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Abstract

:

Emotion Dysregulation (ED) and Problematic Smartphone Use (PSU) are two rising global issues requiring further understanding on how they are linked. This paper aims to summarize the evidence pertaining to this relationship. Five databases were systematically searched for published literature from inception until 29 March 2021 using appropriate search strategies. Each study was screened for eligibility based on the set criteria, assessed for its quality and its level of evidence was determined. The Comprehensive Meta-Analysis software program (CMA) was employed to run further analyses of the data. Twenty-one studies were included in the systematic review. Nine studies with extractable data for meta-analysis had high across-studies heterogeneity, hence subgroup analyses were performed that confirmed a significant moderate positive correlation between ED and PSU (pooled correlation coefficient, r = 0.416 (four studies, n = 1462) and r = 0.42 (three studies, n = 899), respectively) and a weak positive correlation between “expressive suppression” and PSU (pooled correlation coefficient, r = 0.14 (two studies, n = 608)). Meta-regression analysis showed a stronger correlation between ED and PSU (R2 = 1.0, p = 0.0006) in the younger age group. Further studies to establish and explore the mechanisms that contribute towards the positive link between ED and PSU are required to guide in the planning of targeted interventions in addressing both issues.
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1. Introduction


Emotion is a crucial determinant of behavior and its regulation facilitates adaptation, which is important for a good level of functioning and a sense of well-being. On the contrary, difficulties in emotion regulation (ER), termed emotion dysregulation, underlie a variety of psychopathology and contribute significantly to the development and maintenance of many psychiatric disorders [1]. ER is an evolving concept of the control of emotions through a range of responses that are tolerable and socially agreeable [2,3,4,5,6]. Gratz and Roemer [7] proposed that ER has multiple dimensions involving: (a) the awareness, understanding, and acceptance of emotions; (b) the utilization of adaptive skills to modify the intensity of emotional responses; and (c) the control of behavior, including repressing impulsive reactions and using goal-directed behavior during emotional distress. Gross and Thompson [8] further described ER as either automatic or effortful, conscious, or unconscious, internal, or external processes in attempts to be harmonious with oneself. ER may occur effectively along the emotion-generative course via two different focus strategies i.e., antecedent-focused, or response-focused, and is reflected through either cognitive reappraisal or expressive suppression [9]. Cognitive reappraisal is used as an initial strategy that works by altering the perception of the event causing the emotion and effectively modifies the resulting emotional response [10]. Cognitive appraisal is generally associated with more positive feelings and hence is said to play a role in enhancing subjective happiness [11] and a sense of well-being [12,13]. In contrast, expressive suppression changes the behavioral aspects of emotional response tendencies without processing the experience of emotions; therefore, does not influence either the expression of positive emotions or the reduction in negative emotions [14]. It is generally viewed as a maladaptive regulation strategy [11], may increase negative emotions and depressive symptoms [15], and reduce subjective happiness. Understanding these mechanisms provides valuable insight into the process of ER and its relationship with psychological well-being.



ER was broadly conceptualized in multiple domains with subsequent development of multiple instruments for its measurement to capture the whole scope. [16]. Gross and John [11] developed their instrument, called the Emotion Regulation Questionnaire (ERQ), designed to assess the habitual use of cognitive reappraisal and expressive suppression that differs between individuals. Additionally, Gratz and Roemer [7] invented the Difficulties in Emotion Regulation Scale (DERS), which measures trait-level perceived emotion regulation ability as per their definition, with higher total scores reflecting a higher degree of emotion regulation difficulties. It consists of six subscales: (a) lack of emotional awareness (AWARENESS), (b) lack of emotional clarity (CLARITY), difficulty regulating behavior when distressed (IMPULSE), difficulty engaging in goal-directed cognition and behavior when distressed (GOALS), (e) unwillingness to accept certain emotional responses (NON-ACCEPTANCE), and (f) lack of access to strategies for feeling better when distressed (STRATEGIES). The Cognitive Emotion Regulation Questionnaire (CERQ) is another questionnaire developed to assess cognitive components of emotion regulation [17]. This questionnaire assesses nine cognitive emotion regulation strategies, (i.e., self-blame, other-blame, rumination or focus on thought, catastrophizing, putting into perspective, positive refocusing, positive reappraisal, acceptance, and refocus on planning) by gauging an individual’s thought response after experiencing a stressful threat or events. The few examples above briefly illustrate that each of the instruments measures a different aspect of ER according to how the term was approached. Nonetheless, they also have some overlapping features, which in this case are worth analyzing in this study.



When emotion becomes dysregulated, attempts to attenuate the resulting emotional intensity could include maladaptive coping in the form of behavioral addiction; among which is problematic smartphone use (PSU). Smartphones are a highly addictive technology that enveloped society due to their ease of use, convenience, and almost infinite access. Furthermore, the increasing importance of smartphones in our daily life in these modern days blurs the line in determining whether individuals’ usage of smartphones is adaptive or maladaptive to their emotional coping. Smartphone use is a potentially maladaptive mechanism to ER as its use exposes a person to various emotionally triggering stimuli, which could further dysregulate one’s emotions.



PSU is defined as the inability to regulate one’s use of the mobile phone, resulting in negative consequences in the daily life of its user [18]. Its estimated prevalence is up to 38% depending on the definition, setting, and scales used to quantify the behavior [19,20]. Younger people, as the most frequent users of smartphones and the internet, are more likely to be affected by problematic use. A recent systematic review and meta-analysis [21] reported that as high as approximately one in every four children and young people (CYP) had PSU. Problematic smartphone or mobile phone use (PSU) is generally considered maladaptive in coping with stress and negative emotions [22]. PSU is associated with stress, depression, and anxiety symptoms [23,24,25], loneliness [26,27,28], family conflict [26], sleep problems [29,30,31], low social support [32], lower academic performance in students [33,34], as well as perceived academic disturbance in adolescents [26]. Physically, PSU is linked to bodily discomfort in the head, neck, and eye [26,35,36].



In measuring PSU, the most efficient or gold standard scales are yet to be established; disagreements exist on how to approach this problem [37]. Existing literature tends to measure this construct in the context of the “addiction” framework following their conceptual similarity, thus the term “Smartphone addiction” is commonly seen to be used interchangeably with PSU [38]. Smartphone usage is also gauged in the background of associated motivations, attitudes, and frequency, which may reflect the mechanism behind PSU [39,40,41]. A relatively new term that sometimes is used interchangeably with PSU is nomophobia, derived from the word “no mobile phone phobia”, which refers to the anxiety and intense discomfort of not being in touch with a mobile phone and its associated features [42,43].



Due to the various psychopathology and mental health conditions that both PSU and ER are associated with, it would be important to understand the link between them. There are growing studies examining the relationship between ER and PSU globally with the consideration that these two complex phenomena are possibly linked in a non-linear manner. To the best of our knowledge, no systematic review and meta-analysis was conducted to weigh the evidence so far. Hence, this paper aims to examine this inter-relationship and provide an updated and comprehensive review of the role of emotion regulation in PSU and vice versa. A deeper understanding of their relationship is needed to identify the next targets and opportunities for intervention, particularly to enhance ER and identify strategies to curb PSU.




2. Methods


This review is in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline [44,45] in the design, workflow, and reporting of the obtained results. It is a guideline recommendation consisting of a 27-item checklist to identify key features, with a four-phase flow diagram essential for transparent reporting of a systematic review. This systematic review was registered in the International Prospective Register of Systematic Reviews (PROSPERO) and published on the website on 25 April 2021, with the registration number CRD42021244575 [46].



2.1. Search Strategy


Five electronic databases, i.e., PubMed, Ovid Medline, Cochrane Library, Web of Science, and Scopus, were systematically searched for published literature. Materials that existed from inception until 29 March 2021 were gathered by applying their own developed search strategy established from keywords with relevant truncation (marked with asterisks) and Boolean operators of AND and OR across the selected electronic databases. For Emotion Regulation (ER), ensuing keywords were used: “emotion* *regulation”, “mood *regulation”, “affect* *regulation”, “emotion*”, and “labil*”. Meanwhile, for PSU, keywords used were “problematic smartphone use”, “problematic use”, “addict*”, “maladaptive”, “smartphone”, “hand phone”, “mobile phone”, and “cell phone”. The search strategy was limited to studies enrolling human subjects and articles published in English. No geographical restriction was applied. To increase the chances of identifying relevant studies, a bibliographic search was carried out at the beginning of the research from related systematic reviews and eligible studies.




2.2. Eligibility Criteria


Studies included in the review met the following criteria: (1) primary quantitative studies of observational/longitudinal, cross-sectional, or cohort study design; (2) included smartphone or mobile users of all ages and genders from a healthy general population; (3) measuring levels, components, or dimensions of ER to PSU and vice versa; and (4) full papers published in the English language. The exclusion criteria set were (1) articles published in non-English language; (2) case reports, reviews, unpublished studies, conference abstracts, trial protocols, and proceedings; and (3) special population studies, meaning studies including samples/subjects having pre-existing DSM 5 or medical diagnoses.




2.3. Selection Process


Search results obtained were all exported to reference management software (Covidence systematic review software, Veritas Health Innovation, Melbourne, Australia). This software automatically sorts out duplicate studies upon import, enabling easier screening of titles and abstracts by two independent reviewers. Next, the full texts were carefully determined for eligibility based on the inclusion and exclusion criteria set earlier. Any discrepancies between the two reviewers (SH and other team members) were resolved by a third reviewer or via group consensus




2.4. Data Extraction and Management


Two independent reviewers (SH and LC) performed the data extraction into Microsoft Excel spreadsheets (Microsoft Corporation, Redmond, WA, USA). Any conflicts with the extracted data were resolved by a third reviewer (MM) or group consensus. Items extracted included information concerning descriptive data and statistical data for running the meta-analysis. The descriptive data extracted include (1) first author and publication year, (2) country of origin, (3) study setting, (4) sample characteristics (sample size, age group), (5) PSU measures and domains, (6) ER measures and domains, and (7) the descriptive relationship between PSU’s and ER’s domain with p-value expressed in *. The statistical data for running the meta-analysis extracted include (1) PSU measures (mean, SD), (2) ER measures (mean, SD), (3) sample size, (4) correlational coefficient together with its 95% Confidence Interval (CI), (5) p-value, and (6) the relevant data for running meta-regression. Relevant authors were contacted [47,48,49,50,51,52,53] for clarification of incomplete data, in which all but 1 author replied to get extra information required for the review and analysis.




2.5. Quality of Study


A modified version of McMasters Critical Appraisal Tool for quantitative studies checklist was utilized to determine the quality of each included study, whereby the domains assessing interventions were taken out to suit the etiological nature of the studies included in this review. A rating of “yes”, “no”, “not addressed”, or “not applicable” was assigned to each question with a 1-point score given to “yes” answers. This brings the highest possible total score of 11, and variation may arise by excluding questions rated “not applicable” in keeping with different study designs. The level of evidence of the included studies adhered to the Australian National Health and Medical Research Council’s (NHMRC) evidence hierarchy [54]. The five components assessed were: (i) evidence base, (ii) consistency of findings across included studies, (iii) clinical impact, (iv) generalizability, and (v) applicability. Each component was given a grade from “A” to “D” to help guide the weighing of the recommendation. These two processes were assessed by two independent reviewers (SH and LC) and any conflicts were resolved by a third reviewer, which could be anyone else from the group.




2.6. Statistical Analysis


A meta-analysis was performed using the Comprehensive Meta-Analysis software program (CMA) (Biostat Inc., Englewood, NJ, USA) to determine the relationship between emotional regulation with PSU. Only studies reporting the Pearson’s correlation coefficient between ER and PSU were included in the meta-analysis. The Pearson’s correlation coefficient together with its 95% CI was computed into CMA where the pooled effect estimates were automatically generated by the meta-analysis software. A random effect (RE) model was used for the summarized effect estimates to account for heterogeneity across studies. Analysis of data was conducted according to the different scales used to assess ER and PSU, e.g., DERS, EMSS, and ERQ scale for ER versus SAS, SPAI, TMD, and APU scale for PSU. The I2 index statistic was used to describe the heterogeneity between the included studies. An I2 value of 0% implies no observed heterogeneity, while greater values indicate higher heterogeneity [55]. Meta-regression was conducted to explore factors such as age and gender that may explain the heterogeneity observed. A result with a p-value of <0.05, was deemed to be statistically significant. A sensitivity analysis was conducted by the exclusion of the study or group of data for the evaluation of the result’s robustness. A publication bias analysis was not reported as the meta-analyses consisted of less than ten studies.





3. Results


3.1. Systematic Review


3.1.1. Study Selection


A sum of 2774 studies was obtained via online database searches, with 544 duplicate records. There were 2106 studies from Ovid Medline, 300 from Web of Science, 217 from Scopus, 95 from PubMed, 53 from Cochrane Library, and 3 from preliminary literature searches through the reference list. Five-hundred-forty-four studies were excluded post-removal of duplicates, and a further 2129 records were excluded after the screening of titles and abstracts. A total of 101 studies with full-text manuscripts were examined for eligibility. Figure 1 shows the rationale for excluding each study and the whole selection process. Finally, 21 studies were included in the systematic review.




3.1.2. Quality Assessment


In view of all the included studies being cross-sectional in design, they were rated as level IV, as per the NHMRC evidence hierarchy used to determine the level of evidence in each study. In assessing the risk of bias, a modified McMaster Critical Appraisal Tool for quantitative studies was employed and measured in terms of percentage according to the number of criteria fulfilled. As shown in Table S1, most studies have relatively good qualities, whereby 1 study scored 100% [40], 6 studies 91% [49,50,51,56,57,58], 12 studies scored 82% [47,48,52,59,60,61,62,63,64,65,66,67], and another 2 studies score 73% [53,68] (refer to Table S1 of Supplementary file).




3.1.3. Study Characteristics


The majority of the studies (90.4%) were recently published in the last five years (2017–2021) and carried out in nine countries, namely the USA, Italy, Turkey, China, Hungary, Canada, Australia, Spain, and Brazil. There were a total of 8223 subjects altogether, with mean ages ranging from 13 to 48 years across studies. All studies applied convenience sampling methods with large portions of the samples collected from school and university settings. Only one study involved multiple informants in the form of triads of parents and children, thereafter, a non-youth population was included in their samples [49]. The included studies managed to capture subjects of variable age groups, from those in their teens, 20s, 30s, and 40s. Italy was the biggest contributor to the collected data, having provided a total number of 1925 subjects altogether (Table A1 of Appendix A).




3.1.4. Emotion Regulation Measures


The studies employed the usage of designations such as “emotional dysregulation”, “emotional control difficulty”, “dysfunctional emotion regulation”, and “expressive suppression” to refer to maladaptive ER or ED, whilst the term “cognitive reappraisal” is used to refer to adaptive ER. Nine of the studies used DERS [48,49,50,51,53,58,59,61,65], seven studies used ERQ [40,47,52,56,57,64,68], one study [56] other than using ERQ, also used an additional scale, which is the Ruminative Thought Style Questionnaire (RTSQ), two studies used CERQ [63,67], one study used the Mood Regulation Scale (MR) [60], one study used EMSS [62], and one study used ERSA [66]. All scales are validated.




3.1.5. Problematic Smartphone Use Measures


Terms such as “problematic smartphone use”, “smartphone addiction”, “smartphone overuse”, “smartphone amount use”, “smartphone use frequency”, and “nomophobia” were summarized according to findings as “problematic smartphone use”, abbreviated as “PSU”. Twelve studies used SAS (among them, seven studies used the short version) [40,47,48,51,52,53,56,57,63,65,66,67], Elhai et al. [57] and Elhai and Contractor [56], who used SAS, also used an additional validated smartphone usage scale developed by the author, three studies used SPAI [49,50,64], in which Fortes et al. [64] also used the Habitual Smartphone Use Questionnaire other than SPAI, one study used the Nomophobia Questionnaire (NMP-Q) [62], one study used the Adolescent Preoccupation with Screen Scale adapted to adult smartphone use [58], one study used TMD-brief [59], one study used the Smartphone Addiction Scale (SA) [60], one study used the Addictive Patterns of Use Scale (APU) [61], and one study used the Mobile Phone Use Scale [68]. All scales are validated except for the Habitual Smartphone Use Questionnaire, which was developed exclusively for the study by Fortes et al. [64].




3.1.6. Relationship between ER and PSU


Table A2 and Table A3 in the Appendix A summarize the key findings from the studies on this relationship. In studies using PSU total scores in measuring PSU, 17 studies reported a significant positive correlation between ED and PSU, with only 1 study [62] reporting no significant correlation.



Another three studies measured different domains of PSU instead of PSU total scores and yielded specific relationships between the PSU domains and ED. Elhai and Contractor [56] reported a significant positive correlation of ED with the “positive anticipation”, “cyberspace-oriented relationship”, and “tolerance” domains of SAS, while no correlation was found in the “daily life disturbance” and “withdrawal” domains of SAS, and “frequency of use” measured by a validated self-developed scale. Fortes et al. [64] reported a significant positive correlation of ED with the “functional impairment” dimension of the Smartphone Addiction Inventory (SPAI) and no correlation with the “amount of use”. Interestingly, Hoffner and Lee [68] reported a positive correlation between “expressive suppression” with PSU only in the content of entertainment or information, but not PSU on interpersonal contact and social support.




3.1.7. Relationship between Specific ED Domains and PSU


Among domains of ED, we found a consistent statistically significant positive correlation between seven domains of ED and PSU, i.e., “expressive suppression”, “impulse control difficulties”, “lack of emotional clarity”, “rumination”, “catastrophizing”, “self-blame”, and “blaming others”. In seven studies reporting on “expressive suppression”, five studies [40,47,52,56,68] reported a positive correlation between “expressive suppression” and PSU. One study [57] only found a positive correlation between “expressive suppression” with “baseline objective minutes of smartphone use” and also the “trend” of “objective minutes of smartphone use per weekday”, but no correlation with the “objective self-reported smartphone uses per day or weekday or weekend. Although this study used the total SAS score, the author only reported a significant positive correlation between the SAS score with objective measures of smartphone use, without directly reporting the correlation of the SAS score with “expressive suppression”. Among the seven studies reporting “expressive suppression”, only one study [64] reported no correlation between “expressive suppression” and PSU.



Among the nine studies that employed the DERS scale, only two studies [58,59] provided details on the six domains of ED. These two studies revealed consistent significant positive correlations of two domains, i.e., “impulse control difficulties” and “lack of emotional clarity” with PSU. Both studies reported no correlation between “lack of emotional awareness” with PSU. Two studies using CERQ [63,67] and one study using RTSQ [56] consistently found that “rumination” significantly and positively correlated with PSU. Additionally, two studies using CERQ [63,67] consistently reported significant positive correlations of three domains, i.e., “catastrophizing”, “self-blame”, and “blaming others” with PSU separately.




3.1.8. Relationship between Cognitive Reappraisal of ER and PSU Domains


Six studies assessing the link between “cognitive reappraisal”, i.e., the adaptive form of ER and PSU, revealed inconsistent findings. No correlation between “cognitive reappraisal” and PSU was found in three studies [40,57,64], while a significant positive correlation was found in two studies [56,68], and a significant negative correlation was found in one study [47]. The two studies reporting on the positive correlation between “cognitive reappraisal” and PSU domains reported a correlation with different domains of PSU. Elhai and Contractor [56] reported a significant positive correlation between “cognitive reappraisal” with PSU domains of ‘smartphone use frequency’, the PSU ‘overuse’, ‘positive anticipation’, and ‘tolerance’ subdomains, but not on ‘daily life disturbances’, ‘cyberspace-oriented relationship’, and ‘withdrawal’ subdomains. Hoffner and Lee [68] found a significant positive correlation of “cognitive reappraisal” with PSU on the content of interpersonal contact and social support, but not on entertainment or information content.





3.2. Meta-Analyses


Our systematic review and meta-analyses found a relationship between ER and PSU. Nine studies provided extractable data for meta-analysis to calculate the correlation of ED with PSU (n = 3793). Among them, Giordano et al. [49] provided three and lo Coco et al. [50] provided two data from different groups of subjects; therefore, 12 sets of data were entered for meta-analysis. We set the program to run with a random effect model in view of different age groups, scales, and domains of ED, as well as different scales used in defining the PSU. We found a pool correlation coefficient r = 0.286 (n = 3793, 95%CI 0.160–0.402, p < 0.0001, I2 = 94.03%); however, because of high heterogeneity across studies, it is deemed not appropriate to apply a meta-analysis of correlation [69,70]. We furnished the relevant data of this analysis only in Supplementary files (Figure S1) and proceeded to subgroup analysis.




Subgroup Analysis


In view of high I2, we ran subgroup analysis in studies using the same scales measuring the same domains.



	
DERS and SAS scales






There are four studies using DERS to measure difficulties in ER and SAS to measure PSU as shown in Figure 2a,b. Based on Figure 2a,b, we found a pool correlation coefficient, r = 0.416 (n = 1462, 95% 0.372 to 0.457, p < 0.001, I2 = 0%), indicating a stronger positive correlation between ED and PSU.



	2.

	
DERS-SF and SPAI scales







Figure 3a,b shows two studies using DERS-SF and SPAI scales, with a total of five sets of data. We found a pool correlation coefficient, r = 0.356 (95% CI 0.272 to 0.434, p < 0.001, I2 = 67.72%). A meta-regression analysis was run to investigate factors that may explain the heterogeneity, as we noted the I2 was high in this subgroup analysis and found that age is the factor that explains it. Meta-regression analysis shows that the younger the subjects’ age, the stronger the correlation between emotional regulation and PSU (R2 = 1.0, p = 0.0006), while gender has no significant impact on the correlation (Figure 4). Subsequently, we narrowed down the subgroup analysis by removing the two parents’ groups. This time we found a pool correlation coefficient, r = 0.42 (n = 899, 95% CI 0.364 to 0.472, p < 0.001, I2 = 0%) (Figure 5a,b).



	3.

	
ERQ and SAS







There are two studies using ERQ and SAS exploring the domain of “expressive suppression”, as shown in Figure 6a,b. We found a highly homogenous finding, although a small positive correlation with pool correlation coefficient, r = 0.143 (n = 608, 95% CI 0.0639 to 0.220, p < 0.001, I2 = 0%), between “expressive suppression” and PSU.




3.3. Conclusion of Meta-Analysis


Overall, we obtained a pooled correlation coefficient of around 0.4 (r = 0.416 (four studies, n = 1462) and 0.42 (three studies, n = 899), respectively) in subgroup analysis. Thus, we confirmed a significant moderate positive correlation between ED (measured by DERS and DERS-SF) with PSU (measured by SAS and SPAI). We also found a significant, but weakly positive, correlation of expressive suppression with PSU, with a pooled correlation coefficient of 0.14.




3.4. NHRMC Evidence Statement Matrix


It is important for individuals to be aware of the possible hazardous use of smartphones in relation to their day-to-day emotional state. This systematic review highlights a weak to moderate positive correlation between ED and PSU. The NHRMC evidence statement matrix is presented in Table 1. The findings indicate some reasonable evidence to support the association, and hence an overall grade C recommendation was given.





4. Discussion


This systematic review and meta-analysis determined the relationship between ER and PSU. A total of 21 studies met the inclusion criteria, involving a total of 8223 subjects. Overall, the findings indicate a significant correlation between ER and PSU. A systematic review of studies looking at associations between ED and total PSU scores in 17 out of 18 studies showed a significant positive correlation between emotional dysregulation and PSU. This is confirmed by a meta-analysis that showed a significant moderate positive correlation between ED (measured by DERS and DERS-SF) with PSU (measured by SAS and SPAI). Meta-regression analysis showed that the younger the subjects’ age, the stronger the correlation between ED and PSU, while gender seemed to not have any significant role in this association.



Additionally, different domains of ED were found to be associated with different domains of PSU. Seven domains of ED were found to be consistently positively correlated with PSU, i.e., “expressive suppression”, “impulse control difficulties”, “lack of emotional clarity”, “rumination”, “catastrophizing”, “self-blame”, and “blaming others”. “Expressive suppression” was particularly confirmed through meta-analysis to be significant even though weakly correlated with PSU. However, “lack of emotional awareness” had no correlation with PSU in both studies, which provided these details.



Studies reporting an association between ED and domains of PSU reported a significant positive correlation between ED and “positive anticipation”, “cyberspace-oriented relationship”, and “tolerance” domains of PSU, when measured by using SAS, and with “functional impairment” dimension of PSU when measured by using SPAI. Additionally, no correlation was found in the “daily life disturbance” and “withdrawal” domains of PSU. Another interesting finding was that “expressive suppression” was positively correlated with PSU only in the “content of entertainment or information”, but not in the “interpersonal contact and social support” domains of PSU. These findings are rather mixed and difficult to be interpreted and concluded in view of each finding being provided by a single study, and there are no repeated results. Nonetheless interestingly, “frequency of use”, measured by a validated self-developed scale, and “amount of use“, measured by using SAS, was not significantly correlated with ED. Two studies [56,64] included in this systematic review reported that frequency and amount of smartphones were not linked to ED, while Elhai et al. [57] only managed to find a positive correlation in this relationship on the weekdays throughout the 1-week duration of the study. Intriguingly, Elhai and Contractor [56] also reported a significant positive correlation between “cognitive reappraisal” with PSU domains of ‘smartphone use frequency’. These findings are rather difficult to explain. The context of the high frequency and duration of smartphone use was not clearly addressed in the studies, such as whether they are being used productively or maladaptively. Relevant to the sample characteristic of these studies of high school and university students, group work assignments or meetings, for example, may take up a lot of time, but such utilization clearly does not signal the pattern of PSU, nor point to any form of ER strategies, either adaptive or maladaptive. It takes more than just the amount or frequency of smartphone use to identify the user to be problematic.



With regards to our main finding, i.e., ED having a clear association with PSU, it is not surprising. Poor ER was predictive of all addictive behaviors [71]. PSU was mostly addressed as a form of behavioral addiction and is likened to a gambling disorder, with some striking similarities with substance abuse [72]. Those with poor or limited ER skills may engage in behaviors that can help extend and prolong positive emotional states [73]. Psychological relief obtained from giving in to smartphone cravings may perpetuate its use as well. ED is found to underlie various psychopathologies and mental health conditions, which are proven to be associated with PSU. These include depression, stress, anxiety disorders, and Fear Of Missing Out (FOMO) which proved to be related to both PSU and maladaptive emotion regulation [24,51,74]. As emotional suppression was established in this meta-analysis to have substantial linkage to PSU, the possibility of it being one of the mediums or outlets of choice to regulate emotions is highly likely, especially when a smartphone is equated as an extension of oneself [75]. The internet is an essential resource that permits the majority of the sought smartphone’s function. Therefore, the Interaction of Person–Affect–Cognition–Execution (I-PACE) process model of internet use disorders [76], is transferable to smartphone use as well. Interestingly, one study in this systematic review shows that when individuals utilize the smartphone to self-regulate by way of “emotional suppression”, they tend to go for process use of the smartphone by accessing the content or entertainment aspect of the device rather than the social use of utilizing its social interaction features [68], indicating motive of smartphone use as an important element in the relationship between ER and PSU. It is known that motive strongly drives PSU. The User Gratification Theory (UGT) motions that the prospect of getting specific gratifications drives the choice of certain media chosen by individuals [77]. Similarly, avoidance of interpersonal communication also may facilitate emotional suppression, as was demonstrated by a certain population group, such as those with social anxiety, who have a higher tendency to suppress their own emotions with a higher severity of the condition [68,78]. These different choices of smartphone activities may operate by providing distraction or escapism among other mechanisms, as suggested by the Compensatory Internet Use Theory (CIUT) [79].



Our meta-regression analysis showed that the younger the age group, the stronger the correlation between ED and PSU. Studies show that the younger age group has less use of acceptance, and more use of maladaptive strategies during intense emotional situations [80]. This could be explained by the development of neuro-circuity in the brain during adolescence, which leads to the development of emotional regulation. Casey et al. [81] postulated that hierarchical changes in the brain circuitry (subcortico-subcortical to subcortico-cortical to cortico-subcortical and lastly cortico-cortical) may account for the reason for the maturity of emotional regulation as we age. Older individuals may, over the years, develop other positive coping skills, established their identity, and have more access to supportive resources. In the younger population, parental variables such as lower education and income, younger parents, dual income families, i.e., both working parents, permissive parenting style, and positive parental attitudes towards smartphones, as well as parental heavy smartphone use [82], also contributed to a higher occurrence of smartphone addiction. The tendencies of the younger age group with ED and PSU are a big concern. This may explain the rise of mental health problems around the world in this age group. According to Malaysian data [83], suicidal behavior among teens increased, highest among 13-year-old students, with the statistics in 2017 being 11.2 percent for suicidal ideation, 10.1 percent for suicidal attempts, and 9 percent for suicidal plans. Suitable interventions are needed to promote well-being and help prevent young people from having this condition. Another result highlighted by the meta-regression analysis is that gender has no significant impact on the correlation between emotion dysregulation and PSU. The gender finding can be explained by the complexity of interactions of gender with individual characteristics, interpersonal contact, the environment, or the type of task in which they are observed [84,85]. This is complementary to the knowledge that gender differences in emotional regulation are dynamic, instead of a static trait [85]. Age, on top of being a significant strong influence on emotion regulation itself, appears to modulate the effect of gender on emotion regulation too.



Our study showed that among the different domains of ED, lack of emotional clarity, impulse control difficulties, and negative cognitive appraisal, such as catastrophizing, self-blaming, and blaming others, has a positive correlation with PSU. Emotional clarity, which is the individual’s ability to clearly identify and recognize his/her own emotions, is extremely important in emotion regulation [86]. Individuals with greater emotional clarity are able to pause and acknowledge their feelings when they are in emotional distress. They tend to use positive forms of coping mechanisms instead of using their smartphones in a negative way. Individuals with impulse control problems have difficulty controlling certain emotions or behaviors. Impulse control is linked with behavioral addiction, [87,88] hence, this positive correlation with PSU is reasonable. This link was explained via two interacting neural systems, which are the impulsive (amygdala dependent) system and the reflective (orbito-frontal dependent) system in the brain [89]. Meanwhile, negative cognitive appraisal, such as catastrophising, self-blaming, and blaming others (measured in CERQ) was found to significantly correlate with PSU. This shows the importance of looking into the cognitive re-evaluation strategies, such as the cognitive behavioral therapy approach, in the possible management of treating PSU. Lack of emotional awareness, however, was found to have no significant correlation with PSU. This domain of emotion regulation difficulties is extracted from one of the DERS subscales. The “Awareness” subscale alone showed relatively poor psychometric properties both in its original and short forms with poor internal consistency (α < 0.80), and convergent validity for the total scores was improved upon the exclusion of this item [90]. Conscious awareness of emotions is needed for “cognitive reappraisal” to be employed as an adaptive emotion regulation strategy [91]. Therefore, it can be concluded that emotional awareness may be a requirement, but an inadequate criterion for emotion regulation and does not seem to be the same construct. It could be possible that the “lack of awareness construct” measured by DERS was not fully captured by the model of levels of emotional awareness by Subic-Wrana et al. [91] which includes implicit and explicit emotional processing.



This systematic review identified rumination to have significant positive correlations with PSU. Three of the included studies consistently reported this positive correlation. Rumination is depicted as an emotional process characterized by unsought, repetitive, past-oriented, and negatively inclined thoughts [92,93]. Rumination was related to worry, and therefore is regarded to be a maladaptive strategy that was proven to aggravate and sustain an array of mental health issues, such as depression [94,95], and to an extent to PSU. Rumination, similar to “expressive suppression”, has a positive relationship with psychological distress, whereby the level of distress is amplified when individuals engage in some form of rumination, contributing to feelings of being overwhelmed [96].



Our findings on the “cognitive reappraisal” and “expressive suppression” domains of ER and PSU, are worthy of discussion. While there is a consistent positive correlation between “expressive suppression” and PSU, the relationship between “cognitive reappraisal” is inconsistent. Cognitive reappraisal and expressive suppression are emotional regulation strategies measured by ERQ: cognitive reappraisal is changing the way one thinks about the potentially emotionally provoking situation, while expressive suppression is altering the way one behaviorally responds to those situations. “Expressive suppression” is considered a maladaptive form of emotional regulation, considering the negative outcomes on emotional and social functioning [97], making it part of ED. The inconsistent findings on the association between cognitive reappraisal and PSU may be explained by this construct having both negative and positive effects on the emotional experience [98]. It was postulated that cognitive reframing is not easy to achieve immediately when in a distressing situation [99] and hence, individuals have varying baseline capacities to perform cognitive reappraisal to begin with. This could explain the inconsistency in our result. We realized that the measurement for emotional regulation (DERS and ERQ) is testing different domains, albeit some are overlapping. ERQ test strategies are employed during highly stressful situations; the higher the score, the better the usage of those strategies. Meanwhile, DERS measures the six facets of difficulties in emotional regulation; the higher the scores, the higher the emotional dysregulation. This explains the heterogeneity in our results when we analyzed them together. Emotional regulation is a multidimensional construct that includes difficulties in regulating emotions and skills or strategies in regulating emotions. ERQ in itself is not enough to measure emotional dysregulation while DERS was shown to be superior to ERQ, as it was able to capture ER in the clinical context, as ERQ showed a weak association with psychiatric symptoms (depression and anxiety) compared to the strong association with DERS domains [100]. Despite a surge in research on emotional regulation topics, the full construct of emotional regulation is still far from being completely understood. The authors suggested that more future research on understanding the multi-dimensional construct of emotional regulation is needed and a more comprehensive measurement tool for emotional regulation that tests all domains should be explored.



Our systematic review and meta-analysis were unable to establish the direction of the relationship between ER and PSU, as all the studies were cross-sectional in nature. The study faced the challenges related to both ER and PSU being evolving concepts with different measurements capturing different aspects of both conditions. In a very recent 4-year longitudinal study looking at the causal relationship between compulsive internet use (CIU) and emotion regulation difficulties, it was found that CIU preceded the development of some aspects of ED, with no proof that emotion regulation difficulties preceded the development of increases in CIU [101]. Due to CIU carrying some degree of similarity with PSU, there is a likelihood that such results may replicate in the case of ER and PSU. The implication of this result changes the way future studies with regards to PSU need to be designed, as the available studies tend to address the possibility of dysfunction in ER as causing PSU and not the other way around. In this case, that would mean a direct approach to limiting smartphone use could potentially be more effective or suitable in comparison to focusing on emotion regulation strategies in preventing and managing PSU. Hence, there is a strong need for further studies to look at the direction of the relationship.



Trengths and Limitations


This study has several limitations. ER is an evolving and wide concept, with many perspectives or views, many of them overlapping, making standardization of the findings difficult. Differences in measurement, which sometimes capture different aspects of ER, resulted in the heterogeneity of results when we compiled them all together. A single measurement alone is not suitable or enough to capture all aspects of ER. However, we still managed to run a few meta-analyses, as some studies still maintain some degree of homogeneity.



Meanwhile, although there is a blooming interest in the concept of PSU, it seems that this topic is still in its infancy, considering that smartphones only began being gradually used universally less than two decades ago. Even its status as a genuine behavioral addiction receives much debate from the scientific community. The commonly used definition by Billieux [18] implied that PSU also covers the non-psychological aspect, such as physical health, making it initially difficult to establish the focus of the discussion.



A number of challenges were faced in conducting the study, and we have taken several measures to solve them, for example, using consistent studies utilizing the term “emotion regulation” and excluding other similar concepts or grey literature to establish focus scope, e.g., trait features such as alexithymia. In running the analysis, not many variables can be used for meta-regression (i.e., gender and age), as those are the only variables included in most studies. A deep and proper understanding of the relationship between ER and PSU marked ramifications for future directions of developing approaches that are effective to curb this negative phenomenon. This paper made it very clear that there is a sizable association between these two, but it lacks support information from longitudinal and qualitative studies in detail on what kind of association ER and PSU have on each other, whether single or bidirectional, and how this association came to be. Some recommendations for future studies include going for longitudinal studies, such as prospective cohort studies or interventional studies, as well as standardizing the concept and measurement of ER or ED.





5. Conclusions


This systematic review and meta-analysis suggests a moderate relationship between PSU and ED, although the direction of this relationship between ED and PSU could not be ascertained. We are aware of the complexity of the subject matter, as different conceptual frameworks, definitions, and different rating scales were used to assess PSU and ER. However, the strength of our studies was based on meta-regression, which found that the young age of exposure to the smartphone is strongly associated with problems with ER and PSU.



Policymakers and health authorities should be aware of our findings for future planning to tackle both rising issues of ED and PSU, i.e., the use of strategies to improve emotion regulation, such as the use of social–emotional learning, and psychoeducation on the danger and risk of early exposure to the use of smartphones, early detection, as well as referral and management of the craving for excessive use of smartphones among our younger generations.
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Table A1. Characteristics of included studies.






Table A1. Characteristics of included studies.





	
Study

	
Study Design

	
N (Total)

	
Age (Mean and SD)

Male Female

	
Country

	
Setting

	
Exposure

Measurement

	
Outcome

Measurement

	
Statistics (e.g., OR/RR, p-Value, 95% CI)






	
Amendola et al., 2018 [59]

	
IV: cross-sectional

	
280

	
13.31 (2.33)

	
Italy

	
Secondary schools

	
TMD brief

	
DERS

	
Mean, standard deviation, Pearson correlation, p-value < 0.05, ANOVA, multiple regression analysis




	
Chen et al., 2017 [60]

	
IV: cross-sectional

	
384

	
Not stated

	
China

	
Online survey

	
MR

	
Smartphone Addiction (SA) domain - own questionnaire (card sorting method)

	
Mean, standard deviation, correlation (total, male and female separately), Partial Least Squares (PLS) Regression utilising Composite Reliability (CR), square root of Average Variance Extracted (AVE) >0.5, then group comparison method to assess moderating role of gender




	
Coco et al., 2020 [51]

	
IV: cross-sectional

	
242

	
14.16 (0.99)

	
Italy

	
High schools

	
DERS-SF

	
SAS-SV

	
Mean, standard deviation, correlations, paired sample t-test, Cohen’s d effect size, p-value < 0.05, auto-regressive cross-lagged model




	
Domoff et al., 2020 [61]

	
IV: cross-sectional

	
111

	
14.57 (1.08)

	
USA

	
Southeast Michigan

	
DERS

	
APU

	
Mean, standard deviation, Mann–Whitney tests, Spearman’s Rho correlation; p-value < 0.01, Hayes’ PROCESS macro




	
Elhai et al., 2016 [40]

	
IV: cross-sectional

	
308

	
33.15 (10.21)

	
USA

	
Amazon’s Mechanical Turk (Mturk), online labor market used in social science research

	
ERQ

	
Smartphone usage, SAS

	
Means, standard deviations, Pearson zero-order intercorrelations, linear regression, multiple regression, mediation analysis.




	
Elhai and Contractor, 2018 [56]

	
IV: cross-sectional

	
296

	
19.44 (2.16)

	
USA

	
University

	
ERQ, RTSQ

	
Smartphone use, SAS

	
Mean, standard deviation, correlation, Latent Class Analysis (LCA), logistic regression analysis, Odds Ratio (OR)




	
Elhai et al., 2018 [57]

	
IV: cross-sectional

	
68

	
19.75 (2.03)

	
USA

	
Psychology department online research pool

	
ERQ

	
SAS-SV, Moment app

	
Mean, standard deviation, partial correlation, growth curve modelling, p-value < 0.05




	
Ercengiz et al., 2020 [62]

	
IV: cross-sectional

	
398

	
20.06 (2.49)

	
Turkey

	
University

	
EMSS

	
NPM-Q

	
Mean, standard deviation, bivariate correlations, 95% CI, mediation analysis




	
Extremera et al., 2019 [63]

	
IV: cross-sectional

	
845

	
15.63 (1.16)

	
Spain

	
Secondary schools

	
CERQ

	
SAS-SV

	
Mean, standard deviation, Multivariate Analysis of Variance (MANOVA), Pearson correlation, Logistic regression analysis.




	
Fortes et al., 2021 [64]

	
IV: cross-sectional

	
308

	
32.66 (12.77)

	
29.75 (10.16)

	
Brazil

	
Online survey

	
ERQ

	
Smartphone Addiction Inventory, habitual smartphone use

	
Mean, standard deviation, Pearson correlation; p-value < 0.05




	
Fu et al., 2020 [65]

	
IV: cross-sectional

	
720

	
13.66 (1.36)

	
China

	
Middle schools

	
DERS-SF

	
SAS-CV

	
Mean, standard deviation, Pearson correlation, Hayes’ process MACRO, mediation model, moderated mediation model, simple slope analysis




	
Giordano et al., 2021 [49]

	
IV: cross-sectional

	
252

	
13.54 (0.7)

	
Italy

	
High schools

	
DERS-SF

	
SPAI-I

	
Mean, standard deviation, independent samples t-test, ANOVA, bivariate correlation coefficients, SEM




	
504

	
47.60 (5.1)

	
43.92 (4.5)




	
Hoffner and Lee, 2015 [68]

	
IV: cross-sectional

	
287

	
19.7 (2.04)

	
USA

	
University

	
ERQ

	
Missed uses/functions of mobile phone if lost

	
Mean, standard deviation, Cronbach’s alpha, 1 way ANOVA, regression analysis, p-value < 0.05, partial correlation




	
Horwood and Anglim, 2021 [58]

	
IV: cross-sectional

	
692

	
25.23 (7.48)

	
Australia

	
University

	
DERS

	
Adolescent preoccupation with screen scale (modified)

	
Mean, standard deviation, correlation, regression models




	
lo Coco et al., 2020 [50]

	
IV: cross-sectional

	
647

	
14.15 (1.43)

	
Italy

	
Middle and high schools

	
SPAI

	
DERS-SF

	
Mean, standard deviation (total, boys and girls separately), bivariate correlation, hierarchical regression analysis




	
Rozgonjuk and Elhai, 2021 [52]

	
IV: cross-sectional

	
300

	
19.45 (2.17)

	
USA

	
University

	
ERQ

	
PSSU, SAS

	
Mean, standard deviation, Spearman correlation, structural regression; p-value < 0.05




	
Sakiroglu, 2019 [53]

	
IV: cross-sectional

	
296

	
Not stated

	
Turkey

	
University

	
DERS

	
SAS

	
Mean, standard deviation, Pearson correlation, regression analysis




	
Satici and Deniz, 2020 [47]

	
IV: cross-sectional

	
320

	
21.06 (1.76)

	
Turkey

	
Universities

	
ERQ

	
SAS-SV

	
Mean, standard deviation, correlations, p-value < 0.01, 95% CI, SEM




	
Squires et al., 2020 [48]

	
IV: cross-sectional

	
204

	
20.6 (2.97)

	
Canada

	
University

	
DERS

	
SAS-SV

	
Means, standard deviation, bivariate correlation analyses, bootstrapped mediation analysis




	
Yildiz et al., 2017 [66]

	
IV: cross-sectional

	
262

	
16.57 (1.13)

	
Turkey

	
High schools

	
ERSA

	
SAS-SF

	
Mean, standard deviation, Pearson correlation, multiple linear regression, p-value < 0.05




	
Zsido et al., 2021 [67]

	
IV: cross-sectional

	
499

	
33.11 (11.67)

	
Hungary

	
Online invitations on various forums and mailing lists

	
CERQ

	
SAS-SV

	
Mean, standard deviation, p-value < 0.01, SEM








ERQ: Emotional Regulation Questionnaire; CERQ: Cognitive Emotion Regulation Questionnaire; DERS: Difficulties in Emotion Regulation Scale; DERS-18: Difficulties in Emotion Regulation Scale-18; DERS-SF: Difficulties in Emotion Regulation Scale-Short Form; EMSS: Emotions Management Skills Scale; ERSA: Emotion Regulation Scale for Adolescents; APU: Addictive Patterns of Use Scale; NMP-Q: Nomophobia Questionnaire; SAS: Smartphone Addiction Scale; SAS-BF: Smartphone Addiction Scale-Brief Form; SAS-CV: Smartphone Addiction Scale-Chinese Version; SAS-SV: Smartphone Addiction Scale-Short Version; SPAI: Smartphone Addiction Inventory; SPAI-I: Smartphone Addiction Inventory-Italian version; TMD-Brief: Brief Multicultural Version of the Test of Mobile Phone Dependence; ANOVA: Analysis of Variance; SEM: Structural Equation Modelling; 95% CI: 95% Confidence Interval.
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Table A2. Summary of ER on PSU domain findings.
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Study

	
Quality

	
Scale for ER

	
ER Domain

	
Scale for PSU

	
Study

	
PSU Domain




	
PSU

	
Nomo-Phobia/Fear of Missing Out

	
Missed Uses of Mobile Phone if Loss

	
Smart-Phone Use Frequency

	
PSU—

Daily Life Disturbances

	
PSU—Positive Anticipation

	
PSU—Cyberspace Oriented Relationship

	
PSU—Overuse

	
PSU—Withdrawal

	
PSU—Tolerance

	
Objective Minutes of Smartphone Use per Day

	
Objective Minutes of Smartphone Use per Weekday






	
Elhai et al., 2016 [40]

	
IV (100%)

	
ERQ

	
Cognitive reappraisal,

Expressive suppression

	
SAS

	
↔

	

	

	

	

	

	

	

	

	

	

	

	




	
↑ *

	

	

	

	

	

	

	

	

	

	

	

	




	
Elhai and Contractor 2018 [56]

	
IV (91%)

	
ERQ, RTSQ

	
Cognitive reappraisal,

Expressive suppression,

Rumination

	
Smartphone usage scale (developed by author, validated), SAS

	

	

	

	
↑ ***

	
↔

	
↑ *

	
↔

	
↑ *

	
↔

	
↑ *

	

	

	




	

	

	

	
↔

	
↔

	
↑ *

	
↑ *

	
↔

	
↔

	
↑ ***

	

	

	




	
Elhai et al., 2018 [57]

	
IV (91%)

	
ERQ

	
Cognitive reappraisal,

Expressive suppression

	
Smartphone usage scale (developed by author, validated), SAS-SV

	
↔

	

	

	

	

	

	

	

	

	

	
↔

	
↔

	
↔




	
↑ ***

	

	

	

	

	

	

	

	

	

	
↔

	
↔ #

	
↔




	
Giordano et al., 2021 [49]

	
IV (91%)

	
DERS-SF

	
Total score

	
SPAI

	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	




	
Horwood and Anglim, 2020 [58]

	
IV (91%)

	
DERS

	
Total score

	
Adolescent Pre-occupation with Screen Scale (adapted for adults use)

	
↑ ***

	

	

	

	

	

	

	

	

	

	

	

	




	
Coco et al., 2020 [51]

	
IV (91%)

	
DERS-SF

	
Total score

	
SAS-SV

	
↑ **

	
↑ **

	

	

	

	

	

	

	

	

	

	

	




	
lo Coco et al., 2020 [50]

	
IV (91%)

	
DERS

	
Total score

	
SPAI-I

	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	




	
Amendola et al., 2019 [59]

	
IV (82%)

	
DERS

	
Non-accept, Goals, Impulse, Awareness, Strategies, Clarity

	
TMD brief

	
↑ ***

	

	

	

	

	

	

	

	

	

	

	

	




	
Chen et al., 2017 [60]

	
IV (82%)

	
Mood regulation

	
Mood regulation

	
Smartphone addiction (validated)

	
↑ ***

	

	

	

	

	

	

	

	

	

	

	

	




	
Domoff et al., 2020 [61]

	
IV (82%)

	
DERS

	
Total score

	
APU Scale

	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	




	
Ercengiz et al., 2020 [62]

	
IV (82%)

	
EMSS

	
Total score as “emotion management skill”

	
NMP-Q

	

	
↔

	

	

	

	

	

	

	

	

	

	

	




	
Extremera et al., 2019 [63]

	
IV (82%)

	
CERQ

	
Self-blame, Rumination, Catastrophizing, Other blame, Positive reappraisal, Positive refocusing, Refocus on planning, Acceptance, Putting into perspectives

	
SAS-SV

	
↑ **,^

	

	

	

	

	

	

	

	

	

	

	

	




	
Fortes et al., 2020 [64]

	
IV (82%)

	
ERQ

	
Cognitive reappraisal,

Expressive suppression

	
Habitual Smartphone Use Questionnaire, SPAI

	
↔

	

	

	

	

	

	

	

	

	

	

	

	




	
↔

	

	

	

	

	

	

	

	

	

	

	

	




	
Fu et al., 2020 [65]

	
IV (82%)

	
DERS

	
Total score

	
SAS-CV

	
↑ ***

	

	

	

	

	

	

	

	

	

	

	

	




	
Rozgonjuk and Elhai 2021 [52]

	
IV (82%)

	
ERQ

	
Expressive suppression

	
SAS

	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	




	
Satici and Deniz, 2020 [47]

	
IV (82%)

	
ERQ

	
Cognitive reappraisal,

Expressive suppression

	
SAS-SV

	
↓ **

	

	

	

	

	

	

	

	

	

	

	

	




	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	




	
Squires et al., 2020 [48]

	
IV (82%)

	
DERS-18

	
Total score

	
SAS-SV

	
↑ ***

	

	

	

	

	

	

	

	

	

	

	

	




	
Yildiz et al., 2017 [66]

	
IV (82%)

	
ERSA

	
Internal-functional emotion regulation,

Internal-dysfunctional emotion regulation,

External-functional emotion regulation,

External-dysfunctional emotion regulation

	
SAS-BF

	
↓ **

	

	

	

	

	

	

	

	

	

	

	

	




	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	




	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	




	
↑ *

	

	

	

	

	

	

	

	

	

	

	

	




	
Zsido et al., 2021 [67]

	
IV (82%)

	
CERQ Maladaptive scales

	
Self-blame, Rumination, Catastrophizing, Other blame

	
SAS-SV

	
↑ ***

	

	

	

	

	

	

	

	

	

	

	

	








ER: Emotional regulation; PSU: Problematic smartphone use; ERQ: Emotional Regulation Questionnaire; CERQ: Cognitive Emotion Regulation Questionnaire; DERS: Difficulties in Emotion Regulation Scale; DERS-18: Difficulties in Emotion Regulation Scale-18; DERS-SF: Difficulties in Emotion Regulation Scale-Short Form; EMSS: Emotions Management Skills Scale; ERSA: Emotion Regulation Scale for Adolescents; APU: Addictive Patterns of Use Scale; NMP-Q: Nomophobia Questionnaire; SAS: Smartphone Addiction Scale; SAS-BF: Smartphone Addiction Scale-Brief Form; SAS-CV: Smartphone Addiction Scale-Chinese Version; SAS-SV: Smartphone Addiction Scale-Short Version; SPAI: Smartphone Addiction Inventory; SPAI-I: Smartphone Addiction Inventory-Italian version; TMD-Brief: Brief Multicultural Version of the Test of Mobile Phone Dependence; ↔ implies no significant relationship; ↑ implies significant positive relationship; ↓ implies significant negative relationship; * p < 0.05, ** p < 0.01, *** p < 0.001; # become significant when look at the trend over weekdays; ^ PSU is positively correlated in self-blame **, rumination **, catastrophizing ** and blaming others **, negative correlation with positive reappraisal *, while no correlation in acceptance, positive refocusing, refocus on planning and putting into perspective. Note: Expressive suppression is a maladaptive emotional regulation or emotion dysregulation.
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Table A3. Summary of PSU on ER domain findings.






Table A3. Summary of PSU on ER domain findings.





	
Study

	
Relevant PSU Domains

	
ER Domain




	
Cognitive Reappraisal

	
Expressive Suppression

	
Non-Accept

	
Goals

	
Impulse

	
Awareness

	
Strategies

	
Clarity

	
Self-Blame

	
Acceptance

	
Rumi-Nation

	
Positive Refocusing

	
Refocus on Planning

	
Positive Reappraisal

	
Putting into Perspective

	
Catastro-Phising

	
Blaming Others






	
Amendola et al., 2019 [59]

	
PSU

	

	

	
↑ ***

	
↑ ***

	
↑ ***

	
↔

	
↑ ***,^

	
↑ ***

	

	

	

	

	

	

	

	

	




	
Elhai et al., 2016 [40]

	
PSU

	
↔

	
↑ *

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Elhai and Contractor, 2018 [56]

	
PSU-overuse

	
↔

	
↑ *

	

	

	

	

	

	

	

	

	
↑ ***

	

	

	

	

	

	




	
PSU-withdrawal

	
↔

	
↔

	

	

	

	

	

	

	

	

	
↑ ***

	

	

	

	

	

	




	
PSU tolerance

	
↑ *

	
↑ ***

	

	

	

	

	

	

	

	

	
↑ ***

	

	

	

	

	

	




	
Elhai et al., 2018 [57]

	
Baseline objective measures of smartphone use

	
↔

	
↑ ***

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Objective minutes of smartphone use per day

	
↔

	
↔

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Objective minutes of smartphone use per weekday

	
↔

	
↔

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Objective minutes of smartphone use over weekdays

	
↓ *

	
↔

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Objective minutes of smartphone use per weekend

	
↔

	
↔

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Objective minutes of smartphone use over weekends

	
↔

	
↔

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Extremera et al., 2019 [63]

	
PSU

	

	

	

	

	

	

	

	

	
↑ **

	
↔

	
↑ **,^

	
↔

	
↔

	
↓ *

	
↔

	
↑ **,^

	
↑ **,^




	
Horwood and Anglim, 2020 [58]

	
PSU

	

	

	
↔

	
↔

	
↑ ***

	
↔ ^

	
↔

	
↑ *

	

	

	

	

	

	

	

	

	




	
Zsido et al., 2021 [67]

	
PSU

	

	

	

	

	

	

	

	

	
↑ ***

	

	
↑ ***

	

	

	

	

	
↑ ***

	
↑ ***




	
Satici and Deniz, 2020 [47]

	
PSU

	
↓ **

	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Hoffner and Lee, 2015 [68]

	
Missed uses/functions of mobile phone if lost - interpersonal contact

	
↑ **

	
↔

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Missed uses/functions of mobile phone if lost - social support

	
↑ **

	
↔

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Missed uses/functions of mobile phone if lost - entertainment/information content

	
↔

	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Fortes et al., 2020 [64]

	
Amount use

	
↔

	
↔

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Functional impairment dimension of SPAI

	
↔

	
↑ *

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Rozgonjuk and Elhai, 2019 [52]

	
PSU

	
Nil

	
↑ **

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	








ER: Emotion Regulation; PSU: Problematic Smartphone Use; SPAI: Smartphone Addiction Inventory; ↔ implies no significant relationship; ↑ implies significant positive relationship; ↓ implies significant negative relationship; * p < 0.05, ** p < 0.01, *** p < 0.001; ^ PSU is positively correlated in self-blame **, rumination **, catastrophizing ** and blaming others **, negative correlation with positive reappraisal *, while no correlation in acceptance, positive refocusing, refocus on planning and putting into perspective. Note: Expressive suppression is a maladaptive emotion regulation or emotion dysregulation.
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Figure 1. The PRISMA flowchart describing the flow of information through the different steps taken for this systematic review. 
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Figure 2. (a) Meta-analysis on DERS-SAS subgroup [48,51,53,65]; (b) forest plot showing the relationship between emotional dysregulation and PSU in studies using DERS and SAS scales [48,51,53,65]. 
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Figure 3. (a) Meta-analysis on DERS-SF—SPAI subgroup [49,50]; (b) forest plot showing the relationship between emotional dysregulation and PSU in studies using DERS-SF and SPAI scales [49,50]. 
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Figure 4. Meta-regression bubble plot showing association between subjects’ age (in the DERS-SF—SPAI subgroup) and Fisher’s Z score. 
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Figure 5. (a) Meta-analysis on DERS-SF—SPAI subgroup [49,50]; (b) forest plot showing the relationship between emotional dysregulation and PSU in studies using DERS-SF and SPAI scales after removing the 2 parents’ group [49,50]. 
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Figure 6. (a) Meta-analysis on the ERQ—SAS subgroup on the domain of “expressive suppression” [40,52]; (b) forest plot showing the relationship between emotional dysregulation and PSU in studies using ERQ (“expressive suppression” domain) and SAS scales [40,52]. 
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Table 1. Body evidence matrix.
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	Components
	Grade
	Comments





	1. Evidence base
	D—Poor
	All 21 studies included are level IV studies



	2. Consistency
	B—Good
	Out of 21 studies, 17 have similar conclusions. Only one study showed inconsistency and the rest have unique ways of communicating the results, though still relevant to the research question.



	3. Clinical impact
	C—Moderate
	Included studies had a shared goal of establishing the association between ER and PSU. Recognizing this relationship may invoke individual insight on how they utilize their smartphones in relation to their emotional state and encourage non-hazardous individual use of the device with or without professional help.



	4. Generalizability
	C—Satisfactory
	Studies included were carried out in different countries with subjects mainly of a younger population age group and with a formal education background. Nonetheless, the evidence can sensibly be generalized to all smartphone users.



	5. Applicability
	C
	Body of evidence offer some support for recommendation(s), but further research is warranted to aid deeper understanding of the issue.
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijerph-19-15848


  
    		
      ijerph-19-15848
    


  




  





media/file8.jpg
Regression of Fisher's Z on Age

om

g 3 3 3

2ss0usia





media/file6.jpg
swa kL Wemo

1 P Random
oatem0s 0w om

omwosn 'm0 toom

ek 165005
)






media/file16.png
Study Sample = Correlation 95% CI

size coefficient
Elhai 2016 ' 308 0.130 0.0185t0 0.238
Rozgonjuk 300 0.156 0.0435 to 0.265
2019
Total (fixed 608 0.143 0.0639 to 0.220
effects)
Total 608 0.143 0.0639 to 0.220
(random
effects)

Test for heterogeneity

Q 0.1060

DF 1
Significance level P =0.7447
I2 (inconsistency) = 0.00%

95% CI for I 0.00 to 0.00

(a)

z

3.529

3529

P

<0.001

<0.001

Weight (%)
Fixed =~ Random |
50.66 50.66
4934 4934

100.00 100.00
100.00 100.00





media/file13.png
Giordano 2021-A

lo Coco 2020-G

lo Coco 2020-B

Total (fixed effects)

Meta-analysis

-l

] I ] ! L

0.2

0.3 0.4 0.5
Correlation coefficient

(b)

0.6





media/file10.jpg
Variable for studies Sudy

‘Variable for number of cases N
Variable for correlation coefficients |
Swdy  Sumples  Comelation 95% C1 z
ize  coefficient
Giordano 252 0438 0320053
221-A
o Coco 367 0427 0339100507
220G
o Coco 20 0393 0289100488
2208
Toul (ixed | 9 0420 0364100472 13344
effects)
Toul 899 0420 036400472 13344
(random
effects)
Test for heterogeneity
Q 04374
DF 2

Significance level | P=0.8036
P (inconsistency) | 0.00%
95%ClforE | 000108466

(a)

»

<0001
<0001

‘Weight (%)
Fixed  Random
ns 2198
0% 4090
32 e
10000 10000
10000 10000





media/file7.png
. Variable for studies

' Study

Correlation coefficient

(b)

~ Variable for number of cases | N
Variable for correlation coefficients = r
Study ‘ Sample s  Correlation 95% CI Z B ’ Weight (%) ‘
ize coefficient FixedB R andom ‘
Giordano 2021-A 252 0438 03321t00.533 1794 1938
Giordano 2021-M 252 0.246 0.126 to 0.359 17.94 19.38
Giordano 2021-F 252 0.251 0.132t00.363 17.94 19.38
' lo Coco 2020-G 367 0427 0.339t00.507 26.22 21.76
_ lo Coco 2020-B 280 0.393 0.289 t0 0.488 19.96 20.09
Total (fixed 1403 0361 0314t00.406 14.078 <0.001 100.00 100.00
 effects)
Total (random 1403 0.356 0.272t00.434 7.840 <0.001 100.00 100.00
effects)
Test for heterogeneity
Q 123933
DF 4
 Significance level P =0.0147
- I2 (inconsistency) = 67.72%
95% CI for I2 | 16.54 t0 87.52
(@
Meta-analysis
Giordano 2021-A = =
Giordano 2021-M = B
Giordano 2021-F - B
le Coco 2020-G = _._
lo Coco 2020-B L &=
Total (random effects) |~ ’
. 1 . 1 1 L 1 1 1
0.1 0.2 0.3 04 0.5 0.6





media/file9.png
Fisher's Z

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

Regression of Fisher's Z on Age

5.0

60.0





media/file14.jpg
Swdy  Sample  Comelation
size | coefficient

Elhai 2016 08 0130

Rozgonjuk. 300 0156

2019

Toal (fixed 608 0143

effects)

Totl 608 0143

(random.

effects)

Test for heterogeneity

Q 0.1060

DF 1

Significance level P =0.7447

F (inconsistency) | 000%

95%ClforE 00010000

95% CI

00185100238
00435100265

00639100220

00639100220

@

3529

3529

<0001

<0001

Weight (%)
Fixed  Random
5066 5066
4934 4934
10000 10000
10000 10000





media/file5.png
- Variable for studies Study

Variable for number of cases N
Variable for correlation coefficients = r
Study ~ Sample Correlation 95% CI z P
size coefficient
' Coc02020 242 0392 0280t 0.494
- Squires 2020 204 0.362 0.236 to 0.476
- Fu2019 720 0.440 0.379 to 0.497
- Sakiroglu2019 29 0.410 0.311 to 0.501
Total (fixed 1462 0.416 0.372 to 0.457 16.845 <0.0
effects) . 01
Total (random 1462 0.416 0.372 to 0.457 16.845 <0.0
effects) 01
Test for heterogeneity
Q 1.6453
DF 3

Significance level P = 0.6492
- I? (inconsistency)  0.00%

95% CI for I2 0.00 to 76.46
(a)
Meta-analysis
Coco 2020 ™ L
Squires 2020 - £ !
Fu 2019 -~ +
Sakiroglu 2019 - 8

Total (fixed effects) |- ’

| i | L 1 L 1 L |

0.2 0.3 04 05 06
Correlation coefficient

(b)

Weight (%)
Fixed Random
1648 1648
13.86 13.86
4945 4945
2021 20.21
100.00  100.00
100.00  100.00





media/file12.png
| Variable for studies
Variable for number of cases
Variable for correlation coefficients

: Significance level ' P=0.8036
| I (inconsistency) | 0.00%
0.00 to 84.66

95% CI for 12

Study Sample s = Correlation
ize coefficient
' Giordano 252 0438
| 2021-A
lo Coco 367 0427
| 2020-G
lo Coco 280 0.393
| 2020-B
Total (fixed 899 0.420
‘ effects)
Total 899 0420
(random
effects)
Test for heterogeneity
'Q 04374
DF 2

| Study

| N
r

95% CI
0.332t00.533
0.339 t0 0.507
0.289 t0 0.488
0.364 to 0.472

0.364 to0 0472

(a)

z

13.344

13.344

<0.001

<0.001

Weight (%)
Fixed Random
27.98 27.98
40.90 40.90
31.12 3112
100.00 100.00
100.00 100.00





media/file3.png
Records identified through
electronic database
searching (n=2771)

* Ovid Medline (n=2106)

* Web of Science (n=300)

* Scopus (n=217)

* PubMed (n=95)

» Cochrane Library n=53

Additional records

identified through

article references
n=3

(Umccrnz—) C-@-}-—r-w-ﬁ-r‘m)( QZ=ZEmIO® )(zo'-—l:bn-w-—lzmc-)

Total records (n=2774)

‘_

v

Records after removal of duplicates
(n=2230)

| Duplicates removed (n=544)

Excluded records
(n=2129)
* Irrelevant title
+ Special collection, no
reference
Abstract conference

Full text articles assessed for eligibility by 2
independent reviewers (n=101)

Study protocol
Review articles
Qualitative papers

Total included studies (n=21)

Further excluded records
n=80
* Wrong exposure & outcomes

n
* Full text not in English
(n=25)
» Wrong study design (n=5)
* No full text available (n=1)
* Proceedings (n=2)
* Study protocol (n=1)






media/file0.png





media/file17.png
Meta-analysis

Elhai 2016 —

Rozgonjuk 2019 —

Total (random effects) |—

=
Total (fixed effects) — ’

0.0 0.1 0.2
Correlation coefficient

(b)





media/file4.jpg
Variableforstudies. Study.

Vbt il | N
Varbie o oo ot ¢

 Comelation wsra z i 2
R e
Coco 2020 @ 0 0200100454 1648 1648
S0 | 4 0% 02%w0ss ns 18
Ran o o s o
Skimgu19 D6 0s0  oowoso xn nn
Twl(eed | W2 046 M0 6 @0 mm imo
‘effects) dl
Tomdon | W2 0# 07004 eSO ma) o)
i) W
Test for heterogeneity
o s
o 3

S level P=068%

SAClork | 0mio7ede
@

o J——

S e






media/file11.jpg
Giordano 2021-A

1oCoco 2020.G

10Coc0 20208

Total (ixed effects)

Meta-analysis

02

03 04 05
Correlation cosffcient

(b)

06





media/file15.jpg
Elhai 2016

Rozgonjuk 2010

Total (fxed effects)

Total (random effects)

Meta-analysis.

[ 01 02 03
Comelation coefficient

(b)





media/file2.jpg
Recorts denified trough
S ) Addtions ecorts
a7y siona
Ovid edtne (v2106) e trough
Webof Scienc (3-300) ‘i relevencts
* Scopus -217) (=)
Pt (-59)

* Cochane Libeary =53

(Greernz-) (Gamr==-o-r= )(@z=zrrrow ) (Zo-">n-mmnzms-)

Ll Toulreconts a2ty o

Records after removalof duplicates
"02230)

Foll text artices assessed for cligbility by 2
independent reviewers (n=101)

Total ncluded studics (-21)

- Absiract conference

Duplicates removed (n-544)

Excludod records
(2-2129)

Furtherexcluded records
(0-30)
+ Wrong exposurs & outcomes
(o)
« Full iext ot English

No fll text sailble (1-1)
+ Proceedings (0-2)
* Study proocol (1)






