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Abstract
Objective  This study aimed to examine longitudinal associations of Type D personality and smartphone addiction, 
while also exploring the mediating roles of nomophobia and metacognitions about smartphone use.

Methods  Type D Personality Scale-14 (T1), Nomophobia Questionnaire (T2), Metacognitions about Smartphone Use 
Questionnaire (T2) and Smartphone Addiction Scale Short Version (T2) were applied at two time points. 653 university 
freshmen (Mage= 18.56, SD = 0.65) from a university in China were surveyed.

Results  (1) Type D personality was significantly and positively correlated with nomophobia, negative metacognition, 
and smartphone addiction. In contrast, the correlation between Type D personality and positive metacognition 
did not reach the significant level. (2) Compared with individuals with non-Type D personality, those with Type 
D personality scored significantly higher on nomophobia, negative metacognition, and smartphone addiction. 
However, the difference was not significant for positive metacognition. (3) Nomophobia and metacognitions about 
smartphone use fully mediated the relationship between Type D personality and smartphone addiction. While the 
mediating effects of nomophobia and negative metacognition were significant, the mediating effect of positive 
metacognition was not significant.

Conclusions  Type D personality can not only affect smartphone addiction directly but also indirectly through 
nomophobia and negative metacognition. Therefore, to prevent and intervene in smartphone addiction, we can start 
from both affect (nomophobia) and metacognition (negative metacognitions about smartphone use).
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Introduction
Nowadays, smartphones are inseparable from people’s 
personal and professional lives [1–3]. The recent devel-
opment of the multifunctional smartphone and its subse-
quent global popularity has changed the communication 
and information landscape; remolded the interests, val-
ues, and desires of many users; and triggered concerns 
around the world about overuse and addiction [4]. Smart-
phone addiction, characterized as a form of behavioral 
addiction [5, 6], is typified by excessive and uncontrol-
lable engagement with smartphone technology [7]. The 
problem is particularly acute among college students. It 
can cause serious damage in all areas of an individual’s 
life, including physical health, mental health, and social 
functioning [8–10].

Type D personality and smartphone addiction
Several studies have explored the relationship between 
personality and smartphone addiction [11–13]. Carvalho 
et al. (2018) [14] argued that problematic smartphone use 
is associated with pathological personality. A meta-anal-
ysis that included 33 studies revealed that smartphone 
addiction was significantly and positively correlated with 
psychoticism and neuroticism in Eysenck’s personality 
traits [15]. Neuroticism and extroversion exert an influ-
ence on the development of smartphone addiction [16, 
17]. Another meta-analysis of 26 studies found robust 
associations between higher neuroticism and lower con-
scientiousness and higher propensity for smartphone use 
disorder [18].

Type D personality also known as distressed personal-
ity [19, 20], has been identified as a risk factor for addic-
tive behavior [21, 22]. Denollet (2000) [23] defined Type 
D personality by the combination of two personality 
traits (negative affectivity and social inhibition). Nega-
tive affectivity (NA) refers to discomfort in social inter-
actions (For example, anxiety, anger, hostile feelings, 
irritability, and dysphoria) [24, 25], and social inhibition 
(SI) refers to difficulties in the expression of emotions 
and to a discomfort in social interactions [22]. If an indi-
vidual scores high on both negative affectivity and social 
inhibition, they may have Type D personality [26]. In one 
study, among 3,813 participants, 1,027 individuals (28%) 
met the classification criteria for Type D personality [25] 
One study revealed robust positive associations between 
neuroticism and negative affectivity, as well as substan-
tial negative associations between extraversion and social 
inhibition, and the overall Type D construct being well 
represented by the Big 5 [27]. In addition, owing to their 
higher levels of stress and negative emotions, individuals 
with Type D personalities may be more inclined to use 
smartphones to alleviate negative emotions and have 
positive affective experiences. They may be more prone 
to addictive behaviors as well [28, 29].

The interaction of person–affect–cognition–execution 
(I-PACE) model can be used to explain the relationship 
between Type D personality and smartphone addiction. 
The I-PACE model is a theoretical framework for the 
processes underlying the development and maintenance 
of an addictive use of certain Internet applications or 
sites promoting gaming, gambling, pornography view-
ing, shopping, or communication [30]. First, according 
to the I-PACE model, personality traits are important 
factors in the development of addictive behaviors [31]. 
Thus, as an important personality type, the relationship 
between Type D personality and addictive behavior can-
not be overlooked. Second, emotional factors are likewise 
crucial in this context. According to the self-regulation 
theory, people maintain or restore psychological bal-
ance in a wide variety of ways [32], and people who 
have more negative emotions have a greater need for 
self-regulation [33]. Smartphones act as daily emotion 
regulation tools [34], that help people to get their needs 
met [35], thus helping Type D personalities to cope with 
stress and relieve their emotions. This over-reliance on 
smartphones for self-regulation may eventually lead to 
the development of smartphone addiction. Finally, the 
impact of cognition is also of significant importance. 
According to the Cognitive Dissonance Theory, people 
make themselves have consistent cognitive attitudes and 
behaviors and experience discomfort when their behav-
iors are inconsistent with their cognitions [36, 37]. Indi-
viduals with Type D personality are often in a negative 
emotional state and have a more negative view of them-
selves, their environment, and others [38]. Type D per-
sonality types will seek out negative content to reaffirm 
their worldview. Smartphones serve as platforms that can 
reinforce these negative perceptions by providing infor-
mation and social interactions that align with their exist-
ing beliefs, thereby alleviating cognitive dissonance. In 
addition, people could use smartphones to socially disen-
gage [39].Thus, individuals with Type D personalities may 
be more likely to become addicted to smartphone use 
and develop addictive behavior.

In light of the above, the following hypothesis was 
formulated.

Hypothesis 1  Type D personality influences smartphone 
addiction.

Mediation of nomophobia
Constant mobile phone use has resulted in the concept 
of Nomophobia, in other words, the fear of being out of 
mobile phone contact [40]. The term nomophobia refers 
to the worry or fear that individuals experience when 
they do not have a mobile phone or are unable to use it 
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[41]. More generally, it is the pathological fear of being 
out of touch with technology [42].

Established studies have highlighted the relationship 
between nomophobia and addictive behaviors [43–45]. 
Bhattacharya et al. (2019) [46] stated that young people 
are more likely to have more addictive behaviors due to 
nomophobia. According to the fear avoidance model, 
people avoid contact with stimuli that they feel fearful 
and anxious about [47]. In a mobile phone-free scenario, 
many people experience unbearable anxiety and restless-
ness [48]. This anxiety may lead them to avoid this anxi-
ety by constantly using their mobile phones. Therefore, 
nomophobia could be a trigger for smartphone addiction.

According to the social support theory, social sup-
port is a crucial factor for individuals to feel fulfilled 
and happy [49, 50]. Individuals with Type D personality 
exhibit avoidant behaviors when it comes to social inter-
action [19]. If they do not have access to a smartphone, 
they may feel a lack of connection to social support and 
social interaction, which in turn exacerbates their anxi-
ety about being without a mobile phone. To allay their 
anxiety, they may become more dependent on and use 
their smartphones, ultimately leading to the develop-
ment of smartphone addiction. Furthermore, according 
to the I-PACE model, addiction is generally ascribable 
to individual susceptibility (genetic and personality), 
psychopathological factors (negative emotions), and the 
interaction of cognitive and affective factors [31, 51], 
and personality traits may influence addictive behavior 
through emotions, among others [30]. Based on this, 
the present study suggests that fear of being without a 
mobile phone may be a mediating variable between Type 
D personality and smartphone addiction. With this back-
ground, the following hypothesis was formulated.

Hypothesis 2  Nomophobia mediates the relationship 
between Type D personality and smartphone addiction.

Mediation of metacognitions about smartphone use
Metacognition can be defined as a person’s awareness of 
their cognitive processes and outcomes [52]. It has been 
extensively studied not only in the fields of learning and 
education [53, 54], but also in domains such as psychopa-
thology [55, 56]. According to the metacognitive model 
of psychopathology, metacognition plays a critical role in 
all psychological disorders [57] and is closely associated 
with addictive behaviors [58–60].

Hamonniere and Varescon (2018) [61] divided meta-
cognition in the field of addiction into two types, namely, 
general metacognition of cognitive–emotional experi-
ences and specific metacognition of addictive behaviors. 
The latter is further divided into positive metacognition 
and negative metacognition [62]. Positive metacogni-
tion plays a role in motivating individuals to engage in 

addictive behaviors, whereas negative metacognition 
contributes to the maintenance of addictive behaviors 
[63]. Research has demonstrated that metacognition 
about smartphone use is strongly associated with smart-
phone addiction [64]. Furthermore, negative metacogni-
tions about the uncontrollability and perceived harm of 
smartphone use are more salient dimensions that predict 
the maintenance and perpetuation of problematic smart-
phone use [65].

In addition to the above aspects, existing studies have 
explored the relationship between personality and meta-
cognitions about smartphone use. For example, Xie et al. 
(2022) [66] observed that among the Big Five personality 
traits, neuroticism was significantly positively correlated 
with positive metacognition, while conscientiousness, 
extraversion, and agreeableness were negatively cor-
related with negative metacognition, and neuroticism 
was positively correlated with negative metacognition. 
According to the personality typology theory, different 
people may exhibit different personality types [67, 68]. 
Each personality type may differ in regard to informa-
tion processing and cognitive orientation [69], and such 
differences in cognition may influence an individual’s 
behavior [70], which includes addictive behaviors [71]. 
Furthermore, according to the I-PACE model, personality 
traits may influence addictive behaviors not only through 
emotions but also through cognition [30, 31]. Further-
more, metacognition is the “cognition of cognition” [72]. 
Therefore, the present study suggests that metacogni-
tion of smartphone use may also be a mediating variable 
between Type D personality and smartphone addiction. 
In light of the above points, the following hypothesis was 
formulated.

Hypothesis 3  Metacognitions about smartphone use 
mediates the relationship between Type D personality and 
smartphone addiction.

The current study
Most of the existing studies have used cross-sectional 
studies to investigate the relationship between Type D 
personality and smartphone addiction, which makes it 
difficult to identify the causal relationship. Furthermore, 
China boasts the highest number of smartphone users 
globally, with the issue of problematic smartphone usage 
among university students becoming increasingly pro-
nounced [73, 74]. Besides, college freshmen have just 
arrived at the college campus and have not yet adapted 
to the new environment [75]. They are thus prone to 
depression and anxiety [76] as well as addictive behav-
iors [77]. Given the potential relevance of both the time 
of first contact with mobile phone use (years), time spent 
on mobile phone per day (hours) duration to smartphone 
addiction [40, 78], this study intends to include them as 
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control variables when investigating the relationship 
between Type D personality and smartphone addic-
tion. Therefore, based on the I-PACE model, this study 
included college freshmen as subjects and involved a 
longitudinal research design to explore the longitudinal 
associations of Type D personality with nomophobia, 
metacognitions about smartphone use, and smartphone 
addiction to reveal the mechanism of action of Type D 
personality and to provide a reference for prevention and 
intervention of smartphone addiction among individuals 
with Type D personality.

Methods
Participants
Convenience sampling was used to select freshmen from 
a university in Hunan Province, China.

The participants were drawn from diverse academic 
disciplines (e.g., e-commerce, preschool education, arts 
and sciences). At the first measurement, 739 students 
participated. After an interval of six months, 653 stu-
dents participated in the second measurement. The attri-
tion rate of the sample was 11.64%. The results of the 
two independent samples t-test showed that the attrition 
sample (M ± SD = 2.54 ± 0.62) and the follow-up sample 
(M ± SD = 2.50 ± 0.67) did not differ significantly on Type 
D personality, t(737) = − 0.53, p = 0.59. It indicated that 
there was no structural attrition in this study. In the fol-
low-up sample, 171 (26.19%) were male and 482 (73.81%) 
were female. The mean age was 18.56 years (SD = 0.65 
years). The mean time of their first exposure to cell phone 
was 8.82 years (SD = 3.16), and the mean time of daily cell 
phone use was 7.03 h (SD = 3.13 h).

Measures
Type D personality.
Type D Personality Scale-14 [25, 79] was utilized to mea-
sure the participants’ level of distress, i.e., detect Type D 
personality. This scale consists of 14 items and includes 
two dimensions, i.e., negative affectivity (NA) and social 
inhibition (SI). A 5-point Likert scale was utilized for the 
corresponding measurements. The criteria for determin-
ing Type D personality were NA ≥ 10 and SI ≥ 10. The 
alpha coefficients for the two dimensions, NA and SI, in 
this study were 0.86 and 0.71, respectively. Scores on the 
dimensions of social inhibition and negative affectivity 
were combined to derive a Type D personality score.

Nomophobia
Nomophobia Questionnaire (NMP-Q; [41, 80]) was used 
to identify nomophobia among participants. It consists 
of a total of 20 items and includes four dimensions, i.e., 
not being able to communicate, losing connectedness, 
not being able to access information, and giving up con-
venience. A 7-point Likert scale was used for the related 

measurements. For the purposes of this study, a single 
score was calculated by aggregating responses across all 
dimensions to represent an overall nomophobia score. 
Higher scores indicate higher levels of nomophobia. In 
this study, the alpha coefficients of the four dimensions 
ranged from 0.80 to 0.94.

Metacognitions about smartphone use
The Metacognitions about Smartphone Use Question-
naire (MSUQ; [63, 64]) was utilized to measure positive 
and negative metacognitions related to smartphone use. 
It consists of a total of 24 items and includes two dimen-
sions, i.e., positive metacognition (PM) and negative 
metacognition (NM). A 4-point Likert scale was used 
for making measurements. In this study, the alpha coeffi-
cients of the two dimensions, namely, PM and NM, were 
0.89 and 0.84, respectively.

Smartphone addiction
The Smartphone Addiction Scale Short Version (SAS-SV; 
[81]), was utilized to measure problematic smartphone 
use. This scale consists of a total of 10 items and is con-
sidered to be unidimensional. A 6-point Likert scale was 
employed, with higher scores indicating a greater ten-
dency for smartphone addiction. The alpha coefficient for 
the scale in this study was found to be 0.87.

Procedure
The study was conducted in a classroom setting, with 
the consent of the university students, using paper and 
pencil responses during the time when the students were 
concentrating on their evening studies. Measurements 
were performed at two separate time points (six months 
apart). At time point 1 (T1, October 2022), Type D per-
sonality was primarily measured. At time point 2 (T2, 
April 2023), nomophobia, metacognitions about smart-
phone use, and smartphone addiction were measured. 
Subjects participated voluntarily during both measures 
and were free to withdraw at any time.

Data analysis
Frequency analyses, descriptive statistics, correlation 
analyses, two independent samples t-tests, and ANOVA 
were conducted using JASP 0.17.2.1, and raincloud plot 
was plotted. The mediating effect was analyzed using 
Model 4 in the PROCESS 4.2 macro program. Because 
all data collected in this study came from subjects’ self-
reports, the results may have been affected by common 
method bias. Therefore, this study involved measures 
such as organizing different questionnaires separately, 
reverse-scoring some entries, and emphasizing data con-
fidentiality in the research design and data collection pro-
cess. In addition, Harman’s one-way ANOVA was used in 
this study to test for common method bias. The results 
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identified 11 factors with eigenvalues greater than 1. The 
explained variance of the first factor was 22.86%, which 
was less than 40%. This indicates that this study had no 
major common method bias.

Results
Descriptive statistics and correlation matrix of key 
variables
The results of Pearson product-difference correla-
tion analysis (Table  1) revealed that Type D personality 
showed significant positive correlation with nomopho-
bia, negative metacognition, and smartphone addiction 
(p < 0.001). The correlation between Type D personality 

and positive metacognition did not reach the significant 
level (p = 0.07). In addition, nomophobia, negative meta-
cognition, and smartphone addiction showed significant 
positive correlation between the two, p < 0.001.

Comparison of different groups of type D personality
A total of 287 participants (43.95%) satisfied Denollet’s 
(2005) [25] criterion for determining Type D person-
ality (NA ≥ 10 and S1 ≥ 10). The results of the two inde-
pendent samples t-test (Table  2) showed that the Type 
D personality group scored significantly higher on the 
time spent on mobile phone per day (Fig. 1), nomopho-
bia (Fig.  2), smartphone addiction (Fig.  3) and negative 

Table 1  Descriptive statistics and correlation matrix of key variables
M ± SD 1 2 3 4 5 6 7 8 9

1. Gender — 1
2. Type D personality (T1) 21.53 ± 8.62 0.07 1
3. Age (T2) 18.56 ± 0.65 0.09* –0.03 1
4. Time of first contact
with mobile phone (T2)

8.82 ± 3.16 0.09* –0.07 0.05 1

5. Time spent on mobile
phone per day (T2)

7.03 ± 3.13 –0.08* 0.09* –0.04 0.15*** 1

6. Nomophobia (T2) 3.94 ± 1.31 –0.22*** 0.18*** –0.04 –0.01 0.22*** 1
7. PM (T2) 2.51 ± 0.64 –0.01 0.08 –0.03 0.04 0.12* 0.34*** 1
8. NM(T2) 1.89 ± 0.68 0.14*** 0.23*** –0.01 –0.03 0.07 0.28*** 0.31*** 1
9. SA (T2) 3.20 ± 0.84 –0.08* 0.20*** 0.03 0.01 0.16*** 0.50*** 0.28*** 0.44*** 1
Gender: 0 = Female, 1 = Male; *p<0.05, **p<0.01, ***p<0.001; PM = Positive metacognition, NM = Negative metacognition; SA = Smartphone addiction

Table 2  Comparison of differences (M ± SD)
Type D personality
(n = 287)

Non-Type D personality
(n = 366)

t Cohen’s d

1. Time of first contact with mobile phone 8.58 ± 3.14 9.01 ± 3.17 –1.64 –0.14
2. Time spent on mobile phone per day 7.56 ± 3.38 6.59 ± 2.85 3.71*** 0.31
3. Nomophobia 4.17 ± 1.24 3.75 ± 1.33 3.85*** 0.32
4. PM 2.54 ± 0.64 2.49 ± 0.63 0.99 0.08
5. NM 2.00 ± 0.69 1.81 ± 0.65 3.43*** 0.29
6. SA 3.37 ± 0.84 3.05 ± 0.81 4.64*** 0.39
***p<0.001; PM = Positive metacognition, NM = Negative metacognition; SA = Smartphone addiction

Fig. 1  Differences of time
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metacognition (Fig.  4) compared with the non-Type D 
personality group. However, the difference was not sig-
nificant at the time of first contact with mobile phone 
(p = 0.10) (Fig.  1) and positive metacognition (p = 0.32) 
(Fig. 4).

Tests for mediating effects of nomophobia and 
metacognitions about smartphone use
Model 4 in the PROCESS macro program was used to test 
the mediating effects of nomophobia and metacognitions 

about smartphone use between Type D personality and 
smartphone addiction.

The results (Table 3; Fig. 5) revealed that in Eq. 4, after 
controlling for gender, age, time of first contact with 
mobile phone, and time spent on mobile phone per day 
after controlling for the effects of gender, age, time of first 
contact with mobile phone, and time spent on mobile 
phone per day, both nomophobia and negative metacog-
nition significantly and positively predicted smartphone 
addiction (p < 0.001), and positive metacognition’s effect 
on smartphone addiction did not reach a significant 

Fig. 3  Differences of smartphone addiction

 

Fig. 2  Differences of nomophobia
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level (p = 0.08). At this point, the effect of Type D per-
sonality on smartphone addiction became rather insig-
nificant (p = 0.28). Furthermore, the total mediating effect 
reached a significant level (bootstrap 95% CI = [0.008, 
0.018]). This suggests that nomophobia and metacogni-
tions about smartphone use fully mediated the relation-
ship between nomophobia and smartphone addiction.

Though the mediating effects of nomophobia and nega-
tive metacognition reached a significant level, the medi-
ating effect of positive metacognition was not significant 
(Table  3). The two-by-two comparison of the mediat-
ing effect values showed that the mediating effect value 
of nomophobia significantly greater than that of posi-
tive metacognition (bootstrap 95% CI = [0.002, 0.009]), 
and the mediating effect value of positive metacognition 
was significantly smaller than that of negative metacog-
nition (bootstrap 95% CI = [–0.010, − 0.003]). In con-
trast, the difference between nomophobia and negative 
metacognition was not significant (bootstrap 95% CI = 

[− 0.006, 0.003]). In addition, the total mediating effect 
value (0.013) accounted for 81.25% of the total effect 
value (0.016), and the mediating effect values of nomo-
phobia, positive metacognition, and negative metacogni-
tion accounted for 37.50%, 0.00%, and 43.75% of the total 
effect value, respectively (Table 4).

Discussion
Using a two-wave study design, this study was the first 
to examine the relationship of Type D personality with 
nomophobia, metacognition of smartphone use, and 
smartphone addiction. The results not only confirmed 
the negative effects of Type D personality but also 
revealed the mechanism of action of Type D personality 
and further validated the I-PACE model from an empiri-
cal perspective.

Table 3  Tests for mediating effects of nomophobia and metacognitions about smartphone use
Predictor variable Equation 1

(Outcome variable: Nomophobia) 
Equation 2
(Outcome variable:
PM)

Equation 3
(Outcome variable:
NM)

Equation 4
(Outcome variable:
SA)

B 95% CI B 95% CI B 95% CI B 95% CI
1. Gender –0.63*** [–0.87,–0.40] –0.01 [–0.13,0.14] 0.21** [0.07,0.35] –0.09 [–0.23,0.05]
2. Age (T2) –0.02 [–0.17,0.13] –0.04 [–0.12,0.05] –0.01 [–0.09,0.08] 0.06 [–0.03,0.14]
3. Time of first contact
with mobile phone (T2)

–0.01 [–0.03,0.04] 0.01 [–0.01,0.03] –0.01 [–0.02,0.01] 0.01 [–0.02,0.02]

4. Time spent on mobile
phone per day (T2)

0.07*** [0.04,0.10] 0.02* [0.01,0.04] 0.01 [–0.01,0.03] 0.03** [0.01,0.05]

5. Type D personality (T1) 0.03*** [0.01,0.04] 0.01 [–0.01,0.01] 0.02*** [0.01,0.02] 0.01 [0.00,0.01]
6. Nomophobia (T2) 0.23*** [0.17,0.29]
7. PM (T2) 0.09 [–0.02,0.20]
8. NM (T2) 0.42*** [0.30,0.54]
R2 0.113 0.020 0.069 0.378
F 14.28*** 2.30* 8.39** 40.85***

*p<0.05, **p<0.01, ***p<0.001; 95% confidence intervals with predictors were obtained by Bootstrap method; PM = Positive metacognition, NM = Negative 
metacognition; SA = Smartphone addiction

Fig. 4  Differences of metacognitions about smartphone use
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The relationship among type D personality, nomophobia, 
metacognitions about smartphone use and smartphone 
addiction
The present study demonstrates a significant positive 
relationship between Type D personality and smartphone 
addiction among Chinese college freshmen. This finding 
supports Hypothesis 1 and aligns with the component of 
the I-PACE model that suggests personality factors play a 
role in the development of addictive behaviors. While our 
results do not provide a comprehensive validation of the 
I-PACE model, they do substantiate the model’s propo-
sition regarding the influence of personality on addictive 
behaviors. This is congruent with the findings of existing 
studies on the relationship between Type D personality 
and addiction [21, 82]. Our results further demonstrated 

that individuals with Type D personality spent signifi-
cantly more time per day on their smartphones and had 
significantly higher levels of smartphone addiction than 
those with non-Type D personality. Although smart-
phone addiction cannot be understood merely as spend-
ing copious amounts of time using smartphones [83], the 
amount of time spent using a smartphone tends to be 
closely related to smartphone addiction [84]. Neverthe-
less, some studies indicate that the correlation between 
screen time and smartphone addiction may not be as 
robust as initially presumed [85, 86]. Consequently, it is 
imperative to exercise caution when inferring a direct 
relationship between the two variables. According to the 
cognitive escape theory, some people tend to escape from 
reality when confronted with challenging and stressful 

Table 4  Comparison of indirect effect values for different variables
Effect Boot SE 95% CI Proportion of indirect effect

to total effect (%)
1. Total indirect effect 0.013 0.003 [0.008,0.018] 81.25
2. Nomophobia (T2) 0.006 0.002 [0.002,0.009] 37.50
3. Positive metacognition (T2) 0.000 0.001 [–0.001,0.001] 0.00
4. Negative metacognition (T2) 0.007 0.002 [0.004,0.010] 43.75

Fig. 5  Mediating role of nomophobia and metacognitions about smartphone use
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situations [87]. Individuals with Type D personality, who 
often experience negative emotions, are more likely to 
divert their attention to smartphone use and become 
addicted to smartphones.

This study also found that Type D personality can 
not only directly influence smartphone addiction but 
also indirectly influence ground smartphone addiction 
through nomophobia. Hypothesis 2 and the argument 
of the I-PACE model that affect factors influence addic-
tive behavior were thus validated. We further found sig-
nificantly higher levels of nomophobia in individuals with 
Type D personality compared with individuals with non-
Type D personality. Type D personality has also been 
found to be prone to fear and anxiety, among other such 
emotions [88, 89]. According to the self-concept theory, 
an individual’s self-concept influences behavioral per-
formance [90]. With a Type D personality, individuals 
may have a negative view of their social skills and emo-
tional states [23]. However, smartphones can go some 
way to satisfying the need for social interaction [91]. If 
such individuals are unable to use a smartphone, they 
may feel unable to satisfy their need for social interaction 
and emotional regulation, increasing their anxiety about 
being phone-free. To compensate for this disturbance in 
self-concept, they may attempt to change their self-per-
ception by overusing their smartphone, ultimately lead-
ing to smartphone addiction.

While nomophobia is closely associated with smart-
phone addiction, it is essential to acknowledge that 
nomophobia may manifest as mild anxiety in response 
to mobile phone separation, whereas smartphone addic-
tion represents a more severe dependency characterized 
by withdrawal symptoms and persistent urges for mobile 
phone use.

Furthermore, we found that metacognitions about 
smartphone use mediated the relationship between Type 
D personality and smartphone addiction, confirming 
Hypothesis 3 and substantiating the argument of I-PACE 
model. This model suggests that cognitive factors influ-
ence addictive behavior, and metacognition plays a role 
in addictive behavior [58], providing further support for 
metacognitive models of psychopathology [57]. As pre-
viously mentioned, metacognition of smartphone use 
includes positive and negative metacognition. Our study 
revealed that negative metacognition played a more sig-
nificant role in mediating the relationship between Type 
D personality and smartphone addiction, while positive 
metacognition did not have a significant mediating effect. 
Additionally, we found that individuals with Type D per-
sonality had significantly higher levels of negative meta-
cognition of smartphone use compared with individuals 
with non-Type D personality. However, no significant dif-
ference was found in positive metacognition. Considering 
the inclination of individuals with Type D personalities 

to exhibit pessimistic tendencies and negative emotional 
states, coupled with a pervasively negative worldview [23, 
92], it is imperative to delineate the roles of positive and 
negative metacognition. Positive metacognition is char-
acterized by the cognitive and emotional self-regulatory 
advantages that accrue from engaging in a particular 
behavior, whereas negative metacognition encompasses 
the perception of uncontrolability and the potential risks 
linked to addictive behaviors and their repercussions 
[58]. In this context, it is noteworthy that the association 
between Type D personality and positive metacognition 
is markedly weaker than the association between Type 
D personality and negative metacognition. This dispar-
ity may underlie the observed lack of significant medi-
ating effects attributed to positive metacognition. These 
findings align with the cognitive–behavioral model of 
pathological Internet use, which posits that maladaptive 
cognition contributes to Internet use disorders [93]. It is 
worth noting that metacognition can activate maladap-
tive coping strategies [61], and negative metacognition, 
in turn, manifests itself as an individual’s awareness of 
the uncontrollability and dangers posed by smartphone 
use [63]. Therefore, it is extraordinarily important to pay 
attention to the impact of negative metacognition.

Practical significance
The present study provides a new potential perspective 
for screening for smartphone addiction in individuals 
with high levels of Type D personality traits. The find-
ings have important practical implications for managing 
the effects of Type D personality and for prevention and 
intervention in smartphone addiction.

First and foremost, it is essential to cultivate the skill 
of emotional regulation. This involves developing a con-
scious awareness of our emotional states and learning 
strategies to manage and express them in a healthy and 
constructive manner. By doing so, we can enhance our 
emotional intelligence, which in turn fosters greater psy-
chological resilience and overall well-being. For example, 
mindfulness meditation. Practicing mindfulness involves 
non-judgmental awareness of present experiences. It has 
been shown to enhance emotion regulation by promoting 
acceptance and reducing emotional reactivity [94].

Our second recommendation is to eliminate or attenu-
ate nomophobia. To this end, specific situations can be 
created to provide guidance on time management and 
encourage individuals to rationalize the time spent on 
different activities. For example, gradual exposure ther-
apy, which involves incrementally increasing an individ-
ual’s contact with the feared situation, could be used to 
intervene on nomophobia by helping individuals to con-
front their anxiety in a controlled and supportive manner. 
Over time, individuals can build tolerance and reduce 
anxiety levels [41].
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Finally, metacognition of smartphone use should be 
actively managed. Identifying specific metacognitive 
characteristics associated with smartphone use may be 
helpful in developing intervention strategies [64]. Fur-
thermore, given the positive effects of metacognitive 
therapy in addressing addictive behaviors [95], metacog-
nitive therapy should continue to be deepened in inter-
ventions for smartphone addiction by guiding individuals 
to adjust their metacognition. For example, attentional 
control training: Practice exercises to enhance focus and 
attention, reducing the tendency to multitask with smart-
phones [96].

Limitations
This study has a few shortcomings. First, we collected 
data on nomophobia, metacognitions about smartphone 
use, and smartphone addiction at the same time, making 
it difficult to infer a causal relationship between them. 
Future studies can design more time points to explore 
the mechanism of smartphone addiction in more depth. 
Second, this study only involved college students from a 
specific province in China, without accounting for more 
regions and cultures. Future studies can include subjects 
from a wider range of geographical and cultural back-
grounds to further validate the findings. Third, the data 
in this study were all self-reported by the subjects, which 
may be difficult to reflect the effects of Type D personal-
ity on smartphone addiction in a comprehensive and in-
depth manner. Future studies could collect data through 
others’ reports, observations, and other methods in addi-
tion to subjects’ self-reported data.

Conclusion
The results of this study suggest that Type D personal-
ity can not only affect smartphone addiction directly but 
also indirectly through nomophobia and negative meta-
cognition. Taking into account the mediating influences 
of nomophobia and negative metacognitions in the rela-
tionship between Type D personality and smartphone 
addiction, to prevent and intervene in smartphone addic-
tion, we can start from both affect (nomophobia) and 
metacognition (negative metacognitions about smart-
phone use).
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