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Abstract

Background: The development of a valid and simple-to-use self-administered tool in Asian adolescents for clinical
screening and intervention remains limited. The present study assessed the psychometric characteristics and validity
of the Generalised Anxiety Disorder Scale-7 (GAD-7) among adolescents in Hong Kong.

Methods: Epidemiological data from 3,261 Hong Kong adolescents aged 15 - 24 years were analysed for the con-
struct validity, criterion validity, concurrent validity, and Rasch Model. All analyses were age- and gender-weighted
according to the distributions of Hong Kong's general population.

Results: The GAD-7 showed high internal consistency and strong fit to the one-factor structure. The best cut-off
value was set at 7 or more. Regression models found that the total scores of the scale were positively associated with
symptoms of depression and hypomania, schizotypal personality and alcohol dependence. Rasch model analysis
found that the separation index was 2.18 and 16.51 for the respondents and items, respectively and all residual pairs
had small correlation coefficients (i.e., < 0.3).

Conclusions: All psychometric findings presented in this study support the use of the GAD-7 as a legitimate meas-
ure of anxiety severity. A cut-off score of 7 should indicate a potential diagnosable condition in Asian adolescents,
which requires our attention but should not be used as a formal diagnostic screening tool. The findings revealed the
local dependence of the items of the GAD-7 and that the scale can separate respondents into at least two groups and
items into numerous groups according to the separation index.
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Introduction

Anxiety is one of the most common and profound men-
tal illnesses across the world, impacting one-fifth of all
young people at some point in their lives [1]. It has a
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many other physical and psychiatric disorders, such as
cardiovascular disorders, depression, mania, panic disor-
ders, etc [5-7]. Even modest anxiety should not be dis-
regarded as innocuous, since those with unrecognised
anxiety experienced equivalent or even worse declines in
functioning and well-being [8]. There is also growing evi-
dence that the overall prevalence of anxiety among young
people has been progressively rising over the last decade
[9, 10]. Given that adolescence and early adulthood are
the prime years of psychosocial development [11], the
long-term burden imposed on patients and society is
innumerable [12].

All of these findings have underlined the significance
of a low-cost, simple-to-implement and still reliable
screening tool for generalised anxiety disorder. The Gen-
eralised Anxiety Disorder—7 items (GAD-7) scale is one
of the most widely used and well-researched self-report
scales [13]. Prior studies on the psychometric properties
of the GAD-7 have demonstrated its broad applicability
in a variety of age groups, cultures, and settings [14—16].
Several large-scale studies and reviews have previously
revealed that this scale has a high level of internal con-
sistency, sensitivity, and specificity [17-19]. Nonetheless,
it should be highlighted that the validation of the GAD-7
in a large epidemiological sample of young people is still
absent, not to mention in Asia.

According to the definition largely adopted by inter-
national organisations, 15 to 24 year-olds are considered
“youths” who are capable of making the transition from
dependence to independence [20]. Due to the peculiar-
ity of this life period, particular care and attention are
required to meet their demands. Anxiety disorders often
manifest between the ages of 17 and 25 [21], highlighting
the necessity of validating the GAD-7 in a youth popu-
lation. This alarming fact about youth anxiety may be
further complicated by greater cognitive symptoms of
anxiety among young adults [22], its strong catalyst effect
on depression [23], youths’ underdeveloped emotion reg-
ulation efficacy [24], and less perceived control and more
anxiety-related worries in this age group [25].

Several studies have shown preliminary evidence for
the application of the GAD-7 in Asia. A Korean study
found that the GAD-7 has a unidimensional structure
and high internal consistency in a sample of university
students [26]. Another study found that the GAD-7 had
a strong convergent and discriminant connection with
factors including rumination, posttraumatic stress dis-
orders, and perceived social support among Filipino
migrant domestic workers [27]. These studies, however,
only tested the applicability of the GAD-7 in a subset of
adult samples, which may limit the generalisability of
these results in the youth population. Despite the fact
that the psychometric properties of the GAD-7 have
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already been tested in a large sample of Chinese adoles-
cents [28], given the cultural differences between Hong
Kong and the mainland due to the interweaving of his-
torical and societal factors, discrepancies in item com-
prehension require further investigation.

The comorbidity of anxiety with other psychiatric con-
ditions, particularly mood disorders [29], has been well
established. Nonetheless, very little research has been
done on the other so-called secondary symptoms, such
as insomnia and alcohol dependency. It was found that
some patients or practitioners may simply miss or under-
report these “trivial” issues [30]. A recent study reported
that although many people suffer from insomnia, which
is a strong moderator of anxiety and functional impair-
ment, neither complaints from patients nor diagnoses
by clinicians were reported [31-33]. The findings on the
relationship between anxiety and alcohol use disorders,
hypomania, and schizotypal personality traits, on the
other hand, are sporadic or mixed [34, 35]. To obtain a
full picture of the scale’s convergent and divergent valid-
ity, it is indispensable to look at more of these areas of
study.

While GAD-7 is a brief and widely used screening tool
for GAD, establishing a culturally relevant cut-off would
be critical for identifying individuals at increased risk.
While a cut-off of 10 is commonly used, this cut-off still
results in varying sensitivity and specificity across sam-
ples, settings and regions. For example, the optimal cut-
off values reported in western studies involving primarily
adult patient samples typically ranged between 10 and 12
[36—38], whereas those reported in Asian regions were
typically between 5 and 7 [39—41]. Additional statistical
adaptations of the scale are necessary for more precise
diagnosis and intervention, particularly in regions such
as Hong Kong, where there is a severe shortage of well-
trained mental health professionals [42].

Since the GAD-7 has not been validated among an
epidemiological sample of youth aged 15 to 24, the cur-
rent study will assess the reliability and diagnostic valid-
ity of the Chinese-language version of the GAD-7 using
the Composite International Diagnostic Interview (CIDI)
as the gold standard. The GAD-7 scores for each demo-
graphic subgroup were then compared. The GAD-7
scale’s reliability, criterion validity, construct validity,
concurrent validity, and item performance were assessed.

Materials & Methods

Participants

This study sample included 3,261 youths aged 15 to 24
who were recruited between 17 May 2019 and 2 April
2022 as part of a large-scale, ongoing epidemiologi-
cal study in Hong Kong. The study adopted a random
sampling method in which participants were invited
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through mail using the address lists given by the Cen-
sus and Statistical Department of the Hong Kong SAR
Government. The addresses were prestratified by geo-
graphical location and type of housing quarters. This
study does not have particular exclusion criteria as
long as the participant resided in the household that
received our invitation, was in the appropriate age
range, and could provide written consent (or parental
consent if the participant is aged 15 - 17) for partici-
pation. All procedures were carried out in accordance
with the protocol approved by the ethics committee.

Data collection

Participants who met the eligibility criteria and
received an invitation letter might indicate their pref-
erence for participation through a registration website
or a telephone hotline. The participants with confirmed
eligibility were interviewed in person by trained
researchers about the interviewer-rated measures,
which were supplemented by several self-administered
measures on sociodemographic profile, health-related
lifestyle, psychopathological experiences, childhood
adversities, life stressors, psychosocial functioning and
service utilisation. The present study comprised data
from 3,261 participants who received diagnostic inter-
views for GAD and provided no missing data for the
measures of interest.

Measures

Generalised Anxiety Disorder-7 (GAD-7)

Participants’ anxiety symptoms were evaluated by the
GAD-7, which is a brief self-administered rating scale
that assesses the severity of anxiety symptoms in the
past 2 weeks [13]. The scale consists of seven items
that are statements about worry or somatic symptoms
and are rated on a four-point Likert scale ranging from
0 (not at all) to 3 (nearly every day), for a total score
of 0 to 21. A higher score indicates that anxiety symp-
toms are more severe. The author suggested that, using
interviews from mental health professionals as the
gold standard, a cut-off of 10 could yield a sensitivity
of 89% and a specificity of 82% [13]. With a Cronbach’s
a coefficient of .92, the GAD-7 has been validated as a
reliable measurement. Additionally, the scale demon-
strated strong convergent (Beck Anxiety Inventory: r
=.72; Symptom Checklist-90: r = 0.74) and divergent
validity in patient samples collected from primary care
sites (i.e., The GAD-7 scores were significantly higher
in patients diagnosed with anxiety than in those who
were not) [16]. The current study adapted the Chinese
version of the scale [41].
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The World Health Organisation World Mental Health
Composite International Diagnostic Interview - Screening
Scales (CIDI-SC)

The CIDI-SC is a reliable, comprehensive and widely used
interviewer-administered diagnostic interview assess-
ing psychiatric disorders in epidemiological and clinical
studies [43]. As the GAD-7 assesses anxiety symptoms in
the past two weeks, only items pertaining to the 30-day
GAD were used in this study. The CIDI-SC GAD con-
tains 12 items measuring the extent of anxiety symptoms
in the past 30 days on a 5-point Likert scale from 0 (not
at all) to 5 (all or almost all the time) in accordance with
the diagnostic criteria of ICD-10 and DSM-1V, followed
by 2 questions that rule out comparable experiences
caused by substance use or general medical condition.
According to the CIDI diagnostic criteria, interviewees
are considered positive for the 30-day GAD if they report
significant anxiety-related symptoms and difficulty regu-
lating excessive anxiety, as well as clinically significant
discomfort with a series of events or activities or impair-
ment that cannot be better explained by the physiological
effects of a substance or another medical condition and
another mental disorder.

Other measures

Patient Health Questionnaire (PHQ-9)

The PHQ-9 was used to evaluate participant’s severity
of depressive symptoms in the past two weeks [44]. The
scale consists of nine items, each of which is rated on a
four-point Likert scale ranging from 0 (not at all) to 3
(nearly every day), for a total score of from 0 to 27. Simi-
lar to the GAD-7, a cut-off of 10 could yield a sensitiv-
ity of 88% and a specificity of 88% when interviews with
mental health professionals are used as the gold standard.
Additionally, the PHQ-9 also demonstrated a high level
of internal consistency (Cronbach’s & = .86 - .89) in clini-
cal samples. It has a strongly positive correlation with
overall mental health (» = .73) and a moderate-to-weak,
positive correlation with general health perceptions (r =
.55), functioning (social: r = .52; role: r = .43; and physi-
cal: r = .37), and bodily pain (r = .50) [44]. These findings
substantiated both the convergent and divergent valid-
ity of this instrument. The Chinese version of the scale,
which was previously validated by researchers in China,
was used in the current study [45].

Hypomania Checklist 32 (HCL-32)

We also assessed participant’s lifetime experience of
hypomania using the HCL-32 [46]. The scale consists of
32 questions that assess the presence of a range of symp-
toms such as inflated self-esteem, reduced needs for rest
or sleep and heightened communication or urge to keep
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talking, etc. Respondents are asked to focus on a particu-
lar moment of “high mood” and then indicate if certain
thoughts, feelings, and actions were present during this
period. The scale also contains 8 items pertaining to the
severity and functional impact that are not included in
the total score. The total score of this scale is determined
by the number of positive answers to the 32 questions
investigating specific symptoms. Several studies have
reported on its factor structure, which is “active/elated”
and “risk-taking/irritable” This scale had strong internal
consistency (a = .82) and sensitivity (80%), but its speci-
ficity (51%) was far below standard. The scale was previ-
ously in youth sample in German [47] but not in Chinese,
while validation in Chinese was found only among clini-
cal sample [48].

Alcohol Use Disorders Identification Test (AUDIT)

The AUDIT is a screening tool with 10 questions that
assesses hazardous alcohol dependency and its associ-
ated harmful consequences [49], and the current study
used a 12-month time frame. Each item is rated on a
five-point Likert scale from 0 to 4, with total scores rang-
ing between 0 to 40. Higher scores indicate a higher
likelihood of alcohol-related problems. The first three
questions assess alcohol consumption, the 4th to 6th
measure alcohol dependency, and the last four assess
alcohol-related problems. The scale was validated in a
study including patients from six countries [49]. The
Cronbach’s a coefficient (.93), sensitivity (87% - 96%) and
specificity (81% - 98%) of this scale reported in previ-
ous studies were excellent [49]. The scale was previously
validated in a youth sample in Western countries (e.g.,
Liskola et al .[50]) but not in a Chinese population.

Schizotypal Personality Questionnaire Brief (SPQ-B)

The SPQ-B is a self-report questionnaire with 22 items
that screens for schizotypal personality disorder [51].
This scale is further subdivided into three subscales, each
of which containing statements reflecting the cognitive-
perceptual and interpersonal deficits, as well as disor-
ganisation, that are frequent in schizotypal personality.
The total score is determined by the number of “agree”
responses chosen. At the cut-off of 17, the Chinese ver-
sion of the scale demonstrated a promising internal con-
sistency of & = .76, as well as a good sensitivity of 80%
and specificity of 85.9% [52]. The SPQ-B had a high cor-
relation with the Millon Adolescent Clinical Inventory, a
diagnostic assessment of adolescents’ mental health, and
a moderate correlation with the Adolescent Dissociative
Experience Scale [53], yet validation of convergence or
divergence against anxiety is still lacking.
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Insomnia Severity Index (ISl)

The ISI is a brief measure for evaluating the severity and
impacts of insomnia [54]. Participants are required to
rate on three items based on the severity of 1) difficulty
falling asleep, 2) difficulty staying asleep, and 3) problem
waking too early. This section is followed by four further
questions that record the level of dissatisfaction, impair-
ment, distress and interference caused by the respective
sleep problems. All seven questions are rated on a Five-
point Likert scale from 0 to 4. This scale is totalled up to
28. This scale possesses a satisfactory sensitivity of 86.1%
and specificity of 87.7%, and its Cronbach’s a coefficient
of this scale was excellent (« = .90 - .91 )[55]. The scale
was previously validated in Chinese adolescents [56].

Statistical analysis

Data on the participant’s sex, age, psychiatric history,
and educational status were collected. Normality tests
included Kolmogorov—Smirnov, Shapiro—Wilk, and Q-Q
plots. The distribution of GAD-7 scores did not meet the
normality assumption for parametric testing. The Mann—
Whitney U test was used to compare GAD-7 scores
between sexes, participants with and without psychiatric
histories, and educational levels, while the Kruskal-Wal-
lis test was used to compare GAD-7 scores between age
groups.

The validity of the GAD-7 was evaluated using two
approaches: (1) classical test theory (CTT) and (2) item
response theory (IRT). The CCT examined construct,
criterion, and concurrent validity, while the IRT exam-
ined the Rasch Rating Scale model for polytomous data.
Since the GAD-7 is a unidimensional scale, no discrimi-
nant validity was tested. All statistical analyses were per-
formed using IBM SPSS Statistics 28.0 and WINSTEPS
5.2.2.0.

Construct validity

Cronbach’s alpha was computed to assess the internal
consistency of the GAD-7. A value greater than .70 as
the standard index of acceptable reliability was adopted
[57]. Before examining the factor structure of the scale,
the study sample adequacy and suitability for scale reduc-
tion for factor analysis were then tested using the Kaiser-
Meyor-Olkin (KMO) test and Bartlett’s test of sphericity.
Exploratory factor analysis (EFA) was then conducted to
explore the underlying factor structure of the GAD-7. To
evaluate the goodness of fit of the model, four indexes,
including the comparative fit index (CFI), Tucker—Lewis
index (TLI), root mean square error of approximation
(RMSEA), and standardised root-mean-square residual
(SRMR), were used. Cut-off values for CFI > 0.90 [58],
TLI > 0.90 [59], RMSEA < 0.08 [60], and SRMR < 0.08
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[61] suggest a satisfactory fit of the model. The scree plot
was generated to assist in identifying the number of fac-
tors, with an eigenvalue > 1 and factor loadings > 0.30
chosen.

Criterion validity

By conducting a receiver operating curve (ROC) analysis
with the Composite International Diagnostic Interview
(CIDI) as the gold diagnostic benchmark, the sensitivity,
specificity, positive (PPVs) and negative predictive values
(NPVs), positive (LR+) and negative likelihood ratio (LR-
), and the area under the curve (AUC) were measured to
evaluate the criterion validity of the GAD-7. The Youden
index was computed by subtracting 1 from the sum of the
sensitivity and specificity of the test (i.e., (sensitivity +
specificity) - 1 )[62] . It is regarded as an objective meas-
urement of the maximum scale performance at different
cut-offs, and the optimal cut-off score was determined by
the highest Youden index.

Concurrent validity

A multiple linear regression was used to examine
whether the severity of anxiety symptoms measured
by the GAD-7 was associated with other psychiatric
symptoms, such as depression, hypomania, schizotypal
personality traits, alcohol use and sleep problems. The
GAD-7 total score was entered into the regression model
as an independent variable, and participants’ sociodemo-
graphics and past psychiatric history were entered as the
control variables.

Rasch Rating Scale model

The overall quality of the GAD-7 was also evaluated using
Rasch analysis based on three domains of measures: (1)
reliability and separation for items and respondents, (2)
item fit statistics, (3) rating scale diagnostics, and (4)
unidimensionality and local dependence [63]. A reli-
ability score, similar to Cronbach’s alpha, if it is greater
than .80, is regarded as a satisfactory confidence level
of the measure. A separation index greater than 2 indi-
cates that the scale is sufficiently sensitive to separate the
item responses or respondents into at least two groups,
which is regarded as preferred [64]. The item fit statistics
are presented in terms of the logit of difficulty, standard
errors, infit and outfit mean square (MnSQ) and standard
scores (Zstd). Generally, an infit and outfit mean square
closer to 1 indicates less distortion of the measurement
system. The acceptable range for the infit index is from
0.6 to 1.4 and that for the outfix index is from 0.5 to 1.7
[65]. The infit is more sensitive to abnormal patterns of
observations by persons on items that are roughly tar-
geted on them (and vice versa). The outfit is more sensi-
tive to abnormal observations by persons on items that
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are relatively easy or very hard for them (and vice versa).
The rating scale diagnostics were used to evaluate how
well the categories that make up the response set func-
tioned to create an interpretable measure. For each cat-
egory, we examined the shape of the distribution and the
number of endorsements the response received. The uni-
dimensionality of the GAD-7 was examined by conduct-
ing principal component analysis of the residuals after
fitting the Rasch model, as implemented in WINSTEPS
software. An eigenvalue <2 of the unexplained variance
in each component indicates the unidimensionality of the
scale. The local independence (which means the response
to one item has no influence on the response to another)
of the GAD-7 was examined by examining the corre-
lation between item residuals after partialling out the
Rasch dimension.

Results

As Table 1 shows, slightly more of the 3261 partici-
pants were male, and the majority were aged 18 or older,
were students and had no psychiatric history. The mean
GAD-7 score was 4.71 (SD = 4.52), and 1.6% of the par-
ticipants met the criteria for GAD based on the CIDI-SC.
GAD scores were higher in females, older age, nonstu-
dents, participants with a psychiatric history and those
who tested positive on the CIDI-SC 30-day GAD (all
p-values < .01).

Construct validity

Cronbach’s a coefficient of .922 supported the excellent
internal consistency of the GAD-7, and this coefficient
would drop if any items were deleted (Table 2). Both the
KMO index (0.931) and the significant result of Bartlett’s
test of sphericity (p < .001) indicated that the sample size
was adequate and fitted for the subsequent EFA test.
Eigenvalues and the scree plot suggested a unidimen-
sional model with very good model fit (CFI: 0.983; TLI =
0.975; RMSEA = 0.056 (90% CI: 0.049 - 0.064); SRMR =
0.018).

Criterion validity

The sensitivity, specificity, Youden index, PPVs, NPVs,
LR+ and LR- at different cut-offs of the GAD-7 total
scores were calculated. The results using the cut-off val-
ues from 5 to 10 all showed a Youden Index larger than
0.50 and thus are presented in Table 3. The specificity
increased with a higher cut-off but at the expense of sen-
sitivity. The optimal cut-off based on the current sample
was 7, with a sensitivity of 79.2% and specificity of 80.9%,
and PPV and NPV were 4.5% and 99.6%, respectively. The
LR+ and LR- for the cut-off values of 5 - 10 increased
from 2.47 to 5.36 and 0.18 to 0.42, respectively. The area
under the ROC curve for the GAD-7 versus the CIDI
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Table 1 Socio-demographics, GAD-7 scores and 30-day GAD of the study sample (N = 3,261)
Characteristics Total Sample GAD-7 scores P-value Effect size
(N=3,261)
n % Mean £ SD
Sex
Male 1638 520 424 £442 <0.001 r=-0.129
Female 1623 49.8 519+£457
Age
15-17 782 24.0 437 +£434 0.011 E3=0.002
18-21 1215 372 4.65£455
22-24 1264 388 497 £4.58
Currently in Education
Yes 2432 74.6 452 £437 0.001 r=—0.057
No 829 254 527 £4.90
Lifetime psychiatric history
Yes 325 10.0 7394588 <0.001 r=-0.167
No 2936 90.0 441 +£424
GAD-7 total score (mean, SD) n/a n/a 471 +£452 n/a n/a
30-day GAD
Yes 51 1.6 1221 £5.86 <0.001 r=-0.156
No 3210 984 459 £439

r = correlation coefficient ranging from -1.00 to 1.00; Ei= epsilon-squared estimate of effect size, the coefficient assumes the value from 0 (indicating no relationship)

to 1 (indicating a perfect relationship)

Table 2 Corrected item-total correlations, Cronbach'’s a after item deletion* and factor loading of the GAD-7

Items Corrected item-total Cronbach’s a if item Factor Loading
correlation deleted

1. Feeling nervous, anxious, or on edge 0.764 0.909 0.799

2.Not being able to stop or control worrying 0.819 0.903 0.866

3. Worrying too much about different things 0.793 0.906 0.839

4. Trouble relaxing 0.767 0.909 0.806

5.Being so restless that it’s hard to sit still 0.771 0.909 0.800

6. Becoming easily annoyed or irritable 0.706 0915 0.732

7. Feeling afraid as if something awful might happen 0677 0917 0.706

*The overall Cronbach’s alpha is .922

Table 3 Diagnostic efficiency of the GAD-7 with CIDI-GAD as a gold standard

Cut-off Sensitivity Specificity | PPV (%) NPV (%) LR+ LR-

>5 0.882 0.643 0.525 3.2 99.7 247 0.18

>6 0.824 0.728 0.552 38 99.7 3.03 0.24

>7 0.784 0.808 0.592 45 99.6 4.08 0.27

>8 0.725 0.835 0.560 6.2 99.5 4.39 033

>9 0.667 0.863 0.530 6.5 994 4.87 039

>10 0.627 0.883 0.510 7.1 994 5.36 042

YI'Youden Index, PPV Positive predictive value, NPV Negative predictive value, LR+ Positive likelihood ratio, LR- Negative likelihood ratio
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Fig. 1 ROC curve of the GAD-7 based on the CIDI-GAD diagnostic
outcome

30-day GAD was 0.86 (S.E. = 0.027; 95% CI = 0.806 -
0.913), which was significant (Fig 1).

Concurrent validity

The linear regression coefficients of GAD-7 regressing on
other variables are listed in Table 4. The GAD-7 had the
greatest significant association with the PHQ-9, followed
by SPQB, HCL-32 and then AUDIT-12. No association
between GAD-7 and ISI was observed.
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Rasch Rating Scale Model

Both the items (>0.99) and respondents (0.83) demon-
strated a good reliability level, which means that we have
very good confidence about the measures of the items
and the respondents. The separation index was 16.51 and
2.18 for the items and respondents, respectively, which
means that the scale is able to differentiate the responses
to more than 16 levels and respondents to more than
2 levels, based on its difficulty. Table 5 presents Rasch-
based item statistics for each of the 7 items. The lower
the item difficulty value, the higher the endorsement.
The item rated highest (i.e., lowest logit of difficulty esti-
mate) was item 1 (—0.88; “Feeling nervous, anxious, or
on edge”), and the item rated lowest (i.e., highest logit of
difficulty estimate) was item 7 (1.16; “Feeling afraid as if
something awful might happen”). All items were within
the range of reasonable fit (Infit mean square: 0.82 - 1.33;
Outfit mean square: 0.76 - 1.26).

The rating scale diagnostics found that the distribu-
tion of the observed frequencies was positively skewed,
with the majority of the total endorsement falling in
the first and second category. As the average endorse-
ments increase monotonically across the rating scale (see
threshold in Table 6 and supplementary material S1 for
graphic representation), collapsing categories were not
needed. The raters needed 2.10 logits to go from “Not
at all” at —4.22 to “Several days” at —2.12, 2.53 logits to
go from “Several days” at —2.12 to “More than half the
days” at 0.41, and 2.16 logits to go from “More than half
the days” at 0.41 to “Near every day” at 2.57”. The findings
suggested that it was easier for the raters to move from
category 1 to 2 and 3 to 4 than 2 to 3. In addition, none of
the infit (outfit) mean square measures exceeded the rea-
sonable ranges, indicating that no noise was introduced
into the measurement process; thus, we can conclude

Table 4 Regression model showing the association between GAD-7 and other psychiatric conditions

Dependent variable

PHQ-9 HCL-32 SPQB AUDIT ISI

B (1) Bt B (1) B (1) B (1)
Independent variable
GAD-7 0.737 (61.659)*** 0.109 (6.109)*** 0414 (25.409)*** 0.061 (3.471)%** 0.029 (1.639)
Control variables
Female (ref.: male) —0.009 (—0.727) —0.065 (—3.721)***  —0.069 (—4.338)***  —0.125(=7.318)***  —0.015 (—0.832)
Age® —0.035 (=2.549)*  0.107 (5.242**%) —0.004 (—=0.210) 0.211 (10.560)*** —0.036 (—1.761)
Student (ref: non-student) 0.004 (0.290) 0.033 (1.603) —0.004 (=0.210) 0.003 (0.132) —0.009 (—0.451)
Had psychiatric history (ref: no history) 0.056 (4.685)*** —0.047 (—2.683)** 0.052 (3.195)** 0.011 (0.637) 0.012 (0.667)
R? 0.560*** 0.024%** 0.182%** 0.062*** 0.003

B = Standardised regression coefficient, t = t-test value, ref. = Referent of a binary variable, “The age variable was put into the regression model as an ordinal variable.
Therefore the value of the regression coefficients indicate the points the dependent variable increase (or decrease) as the age group changes from a young group to

an older group. ***p <.001, **p <.01, *p < .05
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Table 5 Item fit statistics of the GAD-7 using the Rasch Rating Scale Models
Logit of difficulty Infit? Outfit® o°

Item Estimate S.E. MnSQ Zstd MnSQ Zstd

1. Feeling nervous, anxious, or on edge —0.88 0.04 0.83 —6.57 0.84 —5.96 83
2. Not being able to stop or control worrying 0.21 0.04 0.82 —6.92 0.76 —839 85%x*
3. Worrying too much about different things —-037 0.04 0.89 —4.10 0.87 —4.69 85xxx
4. Trouble relaxing —0.56 0.04 1.01 045 1.00 —0.03 83xxx
5. Being so restless that it's hard to sit still 0.79 0.04 0.94 —2.24 0.87 —3.69 81%**
6. Becoming easily annoyed or irritable —035 0.04 1.22 7.66 1.22 7.23 78¥x*
7. Feeling afraid as if something awful might happen 1.16 0.04 133 9.90 1.26 553 J4xR*

S.E. Standard error, MnSQ Mean square, Zstd Standardised score, p Spearman’s correlation coefficient, ?Infit mean square value should range from 0.6 to 1.4, closer to 1
indicates better fit; POutfit mean square value should range from 0.5 to 1.7, closer to 1 indicates better fit. “Spearman’s correlation between item and total score

Table 6 Summary of rating scale diagnostics

Category Observed count (%) Expected score Average measure Threshold Infit MnSQ Outfit MnSQ
measure

0= Notatall 11205 (49.1) —4.22 —4.24 - 1.03 1.00

1 = Several days 8480 (37.1) —2.12 —2.12 —343 0.94 0.90

2 = More than half the days 2338(10.2) 041 0.60 048 0.94 0.94

3 = Nearly every day 804 (3.5) 257 233 295 1.27 1.35

MnSQ Mean square, Zstd Standardised scorep: Spearman’s correlation coefficient; “Infit mean square value should range from 0.6 to 1.4, closer to 1 indicates better fit;
bOutfit mean square value should range from 0.5 to 1.7, closer to 1 indicates better fit. “Spearman’s correlation between item and total score

that the response set of the GAD-7 functioned well. After
partialling out the Rasch dimension, the first component
from the matrix of residuals revealed the unidimension-
ality of the scale (supplementary material S2), and no
item residuals correlated with each other with a corre-
lation coefficient greater than 0.3, suggesting the local
dependence of the scale (supplementary material S3).

Discussion
The current study examined the validity of the Chinese
version of the GAD-7 in detail using a representative epi-
demiological sample of adolescents aged 15 to 24 years
in Hong Kong. The findings indicate that the GAD-7
is a valid and reliable tool for identifying youths with a
probable GAD state in Hong Kong. Similar to previous
research, analyses revealed the GAD-7’s unidimensional
structure, local dependence and appropriate rating
scale design. Additionally, we found a strong associa-
tion between it and a variety of other psychopathological
problems, including depression and hypomania, as well
as schizotypal personality and alcohol consumption, but
our data do not suggest an association with sleep quality.
A cut-off of 7 for the CIDI diagnostic interview yielded
the highest Youden Index, with a sensitivity and speci-
ficity of 78.4% and 80.8%, respectively. That acceptable
range for the Youden Index was between scores 5 and
10, which is comparable with previous studies in the

general population using the CIDI as the gold stand-
ard and reported cut-off scores between 5 and 17 [36].
Our findings add to the body of knowledge by suggest-
ing a cut-off score of 7 for a younger target group. After
all, practitioners may adjust the cut-off value depending
on psychometric features to meet their specific needs.
While the extremely high NPV showed that this scale can
properly identify negative cases, the very low PPV (6%)
showed that it cannot accurately detect positive cases.
The low 30-day prevalence of GAD (1.6%) determined
by CIDI in our sample may explain this scenario (i.e., the
prevalence is too low to be accurately detected). In addi-
tion, the strict criteria of the CIDI may lead to an under-
estimation of GAD prevalence [66]. Thus, the GAD-7
scores should be interpreted with caution since they can
only evaluate symptom severity and not diagnose a disor-
der state.

Our data confirm that the GAD-7’s widespread use
among young Chinese people is appropriate, as reflected
by its high internal inconsistency. The study identified a
one-factor model with a very excellent match between
observed and predicted values. While bidimensional
structure has been identified in other samples [67, 68], we
utilised EFA to explore a possible bidimensional GAD-7
structure in our sample (supplementary material S4). We
found that items 2 and 3 load on the same latent factor,
but items 4 and 7 load on another. Item 1 showed higher
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loading on the first latent factor, whereas item 6 showed
more loading on the second. The findings suggested that
a bidimensional structure does not seem to be valid in
our sample.

In line with previous studies, we found that women
are often more worried than men. There were signifi-
cant age differences, with older youth experiencing
more anxiety overall. Participants who were students
reported being less worried than nonstudents. It is
speculated that these outcomes may reflect the fact
that young people who should have graduated from
high schools or universities may have greater in-
adaptability and anxieties after a long period of highly
structured school life [69]. The current study is per-
haps one of the few studies to examine the association
between anxiety and hypomania, which was relatively
weak, while the majority of previous research focused
on bipolar II disorder [70, 71]. Nonetheless, we should
not overlook this weak association given the apparent
progression from hypomania to bipolar disorder [72].
Our findings also suggest that evaluating schizotypal
personality characteristics and alcohol use may help
us better identify youths at risk for anxiety. The find-
ings are in line with previous research that found that
severely dependent adolescent male drinkers reported
significantly higher levels of anxiety [73]. Besides,
previous studies also found that approximately half
of the adolescents with anxiety disorders reported to
have others comorbid psychiatric conditions includ-
ing depressive disorders, somatoform disorders and
substance use disorders [74]. Meanwhile, in a recent
Rome study, around one-sixth of the children and ado-
lescents with attention deficit hyperactivity disorder
(ADHD) were also diagnosed with GAD [75]. Future
study investigating these comorbid conditions is there-
fore warranted.

One of the strengths of the study is its use of an epi-
demiological sample of Hong Kong adolescents, which
offered support for the scale’s usage at the popula-
tion level. The availability of an accessible and valid
self test might increase youths’ motivation to monitor
their mental health. In addition to multiple group com-
parisons, the GAD-7 was evaluated comprehensively
for its validity. This research may be the first in Asian
countries to provide sensitivity, specificity, and cut-off
values for the GAD-7 in an exclusively adolescent sam-
ple, which may pave the way for future investigations.
This study extended the scope of association research
to include less commonly examined "secondary" symp-
toms. This should help us understand the GAD-7’s
structure and characteristics, as well as help us con-
struct a more complete clinical consideration.
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Nonetheless, we recognise the limitations of the
study. First, due to the cross-sectional design, this
research was unable to investigate the GAD-7’s predic-
tive validity or the degree to which its findings predict
future measures across time. A longitudinal strategy
may be used in the future to evaluate the correlation
between the baseline GAD-7 and associated future
outcomes. Second, for cost-effectiveness reasons, the
present study’s diagnostic evaluation, the CIDI, was
performed by a group of trained psychology graduates
rather than clinicians. Nevertheless, the trainees were
supervised closely by a team of psychiatrists. If finan-
cially feasible, follow-up research may include obtain-
ing support from licenced practitioners. Last, young
people may have difficulty concentrating properly on
this sophisticated face-to-face interview after the self-
administered questionnaires, which may skew the prev-
alence further [76].

Conclusion

In summary, our findings from a large epidemiologi-
cal sample in Hong Kong indicated that the GAD-7 is a
reliable measure of young people’s current anxiety lev-
els. It has a high degree of reliability, convergent valid-
ity, and a well-fitting unidimensional structure. The
best cut-off value for this scale is 7, and it has a high
sensitivity and specificity. The GAD-7 is an efficient,
easy-to-use, and valid measure of anxiety severity that
aids in subsequent clinical diagnosis.
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