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Development of the psychopathological
vulnerability index for screening at-risk
youths: a Rasch model approach
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Accumulating research onmental health emphasizes the general factor of psychopathology (p-factor)
that unites various mental health issues. This study develops a psychopathological vulnerability
assessment for youths, evaluating its psychometric properties and clinical utility. An umbrella review
conceptualized multifactor psychopathological vulnerability, leading to a 57-item pool. A total of
11,224 individuals participated in this study. The resulting 22-item psychopathological vulnerability
index (PVI) fitted the unidimensional Rasch model, demonstrating a person separation reliability of
0.78 and a Cronbach’s alpha of 0.84. Cut-off points of 11 and 5, derived from latent class analysis,
were used to distinguish vulnerable and high-protection populations. The PVI’s concurrent and
predictive hit rates ranged from 36.00% to 53.57% in clinical samples. The PVI concretized the
vulnerability–stress model for identifying at-risk youths and may facilitate universal interventions by
integrating the theoretical foundations of bifactor S-1 models with key symptoms from network
models for theoretically grounded approaches.

Youths undergo a developmental transition from adolescence to adulthood;
this transition poses a significant challenge to youths and makes them
vulnerable to mental health issues1. The WHO World Mental Health
InternationalCollege Student Project suggested that over 30%of youthsmet
the diagnostic criteria for at least one common mental health issue. The
pooled prevalence of depression, anxiety symptoms, and burnout among
youths was 33.6%, 39.0%, and 12.1%, respectively2,3. A nationwide survey in
the United States revealed clinical levels of insomnia at 17.6% and 19.0%
before andduring the pandemic.Additionally, the alcohol use disorder rates
were 35.8% and 41.7%4. Experiencingmental health issues is associatedwith
poor academic achievements5, increased academic drop-out rates6, and a
high prevalence of suicide-related outcomes7 and non-suicidal self-injury8.
Improving early detection and pinpointing vulnerable populations in
schools, the community, and clinical settings has been highlighted9.

Numerous widely used measurements for detecting specific mental
health issues exist. Previous literature reviews7,10,11 have revealed that com-
monly employed specific symptom instruments include the Depression
Anxiety and Stress Scale-21 (DASS-21)12, Patient Health Questionnaire-9
(PHQ-9)13, Generalized Anxiety Disorder 7-item Scale (GAD-7)14, and
Center for Epidemiological Studies-Depression Scale15. The PHQ-9 mainly

assesses depression symptoms, whereas the GAD-7 centers on anxiety.
Other instruments, such as DASS-21, can measure specific components,
such as anxiety, depression, and stress. Several composite assessments have
been used as alternatives. They include the Symptom Checklist-90 (SCL-
90)16, General Health Questionnaire (GHQ)17, Psychological Screening
Inventory18, and the Counseling Center Assessment of Psychological
Symptoms (CCAPS)19.

However, none of the above specific symptom instruments can fully
capture the main aspects of psychopathological status within the context of
high rates of comorbidity20. The aforementioned composite assessments
exhibited limitations related to the measurement framework and psycho-
metric performance. The test construction steps were somewhat unclear,
with insufficient attention paid to international standards for item
development21,22. Additionally, the reliance on classical test theory (CTT)
has limited discussions surrounding score interpretation, item bias, and the
assumption of equal intervals between Likert scale response categories23,24.

Developing a practical composite assessment should directly respond
to a classical controversy in psychopathology: the debate over whether
mental disorders are discrete clinical conditions or distinctions along con-
tinuousdimensions of functioning25. Categorical diagnostic systems, such as

1Social and Public Administration School, East China University of Science and Technology, Shanghai, China. 2Institute of Marxism, East China University of
Science and Technology, Shanghai, China. 3The Office of Student Services, East China University of Science and Technology, Shanghai, China. 4Student
Counseling andMental Health Center, East China University of Science and Technology, Shanghai, China. 5School of Journalism andCommunication, Nanchang
University, Nanchang, China. 6These authors contributed equally: Yujing Liao, Haitao Shen,Wenjie Duan. e-mail: duan.w@outlook.com; duan.w@ecust.edu.cn

npj Mental Health Research |            (2024) 3:60 1

12
34

56
78

90
():
,;

12
34

56
78

90
():
,;

http://crossmark.crossref.org/dialog/?doi=10.1038/s44184-024-00106-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s44184-024-00106-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s44184-024-00106-6&domain=pdf
mailto:duan.w@outlook.com
mailto:duan.w@ecust.edu.cn
www.nature.com/npjmentalhealth


the various editions of the American Psychiatric Association’s Diagnostic
and Statistical Manual (DSM) and the Mental, Behavioral or Neurodeve-
lopmental Disorders (MBND) chapter of the International Statistical
Classification of Diseases and RelatedHealth Problems (ICD), are currently
used in research and practice20,26. The DSM-5, published in 2013, has
expandeddiagnostic criteria and classifications, addressing the complexities
of mental health disorders more comprehensively than its predecessors27.
For decades, the ICD has been an essential tool for ensuring international
comparability in public health. Initially intended primarily for the classifi-
cation of causes of death, its scope has progressively expanded to include the
coding and tabulation of morbidity causes, as well as medical record
indexing and retrieval. The ICD-10, released by the World Health Orga-
nization in 1992, has also played a pivotal role in the global classification of
diseases, includingmental health disorders. Currently, the ICD-11, accepted
by the World Health Assembly in May 2019, updates the classification
systemwith changes todiagnostic criteria (e.g., a higherdiagnostic threshold
for schizoaffective disorders) and introduces new diagnostic entities (e.g.,
prolonged grief disorder and complex post-traumatic stress disorder)28.
Such categorical models are preferred because they offer pragmatic
advantages. A diagnostic label can effectively convey important clinical
information and guide treatment29. However, these categorical diagnostic
systems are being questioned. The greatest challenge of categorical diag-
nostic systems is comorbidity25, wherein two or more conditions or dis-
orders, each presumably with its own etiology, pathology, and treatment
implications, coexist30. Although new diagnoses have been introduced to
represent the discovery of a previously unrecognized disease, they may also
create additional boundary confusion31.

Against this background, there is increasing interest in transdiagnostic
dimensional models that include the National Institute of Mental Health
Research Domain Criteria (RDoC) initiative32, as well as models of the
general factor of psychopathology (p-factor)20. Within the RDoC frame-
work, a “bottom-up” approach grounded in neuroscience is employed to
identify biologically-based constructs and units of analysis that likely span
across current diagnostic categories33. However, the evidence incorporating
this framework is relatively limited and requires further advancement to
refine the model34.

Models of the p-factor typically are constructed to characterize the
comorbidity of common mental health issues, and three main approaches
for capturing the structureof thep-factor exist: thehierarchical, bifactor, and
unidimensional one-factor models20,35. Many studies have used higher-
order models to capture correlations among first-order factors (internaliz-
ing, externalizing, and thought disorders) and indicated that higher-order
factor models tend to show superior goodness of fit over other models36,37.
Similarly, evidence showing that the bifactor models of psychopathology
specifying the p-factor and specific factors fit better than competing struc-
tural models exists38. However, hierarchical and bifactor models have lim-
itations in the measurement and interpretability of the p-factor. The first-
order factors act asmediators between the p-factor and observed symptoms
in hierarchical models, prompting inquiries into how the influence of
second-order factors on observed indicators remains obscured39. Concerns
havebeen raisedabout the bifactormodel, particularly regardingoverfitting,
reliability, and interpretational challenges when applied to psychopatho-
logical structures40,41. Furthermore, current research exploring the p-factor
structure of psychopathology was predominantly based on CTT, which is
possibly less effective than the Rasch measurement in reducing complex
data matrices into unidimensional variables42, exploring item bias, and
explaining the meaning of scores43.

The unidimensional one-factor model can be employed to con-
ceptualize andmeasure the p-factor. In such amodel, each item is allowed to
be loaded on the single general p-factor44, which shows less ambiguity in
terms of interpretability than higher-order and bifactor models45. Addi-
tionally, the psychometric properties for determining the scoring and
interpretationof the p-factor canbe examined throughunidimensional item
response theory (IRT) analysis46.

A number of unidimensional one-factor measures have been devel-
oped. They include the 12-item revised Neurological Disorders Depression
Inventory-Epilepsy for Youth (NDDI-E-Y)47, Functional Posttraumatic
Cognition Questionnaire in Children and Adolescents48, and Climate
Change Anxiety Scale-Short Form (CCAS-S)49. A unidimensional one-
factor instrument specifically designed to assess the continuous general
factor of psychopathology (p-factor) in youths is unavailable. In addition,
most of the above instruments have not undergone item analysis, limiting
the ability to estimate itembiases47,50. Given that the p-factor emphasizes the
exploration of common etiological factors51,52, existing research identifies
vulnerability as a predictor of mental illness and subjective well-being53,54,
particularlywithin a developed and refined risk categorization scheme7,53. In
this context, vulnerability was defined as the risk of developing psycho-
pathology and susceptibility to undesirable outcomes54,55. Moreover, the
vulnerability–stress model of mental disorders may explain the onset of
mental health issues in youths by stating that persons have an intrinsic
vulnerability, leading in combination with an extrinsic stressor to the
development of health problems56. Therefore, we argue that psychopatho-
logical vulnerabilitymore accurately reflects the intrinsic attributes of the p-
factor instrument we aim to develop.

This study aims to develop a general p-factor (i.e., the PVI) to
capture a wide range of mental health issues among youths. The
secondary goals include identifying the unidimensional items for the
PVI, establishing cut-off points, and assessing the concurrent and
predictive hit rates. The hypotheses for the present study are as fol-
lows: (1) Rasch analysis will reveal a unidimensional one-factor
structure (p-factor, PVI) that represents various mental issues among
youths; (2) PVI scores are expected to effectively classify youths into
distinct levels of vulnerability, with corresponding cut-off points
established for these levels; (3) PVI scores are positively correlated
with the SCL-90 scores; and (4) the clinical hit rates of PVI are
expected to be higher than that of the SCL-90 at the sample level.

Results
Item fit statistics
The infit and outfit statistics of all itemswere assessed. The infit ranged from
0.81 (c1) to 1.29 (i2), and the outfit ranged from 0.55 (b5) to 2.08 (f7).
Following the criteria outlined in theMethods section, 35 items beyond the
acceptable range of the infit and outfit were deleted57. Finally, a 22-item PVI
was developed (see Table 1). As shown in Table 2, the remaining 22 items
had acceptable infit and outfit mean square error (MNSQ) statistics that
ranged from 0.80 to 1.20 and were close to 1.0, indicating that the observed
response pattern fits the model.

Dimensionality and local dependence
Rasch principal component analyses for residuals (PCAR) revealed that the
Rasch model estimates on the logit scale accounted for 34.46% of the var-
iance in item responses. Meanwhile, the first contrast exhibited an eigen-
value of 1.92. These results indicated the underlying one-dimensionality
construct.

Differential item functioning
The differential item functioning (DIF) results are shown in Table 2.
No evidence of substantive DIF for any item by academic year or age
group was found because the absolute values of freshman, senior, and
age DIF contrasts were less than 0.5 logits between the comparison
groups. This difference in t-values was insignificant. However, four
items (j1, i3, j2, and f1) showed moderate sex differences because the
absolute values of sex DIF contrast were all greater than 0.5 between the
comparison groups. This difference in t-values was significant, indi-
cating systematic biases favoring either males or females in responses.
Specifically, item i3 was found to be significantly more challenging for
males to endorse than for females, whereas items f1, j1, and j2 were
significantly more difficult for females to endorse than for males.
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Sources of validity and reliability evidence
Themean person location logit value (logit = 0.0036) indicated that the PVI
waswell targeted,with participants on average at amarginally higher level of
psychopathological vulnerability than those tapped by the PVI items (0
logits). The person separation reliabilitywas 0.78. TheCronbach’s alphawas
0.84. The PVI was positively correlated with the global severity index (GSI)
T-score (r = 0.60, p < 0.001).

Latent class analysis results
Table 3 presents the fit statistics for the two- to six-class solutions identified
using latent class analysis (LCA). The Akaike information criteria (AIC),
Bayesian information criteria (BIC), and sample size–adjusted BIC (saBIC)
continued todecrease acrossfive classes, and theLo–Mendell–Rubin (LMR)
and bootstrap likelihood ratio test (BLRT) were significant for all com-
parators. The classification quality evaluated by the entropy and average
latent class probabilities for the most likely class showed that among all
solutions, the two-class solution was the highest, and the three- and four-
class solutions were also adequate (entropy > 0.70; average latent profile
probabilities > 0.80).

The three-class solution exhibited clearerboundaries than the two- and
four-class solutions within the range of the PVI total scores. This situation
allowed for meaningful and quantitative distinctions. Therefore, the three-
class solution was adopted. For the three-class solution, the first class
included 20.30% youths (n = 2278), the second class encompassed 46.68%
youths (n = 5239), and the final class contained 33.03% youths (n = 3707).
The three-class solution is presented in Fig. 1.

Receiver operator characteristic (ROC) results
ROC analysis indicated 4.50 and 10.50 as two cut-off points for distin-
guishing three classes. A cut-off point was determined to be 10.50, which
corresponded to the maximum Youden index (96.15%) and an AUC value

of 99.75% (95% CI: 99.71–99.79%; p < 0.001), indicating excellent dis-
criminatory ability. Similarly, the cut-off point of 4.50 corresponded to the
maximum Youden index (97.50%) and an AUC value of 99.76% (95% CI:
99.72–99.80%; p < 0.001), indicating excellent discriminative performance.
Table 4 presents the diagnostic indices for the two cut-off points. Given that
PVI is dichotomous (i.e., “yes” or “no”), its two cut-off points were deter-
mined to be 5 and 11.

The Kruskal–Wallis (KW) and post hoc tests, as presented in
Table 5, further found significant differences in PVI scores among the
three classes differentiated by the two cut-off points (p < 0.001).
Consequently, the three classes were defined as the vulnerable class
(PVI scores ≥ 11, 22.88%), medium-protection class (5 ≤ PVI
scores < 11, 42.55%), and high-protection class (PVI scores < 5,
34.57%). Significant differences in SCL-90 scores were also observed
among the three classes.

Further exploration revealed that the PVI outperformed the
SCL-90 in terms of concurrent and predictive hit rates in two clinical
samples, as reported in Table 6. In the concurrent sample, which
consisted of data collected simultaneously with the PVI ques-
tionnaire, the PVI, and SCL-90 had concurrent hit rates of 36.00%
and 28.00%, respectively, for identifying vulnerable youths with
definitive diagnosis (n = 50) and 46.94% and 44.90%, respectively, for
youths with provisional diagnosis (n = 49). Regarding predictive hit
rates, in another sample diagnosed 1 year after the PVI questionnaire
was administered, the PVI and SCL-90 had predictive hit rates of
37.50% and 28.13% for youths with definitive diagnosis (n = 32),
respectively, and 53.57% and 46.43% for youths with provisional
diagnosis (n = 28), respectively. In the overall diagnosis sample, the
PVI and SCL-90 had hit rates of 36.59% and 28.05% for youths with
definitive diagnosis (n = 82), respectively, and 49.35% and 45.45% for
youths with provisional diagnosis (n = 77), respectively.

Table 1 | Items of PVI

Dimension Item content

Considering your experiences in the past month, respond to the following items by selecting either “Yes” or “No”.

Anxiety a1 I found myself in situations that made me so anxious and I was most relieved when they ended.

a2 I had a feeling of faintness.

Depression b2 I felt that I had nothing to look forward to.

Learning burnout d1 I feel nervous whenever I have an exam.

d4 I do not have common topics and interests with my classmates.

d5 I feel that my attitude towards studying is not as good as it used to be.

d6 I often have trouble sleeping due to things related to my schoolwork.

Internet addiction e2 I am short of sleep because of the Internet.

e3 I often neglect my daily obligations (work, school, or family life) because I prefer to spend time on the Internet.

e4 When I am feeling down, I often go on the Internet.

e5 I find it difficult to stop using the Internet when I am online.

Alcohol use f1 I have found that I was not able to stop drinking once I had started.

Sleep disorders g3 I often have difficulty getting back to sleep after a nocturnal awakening.

g4 I often wish for more sleep after getting up.

g5 I am satisfied with my sleep.

Aggressive behavior i3 Sometimes I fly off the handle for no good reason.

i5 Other people always seem to get breaks.

Social inhibition j1 I find it hard to start a conversation.

j2 I do not find the right things to talk about.

j3 I have difficulty making contact.

j4 I often worry that others may disapprove of me.

j5 I feel very insecure when I do not know another’s thoughts.

Item g5 was subject to reverse scoring.
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Discussion
This study developed a unidimensional 22-itemPVI using theRaschmodel.
The cut-off points of 11 and 5 were identified to distinguish vulnerable and
high-protection youths. At the sample level, the concurrent hit rates of the
PVI were 36.00% and 46.94% for youths with definitive and provisional
diagnoses, respectively. The predictive hit rates of the PVI were 37.50% and
53.7% for youths with definitive and provisional diagnoses, respectively.
Psychometric evidence shows that the 22-item PVI has the potential to
detect vulnerable youths.

Previously used composite instruments for screening symptoms,
such as the Counseling Center Assessment of Psychological Symptoms-
62 (CCAPS-62) and SCL-90, have been questioned. The CCAPS-62 was
initially developed as a correlated eight-factormodel19. A later study then
identified two correlated second-order factors (r = 0.11, p < 0.01) in a
college sample24. These studies highlighted the importance of thor-
oughly examining the higher-order structure of the CCAPS-62. Existing
research attempted to evaluate psychological vulnerability on the basis of
the total score of the individual items in the SCL-9058,59 or SCL-90-R60.
However, such evaluation entails challenges. The SCL-90 is based on

CTT, which is well suited for identifying structures but it is not a strict
test of the summed scale score being a sufficient statistic61. A study based
on Rasch analysis testing the dimensionality of the SCL-90-R suggested
that the total score of the SCL-90-R is multidimensional and cannot be
used as an overall indicator of psychological distress62. The PVI, devel-
oped based on the p-factor, provides significant advantages in eluci-
dating psychopathological phenomena, primarily due to its ability to
capture the shared variance among symptoms across various disorders
and diagnostic domains20. A crucial interpretation that may enhance the
understanding of the results of this study is that the p-factor reflects the
influence of common etiological factors, including pleiotropic genetic
effects, personality traits, and extensive environmental exposures51,52.
For instance, a genetic p-factor has been identified that correlates with
the risk of developing multiple mental disorders, such as bipolar dis-
order, post-traumatic stress disorder, and anorexia nervosa, with a single
genetic factor potentially explaining 20–60% of the variance63. Building
on this, ongoing research aimed at exploring how a general factor may
drive the emergence of various symptoms and conditions can further
enhance our comprehension of the findings presented in this paper. The

Table 3 | Fit indices from latent class analysis

Model AIC BIC saBIC LMR BLRT Entropy AvePPK

2 Classes 245,642.65 245,972.31 245,829.30 <0.001 <0.001 0.83 >0.94

3 Classesa 241,157.99 241,656.14 241,440.05 <0.001 <0.001 0.78 >0.89

4 Classes 238,337.22 239,003.87 238,714.68 <0.001 <0.001 0.78 >0.83

5 Classes 237,086.30 237,921.44 237,559.16 <0.001 <0.001 0.75 >0.77

6 Casses 236,095.44 237,099.08 236,663.71 <0.001 <0.001 0.74 >0.74
aThe final selected solution and its fit indices from the LCA are highlighted in bold.

Table 2 | Item Rasch analysis results of the PVI (sorted by item difficulty)

Item Difficulty SE Infit Outfit Sex DIF contrast Freshman DIF contrast Senior DIF contrast Age DIF contrast

f1 4.94 0.08 1.02 1.20 −0.51** 0.16 −0.15 −0.20

g3 3.31 0.04 1.00 0.99 −0.15 0.02 0.05 −0.20*

d4 2.60 0.03 1.04 1.16 −0.42*** 0.01 −0.04 0.14*

d6 1.96 0.03 1.00 0.93 0.40*** −0.01 0.05 −0.34***

a2 1.91 0.03 1.04 1.05 0.15** −0.07 0.10 0.08

i3 1.86 0.03 1.04 1.03 0.61*** 0.03 −0.04 0.15**

e3 1.78 0.03 0.96 0.87 −0.39*** −0.09 0.02 −0.06

e2 1.65 0.03 0.98 0.88 0.27*** −0.01 0.05 0.06

b2 1.38 0.02 1.01 0.95 0.02 −0.05 −0.08 −0.23***

j3 1.27 0.02 0.99 0.95 −0.14** 0.01 0.02 −0.05

i5 1.26 0.02 1.00 0.98 −0.15** −0.04 0.01 0.04

j1 1.10 0.02 0.97 0.93 −0.66*** −0.04 0.00 0.07

j2 1.01 0.02 1.00 0.99 −0.53*** 0.03 −0.02 0.00

a1 0.85 0.02 0.97 0.94 0.23*** −0.02 −0.03 −0.07

g5 0.77 0.02 1.08 1.11 0.13** 0.00 0.02 −0.31***

e5 0.56 0.02 0.97 0.93 0.20*** −0.02 −0.01 0.15**

j5 0.56 0.02 0.99 0.97 0.04 0.03 0.06 0.27***

j4 0.35 0.02 0.92 0.87 0.10* 0.07 0.04 0.35***

d1 –0.32 0.02 1.08 1.12 0.39*** −0.03 −0.06 0.25***

d5 –0.42 0.02 0.96 0.95 −0.20*** −0.04 −0.02 −0.21***

e4 –0.44 0.02 1.02 1.03 0.37*** 0.06 0.02 −0.06

g4 –0.99 0.02 1.05 1.13 0.22*** 0.02 0.02 0.17***

Items are ordered from the least-endorsable item f1 (top) to the most-endorsable item g4 (bottom). DIF contrast above 0.50 logits are in bold.
*p < 0.05, **p < 0.01, ***p < 0.001.
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mechanism, referred to as pleiotropy, posits that DNA variants may
causally relate to multiple traits associated with psychopathology.
Additionally, “mediated pleiotropy” describes how genetic factors can
heighten the risk for one disorder, which subsequently leads to others.
This framework also considers external influences, such as adverse life
events, that initiate interaction processes within these networks52, as
emphasized by the vulnerability–stress model. Furthermore, it is sug-
gested that DNA variants may contribute to general cognitive impair-
ments, subsequently increasing susceptibility to various conditions64.

Although the PVI was embodied as a unidimensional construct
through the approach of IRT, the 22 retained items covered eight aspects of
mental health issues, including anxiety (two items), depression (one item),
learning burnout (four items), internet addiction (four items), alcohol use
(one item), sleep quality (three items), aggressive behavior (two items), and
social inhibition (five items). These aspects reflect the prevalent mental
health issues among contemporary youths in China65–69. The original
reviews revealed ten aspects of mental health. However, the items related to
stress and antisocial behavior were removed because they were beyond the

Table 4 | Cut-off points and coordinates of the ROC curve for PVI

Cut-off point Specificity, (%) Sensitivity, (%) Accuracy, (%) PPV, (%) NPV, (%) Youden index, (%)

10.50 96.64 99.52 97.22 88.28 99.87 96.15

4.50 99.87 97.63 98.37 99.93 95.41 97.50

Fig. 1 | Three classeswere obtained from the latent class analysis. In thefigure, the youth sample of 11,224 participants is divided into three distinct classes following a latent
class analysis based on their PVI scores.

Table 5 | Characteristics of the latent classes

Vulnerable class, (n = 2568) Medium protection
class, (n = 4776)

High protection
class, (n = 3880)

KW test

Mean (SD) Frequency Mean, (SD) Frequency Mean, (SD) Frequency χ2 df p

Sex (Male) 1456 (56.70%) 2642 (55.32%) 2202 (56.75%)

Age 19.63 (1.31) 19.57 (1.31) 19.61 (1.40)

Grade

Freshman 752 (29.28%) 1528 (31.99%) 1384 (35.67%)

Sophomore 690 (26.87%) 1278 (26.76%) 892 (22.99%)

Junior 639 (24.88%) 1088 (22.78%) 794 (20.46%)

Senior 487 (18.96%) 882 (18.47%) 810 (20.88%)

PVI 13.51 (2.28) 7.35 (1.69) 2.18 (1.38) 9760.28 2 <0.001

SCL-90 59.14 (13.76) 49.37 (7.19) 44.72 (4.06) 3449.86 2 <0.001
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acceptable outfit MNSQ values. Specifically, the stress-related items were
removed because their outfit MNSQ values were less than 0.80, indicating a
nontrivial interdependence with other items. Conversely, the antisocial
behavior-related items exceeded 1.20, suggesting a poor fit within the uni-
dimensional model70. The results were not unexpected because stress-
related items are widely recognized to overlap with anxiety and depression,
and some items measure anxiety and depression, as well as stress71. The
removal of antisocial behavior-related items may be due to the broader
definition of antisocial behavior, which includes both violent (e.g., aggres-
sion and verbal abuse) and non-violent actions (e.g., absenteeism, truancy,
and cheating)72. This definitiondiffers frommore commonly acceptedviews
and likely introduced elements that extend beyond the scope of the p-factor
construct in this study, reducing the overlap between these items and other
indicators.

Among the 22 items, few showed sex-based DIF that should be dis-
cussed. Items f1 (“I have found that Iwasnot able to stopdrinkingonce Ihad
started”), j1 (“Ifind it hard to start a conversation”), and j2 (“I donotfind the
right things to talk about”) showed negative sex DIF contrast values, indi-
cating that at equal levels of psychopathological vulnerability, males were
slightly more likely than females to endorse these items. Conversely, item i3
(“Sometimes Ifly off the handle for no good reason”) exhibited a positive sex
DIF contrast value, indicating that at equivalent levels of psychopathological
vulnerability, females were slightly more likely than males to endorse this
particular item. These differences may partly stem from the societal
expectations and norms related to emotional expression73. Taking item i3 as
an example, social role theory and research related to normative expecta-
tions consistently identified women as the emotional gender74,75. This
phenomenon has been extensively documented in psychological and youth
research, indicating that females were significantly more likely to report
emotional outbursts than males76. Research suggests that women may
internalize societal expectations regarding emotional expressiveness77,
leading themto bemore attuned to their emotional states andmore inclined
to report experiences of anger or frustration than men. This heightened
emotional responsiveness among women may contribute to the endorse-
ment of item i3. ItemswithDIF are retainedmainly becauseDIF contrasts of
less than 1.00 logits are considered statistically nonsignificant, and the
content measured by the items represents important symptoms of the
measured concept78. Retaining items with slight DIF has been widely con-
sidered reasonable. Previous studies have retained one item each from the
PHQ-9 andGAD-7withDIF contrasts greater than 0.50 logits but less than
1.00 logits79. Hence, items (i.e., f1, i3, j1, and j2) with slight sex DIF were
retained in the PVI.

Practically, although the PVI involves eight aspects and differences
across classes in various aspects exist, we recommend that future inter-
vention strategies employ universal transdiagnostic treatment protocols.
We made this recommendation because universal therapy makes theore-
tical and pragmatic sense20,80. From a theoretical standpoint, the general p-

factor implies that numerous different disorders share common risk
factors81. Interventions targeting different disorders comprise the same
evidence-basedmodules (e.g., psychoeducation, setting treatment goals, and
cognitive restructuring), suggesting that they treat the constituents of the p-
factor and possibly the p-factor itself 80. From a practical perspective,
transdiagnostic treatment protocols are being tested with several notable
successes80,82. Certain therapies originally developed for specific disorders
have been applied in transdiagnostic interventions due to their demon-
strated effectiveness across various conditions83. Other protocols have been
intentionally designed to address multiple related disorders, such as the
unified protocol for the transdiagnostic treatment of emotional disorders84.
A meta-analysis of transdiagnostic treatments for anxiety and depressive
disorders has found that these treatments resulted in significant improve-
ment in mental health82.

The hit rates of the 22-item PVI and SCL-90 for identifying vulnerable
youthswere comparedbyusing twoclinical samples. In theoverall diagnosis
sample, the PVI and SCL-90 had hit rates of 36.59% and 28.05%, respec-
tively, for youthswith definitive diagnosis (n = 82), and 49.35% and 45.45%,
respectively, for youths with provisional diagnosis (n = 77). PVI was found
to have a better performance than the SCL-90 at the sample level. Only a few
early studies have recorded the efficiency of psychological measurements
among youth. The hit rate of the Children’s Depression Inventory (CDI)
was reported to be 24.00%85. A succeeding study reportedhit rates of 24.00%
to 28.00% for the CDI and Beck youth inventory—depression, respectively,
in screening86. Importantly, PVI identifies the majority of the intermediate
olive-shaped population. Such a result may yield new insights into inter-
ventions formental health issues, indicating a need to prioritize a preventive
perspective in interventions. This preventive perspective also alignswith the
p-factor structure given that primary prevention cannot be solely indicated
by diagnosis, emphasizing the necessity of transdiagnostic prevention
strategies rather than disorder-specific ones87. Scholars have noted that a
uniform etiology does not guarantee a uniform treatment response20. The
PVI based on the p-factor structure facilitated the classification of indivi-
duals in accordancewith their vulnerability levels; customized interventions
for each group88; and provided the first-line intervention in a staged,
stepped-care system, wherein individuals who do not improve proceed to
specialized intervention20. One strategy for achieving a universal psy-
chotherapy protocol aiming to reduce high p-factor levels involves identi-
fying and distilling the therapeutic elements common across disorder-
specificprotocols. Subsequently, these elements,whichhaveprovenefficacy,
can be cobbled together into a single universal p-therapeutic protocol89,90.
While the PVI has shown evidence in effectively classifying individuals
according to their vulnerability levels, incorporating alternative approaches
such as network models and bifactor S-1 models could further refine the
psychotherapy protocol. Network models conceptualize psychopathology
as the result of interactions between specific symptoms, providing a more
dynamic understanding of how symptoms influence one another20. These

Table 6 | Hit rates from diagnostic samples

Concurrent sample, (n = 99) Predictive sample, (n = 60) Overall diagnosis sample, (n = 159)

Definitive
diagnosis, (n = 50)

Provisional
diagnosis, (n = 49)

Definitive
diagnosis, (n = 32)

Provisional
diagnosis (n = 28)

Definitive
diagnosis, (n = 82)

Provisional
diagnosis, (n = 77)

Frequency (hit rate) Frequency (hit rate) Frequency (hit rate) Frequency (hit rate) Frequency (hit rate) Frequency (hit rate)

PVI

Vulnerable 18 (36.00%) 23 (46.94%) 12 (37.50%) 15 (53.57%) 30 (36.59%) 28 (49.35%)

Medium
Protection

19 (38.00%) 20 (40.82%) 14 (43.75%) 9 (32.14%) 33 (40.24%) 29 (37.66%)

High
Protection

13 (26.00%) 6 (12.24%) 6 (18.75%) 4 (14.29%) 19 (23.17%) 10 (12.99%)

SCL-90

High-risk 14 (28.00%) 22 (44.90%) 9 (28.13%) 13 (46.43%) 23 (28.05%) 35 (45.45%)

Low-risk 36 (72.00%) 27 (55.10%) 23 (71.88%) 15 (53.57%) 59 (71.95%) 42 (54.55%)
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models emphasize the identification of “key symptoms” that may trigger
other symptoms, thus allowing for targeted interventions aimed within a
staged, stepped-care system. Additionally, the bifactor S-1 model can
complement the PVI by defining the general factor through indicators of
one facet, chosen as the reference based on strong theoretical reasoning91.
This approach offers clearer interpretations of both the general and specific
factors, leading to more theoretically grounded interventions.

Some limitations of this work warrant mention. First, there are con-
cerns regarding the representativeness of the sample. Although it was drawn
from a nationwide cohort, selection bias may have occurred due to the
Chinese college enrollment system, leading to non-representative numbers
from various provinces92. Furthermore, the lack of information about non-
responses limited the generalizability of the study’s conclusions. Future
research should aim to recruit a randomly stratified sample of youth to
mitigate the effects of sample selection bias. Second, this study did not
include more detailed sociodemographic characteristics of the sample,
which limits the understanding of how these factors may influence the
results. Nevertheless, the participants were drawn from 34 provincial-level
administrative units in China, providing a diverse representation of the
youth population and reflecting the broader societal context in which the
PVI will be applied, future research should consider collecting additional
sociodemographic data to better profile distinct vulnerability groups. Third,
the concurrent and predictive validity evidence for the PVI was analyzed by
using only samples collected from the student counseling andmental health
center. However, it is important to note that without conducting statistical
tests, no conclusions can be drawn about whether these differences are
statistically significant. Therefore, future studies should incorporate infer-
ential statistical methods to rigorously test the significance of the hit rate
differences. Moreover, predictive validity evidence was examined using a
1-year follow-up sample, highlighting the importance of long-term follow-
up studies in the future to further assess hit rates. The fourth limitation of
this study is that among the three classesdelineated by thePVI, the changing
trajectory of the intermediate class in the olive‑shaped distribution was not
evident. In fact, this class is more deserving of attention than other classes
because it has the potential to transition to either being vulnerable or highly
protected. Finally, the existing PVI lacks objective indicators, such as fre-
quencies of psychiatric admissions and emergency department visits93,
attention level94, brainwaves, remote measurement technologies95, and
electroencephalography96,97. The inclusion of these indicators could further
enhance the predictive effectiveness of PVI.

Methods
Participants
A priori power analyses were conducted to calculate the minimum
sample size needed to address the research questions in this study.
Previous research suggested that for stable item calibration within ±0.5
logits, a sample size of 64 participants was adequate if the sample was
well-targeted. However, this requirement increased to 144 participants
for poorly targeted samples98. Additionally, sample size recommenda-
tions for LCA indicated a ratio of 1:3 to 1:4 between items and partici-
pants was needed to achieve a minimum power of 0.8. With an expected
30 items, our target minimum sample size was 1100 participants99.
Furthermore, G*Power 3.1 was utilized to determine the minimum
necessary sample size for correlational analysis, considering an effect
size of 0.6, an alpha level of 0.05, and a desired power of 0.95, the required
sample size was 26 participants100. Therefore, the final estimated mini-
mum sample size for this study was 1100 participants.

Participants were voluntarily recruited from universities that admitted
students through the National College Entrance Exam, which covers 34
provincial-level administrative units inChina. The ratios ofmale students to
female students across different grades have ranged from 1.26:1 to 1.63:1.
This type of sample has been employed in previous studies to develop
psychological instruments101. Students were invited to participate in an
online test, which included questions ondemographic information (i.e., age,
sex, and grade), the self-developed initial items of the PVI, and the SCL-90.

This study was approved by the Ethics Committee of the East China Uni-
versity of Science and Technology (20240329010). Respondents were
informed about the study’s aim and confidentiality. As recommended, all
participantsprovided informed consent by clicking onan “I agree”button in
a separate consent screen that appeared before they could access the
survey102. Since participation was voluntary, some potential respondents
chose not to participate for various reasons, and information about those
who declined is unavailable. Furthermore, although we utilized a reliable
online survey platform, the online format limited our control over test
administration errors, such as test environment and potential technical
issues103.Weaddressed these challenges by enhancing the standardizationof
test administration, thereby reducing inconsistencies in administrator
procedures and questionnaires.

To ensure standardizedadministrationof the test,we collaboratedwith
academic advisors and counselors from the student counseling and mental
health center, who served as test administrators. Each administrator parti-
cipated in a comprehensive training session, during which they were pro-
vided with a standardized poster containing a QR code, a link to the
questionnaire, and information on the expected time commitment.
Alongside the poster, a scripted invitation was provided, outlining the
study’s purpose and giving instructions for inviting students to participate.
This uniform communication strategy ensured that all students received
consistent information about the study103,104. Following the initial invitation,
an operational guide was distributed to potential respondents, and
administrators were instructed to frequently remind students to complete
the questionnaire within the designated response period from 17 October
2022 to 25 October 2022. Additionally, to enhance data quality, we
embedded attention checks throughout the questionnaire to identify care-
less respondents, allowing researchers to exclude themprior toanalysis105,106.
Due to the online nature of the questionnaire, the response times varied
significantly, with a median response time of 10.78min. As indicated by a
meta-analysis, the threshold of response times exhibited non-negligible
differences, and there was substantial inconsistency among studies in
determining the boundaries between guessing behavior and normal
responses107. Therefore, we primarily relied on quality controlmethods (i.e.,
attention checks) to maintain data quality105,106.

The initial sample included 13,582 responses. To select qualified
samples, the following exclusion criteria were adopted: (1) repetitive
responses; (2) lack of identification information; (3) age outside the
range of 15–24 years; (4) failure to complete the SCL-90 questionnaire;
(5) failed attention checks; and (6) participants with missing values on
items in the PVI item pool. Further details on the sample selection can be
found in Fig. 2.

The final sample of 11,224 youth (overall sample) from all academic
units had an average age of 19.60 (SD = 1.34, range = 15–24) and amale-
to-female ratio of 1.28:1. Additionally, the student counseling and
mental health center of the East China University of Science and
Technology provided an anonymous list containing 159 participants
with a definitive or provisional diagnosis of psychological disorders.
Among these participants, 99 individuals (concurrent sample) under-
went diagnoses concurrently with questionnaire collection. They com-
prised 50 individuals with a definite clinical diagnosis and 49 individuals
categorized with a provisional diagnosis of psychological issues by
counseling center psychologists. Another 60 individuals (predictive
sample) were recruited as the diagnostic sample within 1 year after
questionnaire collection. They included 32 and 28 individuals with
definite clinical and provisional diagnoses, respectively. The demo-
graphic characteristics of the participants are presented in Table 7.

Development steps for PVI
The steps for the construction of the test were developed according to the
Standards for Educational and Psychological Testing, which delineates four
phases of the test development process: test specifications, item develop-
ment and review, assembling and evaluating test forms, and developing
procedures andmaterials for administration and scoring21. Additionally, the
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steps inspired by the test development guidelines proposed by Downing
(2006), which encompass an overall plan, content definition, test specifi-
cations, item development, test design and assembly, test production, test
administration, scoring responses, determining passing scores, reporting
results, item banking, and producing a technical report. The test con-
struction process also reflected the author’s experience in instrument
development. Integrating these frameworks was essential because the
standards for educational and psychological testing provide international
benchmarks for test and item construction, while Downing’s guidelines
offer best practices grounded in years of experience and research literature
from various areas of psychometrics and educational measurement. By
combining these sources with the author’s practical experience, this
approach has been successfully applied in the development of other
scales19,108.

Thefirst step involved clearly defining thepurpose and rationale for the
development of the PVI, which was designed to capture a broad range of
mental health issues among youth. Synthesized findings from the literature
helped to establish the empirical framework for PVI. The “umbrella review”
has frequently been employed to identify and classify the dimensions of

measurements109. This study adopted an umbrella review to identify mental
health issues that youths widely encounter, as well as the most appropriate
instruments and representative items. A targeted search was conducted on
Web of Science by using three sets of keywords: a set of words related to
mental health (e.g., psychological health, psychology, psychopathology, and
psychiatric); a set of words related to systematic review (e.g., systematic
review, meta-analysis, and review); and a set of words related to youth (e.g.,
youth, student, adolescence, and teenage). The obtained literature was
screened based on titles and abstracts. Twenty-four review articles were
included (as shown in Table 8). These review articles mainly summarized
ten types ofmental health issues (seeTable 9), including anxiety, depression,
stress, learning burnout, sleep disorders, alcohol abuse, Internet addiction,
antisocial behavior, aggressive behavior, and social inhibition.

The second step focused on developing the item pool. The initial item
pool was constructed by selecting instruments that had accumulated vali-
dated evidence in Chinese youth populations, with a focus onmental health
issues identified in prior umbrella reviews. Previous researchhas shown that
psychological measurements with multiple published translations have
accumulated more evidence of cross-cultural reliability and validity than

Table 7 | Demographic characteristics of the participants

Overall sample, (N = 11,224) Concurrent sample, (n = 99) Predictive sample, (n = 60)

Variable Mean, (SD) Frequency Mean, (SD) Frequency Mean, (SD) Frequency

Sex

Male 6300 (56.13%) 52 (52.53%) 36 (60.00%)

Female 4924 (43.87%) 47 (47.47%) 24 (40.00%)

Age 19.60 (1.34) 20.51 (1.62) 19.08 (1.23)

Grade

Freshman 3664 (32.64%) 17 (17.17%) 30 (50.00%)

Sophomore 2860 (25.48%) 17 (17.17%) 16 (26.67%)

Junior 2521 (22.46%) 32 (32.32%) 10 (16.67%)

Senior 2179 (19.41%) 33 (33.33%) 4 (6.67%)

Fig. 2 | Flowchart of the study sample. This figure
provides a visual representation of the participant
selection process for the study. It outlines the initial
number of participants, the application of exclusion
criteria, and thefinal number of individuals included
in the analysis. PVI: psychopathological
vulnerability index.
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tools available in only a single language110,111. Ultimately, the selected
instruments included: (1) the depression anxiety stress scale for anxiety,
depression, and stress12. The Cronbach’s alpha values for the depression,
anxiety, and stress subscaleswere 0.97, 0.92, and 0.95, respectively. Evidence
for concurrent validity, indicated by correlations with other measures,
ranged from 0.42 to 0.85, which was considered acceptable to excellent112.
This scale has shown evidence of good to excellent internal consistency
reliability (i.e., Cronbach’s alpha and omega) and evidence of convergent
validity across youth samples113; (2) learning burnout scale for learning
burnout114, showed a Cronbach’s alpha of 0.77 in youth populations, with a
test–retest reliability coefficient of 0.79 after two months. Confirmatory
factor analysis revealed a good overall model fit, with inter-dimension
correlations ranging from 0.10 to 0.48, and correlations with a total score
between 0.68 and 0.82; (3) sleep quality scale for sleep disorders has shown
concurrent validity evidence, evidenced by a significant correlation with the
Pittsburgh sleep quality index (r = 0.72)108. Recent findings indicated good
internal consistency and test–retest reliability across diverse populations115;
(4) alcohol use disorders identification test for alcohol use disorders116, has
accumulated validated evidence in numerous studies117; (5) compulsive
internet use scale for compulsive Internet use118, exhibited a high internal
reliability (Cronbach’s alpha = 0.88) and the evidence of concurrent validity
was established among adolescents; (6) antisocial behavior scale for anti-
social behaviors72, developed for youth populations, reported reliability
alphas above 0.70,with sufficient predictive validity evidence established; (7)
aggression questionnaire for aggressive behaviors119, provided evidence of
construct validity and showed reliability coefficients ranging from 0.72 to
0.85 in adolescent groups120; and (8) social inhibition questionnaire for
social inhibition121, generated evidence of internal, construct, convergent,
and predictive validity, with a Cronbach’s alpha of 0.91 in youth
populations122.

Previous recommendations have suggested that incorporating per-
spectives from researchers, clinicians, and the target population123 is critical
for forming an item pool. In the first stage of forming an item pool,
researchers and counseling psychologists established the criteria for item
selection on the basis of clinical experience in instrument development124–126

and intervention127–129. For ensuring sufficient identification and testing for
homogeneity within each construct, 5–8 items with the highest factor
loadings were retained for each mental health issue130. In the second stage,
in-person interviews were conducted among youths, counseling psycholo-
gists, andofficers fromtheOfficeof Student Services to balance thephrasing,
pertinence, lucidity, and difficulty of items. Previous research in developing
the brief strengths scale for individuals with mental health issues131 and

three-dimensional inventory of character strengths for clinical and non-
clinical samples132 have laid the foundation for the above processes. Finally,
an item pool containing 57 items was developed.

The third step was to select the most appropriate items and evaluate
their psychometric properties. Rasch model was used to select and evaluate
items. To further provide the validity evidence, LCA was conducted to
differentiate statistically distinct subgroups among the participants. Addi-
tionally, ROC analysis was used to determine cut-off points, establishing
thresholds that categorize youth into different groups.A correlation analysis
was performed between PVI scores and the composite scores of SCL-90 to
examine the validity evidence of the PVI in relation to other variables. The
SCL-90 utilized in this study was derived from the introductory paper by
Derogatis, et al.133, and numerous studies have shown its evidence of high
reliability and validity among youth populations in China134. All items on
the SCL-90 adopted a five-point Likert scale. In accordance with previous
research, the composite score used in this study was the GSI T-scores. The
GSI T-scores were derived from the GSI, calculated as the mean of all 90
items of the SCL-90, and transformed into GSI T-scores using a standard
conversion method with a mean of 50 and a standard deviation of 10135.
ParticipantswhoobtainedGSIT-scores of 63 or abovewere identified as the
high-risk group for psychological symptoms and those with GSI T-scores
below 63 were considered as the low-risk group for psychological
symptoms59. As awidely recognized instrument, the SCL-90 could serve as a
reliable benchmark for establishing the validity evidence of thePVIdue to its
comprehensive assessment of mental health issues59,72,133.

The fourth step determined the format of themeasurement. This study
employed a 1-month time frame for measurement to enable a highly
accurate and robust capture of vulnerable youths. Amonthly interval aligns
with the theoretical perspective that regards psychopathological vulner-
ability as a general p-factor, ensuring comprehensive assessment by
encompassing most of the nonspecific mental health consequences asso-
ciated with the evolution of the p‑factor20,81. Empirically, responses between
weekly andmonthly time framesat the itemandscale levelswere found tobe
no significant difference136. By contrast, adopting long periods tends to
increase recall bias137.

In this study, we adopted dichotomous measures (i.e., “yes” or “no”)
instead of the original Likert scale not only for ease of use138,139 but also
because these selected items are the manifestation of a general p-factor that
exhibits an interplay pattern81. The differentiation between adjacent rating
points on the Likert scale is complicateddepicting distinct boundaries in the
presentation of symptoms138. Statistically, the assessment of psychopathol-
ogy using the two-point scale showed high accuracy without the need to
account for chance guessing and disagreements138 and yielded a robust
outcome in cases of quantity violation conditions140.

Statistical analysis strategy
The study ultimately analyzed 61 variables, including sex, age, grade, 57
items from the PVI item pool, and the composite score of the SCL-90. No
item in the PVI item pool exhibited extreme scores outside the range of 0 to
1, nor did any item display an extreme score of all 0 s or all 1 s. Only the
composite score of the SCL-90 had missing data (0.14%), with no outliers
present. Rasch analysis was used to derive objective, basic, and additive
measures from categorical data and estimate latent traits on the basis of the
unidimensionalmodel. The dichotomousRaschmodelwas designed for use
with ordinal data with two categories. All items were initially submitted to
the Raschmodel to evaluate whether differentmeasures could be integrated
into a single composite measure. First, the fit of the items to the model was
examined by infit and outfit MNSQ statistics, with values between 0.80 and
1.20 indicating acceptablefit141. Items outside this rangewere considered for
deletion57,142. Second, Rasch PCAR was conducted to examine the
assumptions of unidimensionality and local independence. The following
criteria were employed to determine whether additional factors were likely
to be present in residuals: (a) a cut-off of 20% of the variance explained by
the trait that the index intends tomeasure143 and (b) an eigenvalue of thefirst
residual factor smaller than 2144. Third, DIF was evaluated using the item

Table 9 | Frequency of mental health issues

Mental health issues Frequency

Anxiety 22

Depression 24

Stress 8

Sleep disorders, sleep quality, sleep problems 8

Attention deficit hyperactivity disorder (ADHD) 6

Posttraumatic stress disorder (PTSD) 6

Social anxiety 5

Disruptive disorder (DD), conduct disorder (CD),
oppositional defiant disorder (ODD), aggressive and
antisocial behavior

4

Alcohol use 4

Burnout, school burnout, test anxiety, tired 4

Internet addiction 3

We only included mental health issues mentioned in more than 2 reviews, except for ADHD and
PTSD. The prevalences of ADHD and PTSD are primarily based on the children and adolescents
population under 18-years-old162,163.
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location parameter, commonly referred to as the difficulty or endorsability
of an item, to examine whether measurement invariance was present145.
Typically, measurement invariance can be examined through IRT or
CTT146. In the context of IRT, a lack ofmeasurement invariance is indicated
by DIF145–147. DIF analysis was applied to assess whether items functioned
equivalently across groups based on sex, academic year, and age. Consistent
with prior studies148,149, gender comparisons were made between males and
females, while age was categorized into two groups: low (≤mean age of
19.60) andhigh (>meanageof 19.60).Academic yearsweredivided into two
comparison groups: freshman vs non-freshman, and senior vs non-senior.
DIF contrasts < 0.50 logits are considered negligible, those 0.50 to 1.00 are
consideredmoderate, and those >1.00 are considered substantial150. Fourth,
the mean person score should be close to 0 to indicate the good targeting of
the items151. Finally, the person separation index (>0.70) was calculated to
estimate how well one can differentiate between different individuals’ per-
formances on themeasured variables141. The above analyseswereperformed
in R version 4.1.2 by using the eRm and TAM packages.

The source of validity evidence in relation to other variables was then
investigated. The Spearman correlation coefficient was calculated between
the PVI and GSI T-score when the normal distribution assumption was
violated, with values above 0.60 being preferred. Given the presence of
missing values in the GSI T-score and the small proportion of missing data
(less than 5%), the listwise deletion approach was employed at this stage152.

LCAwas introduced to distinguish classes statistically. The goodness of
fit of themodelwas assessed by usingAIC, BIC, and saBIC.The lowest values
of these criteria indicate good model fit. Furthermore, the LMR and BLRT
were used to determine the appropriate number of classes. A significant LMR
or BLRT suggests that amodel with k classes fits the data better than amodel
with one less class. Finally,model classificationqualitywas evaluated byusing
entropyand the averageposterior classprobabilitywithvalues ranging from0
to 1 and high values indicating good individual classification153. An entropy
valueof 0.70orhigher represents theadequatequalityof classification154. LCA
was performed by usingMplus 8.3. Cut-off points were determined through
ROC analysis155. The statistical performance of the cut-off points, such as the
sensitivity, specificity, accuracy, positive predictive value (PPV), and negative
predictive value (NPV), can be calculated and compared to identify the cut-
off points with the best indicators156. ROC analysis was conducted by using
the pROC package in R version 4.1.2.

The KW non-parametric test was utilized to compare differences
between classes determined on the basis of the PVI or SCL-90 scores. The
concurrent andpredictive hit rates of thePVI and SCL-90were calculated to
assess the screening performance of the two instruments in identifying
psychopathological vulnerability among youths. Hit rates were defined as
the percentage of correctly detected vulnerable youths relative to the overall
number of diagnosed individuals157,158.

Data availability
All data and code used in this analysis are publicly available at https://osf.io/
pebkh/.

Code availability
The underlying code for this study is available in the Open Science Fra-
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