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Abstract

Background and aims

The dominant problematic social media use (PSMU) screening questionnaires rely on criteria derived from substance use disorders and assess a unitary construct. This approach generates a single total score for classification (e.g., pathological vs. recreational), also used to determine PSMU prevalence. Recent evidence questions the validity of such unidimensional model, suggesting that current scales may conflate genuinely problematic (“core” criteria) with merely intensive but non-problematic involvement (“peripheral” criteria), potentially inflating prevalence rates and pathologizing social media use. Here we re-analyzed the structural validity and dimensionality of one of the most widely used questionnaires evaluating PSMU, the Social Media Disorder Scale (SMD), comparing three different theory-based latent structures for this highly used screening questionnaire. 

Design: Secondary analysis of data from the cross-sectional 2017 international Health Behavior in School-Aged Children (HBSC) study.

Setting: Schools from 43 regions from 40 different countries 

Participants: 190,335 students (48.13% males; 51.87% females) with a mean age of 13.58 years (SD = 1.62).

Measurements: Participants completed the SMD to measure PSMU, the Symptom Checklist to measure psychological problems and sleep problems, and the Cantril Ladder to measure life satisfaction.

Findings: Across most regions, a two-factor model that separates salience and tolerance as peripheral criteria from all other SMD items as core criteria provided a superior fit compared to a unidimensional solution. Configural invariance CFA corroborated the distinction between core and peripheral (χ²(1118) = 7,692.318, p < .001, CFI = .981, TLI = .974, RMSEA = .036, SRMR = .038), surpassing the one-factor model (χ²(1161) = 8,815.970, p < .001, CFI = .978, TLI = .971, RMSEA = .038, SRMR = .042). Alignment optimization showed that 23% of the parameters were invariant across regions under this two-factor solution. Weak positive associations emerged between the core factor and psychological, sleep problems and life satisfaction, while the peripheral factor was negligibly or non-significantly associated with these outcomes.

Conclusions: This study challenges the longstanding use on unidimensional scoring of PSMU measures. There is a need to refine screening instruments in order to distinguish core features, directly related to problematic use, from peripheral ones, associated with non-problematic involvement. This emphasizes an urgent need to renew and improve the assessment of PSMU, and behavioral addictions in general.
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INTRODUCTION
[bookmark: _Hlk184390436]
The most widely used screening instruments for assessing problematic social media use (PSMU) rely on criteria derived from substance use disorders (SUD) and are conceptualized as unidimensional (1,2). This approach leads to using a total PSMU score, used to estimate prevalence rates or classify users into groups of problematic/pathological or recreational/non-problematic users (3–7). The most widely used scales to measure PSMU, namely, the 6-item Bergen Social Media Addiction Scale (BSMAS) (8) and the 9-item Social Media Disorder Scale (SMD) (7) follow this logic: they are unifactorial measurement instruments that assess PSMU from an addiction framework (9). 

This approach has been largely influenced by the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5 (10)), which defines non-substance-related addictive behaviors (also known as behavioral addictions)by adapting criteria from substance use and gambling disorders, and by the Components Model of Addiction (11), which proposes that all addictions – whether related to substance use or not – can be characterized by six specific features: tolerance, salience, relapse, withdrawal, conflict, and mood modification. 

SUD criteria may however not be valid when applied to behavioral addictions. For instance, in the context of problematic gaming, previous research has shown that some criteria (typically loss of control/relapse or conflict) accurately capture problematic behavior and constitute “core features” of the condition. In contrast, other criteria (such as tolerance-like symptoms or cognitive salience/preoccupation) rather reflect elevated involvement that is not inherently problematic and should instead be regarded as “peripheral features” of the condition (12–16). Core criteria directly signal maladaptive behavior, whereas peripheral ones reflect non-problematic high engagement in an activity.

This distinction between core and peripheral criteria has also been observed in PSMU, showing that salience and tolerance appear to be poor indicators of problematic behavior (17–19). Meta-analytic findings show that when PSMU is treated as a single factor, it presents weak negative association with life satisfaction and positive associations with anxiety, depression, stress, and loneliness (20–23). Hence, individuals reporting PSMU often show lower well-being and more psychological problems.. Notably, when core and peripheral criteria are analyzed separately, only core criteria consistently correlate with these outcomes, while peripheral criteria show weak or no associations (31,32).

Given these results, literature has questioned the unifactorial nature of the PSMU. In a recent study using the Italian version of the BSMAS designed after the Components Model of Addiction (11,33), Fournier et al. (31,34) compared three different factorial solutions: one unidimensional and two bidimensional. Their first model described a unidimensional construct of “addictive” social media use comprising the six components of addiction. Their second model described one dimension comprising the components of salience, tolerance, and mood modification as “peripheral”, and one dimension comprising the components of relapse, withdrawal, and conflict as “core”. Their third model described one dimension comprising the two components of tolerance and salience as “peripheral”, and one dimension comprising the remaining components as “core”. They showed that the six components did not cohere into a unitary construct (i.e., Model 1 showed poor fit) but rather into a bidimensional construct (i.e., Model 3 performed best). Of note, the examination of Model 2 and Model 3 in Fournier et al. (31) reflects an ongoing debate regarding the role of mood modification as either a core or peripheral criterion: some researchers classify it as peripheral (see 13,16,23), while others label it as a core criterion due to its links with other problematic behaviors (35,36). Subsequently, Marengo et al. (37) replicated these findings in an Italian sample that measured Instagram Problematic Use with a BSMAS adaptation, also observing that Model 3 performed best. Regarding the convergent validity of Model 3, both Fournier et al. (31) and Marengo et al. (37) arrived at similar conclusions; including peripheral criteria do not improve the predictions of psychopathological outcomes. These initial results, however, are limited to two small and non-representative Italian samples and focused on the BSMAS. 

Compared to the BSMAS, the SMD has received less attention for a potential core–peripheral distinction. Fung (38) found that a two-correlated-factors model provided a better fit than the one-factor model. Factor 1 included items measuring problems, deception, and conflict, while Factor 2 encompassed all remaining items. However, this factor structure was tested after using modification indices, prompted by the poor fit of the one-factor model. Burén et al. (35) found an alternative two-factor structure through principal components analysis in a small sample, a method that conflates unique variance and error variance (39). Thus, empirical support for a two-factor approach in SMD remains data-driven, lacking robust theoretical underpinnings. Given the limited evidence on the SMD and the encouraging but preliminary findings for the BSMAS, further research on larger and more diversified samples is needed to determine whether PSMU assessment can benefit from separating core and peripheral criteria.

Therefore, this study capitalizes on data from the 2017 international Health Behavior in School-Aged Children (HBSC) study, which includes the SMD (7). This scale measures PSMU based on the DSM-5 framework for behavioral addictions. Although it has been proposed as a better option than the BSMAS for assessing PSMU (4), it still includes the items salience and tolerance, which are considered peripheral criteria. Then, this scale can be employed to extend Fournier et al. work (31).

Crucially, Boer et al. (3) previously analyzed the psychometric properties of the SMD on this HBSC 2017 dataset. Exploratory factor analysis and parallel analysis indicated that a one-factor solution was optimal for 42 out of 44 regions. Although Boer et al. (3) considered two- and three-factor EFAs, these solutions were deemed inconsistent across regions. They ultimately tested a unidimensional CFA model on the validation sample. However, parallel analysis can underestimate the number of factors when factor intercorrelations are high, particularly with dichotomous data (40). 

Hence, our aim is to test whether the SMD can be considered within a core–peripheral framework, building upon previous work conducted in the field of problem gaming and PSMU. First, we compare three theoretical measurement models of the SMD: (a) a unidimensional solution, (b) a two-factor solution considering salience, tolerance, and mood modification as peripheral criteria, and (c) a two-factor solution that considers only salience and tolerance as peripheral criteria. Second, we test the convergent validity of the best-fitting model by looking at its relationships with life satisfaction and psychological symptoms. Given the large cross-national differences in measuring PSMU and PSMU prevalence rates (5), we will first conduct region-by-region analyses for the first aim, followed by an evaluation of the generalizability of the best-fitting latent structure.

METHOD

Participants and procedure
This study drew data from the 2017 international HBSC study, a cross-national collaboration examining health-related behaviors among school-aged students. The HBSC uses nationally representative samples of students aged 11, 13, and 15 years. Students were selected through stratified sampling to ensure that each country’s regional, economic, and public-private distributions were adequately represented (41). Schools served as the primary sampling units; typically, only one class per grade level was chosen. A weighting variable was applied to enhance representativeness, adjusting for factors such as federal state, school type, gender, and age group (42). The participating countries in the HBSC 2017 study which administered the SMD were primarily European, along with Canada, Russia, Israel, Kazakhstan, Georgia, Azerbaijan, Armenia, and Turkey. In this HBSC study data from Finland, Northern Ireland and the United States was not available. Nonetheless, data from Finland was reported in the original international validation of the SMD (3).

Furthermore, Bulgaria, Slovakia, and Greenland were excluded due to missing values for all SMD variables. As a result, SMD data was only available from 40 countries, covering 43 different regions. The countries included are listed in Table 1. To maintain consistency across HBSC studies (e.g., Inchley & Young, 2016; International HBSC Study Group et al., 2009) we did not merge regions into countries (i.e., England, Scotland, and Wales were kept separate, as were Belgium's Flemish and French regions).

The final sample consisted of 190,335 students (51.87% females; 48.13% males) with a mean age of 13.58 years (SD = 1.62). Participants completed the questionnaire using paper-and-pencil or digital formats. Additional information on sample characteristics is provided in Table 1. 

Instruments

The Social Media Disorder scale (7) assesses PSMU following the DSM-5 framework for gambling disorder and Internet Gaming Disorder (10). The SMD scale includes nine dichotomous items (Yes/No), covering preoccupation, tolerance, withdrawal, persistence, displacement, problem, deception, escape, and conflict (e.g., During the past year, have you had serious conflict with your parents, brother(s) or sister(s) because of your social media use?). The total scores of the questionnaire range from 0 to 9. The original validation reported a Cronbach’s α of 0.81 (7). Within the HBSC 2017 study, national research teams translated and back-translated the scale into local languages. The psychometric properties of these translations have been published previously using this dataset (3).

To test the convergent validity of the best-fitting latent structure of the SMD two measures were employed: the Cantril Ladder and the Symptom Checklist. 

The Symptom Checklist was used to assess psychological and sleep problems (45). This measure, developed by the HBSC, evaluates the following symptoms: (1) headache, (2) stomachache, (3) backache, (4*) feeling low, (5*) irritability/bad temper, (6*) feeling nervous, (7*) difficulty falling asleep, and (8) dizziness. Response options range from “Rarely or never” (0) to “About every day” (4). In this study, only the symptoms marked with an * were included. This selection was based on research that established a positive association between PSMU, emotional distress, and sleep difficulties (20,46). These items have already been used as reflecting a single index of poor mental health in prior research (47). This measure obtained an effect size of .290 in its association with the total SMD score in a previous study conducted with the same dataset (50).Yet, in the current study, they were analyzed individually to maximize specificity (49). 

The Cantril Ladder (51) was employed to measure life satisfaction. This single-item measure assesses participants’ life satisfaction using the following text: “Here is a picture of a ladder. Suppose the top of the ladder represents the best possible life for you and the bottom of the ladder the worst possible life. Where on the ladder do you feel you stand at the present time?”. Since 2002, the Cantril Ladder has been included in the HBSC study (52). This item ranges from 0 ("Worst possible life") to 10 (“Best possible life”).  Despite being a single-item measure, it has demonstrated adequate convergent validity, being negatively associated with depression scores and positively associated with general self-efficacy (53). This measure showed a -.203 association with the SMD in a previous study with the same dataset (50).

Data analysis

The full sample of the HBSC 2017 study was employed to test and compare three theoretically derived measurement models. Model 1 is a unidimensional solution aligned with the original SMD validation (7). The next two models were adapted from the gaming disorder literature and then applied to PSMU, with previous results obtained for PSMU compared to the one-factor model (12,31,34). Both distinguish between core and peripheral criteria. Model 2 features a two-factor correlated structure separating peripheral criteria (salience, tolerance, and mood modification) from core criteria (relapse, withdrawal, and conflict). Model 3 is similar but classifies mood modification as a core criterion rather than a peripheral one. Mood modification was tested as both a peripheral and a core criterion (i.e., in Models 2 and 3, respectively) because the existing evidence on its classification remains mixed, as summarized in the introduction.

To evaluate these three measurement models for each of the 43 regions, confirmatory factor analyses (CFA) were performed. Because participants were nested within schools, the assumption of independent observations was violated. Therefore, we used robust standard errors to account for school-level clustering. Although a clustering effect was present, we did not perform a multilevel CFA because we were not interested in modeling school-level effects. To compute CFA, the weighted least squares mean and variance adjusted (WLSMV) estimator was used for its appropriateness with dichotomous items (54). Fit indices reported included chi-square values (χ²), degrees of freedom (df), p-values, the robust versions of the comparative fit index (CFI, ≥ .95), Tucker-Lewis index (TLI, ≥ .95), root mean square error of approximation (RMSEA, ≤ .06), and standardized root mean square residual (SRMR) (≤ .08). These cut-off values are based on  Hu & Bentler (1999).

To evaluate the generalizability of the latent structure, measurement invariance was tested across regions. First, a configural model was estimated for each of the three theoretical models, using region as the grouping variable. This step ensured that the same factor structure was imposed across all regions without additional constraints, a crucial step for meaningful cross-regional comparisons. Next, the model that showed the best fit at the configural level was selected for further analysis. Specifically, alignment optimization for approximate invariance was conducted, a method that estimates group-specific parameters without requiring strict measurement invariance. This approach is particularly useful for comparisons across a large number of groups, provided that the configural model exhibits an acceptable fit (56–58).

The quality of alignment optimization was assessed based on the proportion of invariant parameters across regions. The solution was considered stable and interpretable if the percentage of non-invariant parameters remains below 25% (56). Additionally, the variance/invariance index (R²) was reported, where values close to 1 indicate a high degree of invariance, while values near 0 suggest substantial cross-regional differences (59).

Finally, to assess the convergent validity of the SMD’s latent structure, Spearman multilevel partial correlations were computed with four items from the Symptom Checklist and the Cantril Ladder. Since the region was the main cluster variable (vs. school level) this variable was included as a random effect in the models, and they were also partialized for the alternate SMD subscale.

Data weighting was applied to all analyses to correct for representativeness, except in the Spearman correlations due to implementation challenges. Missing values were handled using listwise deletion, as performed in other HBSC studies (60,61). Missing values ranged across regions from 1.0% to 20.4%. Sensitivity analyses were conducted by imputing missing data in supplementary material. Random forests using predictive mean matching were employed, a method that has shown adequate performance (62,63). This approach is particularly appropriate for studies with large samples, since it is faster than other alternatives. Additionally, because most social media platforms require users to be at least 13 years old, sensitivity analyses were conducted on this subgroup. Then, analyses were performed using listwise deletion and random forest imputation for participants aged 13 and older.

All analyses were conducted using R version 4.4.1 and MPlus version 8.9. The following R packages were employed: correlation 	0.8.6 (64), ggplot2 3.5.1 (65), lavaan 0.6.19 (66), missRanger 2.6.1 (67), and MplusAutomation 1.1.1 (68).

Ethics

Informed consent was obtained from participating schools and students. Parental consent was either passive – where parents could decline participation but did not need to provide explicit approval – or active, requiring written permission. Each country secured ethical approval from its respective review board or analogous authority. Data was collected anonymously (for further details, see Moor et al. 59). This study was not preregistered.

RESULTS

Descriptives of the sample

Table 1. Descriptive statistics of the sample for each region.

	Region
	Schools
	Classes
	Sample size
	Mage (SDage)
	Females
	Males
	Missing values

	Albania
	83
	346
	1,765
	13.54 (1.51)
	962
	803
	9.80%

	Armenia
	167
	239
	4,717
	13.50 (1.63)
	2,364
	2,353
	16.60%

	Austria
	336
	336
	4,129
	13.27 (1.61)
	2,093
	2,036
	2.87%

	Azerbaijan
	167
	492
	4,586
	13.27 (1.67)
	2,377
	2,209
	17.60%

	Belgium Flemish
	158
	552
	4,333
	13.38 (1.72)
	2,189
	2,144
	8.76%

	Belgium French
	266
	728
	5,578
	13.28 (1.68)
	2,787
	2,791
	11.30%

	Canada
	281
	1079
	12,950
	13.65 (1.46)
	6,586
	6,364
	20.40%

	Croatia
	204
	326
	5,169
	13.79 (1.69)
	2,534
	2,635
	11.50%

	Czech Republic
	227
	664
	11,564
	13.37 (1.66)
	5,743
	5,821
	6.22%

	Denmark
	45
	215
	3,181
	13.32 (1.61)
	1,636
	1,545
	7.56%

	England
	33
	211
	3,397
	13.42 (1.48)
	1,582
	1,815
	11.90%

	Estonia
	100
	300
	4,725
	13.78 (1.63)
	2,356
	2,369
	3.73%

	France
	387
	708
	9,170
	13.29 (1.46)
	4,631
	4,539
	8.80%

	Georgia
	113
	326
	4,242
	13.45 (1.71)
	2,133
	2,109
	9.00%

	Germany
	146
	394
	4,347
	13.40 (1.67)
	2,306
	2,041
	8.76%

	Greece
	238
	238
	3,883
	13.81 (1.66)
	1,936
	1,947
	4.25%

	Hungary
	244
	250
	3,789
	13.52 (1.63)
	2,001
	1,788
	4.68%

	Iceland
	86
	303
	6,996
	13.59 (1.63)
	3,486
	3,510
	7.30%

	Ireland
	161
	396
	3,833
	13.40 (1.56)
	1,940
	1,893
	9.79%

	Israel
	159
	439
	7,712
	13.62 (1.59)
	4,230
	3,482
	5.70%

	Italy
	185
	266
	4,144
	13.67 (1.62)
	2,146
	1,998
	4.58%

	Kazakhstan
	110
	329
	4,868
	13.25 (1.68)
	2,415
	2,453
	5.50%

	Latvia
	98
	362
	4,412
	13.47 (1.64)
	2,224
	2,188
	6.73%

	Lithuania
	64
	160
	3,797
	13.70 (1.65)
	1,883
	1,914
	3.56%

	Luxembourg
	147
	632
	4,070
	13.49 (1.68)
	2,031
	2,039
	8.78%

	Malta
	29
	136
	2,576
	13.44 (1.62)
	1,337
	1,239
	6.57%

	Moldova
	89
	261
	4,686
	13.54 (1.67)
	2,336
	2,350
	5.58%

	Netherlands
	157
	385
	4,698
	13.50 (1.60)
	2,411
	2,287
	2.30%

	North Macedonia
	161
	254
	4,658
	13.55 (1.63)
	2,380
	2,278
	14.00%

	Norway
	180
	241
	3,127
	13.01 (1.60)
	1,610
	1,517
	1.60%

	Poland
	194
	377
	5,224
	13.58 (1.66)
	2,654
	2,570
	5.19%

	Portugal
	42
	387
	6,126
	13.30 (1.52)
	3,200
	2,926
	7.97%

	Romania
	160
	255
	4,567
	13.20 (1.63)
	2,338
	2,229
	4.63%

	Russia
	52
	381
	4,281
	13.82 (1.66)
	2,238
	2,043
	9.37%

	Scotland
	208
	266
	5,021
	13.51 (1.63)
	2,601
	2,420
	6.69%

	Serbia
	101
	200
	3,933
	13.97 (1.68)
	1,988
	1,945
	11.50%

	Slovenia
	291
	323
	5,667
	13.58 (1.63)
	2,788
	2,879
	8.09%

	Spain
	427
	427
	4,320
	13.61 (1.61)
	2,232
	2,088
	6.72%

	Sweden
	213
	213
	4,185
	13.63 (1.63)
	2,104
	2,081
	9.35%

	Switzerland
	564
	714
	7,510
	13.41 (1.59)
	3,725
	3,785
	6.15%

	Turkey
	97
	287
	5,848
	13.42 (1.70)
	2,994
	2,854
	7.16%

	Ukraine
	286
	736
	6,660
	13.40 (1.62)
	3,413
	3,247
	7.47%

	Wales
	88
	-
	15,951
	13.51 (1.60)
	7,965
	7,986
	19.00%



Note. The number of classes was not recorded in the HBSC study for the region of Wales. Missing values were calculated as the average proportion of missing values across participants.

Correlation matrix

Table 2 depicts Pearson correlation coefficients between SMD items.

Table 2. Pearson correlation matrix among SMD items.
 
	Items
	SMD 1
	SMD 2
	SMD 3
	SMD 4
	SMD 5
	SMD 6
	SMD 7
	SMD 8

	SMD 1
	 
	 
	 
	 
	 
	 
	 
	 

	SMD 2 
	.37**
	 
	 
	 
	 
	 
	 
	 

	SMD 3
	.36**
	.38**
	 
	 
	 
	 
	 
	 

	SMD 4  
	.24**
	.23**
	.23**
	 
	 
	 
	 
	 

	SMD 5
	.26**
	.26**
	.27**
	.22**
	 
	 
	 
	 

	SMD 6
	.26**
	.29**
	.28**
	.24**
	.26**
	 
	 
	 

	SMD 7
	.27**
	.28**
	.29**
	.23**
	.29**
	.32**
	 
	 

	SMD 8
	.25**
	.26**
	.27**
	.27**
	.22**
	.28**
	.25**
	 

	SMD 9
	.27**
	.28**
	.30**
	.22**
	.28**
	.38**
	.38**
	.24**



Note. N = 190,335. SMD = Social Media Disorder. SMD 1 = Preoccupation/Salience; SMD 2 = Tolerance; SMD 3 = Withdrawal; SMD 4 = Persistence; SMD 5 = Displacement; SMD 6 = Problem; SMD 7 = Deception; SMD 8 = Escape; SMD 9 = Conflict. ** indicates p < .01. It is important to note that when Pearson’s correlation coefficient is applied to dichotomous variables such as SMD items, it produces the same result as the Phi coefficient, which is specifically used for measuring the association between two binary variables.

Confirmatory factor analyses

Table 3 shows the global fit of the three models in each region. Generally, the results of the CFA indicate an adequate fit for all three models. Notably, Model 2 and Model 3 show a better fit than Model 1 for most regions; yet, fit indices did not show improvement in some regions, namely Iceland, Moldova, Slovenia or Turkey.

Table 3. Confirmatory factor analysis for the three latent structures of the SMD across regions.

	[bookmark: _Hlk168486623]Region and sample size
	Model
	[bookmark: _Hlk184389471]χ2
	CFI
	TLI
	RMSEA 90% [LL, UL]
	SRMR

	
	M1
	59.245
	.988
	.984
	.028 [.018, .037]
	.038

	Albania
n = 1,561
	M2
	52.929
	.990
	.986
	.026 [.016, .036]
	.035

	
	M3
	48.798
	.992
	.988
	.024 [.013, .034]
	.034

	
	M1
	106.398
	.989
	.985
	.027 [.022, .033]
	.040

	Armenia
n = 3,893
	M2
	99.116
	.990
	.986
	.027 [.021, .033]
	.039

	
	M3
	74.684
	.993
	.991
	.022 [.021, .033]
	.033

	
	M1
	130.845
	.982
	.975
	.031 [.026, .036]
	.037

	Austria
n = 3,995
	M2
	130.097
	.982
	.974
	.032 [.026, .037]
	.037

	
	M3
	124.607
	.983
	.976
	.031 [.026, .036]
	.036

	
	M1
	157.756
	.977
	.970
	.037 [.032, .043]
	.041

	Azerbaijan
n = 3,475
	M2
	152.878
	.978
	.970
	.037 [.032, .043]
	.040

	
	M3
	157.006
	.977
	.969
	.038 [.032, .044]
	.041

	
	M1
	166.098
	.978
	.971
	.037 [.032, .042]
	.041

	Belgium Flemish
n = 3,801
	M2
	163.462
	.979
	.970
	.037 [.032, .043]
	.041

	
	M3
	164.605
	.978
	.970
	.037 [.032, .043]
	.041

	
	M1
	186.466
	.982
	.976
	.035 [.031, .040]
	.036

	Belgium French
n = 4,727
	M2
	185.411
	.982
	.975
	.036 [.031, .041]
	.036

	
	M3
	180.934
	.983
	.976
	.036 [.031, .040]
	.035

	
	M1
	348.458
	.969
	.959
	.036[.033, .039]
	.051

	Canada
n = 9,234
	M2
	299.177
	.974
	.964
	.034 [.030, .037]
	.047

	
	M3
	237.811
	.980
	.972
	.030 [.026, .033]
	.042

	
	M1
	309.855
	.975
	.966
	.048 [.044, .053]
	.044

	Croatia
n = 4,461
	M2
	305.079
	.975
	.966
	.049 [.044, .054]
	.044

	
	M3
	276.575
	.978
	.969
	.046 [.042, .052]
	.041

	
	M1
	413.875
	.979
	.972
	.036 [.033, .040]
	.041

	Czech Republic
n = 10,778
	M2
	402.188
	.979
	.971
	.037 [.034, .040]
	.040

	
	M3
	359.479
	.982
	.975
	.034 [.031, .038]
	.038

	
	M1
	171.023
	.975
	.967
	.043 [.037, .050]
	.054

	Denmark
n = 2,858
	M2
	168.347
	.975
	.966
	.044 [.038, .050]
	.053

	
	M3
	169.815
	.975
	.965
	.044 [.038, .050]
	.053

	
	M1
	190.544
	.972
	.963
	.046 [.040, .052]
	.050

	England
n = 2,839
	M2
	179.979
	.974
	.964
	.046 [.039, .052]
	.049

	
	M3
	158.949
	.978
	.969
	.042 [.036, .049]
	.045

	
	M1
	255.649
	.974
	.965
	.043 [.039, .048]
	.047

	Estonia
n = 4,485
	M2
	188.512
	.981
	.974
	.037 [.032, .042]
	.040

	
	M3
	168.149
	.984
	.977
	.035 [.030, .040]
	.038

	
	M1
	295.960
	.976
	.968
	.035 [.031, .039]
	.039

	France
n = 8,188
	M2
	280.919
	.977
	.968
	.035 [.031, .038]
	.038

	
	M3
	237.235
	.981
	.974
	.031 [.028, .035]
	.035

	
	M1
	90.673
	.982
	.976
	.025 [.019, .030]
	.038

	Georgia
n = 3,900
	M2
	87.743
	.983
	.976
	.025 [.019, .030]
	.037

	
	M3
	80.360
	.985
	.979
	.023 [.018, .029]
	.034

	
	M1
	146.951
	.978
	.971
	.034 [.029, .040]
	.040

	Germany
n = 3,818
	M2
	147.086
	.978
	.969
	.035 [.030, .040]
	.040

	
	M3
	141.889
	.979
	.971
	.034 [.029, .041]
	.039

	
	M1
	99.793
	.987
	.982
	.027 [.022, .033]
	.032

	Greece
n = 3,650
	M2
	95.334
	.987
	.982
	.027 [.021, .033]
	.031

	
	M3
	98.068
	.987
	.982
	.028 [.022, .033]
	.031

	
	M1
	183.741
	.964
	.951
	.040 [.035, .046]
	.051

	Hungary
n = 3,586
	M2
	183.524
	.963
	.949
	.041 [.036, .047]
	.051

	
	M3
	164.260
	.968
	.955
	.039 [.033, .044]
	.048

	
	M1
	169.129
	.991
	.987
	.029 [.025, .033]
	.034

	Iceland
n = 6,372
	M2
	170.405
	.990
	.987
	.030 [.025, .034]
	.034

	
	M3
	183.600
	.990
	.986
	.031 [.027, .035]
	.034

	
	M1
	195.031
	.958
	.944
	.037 [.032, .042]
	.046

	Israel
n = 4,633
	M2
	178.797
	.962
	.947
	.036 [.031, .041]
	.044

	
	M3
	194.732
	.958
	.941
	.037 [.033, .042]
	.046

	
	M1
	325.877
	.961
	.949
	.058 [.052, .063]
	.053

	Ireland
n = 3,327
	M2
	326.066
	.961
	.946
	.059 [.053, .065]
	.053

	
	M3
	321.805
	.962
	.947
	.058 [.053, .064]
	.052

	
	M1
	151.448
	.978
	.971
	.034 [.029, .040]
	.038

	Italy
n = 3,895
	M2
	142.531
	.980
	.972
	.034 [.029, .039]
	.037

	
	M3
	139.432
	.980
	.973
	.033 [.028, .039]
	.036

	
	M1
	134.480
	.982
	.976
	.031 [.026, .037]
	.040

	Kazakhstan
n = 4,049
	M2
	134.098
	.982
	.975
	.032 [.027, .038]
	.040

	
	M3
	133.266
	.982
	.975
	.032 [.027, .037]
	.039

	
	M1
	152.241
	.981
	.975
	.034 [.029, .039]
	.040

	Latvia
n = 4,002
	M2
	136.905
	.983
	.977
	.033 [.027, .038]
	.037

	
	M3
	123.602
	.985
	.979
	.031 [.025, .036]
	.036

	
	M1
	216.120
	.976
	.968
	.044 [.039, .049]
	.043

	Lithuania
n = 3,634
	M2
	197.142
	.978
	.970
	.043 [.037, .048]
	.041

	
	M3
	161.620
	.983
	.976
	.038 [.032, .044]
	.037

	
	M1
	151.117
	.976
	.968
	.035 [.030, .041]
	.041

	Luxemburg
n = 3,666
	M2
	137.097
	.978
	.970
	.034 [.029, .040]
	.039

	
	M3
	120.524
	.982
	.975
	.031 [.026, .037]
	.036

	
	M1
	80.289
	.984
	.978
	.029 [.022, .036]
	.037

	Malta
n = 2,391
	M2
	80.398
	.983
	.977
	.030 [.022, .037]
	.037

	
	M3
	75.510
	.985
	.979
	.028 [.021, .036]
	.035

	
	M1
	103.741
	.983
	.977
	.025 [.020, .031]
	.033

	Moldova
n = 4,387
	M2
	103.854
	.982
	.975
	.026 [.021, .031]
	.033

	
	M3
	103.701
	.982
	.976
	.026 [.021, .031]
	.033

	
	M1
	86.961
	.989
	.985
	.022 [.017, .027]
	.034

	Netherlands
n = 4,555
	M2
	86.310
	.989
	.984
	.023 [.017, .028]
	.034

	
	M3
	83.327
	.989
	.985
	.022 [.017, .027]
	.033

	
	M1
	182.923
	.975
	.966
	.036 [.031, .041]
	.040

	North Macedonia
n = 4,412
	M2
	134.891
	.982
	.975
	.031 [.026, .036]
	.035

	
	M3
	135.370
	.982
	.975
	.031 [.026, .036]
	.035

	
	M1
	123.600
	.980
	.973
	.037 [.030, .043]
	.032

	Norway
n = 2,659
	M2
	121.498
	.980
	.973
	.037 [.031, .044]
	.032

	
	M3
	111.499
	.982
	.976
	.035 [.029, .042]
	.030

	
	M1
	236.962
	.977
	.969
	.040 [.030, .043]
	.042

	Poland
n = 4,852
	M2
	233.625
	.977
	.968
	.041 [.031, .044]
	.041

	
	M3
	220.041
	.979
	.970
	.039 [.029, .042]
	.040

	
	M1
	334.694
	.975
	.966
	.046 [.035, .045]
	.044

	Portugal
n = 5,413
	M2
	332.426
	.975
	.965
	.047 [.036, .045]
	.044

	
	M3
	313.453
	.977
	.967
	.045 [.035, .044]
	.042

	
	M1
	136.809
	.984
	.978
	.031 [.042, .050]
	.033

	Romania
n = 4,350
	M2
	129.521
	.985
	.979
	.030 [.042, .051]
	.032

	
	M3
	124.964
	.985
	.980
	.030 [.041, .050]
	.031

	
	M1
	148.425
	.988
	.984
	.035 [.026, .036]
	.032

	Russia
n = 3,753
	M2
	140.317
	.988
	.984
	.034 [.025, .036]
	.031

	
	M3
	110.756
	.991
	.988
	.029 [.024, .035]
	.028

	
	M1
	325.649
	.967
	.955
	.049 [.029, .040]
	.055

	Scotland
n = 4,577
	M2
	287.586
	.971
	.959
	.047 [.029, .040]
	.052

	
	M3
	220.688
	.978
	.970
	.040 [.024, .035]
	.045

	
	M1
	217.617
	.977
	.969
	.046 [.044, .054]
	.049

	Serbia
n = 3,331
	M2
	216.175
	.977
	.968
	.047 [.042, .052]
	.048

	
	M3
	211.997
	.977
	.968
	.046 [.036, .045]
	.047

	
	M1
	139.771
	.989
	.985
	.029 [.040, .052]
	.032

	Slovenia
n = 5,019
	M2
	127.978
	.990
	.986
	.028 [.041, .053]
	.030

	
	M3
	125.953
	.990
	.986
	.028 [.041, .052]
	.030

	
	M1
	238.401
	.983
	.977
	.045 [.024, .034]
	.039

	Spain
n = 3,931
	M2
	238.335
	.983
	.976
	.046 [.023, .033]
	.039

	
	M3
	238.913
	.983
	.976
	.046 [.023, .033]
	.039

	
	M1
	257.642
	.969
	.958
	.048 [.040, .050]
	.052

	Sweden
n = 3,698
	M2
	239.075
	.971
	.960
	.047 [.040, .051]
	.050

	
	M3
	216.739
	.974
	.964
	.045 [.040, .051]
	.047

	
	M1
	198.229
	.979
	.972
	.030 [.043, .054]
	.036

	Switzerland
n = 6,911
	M2
	194.018
	.979
	.971
	.031 [.042, .053]
	.035

	
	M3
	172.012
	.982
	.975
	.029 [.039, .050]
	.033

	
	M1
	191.722
	.984
	.978
	.034 [.026, .034]
	.034

	Turkey
n = 5,380
	M2
	187.187
	.984
	.978
	.034 [.027, .035]
	.034

	
	M3
	193.902
	.983
	.977
	.035 [.025, .033]
	.034

	
	M1
	297.863
	.974
	.966
	.041 [.029, .038]
	.043

	Ukraine
n = 6,036
	M2
	285.589
	.975
	.966
	.041 [.029, .039]
	.042

	
	M3
	267.681
	.977
	.968
	.039 [.030, .039]
	.042

	
	M1
	813.330
	.973
	.964
	.050 [.037, .045]
	.044

	Wales
n = 11,733
	M2
	738.940
	.976
	.966
	.048 [.036, .045]
	.042

	
	M3
	630.845
	.979
	.972
	.045 [.035, .044]
	.038



Note. χ² = chi-square; CFI = Comparative Fit Index; TLI = Tucker–Lewis Index; RMSEA = Root Mean Square Error of Approximation; UL = upper limit; LL = lower limit; SRMR = Standardized Root Mean Square Residual. M1 = Model 1 (unifactorial model); M2 = Model 2 (tolerance, salience, and mood modification are part of the peripheral factor, while relapse, withdrawal, and conflict belong to the core factor); M3 = Model 3 (tolerance and salience are part of the peripheral factor, while relapse, withdrawal, conflict, and mood modification belong to the core factor). Model 1 has 27 degrees of freedom, while Models 2 and 3 have 26 degrees of freedom. All χ2 statistics for each model in each region were significant (p < .001).

Invariance analysis across regions

Configural invariance was assessed in Models 1, 2, and 3. Table 4 presents the fit indices for each configural model. All three models demonstrated excellent fit based on established cut-off criteria. Among them, Model 3 exhibited the best-fitting factor solution. Consequently, this latent structure was retained for alignment optimization. Further details are provided in Table 5. Alignment optimization revealed 176 non-invariant parameters out of 756 (23%), which is below the recommended cut-off, supporting the approximate invariance of this latent structure across regions.

Table 4. Goodness-of-fit indices for each nested model to test for configural measurement invariance by regions.

	Model
	χ2
	df
	CFI
	TLI
	RMSEA
	RMSEA UL 90%
	RMSEA LL 90%
	SRMR

	Model 1
	8,815.970*
	1161
	.978
	.971
	.038
	.037
	.038
	.042

	Model 2
	8,323.621*
	1118
	.979
	.971
	.037
	.036
	.038
	.040

	Model 3
	7,692.318*
	1118
	.981
	.974
	.036
	.035
	.036
	.038



Note. χ² = chi-square; CFI = Comparative Fit Index; TLI = Tucker–Lewis Index; RMSEA = Root Mean Square Error of Approximation; UL = upper limit; LL = lower limit; SRMR = Standardized Root Mean Square Residual. M1 = Model 1 (unifactorial model); M2 = Model 2 (tolerance, salience, and mood modification are part of the peripheral factor, while relapse, withdrawal, and conflict belong to the core factor); M3 = Model 3 (tolerance and salience are part of the peripheral factor, while relapse, withdrawal, conflict, and mood modification belong to the core factor). All configural models were computed accounting for the clustering effects of the school level. * indicates a p-value lower than .05. UL = Upper Limit at 90% confidence interval. LL = Lower limit at 90% confidence interval.

Table 5. Item parameter estimates using alignment optimization.

	
	
	Threshold parameter
	
	
	
	Loading parameter
	
	
	

	
	
	Weighted average value across groups
	R2
	Number of regions across is invariant
	Number of regions across is not invariant
	Weighted average value across regions
	R2
	Number of regions across is invariant
	Number of regions across is not invariant

	Peripheral
	SMD 1
	.265
	.374
	26
	16
	1.869
	.714
	40
	2

	
	SMD 2
	.443
	.872
	27
	15
	2.062
	.822
	26
	16

	Core
	SMD 3
	-.299
	.780
	29
	13
	1.869
	.710
	39
	3

	
	SMD 4
	-.505
	.500
	31
	11
	1.236
	.680
	31
	11

	
	SMD 5
	.276
	.618
	18
	24
	1.570
	.847
	40
	2

	
	SMD 6
	-.122
	.779
	35
	7
	1,865
	.744
	37
	5

	
	SMD 7
	.349
	.709
	32
	10
	1.984
	.734
	40
	2

	
	SMD 8
	-.676
	.508
	32
	10
	1.330
	.688
	36
	6

	
	SMD 9
	.305
	.587
	24
	18
	2.184
	.548
	37
	5



Note. 42 regions were included in the analysis. Spain was excluded because its covariance matrix could not be inverted. The weighted average values reflect the overall parameter estimates across regions and R² values close to 1 indicate a high degree of invariance, while values near 0 suggest substantial cross-regional differences. SMD = Social Media Disorder. SMD 1 = Preoccupation/Salience; SMD 2 = Tolerance; SMD 3 = Withdrawal; SMD 4 = Persistence; SMD 5 = Displacement; SMD 6 = Problem; SMD 7 = Deception; SMD 8 = Escape; SMD 9 = Conflict.

Convergent validity

Core and peripheral criteria demonstrated different associations with external indicators (see Table 6). Partial correlations for core criteria exhibited weak associations. Specifically, when peripheral criteria were included in the model, core criteria showed Spearman correlations of ρ = .140 with difficulties in sleeping, ρ = .200 with feeling low, ρ = .176 with feeling nervous, ρ = .187 with irritability or bad temper, and a negative association (ρ = −.146) with life satisfaction. All these associations were statistically significant (p < .001). Conversely, after including core criteria in the model, the associations between peripheral criteria and these items were non-significant or negligible. Specifically, peripheral criteria were not associated with feeling nervous or life satisfaction (p > .05). Additionally, peripheral criteria showed associations of ρ = .016 with difficulties in sleeping, ρ = .005 with feeling low, and ρ = .008 with irritability or bad temper. See Figure 1 for a visual representation of the Spearman partial correlations. 

Table 6. Spearman multilevel partial correlations for core and peripheral subscales.

	
	Core
	
	
	Peripheral
	
	

	Items
	N
	Spearman coefficient
	p-value
	N
	Spearman coefficient
	p-value

	Difficulties in sleeping
	183,392
	.140
	<.001
	183,392
	.016
	<.001

	Feeling low
	187,143
	.200
	<.001
	187,143
	.005
	.029

	Feeling nervous
	187,282
	.176
	<.001
	187,282
	.004
	.110

	Irritability or bad temper
	187,256
	.187
	<.001
	187,256
	.008
	.001

	Life satisfaction
	188,131
	-.146
	<.001
	188,131
	.004
	.098



Note. Participants from North Macedonia did not respond to the item “Difficulties in sleeping”; but their data were included in the analyses for the remaining associations. The peripheral factor was defined as the sum of tolerance and salience, while the core factor was defined as the sum of relapse, withdrawal, conflict, and mood modification. Correlations for core criteria were calculated while controlling for the influence of the peripheral subscale and vice versa for peripheral criteria. All correlations accounted for the nested structure of the data by including the region as a random effect. p-values were adjusted for multiple comparisons using the False Discovery Rate correction method to control the false positive rate. Difficulties in sleeping, feeling low, feeling nervous, and irritability or bad temper (from the Symptom Checklist) and life satisfaction (assessed by the Cantril Ladder) were used as external indicators to examine convergent validity.

Figure 1. Forest plot for peripheral and core subscales of Spearman multilevel partial correlations.

 [image: ]

Note. Participants from North Macedonia did not respond to the item “Difficulties in sleeping”; but their data were included in the analyses for the remaining associations. Correlations for core criteria were calculated while controlling for the influence of the peripheral subscale and vice versa for peripheral criteria. All correlations accounted for the nested structure of the data by including the region as a random effect. Confidence intervals including zero were considered non-significant. Difficulties in sleeping, feeling low, feeling nervous, and irritability or bad temper (from the Symptom Checklist) and life satisfaction (assessed by the Cantril Ladder) were used as external indicators to examine convergent validity.

DISCUSSION

Most prominent tools to assess and screen PSMU are conceptualized after substance use and addictive disorder criteria. These instruments are conceptualized as unidimensional, combining both core and peripheral criteria—a practice that may promote pathologization and over-diagnosis. Our study tested the dimensional structure of the SMD by comparing the one-factor model against two models accounting for the core and peripheral criteria distinction. Three theory-driven latent structures across 43 regions using a large and diverse sample were compared. The results indicated that Model 3, which treated salience and tolerance as peripheral and all remaining symptoms as core, provided the best fit overall. We also tested the convergent validity of these two subscales: results suggested that core criteria showed small but consistent associations with life satisfaction and psychological symptoms, whereas peripheral criteria displayed non-significant or negligible associations once core criteria were considered.

Regarding the first aim, the one-factor model showed excellent fit indices in most regions, replicating earlier findings from Boer et al. (3) and other samples using different languages (7,70,71). Nevertheless, and crucially, Model 2 and particularly Model 3 offered even better goodness-of-fit in most of the countries. Only in a few regions—such as Iceland, Moldova, Slovenia, and Turkey—did the traditional one-factor model fit better than Models 2 or 3. These discrepancies may reflect cultural or linguistic nuances, or be related to translation of the scales, and warrant further investigation into how PSMU manifests across different contexts and cultures (72). Despite these few exceptions, we showed that the two-factor solution fits the data better in most regions, languages, and cultures, especially as the findings held under multiple analytical conditions (e.g., imputing versus not imputing missing values; excluding participants under 13 years old; see Supplementary Material). Alignment optimization further supported the generalizability of this latent structure across regions, undermining the viability of the one-factor SMD model. Hence, despite suggestions that the SMD captures functional impairment better than the BSMAS (4), it still includes two peripheral items (salience and tolerance) that should not be used to assess PSMU, as they rather reflect non-necessarily problematic intensive use of social networks. These results question the use of a single SMD score, similarly to what was shown  for the BSMAS in previous studies (21,22,28).
Convergent validity analyses underscore the conceptual relevance of this two-factor model. Core criteria correlated in coherent ways with life satisfaction, psychological symptoms, and sleep disturbances, as suggested in meta-analytic literature, obtaining small associations (20,46,73–75). Using the same dataset and the SMD, Boer et al. (50) reported correlations of −.203 and .290 with both life satisfaction and psychological symptoms, respectively. On the contrary, in our study, peripheral criteria—when controlling for core criteria—were only negligibly or non-significantly related to life satisfaction and psychological symptoms, implying they are non-valid indicator of PSMU.

These results mirror earlier research. Marengo et al. (37) found stronger associations for core criteria (vs. peripheral criteria) with neuroticism, depression, loneliness, and difficulties in emotional regulation. Similarly, salience and tolerance consistently show no relationship or even negative correlations with psychopathology in PSMU, being poor indicators (18,19,31,32,76).

Notably, this approach—separating peripheral and core symptoms—is not exclusive to PSMU. Similar distinctions have been proposed in research on gaming, exercising, binge-watching TV series, and online pornography (14,15,77–79). Across these domains, peripheral criteria show weaker links to negative outcomes than core criteria. Considering this broader evidence, our findings further call into question the relevance of using peripheral criteria to define and assess behavioral addictions. It is important that researchers in the field of behavioral addiction refrain from developing screening tools based on recycled SUD criteria, which includes peripheral criteria. This will contribute to reduce (over)pathologization, stigmatization, and biased prevalence estimates. (80–82).

Limitations

First, in Model 3, the peripheral factor was defined using only two items. Although this factor is correlated with the core criteria factor, allowing model identification, it is essential from a psychometric standpoint to include more items to evaluate the latent construct of peripheral criteria robustly (83). Additionally, data from Finland were unavailable in the public HBSC 2017 database, limiting our knowledge of that region’s latent structure and convergent validity.

Future research

Given the target population of the HBSC survey (ages 10–16), future studies should replicate this latent structure in young adults and in other languages and regions (e.g., Oceania, East Asia). Future research could also address the limitation of using two items to measure peripheral criteria by employing extended versions of existing scales for PSMU assessment (e.g., Social Media Disorder-27 or Bergen Social Media Addiction Scale-18).

CONCLUSION

This study challenges the longstanding use on unidimensional scoring of PSMU measures. There is a need to refine screening instruments in order to distinguish core features, directly related to problematic use, from peripheral ones, associated with non-problematic involvement. This emphasizes an urgent need to renew and improve the assessment of PSMU, and behavioral addictions in general. 
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SUPPLEMENTARY MATERIAL

In the following tables and figures, further information is provided about the sample and the analyses performed.

Table S1. Percentage of affirmative responses in each item for each region

	Region
	SMD 1
	SMD 2
	SMD 3
	SMD 4
	SMD 5
	SMD 6
	SMD 7
	SMD 8
	SMD 9

	Albania
	23.49
	22.29
	35.80
	41.24
	23.88
	39.93
	17.09
	32.11
	20.22

	Armenia
	16.38
	14.01
	21.44
	23.75
	14.27
	16.35
	11.23
	20.90
	13.61

	Austria
	20.09
	15.85
	18.22
	28.51
	17.66
	11.80
	12.94
	29.14
	14.94

	Azerbaijan
	26.38
	22.20
	20.60
	25.36
	18.70
	18.66
	16.20
	23.14
	17.42

	Belgium Flemish
	27.96
	16.63
	18.50
	30.55
	15.21
	18.74
	15.91
	29.01
	13.15

	Belgium French
	23.60
	25.02
	24.53
	30.17
	14.79
	23.49
	18.14
	32.77
	17.96

	Canada
	18.04
	15.59
	17.76
	28.49
	12.66
	15.47
	13.51
	33.19
	10.35

	Croatia
	25.97
	19.65
	24.29
	38.36
	18.89
	20.56
	16.27
	30.54
	14.59

	Czech Republic
	16.43
	14.33
	18.29
	26.31
	13.61
	15.07
	10.75
	27.08
	12.46

	Denmark
	25.18
	8.15
	13.80
	26.87
	7.06
	13.42
	9.34
	31.45
	7.80

	England
	19.47
	17.89
	23.28
	30.81
	13.54
	18.39
	13.78
	33.75
	11.23

	Estonia
	19.22
	19.12
	21.46
	29.51
	11.08
	14.60
	10.87
	35.28
	12.35

	France
	23.27
	22.82
	22.01
	26.31
	11.14
	19.94
	17.21
	26.47
	13.11

	Georgia
	18.33
	19.74
	21.45
	31.83
	18.64
	13.78
	9.26
	11.32
	10.10

	Germany
	17.72
	17.61
	19.83
	30.12
	15.09
	14.21
	13.23
	26.47
	19.07

	Greece
	23.59
	23.17
	30.70
	32.07
	15.10
	24.12
	18.72
	42.19
	22.00

	Hungary
	16.60
	21.13
	19.88
	27.80
	15.43
	24.54 
	9.30
	30.94
	13.59

	Iceland
	15.00
	12.60
	11.67
	28.76 
	7.12
	13.64
	12.21
	18.60
	7.99

	Israel
	23.27
	16.23
	13.90
	23.27
	16.12
	14.46 
	7.99
	18.91
	7.45

	Italy
	28.83
	16.80
	22.63
	37.18
	22.57
	28.70
	25.78
	39.00
	24.46

	Kazakhstan
	17.19
	13.01
	13.66
	22.54
	15.81
	11.88
	9.47
	19.57
	9.69

	Latvia
	17.21
	15.02
	22.31
	36.12
	14.15
	13.73
	11.49
	34.92
	12.95

	Lithuania
	21.25
	18.31
	19.59
	30.25
	15.48
	15.95
	12.55
	31.70
	17.03

	Luxembourg
	22.57
	20.69
	25.60
	33.43
	16.58
	17.39
	16.47
	32.15
	19.79

	Malta
	31.83
	35.19
	48.02
	42.21
	21.14
	33.12
	22.08
	35.21
	31.98

	Moldova
	23.82
	24.20
	23.97
	33.84
	22.05
	19.65
	15.54
	40.76
	18.19

	Netherlands
	25.87
	7.32
	15.75
	24.74
	13.15
	14.22
	10.93
	28.67
	4.65

	North Macedonia
	31.12
	25.55
	32.59
	36.44
	26.05
	17.21
	12.09
	47.22
	15.03

	Norway
	21.58
	17.82
	22.05
	29.38
	16.25
	19.45
	17.61
	30.78
	13.13

	Poland
	23.01
	20.83
	26.55
	25.09
	17.32
	21.01
	16.49
	33.26
	15.00

	Portugal
	19.58
	17.72
	20.78
	25.53
	9.55
	15.17
	9.68
	27.58
	11.08

	Romania
	27.99
	28.29
	27.78
	37.70
	25.74
	28.63
	25.60
	45.44
	18.91

	Russia
	20.17
	16.66
	16.43
	25.73
	18.50
	15.44
	11.83
	28.77
	18.23

	Scotland
	23.57
	19.29
	26.07
	34.69
	14.91
	23.10
	14.82
	34.53
	11.52

	Serbia
	18.48
	17.30
	16.20
	32.25
	16.80
	16.30
	14.14
	32.51
	13.01

	Slovenia
	14.18
	11.73
	15.37
	30.96
	12.88
	13.50
	12.95
	21.94
	13.34

	Spain
	27.84
	29.56
	28.37
	35.53
	24.30
	33.62
	26.58
	33.32
	22.45

	Sweden
	20.25
	15.63
	15.04
	31.88
	8.59
	14.67
	12.72
	35.90
	10.29

	Switzerland
	17.12
	16.60
	15.72
	30.49
	12.46
	16.77
	12.89
	27.80
	16.39

	Turkey
	25.17
	30.28
	25.27
	33.42
	16.95
	23.95
	18.99
	35.55 
	24.17

	Ukraine
	23.67
	18.82
	14.99
	36.91
	17.38
	16.78
	10.49
	36.66
	13.42

	Wales
	25.72
	21.04
	26.53
	36.21
	18.32
	25.14
	17.53
	36.65
	15.17



Note. SMD = Social Media Disorder. SMD 1 = Preoccupation/Salience; SMD 2 = Tolerance; SMD 3 = Withdrawal; SMD 4 = Persistence; SMD 5 = Displacement; SMD 6 = Problem; SMD 7 = Deception; SMD 8 = Escape; SMD 9 = Conflict. The response format for all items was binary (0 = No, 1 = Yes). Percentages indicate the proportion of affirmative responses per item in each country. 



Figure S1. Forest plot of factor loadings.
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Note. M1 = Model 1 (unifactorial model); M2 = Model 2 (tolerance, salience, and mood modification are part of the peripheral factor, while relapse, withdrawal, and conflict belong to the core factor); M3 = Model 3 (tolerance and salience are part of the peripheral factor, while relapse, withdrawal, conflict, and mood modification belong to the core factor). S = Item from the Social Media Disorder. S1 = Salience; S2 = Tolerance; S3 = Withdrawal; S4 = Persistence; S5 = Displacement; S6 = Problem; S7 = Deception; S8 = Escape; S9 = Conflict. The central values represent the mean factor loadings across regions. The lines indicate the 95% confidence intervals for the factor loadings in the assessed regions. Indicators with greater color intensity denote their association with the peripheral factor in that model.


SENSITIVITY ANALYSES

As reported in the main manuscript, sensitivity analyses were conducted to assess the stability of the results under different conditions.

To address missing data, missing values imputation using the MissRanger package was performed. This package allows for the imputation of missing values using random forest with predictive mean matching. One of the main reasons for selecting this method was its high computational efficiency, which is essential when working with a large dataset as the HBSC 2017 study.

Additionally, most social media platforms require users to be at least 13 years old to register. However, the participants in this sample range from 10 to 16 years old. To account for this, we excluded participants younger than 13 years old and reanalyzed the data under different conditions. The following sensitivity analyses are presented below:

· Sensitivity analysis 1: Random forest imputation with the whole sample
· Sensitivity analysis 2: Random forest imputation excluding participants under 13 years old
· Sensitivity analysis 3: Listwise deletion excluding participants under 13 years old

These results do not show any relevant differences based on the selected data handling method or the inclusion (or exclusion) of participants younger than 13 years old in the statistical analysis. The findings of this manuscript appear to be highly stable.



Sensitivity analysis 1: Random forest imputation with the whole sample

The final sample in this dataset consisted of 230,375 adolescents (49.28% male and 50.71% female; mean age = 13.50 years, SD = 1.63).

Table S2. Summary of confirmatory factor analysis fit indices for the three latent structures of the social media disorder scale across regions.

	
	N 
	χ2
	CFI
	TLI
	RMSEA
	RMSEA UL
	RMSEA LL
	SRMR

	Albania – Model 1
	1,765
	74.537
	.984
	.979
	.032
	.023
	.040
	.039

	Albania – Model 2
	1,765
	68.153
	.986
	.981
	.030
	.022
	.039
	.037

	Albania – Model 3  
	1,765
	59.640
	.989
	.985
	.027
	.018
	.036
	.035

	Armenia – Model 1
	4,717
	122.011
	.990
	.986
	.027
	.022
	.032
	.032

	Armenia – Model 2
	4,717
	117.848
	.990
	.986
	.027
	.022
	.032
	.031

	Armenia – Model 3
	4,717
	89.917
	.993
	.990
	.023
	.018
	.028
	.027

	Austria – Model 1
	4,129
	127.445
	.982
	.977
	.030
	.025
	.035
	.036

	Austria – Model 2
	4,129
	127.278
	.982
	.976
	.031
	.025
	.036
	.036

	Austria – Model 3
	4,129
	122.404
	.983
	.977
	.030
	.025
	.035
	.035

	Azerbaijan – Model 1
	4,586
	179.748
	.974
	.966
	.035
	.030
	.040
	.037

	Azerbaijan – Model 2
	4,586
	176.806
	.975
	.965
	.036
	.031
	.041
	.036

	Azerbaijan – Model 3
	4,586
	180.017
	.974
	.964
	.036
	.031
	.041
	.037

	Canada – Model 1
	12,950
	361.416
	.971
	.961
	.031
	.028
	.034
	.047

	Canada – Model 2
	12,950
	322.217
	.974
	.964
	.030
	.027
	.033
	.044

	Canada – Model 3
	12,950
	256.017
	.980
	.972
	.026
	.023
	.029
	.039

	Belgium Flemish – Model 1
	4,333
	168.507
	.980
	.973
	.035
	.030
	.040
	.039

	Belgium Flemish – Model 2
	4,333
	166.508
	.980
	.972
	.035
	.030
	.041
	.039

	Belgium Flemish – Model 3
	4,333
	167.610
	.980
	.972
	.035
	.030
	.041
	.039

	Belgium French – Model 1
	5,578
	203.464
	.983
	.977
	.034
	.030
	.039
	.035

	Belgium French – Model 2
	5,578
	202.078
	.983
	.977
	.035
	.030
	.039
	.034

	Belgium French – Model 3
	5,578
	198.838
	.983
	.977
	.035
	.030
	.039
	.034

	Czech Republic – Model 1
	11,564
	408.665
	.980
	.974
	.035
	.032
	.038
	.039

	Czech Republic – Model 2
	11,564
	400.147
	.981
	.973
	.035
	.032
	.038
	.039

	Czech Republic – Model 3
	11,564
	358.042
	.983
	.976
	.033
	.030
	.036
	.036

	Croatia – Model 1
	5,169
	337.037
	.976
	.968
	.047
	.043
	.052
	.043

	Croatia – Model 2
	5,169
	332.746
	.976
	.967
	.048
	.043
	.052
	.042

	Croatia – Model 3
	5,169
	302.256
	.978
	.970
	.045
	.041
	.050
	.040

	Denmark – Model 1
	3,181
	168.040
	.976
	.968
	.041
	.035
	.047
	.049

	Denmark – Model 2
	3,181
	164.310
	.976
	.967
	.041
	.035
	.047
	.047

	Denmark – Model 3
	3,181
	166.684
	.976
	.967
	.041
	.035
	.047
	.048

	England – Model 1
	3,397
	201.004
	.974
	.966
	.044
	.038
	.049
	.048

	England – Model 2
	3,397
	192.028
	.976
	.966
	.043
	.038
	.049
	.046

	England – Model 3
	3,397
	169.968
	.979
	.971
	.040
	.035
	.046
	.043

	Estonia – Model 1
	4,725
	267.506
	.974
	.965
	.043
	.039
	.048
	.047

	Estonia – Model 2
	4,725
	198.151
	.981
	.974
	.037
	.033
	.042
	.040

	Estonia – Model 3
	4,725
	176.998
	.984
	.977
	.035
	.030
	.040
	.038

	France – Model 1
	9,170
	309.992
	.977
	.969
	.034
	.030
	.037
	.038

	France – Model 2
	9,170
	296.347
	.978
	.970
	.034
	.030
	.037
	.037

	France – Model 3
	9,170
	249.860
	.982
	.975
	.031
	.027
	.034
	.034

	Georgia – Model 1
	4,242
	113.477
	.979
	.972
	.027
	.022
	.033
	.039

	Georgia – Model 2
	4,242
	110.643
	.979
	.972
	.028
	.023
	.033
	.038

	Georgia – Model 3
	4,242
	107.669
	.980
	.973
	.027
	.022
	.033
	.036

	Germany – Model 1
	4,347
	146.187
	.980
	.974
	.032
	.027
	.037
	.037

	Germany – Model 2
	4,347
	145.983
	.980
	.972
	.033
	.028
	.038
	.037

	Germany – Model 3
	4,347
	137.983
	.981
	.974
	.031
	.026
	.037
	.036

	Greece – Model 1
	3,863
	108.101
	.986
	.981
	.028
	.023
	.033
	.032

	Greece – Model 2
	3,863
	103.156
	.987
	.982
	.028
	.022
	.033
	.031

	Greece – Model 3
	3,863
	104.890
	.986
	.981
	.028
	.023
	.034
	.031

	Hungary – Model 1
	3,789
	194.077
	.964
	.952
	.040
	.035
	.046
	.050

	Hungary – Model 2
	3,789
	194.271
	.963
	.949
	.041
	.036
	.047
	.050

	Hungary – Model 3
	3,789
	173.021
	.968
	.956
	.039
	.033
	.044
	.047

	Iceland – Model 1
	6,996
	157.719
	.993
	.990
	.026
	.022
	.030
	.031

	Iceland – Model 2
	6,996
	158.120
	.992
	.990
	.027
	.023
	.031
	.031

	Iceland – Model 3
	6,996
	164.811
	.992
	.989
	.028
	.024
	.032
	.030

	Ireland – Model 1
	3,833
	343.552
	.965
	.954
	.055
	.050
	.061
	.051

	Ireland – Model 2
	3,833
	344.400
	.965
	.952
	.057
	.051
	.062
	.051

	Ireland – Model 3
	3,833
	332.583
	.966
	.953
	.055
	.050
	.061
	.049

	Israel – Model 1
	7,712
	216.074
	.978
	.971
	.030
	.026
	.034
	.035

	Israel – Model 2
	7,712
	206.684
	.979
	.971
	.030
	.026
	.034
	.035

	Israel – Model 3
	7,712
	208.526
	.979
	.971
	.030
	.026
	.034
	.034

	Italy – Model 1
	4,144
	164.968
	.978
	.970
	.035
	.030
	.040
	.039

	Italy – Model 2
	4,144
	155.365
	.979
	.971
	.035
	.030
	.040
	.037

	Italy – Model 3
	4,144
	150.838
	.980
	.972
	.034
	.029
	.039
	.037

	Kazakhstan – Model 1
	4,868
	121.565
	.987
	.982
	.027
	.022
	.032
	.034

	Kazakhstan – Model 2
	4,868
	120.644
	.987
	.982
	.027
	.023
	.032
	.034

	Kazakhstan – Model 3
	4,868
	113.493
	.988
	.983
	.026
	.021
	.031
	.033

	Latvia – Model 1
	4,412
	160.601
	.983
	.977
	.033
	.029
	.039
	.038

	Latvia – Model 2
	4,412
	145.381
	.984
	.978
	.032
	.027
	.037
	.036

	Latvia – Model 3
	4,412
	132.200
	.986
	.981
	.030
	.025
	.036
	.035

	Lithuania – Model 1
	3,797
	224.995
	.976
	.968
	.044
	.039
	.049
	.043

	Lithuania – Model 2
	3,797
	203.765
	.979
	.970
	.042
	.037
	.048
	.041

	Lithuania – Model 3
	3,797
	160.922
	.984
	.978
	.037
	.032
	.043
	.036

	Luxembourg – Model 1
	4,070
	170.027
	.977
	.969
	.036
	.031
	.041
	.040

	Luxembourg – Model 2
	4,070
	154.417
	.979
	.971
	.035
	.030
	.040
	.038

	Luxembourg – Model 3
	4,070
	139.449
	.981
	.974
	.033
	.028
	.038
	.036

	Macedonia – Model 1
	4,658
	183.378
	.975
	.967
	.035
	.031
	.040
	.039

	Macedonia – Model 2
	4,658
	138.976
	.982
	.975
	.031
	.026
	.036
	.034

	Macedonia – Model 3
	4,658
	145.748
	.981
	.974
	.031
	.027
	.037
	.035

	Malta – Model 1
	2,576
	90.991
	.983
	.978
	.030
	.024
	.037
	.036

	Malta – Model 2
	2,576
	90.793
	.983
	.976
	.031
	.024
	.038
	.036

	Malta – Model 3
	2,576
	86.621
	.984
	.978
	.030
	.023
	.037
	.035

	Moldova – Model 1
	4,686
	101.007
	.985
	.980
	.024
	.019
	.029
	.031

	Moldova – Model 2
	4,686
	101.242
	.984
	.978
	.025
	.020
	.030
	.031

	Moldova – Model 3
	4,686
	101.078
	.984
	.978
	.025
	.020
	.030
	.031

	Netherlands – Model 1
	4,698
	88.728
	.989
	.985
	.022
	.017
	.027
	.033

	Netherlands – Model 2
	4,698
	88.006
	.989
	.984
	.023
	.017
	.028
	.033

	Netherlands – Model 3
	4,698
	86.061
	.989
	.985
	.022
	.017
	.027
	.033

	Norway – Model 1
	3,127
	161.403
	.974
	.965
	.040
	.034
	.046
	.034

	Norway – Model 2
	3,127
	159.732
	.974
	.964
	.041
	.035
	.047
	.034

	Norway – Model 3
	3,127
	149.952
	.976
	.966
	.039
	.033
	.045
	.033

	Poland – Model 1
	5,224
	257.241
	.976
	.969
	.040
	.036
	.045
	.042

	Poland – Model 2
	5,224
	254.616
	.977
	.968
	.041
	.037
	.046
	.041

	Poland – Model 3
	5,224
	239.611
	.978
	.970
	.040
	.035
	.044
	.040

	Portugal – Model 1
	6,126
	327.541
	.977
	.970
	.043
	.039
	.047
	.042

	Portugal – Model 2
	6,126
	326.104
	.977
	.968
	.043
	.039
	.048
	.042

	Portugal – Model 3 
	6,126
	303.798
	.979
	.971
	.042
	.038
	.046
	.040

	Romania – Model 1
	4,567
	138.435
	.985
	.980
	.030
	.025
	.035
	.032

	Romania – Model 2
	4,567
	132.237
	.986
	.980
	.030
	.025
	.035
	.031

	Romania – Model 3
	4,567
	128.706
	.986
	.981
	.029
	.024
	.035
	.031

	Russia – Model 1
	4,281
	168.593
	.987
	.983
	.035
	.030
	.040
	.033

	Russia – Model 2
	4,281
	156.020
	.988
	.984
	.034
	.029
	.039
	.031

	Russia – Model 3
	4,281
	127.054
	.991
	.987
	.030
	.025
	.035
	.028

	Scotland – Model 1
	5,021
	324.713
	.967
	.956
	.047
	.042
	.051
	.053

	Scotland – Model 2
	5,021
	292.837
	.971
	.959
	.045
	.041
	.050
	.050

	Scotland – Model 3
	5,021
	229.525
	.978
	.969
	.039
	.035
	.044
	.043

	Serbia – Model 1
	3,933
	226.664
	.978
	.970
	.043
	.038
	.049
	.045

	Serbia – Model 2
	3,933
	222.119
	.978
	.970
	.044
	.039
	.049
	.045

	Serbia – Model 3
	3,933
	206.304
	.980
	.972
	.042
	.037
	.047
	.042

	Slovenia – Model 1
	5,667
	141.791
	.990
	.987
	.027
	.023
	.032
	.030

	Slovenia – Model 2
	5,667
	130.400
	.991
	.987
	.027
	.022
	.031
	.028

	Slovenia – Model 3
	5,667
	128.241
	.991
	.988
	.026
	.022
	.031
	.028

	Spain – Model 1
	4,320
	237.882
	.984
	.978
	.043
	.038
	.048
	.037

	Spain – Model 2
	4,320
	236.682
	.984
	.978
	.043
	.038
	.048
	.037

	Spain – Model 3
	4,320
	238.135
	.984
	.978
	.043
	.038
	.049
	.037

	Sweden – Model 1
	4,185
	273.459
	.968
	.957
	.047
	.042
	.052
	.051

	Sweden – Model 2
	4,185
	257.710
	.970
	.958
	.046
	.041
	.051
	.049

	Sweden – Model 3
	4,185
	238.555
	.972
	.961
	.044
	.039
	.049
	.047

	Switzerland – Model 1
	7,510
	190.104
	.981
	.975
	.028
	.025
	.032
	.033

	Switzerland – Model 2
	7,510
	182.905
	.982
	.975
	.028
	.025
	.032
	.033

	Switzerland – Model 3
	7,510
	157.255
	.985
	.979
	.026
	.022
	.030
	.030

	Turkey – Model 1
	5,848
	215.153
	.982
	.976
	.035
	.030
	.039
	.034

	Turkey – Model 2
	5,848
	208.753
	.983
	.976
	.035
	.030
	.039
	.034

	Turkey – Model 3
	5,848
	217.030
	.982
	.975
	.035
	.031
	.040
	.034

	Ukraine – Model 1
	6,660
	285.139
	.977
	.969
	.038
	.034
	.042
	.040

	Ukraine – Model 2
	6,660
	272.507
	.978
	.970
	.038
	.034
	.042
	.039

	Ukraine – Model 3
	6,660
	258.386
	.979
	.971
	.037
	.033
	.041
	.039

	Wales – Model 1
	15,951
	915.387
	.977
	.969
	.045
	.043
	.048
	.040

	Wales – Model 2
	15,951
	801.815
	.980
	.972
	.043
	.041
	.046
	.038

	Wales – Model 3
	15,951
	658.242
	.983
	.977
	.039
	.036
	.042
	.034



Note. χ² = chi-square; CFI = Comparative Fit Index; TLI = Tucker–Lewis Index; RMSEA = Root Mean Square Error of Approximation; UL = upper limit; LL = lower limit; SRMR = Standardized Root Mean Square Residual. M1 = Model 1 (unifactorial model); M2 = Model 2 (tolerance, salience, and mood modification are part of the peripheral factor, while relapse, withdrawal, and conflict belong to the core factor); M3 = Model 3 (tolerance and salience are part of the peripheral factor, while relapse, withdrawal, conflict, and mood modification belong to the core factor). Model 1 has 27 degrees of freedom, while Models 2 and 3 have 26 degrees of freedom. All χ2 statistics for each model in each region were significant (p < .001). Missing values were imputed using random forests.


Table S3. Goodness-of-fit indices for each nested model to test for measurement invariance by regions.

	Model
	χ2
	p 
	CFI
	TLI
	RMSEA
	RMSEA UL 90%
	RMSEA LL 90%
	SRMR

	Configural – Model 1
	9,265.388
	<.001
	.979
	.972
	.036
	.035
	.037
	.040

	Configural – Model 2
	8,751.532
	<.001
	.980
	.973
	.036
	.035
	.036
	.038

	Configural – Model 3
	8,028.453
	<.001
	.982
	.975
	.034
	.033
	.035
	.036



Note. χ² = chi-square; CFI = Comparative Fit Index; TLI = Tucker–Lewis Index; RMSEA = Root Mean Square Error of Approximation; UL = upper limit; LL = lower limit; SRMR = Standardized Root Mean Square Residual. M1 = Model 1 (unifactorial model); M2 = Model 2 (tolerance, salience, and mood modification are part of the peripheral factor, while relapse, withdrawal, and conflict belong to the core factor); M3 = Model 3 (tolerance and salience are part of the peripheral factor, while relapse, withdrawal, conflict, and mood modification belong to the core factor). All configural models were computed accounting for the clustering effects of the school level. Missing values were imputed using random forests.






Table S4. Item parameter estimates using alignment optimization.

	
	
	Threshold parameter
	
	
	
	Loading parameter
	
	
	

	
	
	Weighted average value across groups
	R2
	Number of regions across is invariant
	Number of regions across is not invariant
	Weighted average value across regions
	R2
	Number of regions across is invariant
	Number of regions across is not invariant

	Peripheral
	Item 1
	.241
	.370
	28
	14
	1.755
	.759
	29
	13

	
	Item 2
	.406
	.865
	29
	13
	2.021
	.781
	29
	13

	Core
	Item 3
	-.304
	.765
	31
	11
	1.789
	.698
	39
	3

	
	Item 4
	-.512
	.469
	32
	10
	1.177
	.610
	29
	13

	
	Item 5
	.404
	.634
	22
	20
	1.499
	.825
	39
	3

	
	Item 6
	-.173
	.777
	34
	8
	1.790
	.706
	40
	2

	
	Item 7
	.295
	.692
	34
	8
	1.901
	.711
	41
	1

	
	Item 8
	-.637
	.493
	32
	10
	1.298
	.645
	35
	7

	
	Item 9
	.246
	.579
	25
	17
	2.081
	.538
	36
	6



Note. 42 regions were included in the analysis. Spain was excluded because its covariance matrix could not be inverted. The weighted average values reflect the overall parameter estimates across regions and R² values close to 1 indicate a high degree of invariance, while values near 0 suggest substantial cross-regional differences. SMD = Social Media Disorder. SMD 1 = Preoccupation/Salience; SMD 2 = Tolerance; SMD 3 = Withdrawal; SMD 4 = Persistence; SMD 5 = Displacement; SMD 6 = Problem; SMD 7 = Deception; SMD 8 = Escape; SMD 9 = Conflict. Missing values were imputed using random forests. Of the 756 parameters, 172 (23%) were non-invariant. This value is below the cutoff, supporting the approximate invariance of Model 3 (Asparouhov & Muthén, 2014).






Table S5. Spearman multilevel partial correlations for core and peripheral subscales.

	
	Core
	
	
	Peripheral
	
	

	Items
	N
	Spearman coefficient
	p-value 
	N
	Spearman coefficient
	p-value 

	Difficulties in sleeping
	230,375
	.137
	<.001
	230,375
	.023
	<.001

	Feeling low
	230,375
	.194
	<.001
	230,375
	.013
	<.001

	Feeling nervous
	230,375
	.171
	<.001
	230,375
	.010
	<.001

	Irritability or bad temper
	230,375
	.180
	<.001
	230,375
	.014
	<.001

	Life satisfaction
	230,375
	-.145
	<.001
	230,375
	-.003
	.182



Note. Participants from North Macedonia did not respond to the item “Difficulties in sleeping”; but their data were included in the analyses for the remaining associations. The peripheral factor was defined as the sum of tolerance and salience, while the core factor was defined as the sum of relapse, withdrawal, conflict, and mood modification. Correlations for core criteria were calculated while controlling for the influence of the peripheral subscale and vice versa for peripheral criteria. All correlations accounted for the nested structure of the data by including the region as a random effect. p-values were adjusted for multiple comparisons using the False Discovery Rate correction method to control the false positive rate. Difficulties in sleeping, feeling low, feeling nervous, and irritability or bad temper (from the Symptom Checklist) and life satisfaction (assessed by the Cantril Ladder) were used as external indicators to examine convergent validity. Missing values were imputed using random forests.

Sensitivity analysis 2: Random forest imputation excluding participants under 13 years old

The final sample in this dataset consisted of 148,872 adolescents (49.13% males and 50.87% females; mean age = 14.52 years, SD = 1.03).

Table S6. Summary of confirmatory factor analysis fit indices for the three latent structures of the social media disorder scale across regions.

	
	N 
	χ2
	CFI
	TLI
	RMSEA
	RMSEA UL
	RMSEA LL
	SRMR

	Albania – Model 1
	1,053
	43.931
	.990
	.987
	.024
	.010
	.037
	.037

	Albania – Model 2
	1,053
	42.685
	.990
	.986
	.025
	.010
	.038
	.037

	Albania – Model 3  
	1,053
	38.724
	.992
	.989
	.022
	.009
	.035
	.035

	Armenia – Model 1
	3,137
	92.929
	.989
	.985
	.028
	.022
	.034
	.034

	Armenia – Model 2
	3,137
	92.177
	.989
	.985
	.028
	.022
	.035
	.034

	Armenia – Model 3
	3,137
	74.371
	.992
	.989
	.024
	.018
	.031
	.030

	Austria – Model 1
	2,468
	97.415
	.980
	.973
	.033
	.026
	.040
	.040

	Austria – Model 2
	2,468
	96.524
	.980
	.972
	.033
	.026
	.040
	.040

	Austria – Model 3
	2,468
	93.688
	.981
	.973
	.032
	.026
	.040
	.039

	Azerbaijan – Model 1
	2,807
	189.414
	.959
	.946
	.046
	.040
	.053
	.067

	Azerbaijan – Model 2
	2,807
	183.026
	.961
	.946
	.046
	.040
	.053
	.067

	Azerbaijan – Model 3
	2,807
	190.228
	.959
	.943
	.047
	.041
	.054
	.067

	Canada – Model 1
	9,063
	331.594
	.964
	.952
	.035
	.032
	.039
	.054

	Canada – Model 2
	9,063
	267.830
	.972
	.961
	.032
	.029
	.036
	.049

	Canada – Model 3
	9,063
	198.654
	.980
	.972
	.027
	.024
	.031
	.042

	Belgium Flemish – Model 1
	2,627
	145.234
	.974
	.965
	.041
	.034
	.047
	.045

	Belgium Flemish – Model 2
	2,627
	142.984
	.974
	.964
	.041
	.035
	.048
	.045

	Belgium Flemish – Model 3
	2,627
	143.944
	.974
	.964
	.042
	.035
	.048
	.045

	Belgium French – Model 1
	3,314
	180.085
	.976
	.969
	.041
	.036
	.047
	.042

	Belgium French – Model 2
	3,314
	179.694
	.976
	.967
	.042
	.037
	.048
	.042

	Belgium French – Model 3
	3,314
	173.619
	.977
	.969
	.041
	.036
	.047
	.041

	Czech Republic – Model 1
	7,348
	384.462
	.971
	.962
	.042
	.039
	.046
	.046

	Czech Republic – Model 2
	7,348
	373.345
	.972
	.961
	.043
	.039
	.047
	.045

	Czech Republic – Model 3
	7,348
	327.680
	.976
	.967
	.040
	.036
	.044
	.042

	Croatia – Model 1
	3,587
	270.800
	.971
	.961
	.050
	.045
	.056
	.047

	Croatia – Model 2
	3,587
	267.213
	.971
	.960
	.051
	.045
	.056
	.046

	Croatia – Model 3
	3,587
	234.621
	.975
	.965
	.047
	.042
	.053
	.042

	Denmark – Model 1
	1,783
	130.863
	.970
	.960
	.046
	.039
	.055
	.057

	Denmark – Model 2
	1,783
	130.293
	.970
	.958
	.047
	.040
	.056
	.056

	Denmark – Model 3
	1,783
	130.737
	.970
	.958
	.048
	.040
	.056
	.056

	England – Model 1
	2,041
	167.531
	.965
	.954
	.050
	.043
	.058
	.057

	England – Model 2
	2,041
	161.405
	.967
	.954
	.051
	.043
	.058
	.055

	England – Model 3
	2,041
	142.893
	.971
	.960
	.047
	.040
	.055
	.051

	Estonia – Model 1
	3,136
	220.315
	.968
	.957
	.048
	.042
	.054
	.053

	Estonia – Model 2
	3,136
	161.831
	.977
	.969
	.041
	.035
	.047
	.045

	Estonia – Model 3
	3,136
	139.468
	.981
	.974
	.037
	.031
	.044
	.043

	France – Model 1
	5,836
	269.433
	.970
	.960
	.039
	.035
	.044
	.042

	France – Model 2
	5,836
	253.242
	.972
	.961
	.039
	.034
	.043
	.041

	France – Model 3
	5,836
	217.882
	.976
	.967
	.036
	.031
	.040
	.038

	Georgia – Model 1
	2,849
	86.923
	.980
	.973
	.028
	.021
	.035
	.043

	Georgia – Model 2
	2,849
	81.307
	.981
	.974
	.027
	.021
	.034
	.041

	Georgia – Model 3
	2,849
	84.013
	.980
	.973
	.028
	.021
	.035
	.040

	Germany – Model 1
	2,767
	116.084
	.975
	.966
	.035
	.028
	.041
	.041

	Germany – Model 2
	2,767
	116.164
	.974
	.965
	.035
	.029
	.042
	.041

	Germany – Model 3
	2,767
	111.616
	.976
	.966
	.034
	.028
	.041
	.040

	Greece – Model 1
	2,624
	95.955
	.981
	.975
	.031
	.025
	.038
	.036

	Greece – Model 2
	2,624
	91.070
	.982
	.976
	.031
	.024
	.038
	.035

	Greece – Model 3
	2,624
	93.687
	.982
	.975
	.031
	.025
	.038
	.035

	Hungary – Model 1
	2,480
	197.047
	.943
	.924
	.050
	.044
	.057
	.064

	Hungary – Model 2
	2,480
	197.823
	.942
	.920
	.052
	.045
	.058
	.063

	Hungary – Model 3
	2,480
	178.427
	.949
	.929
	.049
	.042
	.055
	.059

	Iceland – Model 1
	4,671
	133.758
	.991
	.988
	.029
	.024
	.034
	.034

	Iceland – Model 2
	4,671
	134.491
	.991
	.988
	.030
	.025
	.035
	.034

	Iceland – Model 3
	4,671
	138.787
	.991
	.987
	.030
	.026
	.036
	.033

	Ireland – Model 1
	2,482
	243.607
	.961
	.949
	.057
	.050
	.064
	.053

	Ireland – Model 2
	2,482
	243.826
	.961
	.946
	.058
	.052
	.065
	.053

	Ireland – Model 3
	2,482
	231.844
	.963
	.949
	.056
	.050
	.063
	.051

	Israel – Model 1
	5,351
	193.630
	.973
	.964
	.034
	.030
	.039
	.040

	Israel – Model 2
	5,351
	185.966
	.974
	.964
	.034
	.029
	.039
	.039

	Israel – Model 3
	5,351
	181.250
	.975
	.965
	.033
	.029
	.038
	.038

	Italy – Model 1
	2,736
	157.788
	.966
	.955
	.042
	.036
	.049
	.048

	Italy – Model 2
	2,736
	139.481
	.971
	.959
	.040
	.034
	.047
	.045

	Italy – Model 3
	2,736
	133.312
	.972
	.962
	.039
	.032
	.045
	.043

	Kazakhstan – Model 1
	2,914
	117.223
	.980
	.973
	.034
	.028
	.040
	.042

	Kazakhstan – Model 2
	2,914
	117.001
	.980
	.972
	.035
	.028
	.041
	.042

	Kazakhstan – Model 3
	2,914
	105.360
	.982
	.975
	.032
	.026
	.039
	.040

	Latvia – Model 1
	2,804
	110.034
	.982
	.976
	.033
	.027
	.040
	.040

	Latvia – Model 2
	2,804
	93.514
	.985
	.980
	.030
	.024
	.037
	.037

	Latvia – Model 3
	2,804
	8.465
	.988
	.984
	.027
	.021
	.034
	.034

	Lithuania – Model 1
	2,436
	200.317
	.969
	.959
	.051
	.045
	.058
	.052

	Lithuania – Model 2
	2,436
	18.924
	.972
	.962
	.049
	.043
	.056
	.050

	Lithuania – Model 3
	2,436
	149.645
	.978
	.969
	.044
	.037
	.051
	.045

	Luxembourg – Model 1
	2,707
	125.279
	.975
	.967
	.037
	.030
	.043
	.042

	Luxembourg – Model 2
	2,707
	115.089
	.977
	.969
	.036
	.029
	.042
	.040

	Luxembourg – Model 3
	2,707
	102.065
	.981
	.973
	.033
	.026
	.040
	.038

	Macedonia – Model 1
	3,003
	146.254
	.972
	.962
	.038
	.032
	.045
	.041

	Macedonia – Model 2
	3,003
	108.802
	.980
	.973
	.033
	.026
	.039
	.036

	Macedonia – Model 3
	3,003
	112.271
	.980
	.972
	.033
	.027
	.040
	.037

	Malta – Model 1
	1,509
	86.436
	.974
	.965
	.038
	.029
	.047
	.045

	Malta – Model 2
	1,509
	86.405
	.973
	.963
	.039
	.030
	.049
	.045

	Malta – Model 3
	1,509
	82.369
	.975
	.965
	.038
	.029
	.047
	.043

	Moldova – Model 1
	3,045
	88.760
	.979
	.971
	.027
	.021
	.034
	.036

	Moldova – Model 2
	3,045
	88.265
	.978
	.970
	.028
	.022
	.035
	.036

	Moldova – Model 3
	3,045
	88.300
	.978
	.970
	.028
	.022
	.035
	.036

	Netherlands – Model 1
	3,125
	68.713
	.989
	.985
	.022
	.016
	.029
	.035

	Netherlands – Model 2
	3,125
	68.252
	.989
	.984
	.023
	.016
	.029
	.035

	Netherlands – Model 3
	3,125
	65.220
	.989
	.985
	.022
	.015
	.029
	.033

	Norway – Model 1
	1,446
	123.453
	.968
	.957
	.050
	.041
	.059
	.046

	Norway – Model 2
	1,446
	122.783
	.968
	.955
	.051
	.042
	.060
	.046

	Norway – Model 3
	1,446
	116.502
	.970
	.958
	.049
	.040
	.058
	.045

	Poland – Model 1
	3,447
	198.178
	.974
	.965
	.043
	.037
	.049
	.045

	Poland – Model 2
	3,447
	197.587
	.974
	.963
	.044
	.038
	.050
	.045

	Poland – Model 3
	3,447
	187.540
	.975
	.965
	.042
	.037
	.048
	.044

	Portugal – Model 1
	3,851
	248.523
	.971
	.961
	.046
	.041
	.051
	.046

	Portugal – Model 2
	3,851
	247.619
	.970
	.959
	.047
	.042
	.052
	.046

	Portugal – Model 3 
	3,851
	232.432
	.973
	.962
	.045
	.040
	.051
	.044

	Romania – Model 1
	2,706
	89.787
	.985
	.980
	.029
	.023
	.036
	.034

	Romania – Model 2
	2,706
	85.789
	.986
	.980
	.029
	.022
	.036
	.033

	Romania – Model 3
	2,706
	80.636
	.987
	.982
	.028
	.021
	.035
	.032

	Russia – Model 1
	3,102
	131.176
	.986
	.981
	.035
	.029
	.041
	.034

	Russia – Model 2
	3,102
	123.920
	.987
	.982
	.035
	.029
	.041
	.033

	Russia – Model 3
	3,102
	101.518
	.990
	.986
	.031
	.024
	.037
	.029

	Scotland – Model 1
	3,114
	260.765
	.961
	.948
	.053
	.047
	.059
	.061

	Scotland – Model 2
	3,114
	223.872
	.967
	.954
	.049
	.044
	.056
	.056

	Scotland – Model 3
	3,114
	191.445
	.973
	.962
	.045
	.039
	.051
	.051

	Serbia – Model 1
	2,827
	194.541
	.975
	.967
	.047
	.041
	.053
	.049

	Serbia – Model 2
	2,827
	190.792
	.976
	.966
	.047
	.041
	.054
	.048

	Serbia – Model 3
	2,827
	180.995
	.977
	.968
	.046
	.040
	.052
	.046

	Slovenia – Model 1
	3,705
	135.934
	.985
	.980
	.033
	.028
	.039
	.035

	Slovenia – Model 2
	3,705
	122.039
	.987
	.982
	.032
	.026
	.037
	.033

	Slovenia – Model 3
	3,705
	115.519
	.988
	.983
	.030
	.025
	.036
	.032

	Spain – Model 1
	3,046
	215.346
	.979
	.972
	.048
	.042
	.054
	.042

	Spain – Model 2
	3,046
	217.039
	.979
	.971
	.049
	.043
	.055
	.042

	Spain – Model 3
	3,046
	216.723
	.979
	.971
	.049
	.043
	.055
	.042

	Sweden – Model 1
	2,939
	225.478
	.961
	.949
	.050
	.044
	.056
	.054

	Sweden – Model 2
	2,939
	209.416
	.964
	.951
	.049
	.043
	.055
	.052

	Sweden – Model 3
	2,939
	191.533
	.968
	.955
	.047
	.040
	.053
	.050

	Switzerland – Model 1
	4,893
	188.798
	.970
	.960
	.035
	.030
	.040
	.041

	Switzerland – Model 2
	4,893
	183.593
	.971
	.960
	.035
	.030
	.040
	.040

	Switzerland – Model 3
	4,893
	161.532
	.975
	.965
	.033
	.028
	.038
	.038

	Turkey – Model 1
	3,504
	185.358
	.976
	.968
	.041
	.035
	.047
	.041

	Turkey – Model 2
	3,504
	179.849
	.976
	.967
	.041
	.036
	.047
	.039

	Turkey – Model 3
	3,504
	18.282
	.976
	.967
	.041
	.036
	.047
	.040

	Ukraine – Model 1
	4,292
	207.508
	.975
	.966
	.039
	.035
	.045
	.042

	Ukraine – Model 2
	4,292
	197.845
	.976
	.967
	.039
	.034
	.044
	.041

	Ukraine – Model 3
	4,292
	179.795
	.978
	.970
	.037
	.032
	.042
	.040

	Wales – Model 1
	10,297
	686.400
	.975
	.966
	.049
	.046
	.052
	.043

	Wales – Model 2
	10,297
	594.724
	.978
	.970
	.046
	.043
	.049
	.041

	Wales – Model 3
	10,297
	469.979
	.983
	.976
	.041
	.038
	.044
	.036



Note. χ² = chi-square; CFI = Comparative Fit Index; TLI = Tucker–Lewis Index; RMSEA = Root Mean Square Error of Approximation; UL = upper limit; LL = lower limit; SRMR = Standardized Root Mean Square Residual. M1 = Model 1 (unifactorial model); M2 = Model 2 (tolerance, salience, and mood modification are part of the peripheral factor, while relapse, withdrawal, and conflict belong to the core factor); M3 = Model 3 (tolerance and salience are part of the peripheral factor, while relapse, withdrawal, conflict, and mood modification belong to the core factor). Model 1 has 27 degrees of freedom, while Models 2 and 3 have 26 degrees of freedom. All χ2 statistics for each model in each region were significant (p < .001). Missing values were imputed using random forests, and participants under 13 years of age were excluded.



Table S7. Goodness-of-fit indices for each nested model to test for measurement invariance by regions.

	Model
	χ2
	p 
	CFI
	TLI
	RMSEA
	RMSEA Lower Limit 90%
	RMSEA Upper Limit 90%
	SRMR

	Configural – Model 1
	7,691.670
	<.001
	.975
	.967
	.040
	.039
	.041
	.045

	Configural – Model 2
	7,207.552
	<.001
	.977
	.968
	.040
	.039
	.041
	.044

	Configural – Model 3
	6,594.587
	<.001
	.979
	.971
	.038
	.037
	.038
	.041



Note. χ² = chi-square; CFI = Comparative Fit Index; TLI = Tucker–Lewis Index; RMSEA = Root Mean Square Error of Approximation; UL = upper limit; LL = lower limit; SRMR = Standardized Root Mean Square Residual. M1 = Model 1 (unifactorial model); M2 = Model 2 (tolerance, salience, and mood modification are part of the peripheral factor, while relapse, withdrawal, and conflict belong to the core factor); M3 = Model 3 (tolerance and salience are part of the peripheral factor, while relapse, withdrawal, conflict, and mood modification belong to the core factor). All configural models were computed accounting for the clustering effects of the school level.  Missing values were imputed using random forests, and participants under 13 years of age were excluded.



Table S8. Item parameter estimates using alignment optimization.

	
	
	Threshold parameter
	
	
	
	Loading parameter
	
	
	

	
	
	Weighted average value across groups
	R2
	Number of regions across is invariant
	Number of regions across is not invariant
	Weighted average value across regions
	R2
	Number of regions across is invariant
	Number of regions across is not invariant

	Peripheral
	Item 1
	.332
	.433
	30
	12
	1.621
	.789
	38
	4

	
	Item 2
	.568
	.829
	30
	12
	1.925
	.678
	33
	9

	Core
	Item 3
	-.190
	.753
	33
	9
	1.635
	.602
	42
	0

	
	Item 4
	-.414
	.454
	33
	9
	1.087
	.432
	34
	8

	
	Item 5
	.476
	.647
	20
	22
	1.393
	.775
	42
	0

	
	Item 6
	-.047
	.803
	37
	5
	1.620
	.646
	41
	1

	
	Item 7
	.426
	.661
	34
	8
	1.685
	.573
	41
	1

	
	Item 8
	-.619
	.507
	33
	9
	1.139
	.417
	37
	5

	
	Item 9
	.335
	.572
	28
	14
	1.915
	.529
	39
	3



Note. 42 regions were included in the analysis. Spain was excluded because its covariance matrix could not be inverted. The weighted average values reflect the overall parameter estimates across regions and R² values close to 1 indicate a high degree of invariance, while values near 0 suggest substantial cross-regional differences. SMD = Social Media Disorder. SMD 1 = Preoccupation/Salience; SMD 2 = Tolerance; SMD 3 = Withdrawal; SMD 4 = Persistence; SMD 5 = Displacement; SMD 6 = Problem; SMD 7 = Deception; SMD 8 = Escape; SMD 9 = Conflict. Missing values were imputed using random forests, and participants under 13 years of age were excluded. Of the 756 parameters, 131 (17%) were non-invariant. This value is below the cutoff, supporting the approximate invariance of Model 3 (Asparouhov & Muthén, 2014).



Table S9. Spearman multilevel partial correlations for core and peripheral subscales.

	
	Core
	
	
	Peripheral
	
	

	Items
	N
	Spearman coefficient
	p-value 
	N
	Spearman coefficient
	p-value 

	Difficulties in sleeping
	148,872
	.143
	<.001
	148,872
	.019
	<.001

	Feeling low
	148,872
	.211
	<.001
	148,872
	.003
	.315

	Feeling nervous
	148,872
	.183
	<.001
	148,872
	.006
	.021

	Irritability or bad temper
	148,872
	.196
	<.001
	148,872
	.011
	<.001

	Life satisfaction
	148,872
	-.154
	<.001
	148,872
	-.001
	.770



Note. Participants from North Macedonia did not respond to the item “Difficulties in sleeping”; but their data were included in the analyses for the remaining associations. The peripheral factor was defined as the sum of tolerance and salience, while the core factor was defined as the sum of relapse, withdrawal, conflict, and mood modification. Correlations for core criteria were calculated while controlling for the influence of the peripheral subscale and vice versa for peripheral criteria. All correlations accounted for the nested structure of the data by including the region as a random effect. p-values were adjusted for multiple comparisons using the False Discovery Rate correction method to control the false positive rate. Difficulties in sleeping, feeling low, feeling nervous, and irritability or bad temper (from the Symptom Checklist) and life satisfaction (assessed by the Cantril Ladder) were used as external indicators to examine convergent validity. Missing values were imputed using random forests, and participants under 13 years of age were excluded.

Sensitivity analysis 3: Listwise deletion excluding participants under 13 years old

The final sample in this dataset consisted of 126,846 adolescents (47.93% males and 52.06% females; mean age = 14.54 years, SD = 1.03).

Table S10. Summary of confirmatory factor analysis fit indices for the three latent structures of the social media disorder scale across regions.

	
	N 
	χ2
	CFI
	TLI
	RMSEA
	RMSEA UL
	RMSEA LL
	SRMR

	Albania – Model 1
	949
	40.147
	.920
	.989
	.023
	.001
	.037
	.038

	Albania – Model 2
	949
	37.939
	.992
	.989
	.022
	.000
	.036
	.037

	Albania – Model 3  
	949
	35.407
	.994
	.992
	.020
	.000
	.034
	.036

	Armenia – Model 1
	2,700
	73.081
	.990
	.987
	.025
	.018
	.032
	.034

	Armenia – Model 2
	2,700
	69.888
	.991
	.987
	.025
	.018
	.032
	.034

	Armenia – Model 3
	2,700
	55.705
	.994
	.991
	.021
	.013
	.028
	.029

	Austria – Model 1
	2,410
	101.163
	.978
	.971
	.034
	.027
	.041
	.042

	Austria – Model 2
	2,410
	99.479
	.978
	.970
	.034
	.027
	.042
	.041

	Austria – Model 3
	2,410
	95.840
	.979
	.972
	.033
	.026
	.041
	.041

	Azerbaijan – Model 1
	2,182
	199.289
	.943
	.925
	.054
	.047
	.061
	.086

	Azerbaijan – Model 2
	2,182
	186.621
	.947
	.927
	.053
	.046
	.061
	.084

	Azerbaijan – Model 3
	2,182
	198.643
	.943
	.921
	.055
	.048
	.062
	.085

	Canada – Model 1
	6,855
	325.493
	.963
	.950
	.040
	.036
	.044
	.059

	Canada – Model 2
	6,855
	261.748
	.970
	.959
	.036
	.032
	.040
	.053

	Canada – Model 3
	6,855
	200.270
	.978
	.970
	.031
	.027
	.035
	.046

	Belgium Flemish – Model 1
	2,364
	135.529
	.974
	.966
	.041
	.034
	.048
	.046

	Belgium Flemish – Model 2
	2,364
	132.776
	.975
	.965
	.042
	.035
	.049
	.046

	Belgium Flemish – Model 3
	2,364
	133.434
	.974
	.965
	.042
	.035
	.049
	.045

	Belgium French – Model 1
	2,953
	169.107
	.976
	.967
	.042
	.036
	.048
	.043

	Belgium French – Model 2
	2,953
	168.805
	.975
	.966
	.043
	.037
	.049
	.043

	Belgium French – Model 3
	2,953
	162.006
	.977
	.968
	.042
	.036
	.048
	.042

	Czech Republic – Model 1
	7,005
	373.053
	.971
	.961
	.043
	.039
	.047
	.047

	Czech Republic – Model 2
	7,005
	358.462
	.972
	.961
	.043
	.039
	.047
	.046

	Czech Republic – Model 3
	7,005
	312.091
	.976
	.966
	.040
	.036
	.044
	.043

	Croatia – Model 1
	3,140
	245.417
	.969
	.959
	.051
	.045
	.057
	.048

	Croatia – Model 2
	3,140
	240.701
	.970
	.958
	.051
	.045
	.057
	.047

	Croatia – Model 3
	3,140
	209.469
	.974
	.964
	.047
	.042
	.053
	.043

	Denmark – Model 1
	1,668
	140.957
	.968
	.957
	.050
	.042
	.059
	.063

	Denmark – Model 2
	1,668
	139.254
	.968
	.955
	.051
	.043
	.060
	.062

	Denmark – Model 3
	1,668
	140.603
	.967
	.955
	.051
	.043
	.060
	.062

	England – Model 1
	1,729
	158.720
	.963
	.951
	.053
	.045
	.061
	.059

	England – Model 2
	1,729
	150.872
	.965
	.952
	.053
	.045
	.061
	.058

	England – Model 3
	1,729
	130.813
	.971
	.959
	.048
	.040
	.057
	.052

	Estonia – Model 1
	3,009
	218.893
	.966
	.955
	.049
	.043
	.055
	.054

	Estonia – Model 2
	3,009
	158.552
	.977
	.968
	.041
	.035
	.047
	.046

	Estonia – Model 3
	3,009
	139.874
	.980
	.972
	.038
	.032
	.044
	.044

	France – Model 1
	5,368
	245.186
	.969
	.959
	.039
	.034
	.043
	.042

	France – Model 2
	5,368
	230.126
	.971
	.960
	.038
	.034
	.043
	.042

	France – Model 3
	5,368
	201.143
	.975
	.965
	.035
	.031
	.040
	.039

	Georgia – Model 1
	2,639
	71.117
	.983
	.977
	.025
	.018
	.032
	.042

	Georgia – Model 2
	2,639
	63.211
	.986
	.980
	.023
	.016
	.031
	.039

	Georgia – Model 3
	2,639
	65.293
	.985
	.979
	.024
	.017
	.031
	.038

	Germany – Model 1
	2,578
	119.244
	.972
	.963
	.036
	.030
	.043
	.044

	Germany – Model 2
	2,578
	119.247
	.972
	.961
	.037
	.031
	.044
	.044

	Germany – Model 3
	2,578
	116.138
	.973
	.962
	.037
	.030
	.044
	.043

	Greece – Model 1
	2,539
	92.359
	.982
	.975
	.031
	.024
	.038
	.036

	Greece – Model 2
	2,539
	86.989
	.983
	.976
	.030
	.023
	.038
	.035

	Greece – Model 3
	2,539
	90.661
	.982
	.975
	.031
	.024
	.038
	.035

	Hungary – Model 1
	2,377
	191.441
	.941
	.921
	.051
	.044
	.057
	.064

	Hungary – Model 2
	2,377
	191.901
	.940
	.917
	.052
	.045
	.059
	.064

	Hungary – Model 3
	2,377
	173.431
	.947
	.926
	.049
	.042
	.056
	.060

	Iceland – Model 1
	4,396
	137.755
	.990
	.987
	.031
	.026
	.036
	.036

	Iceland – Model 2
	4,396
	139.249
	.990
	.986
	.031
	.026
	.037
	.036

	Iceland – Model 3
	4,396
	149.181
	.989
	.985
	.033
	.028
	.038
	.035

	Ireland – Model 1
	2,205
	234.375
	.957
	.943
	.059
	.052
	.066
	.055

	Ireland – Model 2
	2,205
	234.543
	.957
	.940
	.060
	.053
	.068
	.055

	Ireland – Model 3
	2,205
	227.878
	.958
	.942
	.059
	.052
	.067
	.054

	Israel – Model 1
	3,400
	180.375
	.947
	.930
	.041
	.035
	.047
	.050

	Israel – Model 2
	3,400
	168.406
	.951
	.932
	.040
	.034
	.046
	.049

	Israel – Model 3
	3,400
	178.402
	.947
	.927
	.042
	.036
	.047
	.049

	Italy – Model 1
	2,605
	139.476
	.969
	.959
	.040
	.034
	.047
	.046

	Italy – Model 2
	2,605
	125.695
	.973
	.962
	.038
	.032
	.045
	.044

	Italy – Model 3
	2,605
	122.298
	.974
	.964
	.038
	.031
	.045
	.043

	Kazakhstan – Model 1
	2,466
	108.651
	.978
	.971
	.035
	.028
	.042
	.045

	Kazakhstan – Model 2
	2,466
	108.190
	.978
	.970
	.036
	.029
	.043
	.045

	Kazakhstan – Model 3
	2,466
	105.373
	.979
	.971
	.035
	.028
	.042
	.044

	Latvia – Model 1
	2,612
	109.254
	.980
	.973
	.034
	.028
	.041
	.041

	Latvia – Model 2
	2,612
	88.916
	.985
	.979
	.030
	.024
	.037
	.037

	Latvia – Model 3
	2,612
	75.231
	.988
	.983
	.027
	.020
	.034
	.034

	Lithuania – Model 1
	2,365
	195.497
	.969
	.959
	.051
	.045
	.058
	.052

	Lithuania – Model 2
	2,365
	175.651
	.973
	.962
	.049
	.043
	.056
	.050

	Lithuania – Model 3
	2,365
	143.868
	.978
	.970
	.044
	.037
	.051
	.045

	Luxembourg – Model 1
	2,379
	100.977
	.975
	.967
	.034
	.027
	.041
	.041

	Luxembourg – Model 2
	2,379
	92.391
	.978
	.970
	.033
	.026
	.040
	.040

	Luxembourg – Model 3
	2,379
	82.753
	.981
	.974
	.030
	.023
	.038
	.037

	Macedonia – Model 1
	2,901
	142.378
	.972
	.963
	.038
	.032
	.045
	.042

	Macedonia – Model 2
	2,901
	104.869
	.981
	.973
	.032
	.026
	.039
	.036

	Macedonia – Model 3
	2,901
	104.273
	.981
	.974
	.032
	.026
	.039
	.037

	Malta – Model 1
	1,401
	77.718
	.974
	.965
	.037
	.027
	.046
	.046

	Malta – Model 2
	1,401
	77.988
	.973
	.963
	.038
	.028
	.048
	.046

	Malta – Model 3
	1,401
	72.880
	.976
	.967
	.036
	.026
	.046
	.044

	Moldova – Model 1
	2,912
	90.140
	.977
	.969
	.028
	.022
	.035
	.038

	Moldova – Model 2
	2,912
	90.112
	.977
	.968
	.029
	.023
	.036
	.038

	Moldova – Model 3
	2,912
	89.977
	.977
	.968
	.029
	.023
	.036
	.038

	Netherlands – Model 1
	3,084
	68.807
	.988
	.985
	.022
	.016
	.029
	.035

	Netherlands – Model 2
	3,084
	68.302
	.988
	.984
	.023
	.016
	.030
	.035

	Netherlands – Model 3
	3,084
	65.636
	.989
	.985
	.022
	.016
	.029
	.034

	Norway – Model 1
	1,260
	97.231
	.975
	.967
	.045
	.036
	.055
	.043

	Norway – Model 2
	1,260
	96.042
	.975
	.966
	.046
	.037
	.056
	.043

	Norway – Model 3
	1,260
	90.530
	.977
	.969
	.044
	.035
	.055
	.041

	Poland – Model 1
	3,314
	194.841
	.973
	.964
	.043
	.038
	.049
	.046

	Poland – Model 2
	3,314
	193.676
	.973
	.963
	.044
	.038
	.050
	.046

	Poland – Model 3
	3,314
	182.167
	.975
	.965
	.043
	.037
	.049
	.044

	Portugal – Model 1
	3,250
	244.665
	.969
	.959
	.050
	.044
	.056
	.049

	Portugal – Model 2
	3,250
	242.369
	.969
	.958
	.051
	.045
	.057
	.048

	Portugal – Model 3 
	3,250
	224.148
	.972
	.961
	.048
	.043
	.054
	.046

	Romania – Model 1
	2,574
	94.803
	.982
	.976
	.031
	.025
	.038
	.036

	Romania – Model 2
	2,574
	89.367
	.983
	.976
	.031
	.024
	.038
	.035

	Romania – Model 3
	2,574
	82.455
	.985
	.979
	.029
	.022
	.036
	.033

	Russia – Model 1
	2,772
	108.620
	.988
	.984
	.033
	.027
	.040
	.032

	Russia – Model 2
	2,772
	104.040
	.988
	.984
	.033
	.026
	.040
	.031

	Russia – Model 3
	2,772
	84.643
	.991
	.988
	.029
	.022
	.035
	.028

	Scotland – Model 1
	2,809
	262.285
	.962
	.950
	.056
	.050
	.062
	.064

	Scotland – Model 2
	2,809
	216.925
	.969
	.958
	.051
	.045
	.058
	.058

	Scotland – Model 3
	2,809
	178.421
	.976
	.966
	.046
	.039
	.052
	.051

	Serbia – Model 1
	2,525
	191.949
	.975
	.966
	.049
	.043
	.056
	.052

	Serbia – Model 2
	2,525
	189.691
	.975
	.965
	.050
	.043
	.057
	.052

	Serbia – Model 3
	2,525
	185.286
	.976
	.966
	.049
	.043
	.056
	.049

	Slovenia – Model 1
	3,392
	140.545
	.983
	.977
	.035
	.030
	.041
	.037

	Slovenia – Model 2
	3,392
	123.670
	.985
	.979
	.033
	.028
	.039
	.035

	Slovenia – Model 3
	3,392
	119.498
	.986
	.980
	.033
	.027
	.039
	.034

	Spain – Model 1
	2,856
	205.189
	.979
	.973
	.048
	.042
	.054
	.043

	Spain – Model 2
	2,856
	207.364
	.979
	.971
	.049
	.043
	.056
	.043

	Spain – Model 3
	2,856
	207.015
	.979
	.971
	.049
	.043
	.056
	.043

	Sweden – Model 1
	2,652
	213.512
	.963
	.951
	.051
	.045
	.058
	.055

	Sweden – Model 2
	2,652
	192.989
	.967
	.954
	.049
	.043
	.056
	.052

	Sweden – Model 3
	2,652
	172.600
	.971
	.960
	.046
	.040
	.053
	.049

	Switzerland – Model 1
	4,742
	191.003
	.968
	.958
	.036
	.031
	.041
	.042

	Switzerland – Model 2
	4,742
	185.193
	.969
	.957
	.036
	.031
	.041
	.041

	Switzerland – Model 3
	4,742
	165.811
	.973
	.963
	.034
	.029
	.039
	.039

	Turkey – Model 1
	3,282
	167.463
	.978
	.971
	.040
	.034
	.046
	.040

	Turkey – Model 2
	3,282
	163.887
	.979
	.971
	.040
	.034
	.046
	.039

	Turkey – Model 3
	3,282
	164.026
	.979
	.971
	.040
	.034
	.046
	.039

	Ukraine – Model 1
	4,010
	199.172
	.974
	.966
	.040
	.035
	.045
	.043

	Ukraine – Model 2
	4,010
	188.555
	.976
	.966
	.039
	.034
	.045
	.042

	Ukraine – Model 3
	4,010
	168.925
	.979
	.970
	.037
	.032
	.042
	.040

	Wales – Model 1
	8,012
	594.894
	.972
	.963
	.051
	.048
	.055
	.045

	Wales – Model 2
	8,012
	545.939
	.974
	.964
	.050
	.046
	.054
	.043

	Wales – Model 3
	8,012
	463.603
	.978
	.970
	.046
	.042
	.050
	.039



Note. χ² = chi-square; CFI = Comparative Fit Index; TLI = Tucker–Lewis Index; RMSEA = Root Mean Square Error of Approximation; UL = upper limit; LL = lower limit; SRMR = Standardized Root Mean Square Residual. M1 = Model 1 (unifactorial model); M2 = Model 2 (tolerance, salience, and mood modification are part of the peripheral factor, while relapse, withdrawal, and conflict belong to the core factor); M3 = Model 3 (tolerance and salience are part of the peripheral factor, while relapse, withdrawal, conflict, and mood modification belong to the core factor). Model 1 has 27 degrees of freedom, while Models 2 and 3 have 26 degrees of freedom. All χ2 statistics for each model in each region were significant (p < .001). Participants under 13 years of age were excluded.



Table S11. Goodness-of-fit indices for each nested model to test for measurement invariance by regions.

	Model
	χ2
	CFI
	TLI
	RMSEA
	RMSEA Lower Limit 90%
	RMSEA Upper Limit 90%
	SRMR

	Configural – Model 1
	7,304.555
	.965
	.041
	.041
	.042
	.047
	.965

	Configural – Model 2
	6,827.616
	.966
	.041
	.040
	.042
	.045
	.966

	Configural – Model 3
	6,316.523
	.969
	.039
	.038
	.040
	.043
	.969



Note. χ² = chi-square; CFI = Comparative Fit Index; TLI = Tucker–Lewis Index; RMSEA = Root Mean Square Error of Approximation; UL = upper limit; LL = lower limit; SRMR = Standardized Root Mean Square Residual. M1 = Model 1 (unifactorial model); M2 = Model 2 (tolerance, salience, and mood modification are part of the peripheral factor, while relapse, withdrawal, and conflict belong to the core factor); M3 = Model 3 (tolerance and salience are part of the peripheral factor, while relapse, withdrawal, conflict, and mood modification belong to the core factor). All configural models were computed accounting for the clustering effects of the school level. Participants under 13 years of age were excluded.



Table S12. Item parameter estimates using alignment optimization.

	
	
	Threshold parameter
	
	
	
	Loading parameter
	
	
	

	
	
	Weighted average value across groups
	R2
	Number of regions across is invariant
	Number of regions across is not invariant
	Weighted average value across regions
	R2
	Number of regions across is invariant
	Number of regions across is not invariant

	Peripheral
	Item 1
	.367
	.419
	28
	14
	1.697
	.687
	40
	2

	
	Item 2
	.667
	.837
	29
	13
	2.063
	.739
	40
	2

	Core
	Item 3
	-.087
	.757
	31
	11
	1.683
	.537
	42
	0

	
	Item 4
	-.401
	.473
	33
	9
	1.143
	.499
	35
	7

	
	Item 5
	.536
	.634
	22
	20
	1.448
	.792
	41
	1

	
	Item 6
	.036
	.791
	37
	5
	1.690
	.623
	39
	3

	
	Item 7
	.554
	.674
	33
	9
	1.758
	.574
	39
	3

	
	Item 8
	-.585
	.520
	34
	8
	1.179
	.471
	38
	4

	
	Item 9
	.491
	.590
	23
	19
	1.985
	.569
	39
	3



Note. 42 regions were included in the analysis. Spain was excluded because its covariance matrix could not be inverted. The weighted average values reflect the overall parameter estimates across regions and R² values close to 1 indicate a high degree of invariance, while values near 0 suggest substantial cross-regional differences. SMD = Social Media Disorder. SMD 1 = Preoccupation/Salience; SMD 2 = Tolerance; SMD 3 = Withdrawal; SMD 4 = Persistence; SMD 5 = Displacement; SMD 6 = Problem; SMD 7 = Deception; SMD 8 = Escape; SMD 9 = Conflict. Participants under 13 years of age were excluded. Of the 756 parameters, 133 (18%) were non-invariant. This value is below the cutoff, supporting the approximate invariance of Model 3 (Asparouhov & Muthén, 2014). 

Table S13. Spearman multilevel partial correlations for core and peripheral subscales.

	
	Core
	
	
	Peripheral
	
	

	Items
	N
	Spearman coefficient
	p-value 
	N
	Spearman coefficient
	p-value 

	Difficulties in sleeping
	122.799
	.145

	<.001
	122.799
	.013

	<.001

	Feeling low
	125.380
	.215

	<.001
	125.380
	-.004

	.0222

	Feeling nervous
	125.457
	.187

	<.001
	125.457
	.001

	.824

	Irritability or bad temper
	125.435
	.202

	<.001
	125.435
	.005

	.074

	Life satisfaction
	125.483
	-.157
	<.001
	125.483
	.004
	0.184



Note. Participants from North Macedonia did not respond to the item “Difficulties in sleeping”; but their data were included in the analyses for the remaining associations. The peripheral factor was defined as the sum of tolerance and salience, while the core factor was defined as the sum of relapse, withdrawal, conflict, and mood modification. Correlations for core criteria were calculated while controlling for the influence of the peripheral subscale and vice versa for peripheral criteria. All correlations accounted for the nested structure of the data by including the region as a random effect. p-values were adjusted for multiple comparisons using the False Discovery Rate correction method to control the false positive rate. Difficulties in sleeping, feeling low, feeling nervous, and irritability or bad temper (from the Symptom Checklist) and life satisfaction (assessed by the Cantril Ladder) were used as external indicators to examine convergent validity. Participants under 13 years of age were excluded.
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