned covariates. In Model 1,
ACE was significantly correlated with adults’ PIU almost 20
years later (adjusted odds ratio [AOR] = 1.12). That is,
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Table 2. Logistic regression of ACEs on PIU"?

Model 1 Model 2
Focal X AOR (95% CI) AOR (95% CI)
ACEs 112 (1.02, 1.23)*
1 ACE (Ref: 0 Aces) 1.28 (0.78, 2.08)
2 ACEs 1.38 (0.85, 2.24)
3 ACEs 1.63 (0.98, 2.71)t

4 or more ACEs 1.75 (1.03, 2.97)"

Note: n = 2,293; tP < 0.1, *P < 0.05.

"Robust standard errors in parentheses.

2All models were estimated with individual and socio-demographic
characteristics, and parental control.

Abbreviations: AOR = adjust odds ratio; CI = 95% confidence
interval.

participants with one more ACE had 11% higher odds of
being in the PIU group in young adulthood, suggesting a
dose-response effect. Model 2 further examined the possible
threshold effects. Those who experienced four or more ACEs
during early adolescence were 75% more likely to be in the
PIU group (AOR = 1.75).

Table 3 showed the results of group-based trajectory
analyses. Based on our statistical criteria, a three-class so-
lution was preferred. In addition, it provided a meaningful
summary of the data: constant low (53.25%), moderate

decline (36.81%), and increasing (9.94%). Figure 1 depicted
these three groups along with the proximate average age.
The increasing group did not start as high as the moderate
decline group but rose continually and was at the highest
risk of FOL during adolescence, making it the riskiest group
for PIU.

Table 4 explored the relationship between ACEs and
FOL trajectories. Considering the constant low group as the
reference, multinomial logistic regression demonstrated
that ACE was significantly correlated with the other two
groups (moderate decline: relative risk ratio [RRR] = 1.42;
increasing: RRR = 1.52). Model 2 revealed that although
having one ACE was significantly correlated with the like-
lihood of being in the two riskier groups, having four or
more ACE increased the risk substantially (5-6 times
higher) compared to the no ACE group (moderate decline:
RRR = 5.12; increasing: RRR = 6.90).

Figure 2 Panel A shows that ACE was marginally corre-
lated with PIU ( = 0.09; [AOR = 1.09]) and significantly
correlated with the moderate decline (f = 0.35; [RRR =
1.42]) and increasing groups (f = 0.42; [RRR = 1.52]).
However, only the increasing group was significantly corre-
lated with PIU (# = 0.65; [AOR = 1.92]), which indicated a
possible mediating effect (MacKinnon & Luecken, 2008).
Panel B presents the effects of threshold ACEs on both

Table 3. Statistics for group-based trajectory analysis

# of groups ABIC ALMR % of each group Membership probability
2 20,644 <0.01 (1 vs. 2) 43.96%; 56.04% 0.85; 0.91

3 20,548 <0.01 (2 vs. 3) 9.92%; 36.65%; 53.43% 0.75; 0.76; 0.89

4! 20,490 <0.01 (3 vs. 4) 13.24%; 9.16%; 53.23%; 24.36% 0.87; 0.77; 0.77; 0.65

5 20,489 ns (4 vs. 5) 3.21%; 11.93%; 30.90%; 8.65%; 45.30% 0.49; 0.75; 0.66; 0.75; 0.72

Abbreviation: ABIC = Adjusted Bayesian Information Criterion; ALM = Adjusted Lo-Mendell-Rubin.
"Four-class analysis also revealed that some parameters were fixed due to several reasons, such as empty join distribution of categorical

variables.

*Five-class analysis not only showed fix parameter warnings but and also came to local maximum solutions.

1.2
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Fig. 1. The results of group based trajectory analysis
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Table 4. Multivariate multinomial logistic regression results for loneliness trajectory groups'?
Loneliness trajectory Group Contrast®
Model 1 Model 2
Moderate decline Increasing Moderate decline Increasing

RRR (95% CI)

RRR (95% CI)

RRR (95% CI) RRR (95% CI)

Focal X

ACEs

1 ACE (Ref: 0 Aces)
2 ACEs

3 ACEs

4 or more ACEs

1.42 (1.32, 1.54)*"

1.52 (1.37, 1.71)**

1.46 (1.03, 2.08)*
243 (1.71, 3.45)™
2.78 (1.90, 4.09)**
5.12 (3.42, 7.68)**

1.64 (0.85, 3.15)
2.63 (1.38, 5.02)**
4.36 (2.25, 8.43)"*
6.90 (3.48, 13.66)**

n = 2,293; ¥P < 0.1, *P < 0.05, **P < 0.01.
"Robust standard errors in parentheses.

2All models were estimated with individual and socio-demographic characteristics, and parental control.
Abbreviations: RRR = relative risk ratio; CI = 95% confidence interval.

Panel A
Increasing
ACE  Segmmee B=.09 (0, .18)}
""""""" " P
Moderate
decline
Panel B
1 ACE Increasing
2 ACEs
PIU
3 ACEs
4 or more Mode.rate
ACEs decline

Fig. 2. The relationship between ACE, loneliness group, and PIU (non-significant relationship was not shown for simplicity)

loneliness groups and PIU. After comparing different lone-
liness groups, we found no direct relationship between ACE
and PIU. However, ACE was related to PIU through the
increasing group. For instance, adolescents who experienced
four or more ACEs were more likely to be in the increasing
group (f = 1.93; [RRR = 6.89]), which, in turn, was
significantly related to PIU (# = 0.65; [AOR = 2.11]).

We conducted sensitivity analyses with a different cut-off
value (total score = 14) because the ratio of this cut-off and
the total score for this study (14/20) were identical to that of
the cut-off for the high risk of PIU and the total score of the

short version (10 items) of Chen’s Internet addiction scale
(28/40). The results were similar to those presented in the
text but with different magnitudes (see Supporting Infor-
mation, Table S3). In the sensitivity analyses, young adults
who experienced ACE were more likely to experience PIU.

DISCUSSION

This study intended to explore how ACEs were related to
young adults’ PIU. In addition, we incorporated the trajectory
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of FOL into this ACE-PIU association, which provided
further understanding of PIU in young adulthood. We
discussed three important finding in turn. First, our ana-
lyses showed a dose-response association between ACE
and PIU, even when we controlled for many important
covariates. Furthermore, we also found that having four or
more ACEs were significantly related to higher risk of PIU.
These results supported our first hypothesis and were
consistent with the findings of previous studies that directly
examined ACE-PIU association (Lim, Cheung, Kho, &
Tang, 2019; Li et al,, 2020), or the general conclusion from
a meta-analysis that revealed that four or more ACEs
substantially increased the risk of health issues (Hughes
et al, 2017). However, to the best of our knowledge,
our study is among the first to include new ACE items
(Finkelhor et al., 2015) in young adults.

Consistent with prior research, our findings revealed that
ACE is detrimental to both adolescents and young adults.
This long-lasting effect has been recognized (Brent & Sil-
verstein, 2013; Shonkoff & Garner, 2012) and Kim et al.
(2017) who also indicated that ACE can potentially influence
neurotransmitter secretion, such as dopamine or oxytocin,
which might make individuals vulnerable to behavioral
addiction. Furthermore, Danese and Baldwin (2017) argued
that ACEs influence brain function in the domain of positive
valence, which influences individual’s reward system (e.g.,
making them less sensitive to rewards). This finding implies
that, unlike individuals who had no ACE, those who had
ACEs require a higher frequency of Internet to provide
similar reward, which increases the possibility of PIU
(Danese & Baldwin, 2017).

Second, our analysis suggested three interesting trajec-
tory groups: constant low, moderate decline, and increasing,
over almost 15 years. Although the results of our trajectory
analysis were not identical to those of previous studies
(Qualter et al., 2013; Schinka et al., 2013; Vanhalst et al.,
2013), these groups can be found in prior research (Jobe-
Shields et al., 2011). For example, Vanhalst et al.’s (2013)
“low increasing” group was similar to our increasing group
and the two “decreasing” groups were similar to our mod-
erate decline group. The differences could stem from
different measurement methods and timeframes. Most pre-
vious studies used a scale to capture loneliness, but we used a
single item. In addition, our study covered almost 15 years
and crossed different life stage (adolescence and young
adulthood), whereas previous studies only considered
adolescence, and only over 3-10 years (Ladd & Ettekal,
2013). However, we should avoid reifying these groups
because they are statistically derived (van Dulmen &
Goossens, 2013).

Results also showed that ACE increased the participants’
risk of being in the moderate decline and increasing groups,
which supported our second hypothesis. These results were
similar to several previous studies that have shown that early
negative experiences are related to negative emotions
including loneliness (Lin & Chiao, 2020; Luo et al., 2020;
Wong et al.,, 2019). However, unlike previous studies, we
presented a more vivid picture by showing that ACE

increased the risk of not only becoming emotionally lonely
in early life (moderate decline) but also of developing a long-
term problem (increasing). Brent and Silverstein (2013)
indicated that early stress/adversity could influence oxytocin
release and/or signaling. As oxytocin affects people’s inter-
personal processes, affiliation, and feelings of love and
trust (Danese & Baldwin, 2017), this early influence could
become embedded in the life course, excreting long-term
effects. Consequently, ACE is potentially correlated with
early loneliness and continually influences one’s FOL
because of the possible neuroendocrine deficit (Miller, Chen,
& Parker, 2011).

To test our third hypothesis, we incorporated FOL
groups into the ACE-PIU relationship. The results showed
that the direct association between ACE and PIU reduced
and became only marginally significant in the case of total
ACE and non-significant in the case of threshold like-ACE.
However, the increasing group was significantly associated
with PIU. Consequently, the results indicated while the
presence of ACE may be still associated with adults’ PIU,
this association largely stems from a long lasting FOL
(increasing group). Given few studies on this aspect, we
compared our results with studies that analyzed the associ-
ation between negative early experiences (e.g., maltreatment
or stressful life event), emotion-related mediators, and PIU,
smart phone (PSU), and social media use (PSM).

Several studies have found that when incorporating
negative emotions or emotional regulation, their direct as-
sociation with PIU or PSM were marginal (Jia et al., 2018) or
non-significant (Arslan, 2017; Kircaburun, Griffiths, &
Billieux, 2020; Li, Zhang, Li, Zhen, & Wang, 2010; Worsley
et al., 2018), which is similar to our results. For example, in
the case of high school students, Li et al. (2010) found that
the association between a stressful life-event and PIU was
not significant after incorporating maladaptive cognition.
Similarly, Worsley et al. (2018) found direct but non-sig-
nificant association between childhood maltreatment and
emerging adults’ PSM when including depressive symptoms.
However, other studies (Emirtekin et al., 2019; Hsieh et al.,
2016; Sun, Liu, & Yu, 2019) have found a significant cor-
relation even after including proposed psychopathology and
negative emotion.

We offer three possible explanations for these mixed
results. First, the effects of early adversity may fade when
including more proximal factors in the model and is
consistent with Davis’ model (2001). Second, most studies
have focused on adolescents or younger children; therefore,
the time lapse between an adverse experience(s) and PIU
was not long. Third, our measure of FOL was time-varying,
which summarized the possible change over a long time.
Consequently, it may have encapsulated the related negative
development (e.g., self-image); hence, it had strong influ-
enced on the ACE-PIU association.

ACE was related to PIU through the increasing FOL
group. Specifically, young adults who experienced ACEs
were more likely to fall into a more detrimental FOL tra-
jectory group, thereby increasing their odds of having PIU.
In general, ACE can potentially influence individuals’
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neurotransmitter secretion, which might make them
vulnerable to behavioral addictions or inhibit their impulse
control (Shonkoff & Garner, 2012). One review (Brent &
Silverstein, 2013) showed that early stress influences in-
dividuals’ behavioral proclivities by modifying the related
molecules in the body, leading to constant vigilance or social
mistrust. This proclivity is detrimental to building social
connections (Kim et al, 2017) and increases the risk of
loneliness (Nurius, Green, Logan-Greene, Longhi, & Song,
2016). Consequently, lonely people are more likely to use the
Internet to widen their social connections (or seek social
support) (Ross & Young, 2009; Sharifpoor, Khademi, &
Mohammadzadeh, 2017; Zhang et al, 2018). In addition,
individuals may adopt some risky behaviors to increase their
social interaction; hence, these responses, including PIU,
served not to regulate emotion rather as means to increase
social interaction (DeWall & Pond, 2011).

Practical recommendations

Based on our findings, early intervention, such as an ACE
awareness campaigns or routine inquiry for adolescents who
experience family dysfunction and maltreatment, can have a
significant positive impact (Hawkley & Cacioppo, 2010).
Also, providing social skills training may help the young
adults’ risk of falling into the loneliness trajectory, which
may influence them to seek virtual connections. Finally, as
ACEs may damage one’s self-image and consequently in-
crease loneliness, providing early social support to adoles-
cents would help them develop positive experiences and
increase resilience (Bethell, Gombojav, & Whitaker, 2019),
thereby preventing their early descent into the loneliness
trajectory.

Although our study sheds light on adults’ PIU, it has
some limitations. First, our measure of PIU was limited to
the short form of a validated scale; hence, we did not have
a proper cut-off. To address this issue, we conducted
sensitivity analyses on different cut-off points; however, we
cannot fully rule out the possibility of an idiosyncratic cut-
off. In addition, the measure of PIU captured Internet
usage but ignored the different roles played by various
devices, such as computers and smartphones. Second, our
measure of loneliness was limited to FOL, but loneliness
also includes social loneliness. However, a recent study
(citation) showed that one item may also be an effective
measure of loneliness (Lacey & Minnis, 2020). Third, our
result was only correlational and not causal, even though
we had confidence in the relationship between our vari-
ables. Finally, external validity may not be ideal because of
data limitations.

Our study had several strengths. First, we employed a
theoretical approach to longitudinally examine the rela-
tionship between ACE, FOL, and PIU. Second, we provided
insights into understudied areas, including the etiology of
adult PIU and the FOL trajectory. Third, our data included a
15-year follow-up. This allowed us to disentangle the
possible relationships between loneliness and PIU to some
extent (Zhang et al., 2018).

CONCLUSIONS

Using longitudinal data, we found a dose-response rela-
tionship between ACE and adult’s PIU. Four or more ACEs
placed individuals at a great risk of developing PIU. We then
found that ACEs are correlated to high FOL by putting
individuals into the increasing loneliness trajectory group.
Finally, by increasing individuals’ risk of falling into the
increasing loneliness trajectory group, ACE significantly
increases their odds of developing PIU.
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