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Abstract

Background The Patient Health Questionnaire (PHQ-9) and the Generalized Anxiety Disorder scale (GAD-7) are
widely used symptom-based instruments for screening depression and anxiety. However, their validation in Chinese
children and adolescents remains insufficient. We aim to investigate the performance and optimal cut-offs of PHQ-9
and GAD-7 in Chinese children and adolescents in screening clinical depression and anxiety, and to discuss the influ-
encing factors of the cut-offs.

Methods The study subjects were chosen from 3 sites of the Mental Health Survey for Children and Adolescents

in Yunnan (MHSCAY), a total of 2,237 participants who had been screened positive by self-administered questionnaire
and further diagnosed by using the gold standard were included in the final analysis. The Receiver Operating Char-
acteristic (ROC) curves were used to determine the discriminative ability of the two instruments, measured by using
the area under curve (AUC). The optimal cut-offs of the two instruments were determined by the maximum Youden's
index. A series of stratified analyses were performed to discover the best cut-offs for children and adolescents of dif-
ferent characteristics. Logjistic regression models were adopted to evaluate the influence of self-harm (SH) on identi-
fied optimal cut-offs.

Results We found the performance was generally poor for both the PHQ-9 and GAD-7 in screening clinical depres-
sion and anxiety in our study sample, with the AUCs ranged only between 0.622-0.712. When using the two instru-
ments for diagnosis purpose, 11 was the optimal cut-off for both clinical depression and anxiety (AUC for PHQ-9:
0.664, AUC for GAD-7: 0.669). For study subjects of different age, gender, race, and left-behind status, discordant
cut-offs were identified. SH also showed conspicuous influence on the optimal cut-offs of PHQ-9 and GAD-7,

and the combination of SH information can increase screening accuracy of PHQ-9 in some subgroups.

Conclusions Both the PHQ-9 and GAD-7 showed poor performance in screening clinical depression and anxi-
ety in our study sample. This crucial finding suggests that, despite the wide use of the two scales, they might be
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fundamentally inadequate for depression and anxiety screening in Chinese children and adolescents. Other screening
tools of higher accuracy should be developed and used in this age group.

Keywords Children, Adolescents, PHQ-9, GAD-7, Optimal cut-off, Depression, Anxiety

Introduction

Depression and anxiety are the most common mental
diseases and the major causes of disease burden in young
people [1]. A previously published meta-analysis revealed
that the global prevalence rates of depressive and anxiety
disorders were 2.6% and 6.5% in children and adolescents
[2]. In Chinese children and adolescents, the estimated
prevalence rates were 3.0% and 4.7% [3]. Early-onset
depressive and anxiety disorders are related to various
negative outcomes, such as low academic performance,
poor interpersonal relationships, drug dependence, and
other mental illnesses [4, 5]. More importantly, their
detrimental influence could extend into adulthood. For
instance, prospective studies found that depression and
anxiety disorders in childhood and adolescence were
associated with more than five-fold risk of adult suicide
attempt [6, 7].

Screening children and adolescents of depression or
anxiety is critical for timely diagnosis and treatment.
Because of conciseness and ideal performance, the
Patient Health Questionnaire (PHQ-9) and the General-
ized Anxiety Disorder scale (GAD-7) are the most widely
used screening tools for depression and anxiety. Both
instruments measure two-week symptoms, and firstly
developed for the adult populations, with corroborated
validity and reliability [8, 9]. Although the use of PHQ-9
and GAD-7 in children and adolescents has also been
validated subsequently [10, 11], some newly emerged
evidence suggested less optimistic discriminative accu-
racy in screening clinical depression and anxiety in this
age group [12, 13]. Moreover, the performance of the two
instruments in Chinese youth populations has not been
adequately discussed.

Besides, controversies still exist in cut-offs for the use of
the two scales in children and adolescents. For instance,
a score of 10 has been normally adopted for screening
depression in adults by using PHQ-9 [14], although a
previous study supported the use of this same cut-off in
Chinese children and adolescents [15], another research
indicated that the cut-off of 15 reached the best joint
accuracy [16]. For GAD-7, the optimal cut-off for youths
is also inconclusive: a cut-off of 9 had been validated in
outpatients [17], another study found 7 could be prefer-
able [18]. These discordant findings introduce great con-
fusion when applying these two screening instruments
in Chinese youngsters. Another important thing to be
noticed is that the distribution of depressive and anxiety

symptoms varies in some characteristics, such as age,
gender, race, self-harm (SH) behaviors [19, 20]. There-
fore, it is highly possible that specific cut-offs should be
applied for these two instruments for different subgroups
of children and adolescents. However, this assumption
has not been effectively corroborated.

In this study, by using a large sample of Chinese chil-
dren and adolescents from an ongoing population-based
survey project, we aim to evaluate the performance of
PHQ-9 and GAD-7 in screening clinical depression and
anxiety, investigate the optimal cut-offs of the two instru-
ments, and discuss the influence of important charac-
teristics on the optimal cut-offs. The following major
hypotheses will be tested: (1) Whether the discrimina-
tive accuracy of PHQ-9 and GAD-7 is satisfactory; (2)
What are the optimal cut-offs for PHQ-9 and GAD-7 in
screening clinical depression and anxiety among children
and adolescents; (3) Whether important characteristics
impose significant influence on the optimal cut-offs of
the two instruments.

Methods

Participants

The data used for analysis in this study were obtained
from the Mental Health Survey for Children and Ado-
lescents in Yunnan (MHSCAY). We used the combined
database from 3 study sites (Zhenxiong, Yuxi, and Kai-
yuan), which finished survey between May and October
2021. In Zhenxiong and Yuxi, a two-stage probability
proportionate to sample size (PPS) sampling method was
used to choose study subjects: in the first stage, a cer-
tain number of primary, secondary, and senior high
schools were randomly selected from all schools within
the study site; in the second stage, 3—4 classes were ran-
domly selected from each chosen school based on pre-
calculated required sample size, and all students in the
chosen classes who satisfied the inclusion criteria were
eligible participants. In Kaiyuan, we conducted a cen-
sus for all left-behind children (LBC), defined as chil-
dren under 18 years old, with one parent or both parents
migrated to other places for more than 6 months in the
past year. Other detailed inclusion and exclusion criteria
can be referred to in our previous publication [21]. The
study protocol has been reviewed and approved by the
Ethics Committee of Kunming Medical University (No.
KMMU2020MEC047). Prior to the survey, we obtained
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written informed consents from the participants’ parents
or legal guardians.

Procedure

The survey at all study sites was carried out in two phases.
In phase one, all participants were required to finish a
self-administered questionnaire. In phase two, positive
subjects screened out by using relevant symptom-based
instruments which incorporated into the questionnaire
were interviewed by pediatric psychiatrists deployed at
site using the Kiddie-SADS-Present and Lifetime Version
(K-SADS-PL) [22], a semi-structured diagnostic inter-
view used to assess current and past psychotic episodes
in children and adolescents following the Diagnostic and
Statistical Manual of Mental Disorders (Fifth Edition)
(DSM-5).

Positive subjects to be further diagnosed in phase two
were: 1) PHQ-9 score>5 or/and; 2) GAD-7 score>5
or/and; 3) Repeated or severe self-harm (SH) behaviors
occurred or/and; 4) Severe suicidal ideation, or ever
made suicide plan, or ever tried suicide or/and; 5) Posi-
tive in cross-symptom measurement of Kiddie-SADS-
Present and Lifetime Version (K-SADS-PL) Level 1. To
protect the privacy of the interviewees, interviews were
conducted face-to-face in a separate room. For subjects
who were identified high suicidal risk or serious mental
symptoms, timely psychological counseling will be pro-
vided at site, and the guardians will be formally notified.

Measurements

Depressive symptoms

In the self-administered questionnaire, depressive symp-
toms were measured by using the PHQ-9. It has nine
items that correspond to the nine diagnostic criteria for
depression (interest in doing things, mood fluctuations,
sleep quality, vitality, appetite, self-evaluation, concentra-
tion on things, speed of movement, thoughts of suicide)
[23]. Each item is scored from O to 3 points, indicating
“not at all” (0 point), “a few days” (1 point), “more than
half of the days” (2 points), and “almost every day” (3
points). The total score of PHQ-9 ranges from 0 to 27
points, with a higher score indicates severer depressive
symptoms.

Anxiety symptoms

Two-week anxiety symptoms were measured by using the
GAD-7, a seven-item scale which evaluates nervousness,
anxiety, uncontrollable worry, excessive worry, inability
to relax, inability to sit still, irritability and foreboding
[24]. Each item has four choices in frequency of anxiety
symptoms, from “not at all” (0 point) to “almost every
day” (3 points), with a combined score of 0-21. A higher
combined score reflects more serious anxiety symptoms.
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SH behaviors

SH behaviors were measured using the Modified Ado-
lescent Self-Harm Scale (MASHS) developed exclusively
for Chinese adolescents [25]. Likert-style responses were
used to assess lifetime frequency (never, once, two to four
times, five times, more than five times) and severity (non-
observable, slight, moderate, severe, critical) of the 18
most common SH behaviors. Repeated SH was defined as
committed SH “two to four times” and above, severe SH
was defined as the severity of SH ever reached “moder-
ate” and above.

Statistical analysis

Data were analyzed by using the R software (Version
42.2, The R Foundation for Statistical Computing,
Vienna, Austria). Descriptive statistics were used to pre-
sent general characteristics of the study subjects. Sensi-
tivity (Se), specificity (Sp), and the Receiver Operating
Characteristic (ROC) curves were analyzed by using the
“pROC” package, discriminative ability of the instru-
ment was measured by the area under curve (AUC). The
maximum Youden’s index (sensitivity+specificity — 1)
was used to determine the optimal cut-offs for GAD-7
and PHQ-9, which can help balance the cut-offs between
sensitivity and specificity, leading to optimal model per-
formance. The value of Youden’s index ranges from —1 to
1, with a larger Youden’s index indicating better authen-
ticity of the screening tool [26]. A series of stratified
analyses were performed to determine the best cut-offs
for GAD-7 and PHQ-9 considering different characteris-
tics of children and adolescents, like sex, age, race, left-
behind status, specific diagnosis of depression or anxiety,
and SH. Moreover, the influence of SH on the diagnostic
accuracy of depression or anxiety based on the identified
optimal cut-offs was evaluated by comparing the pseudo
R? statistic between univariate and multivariate logistic
regression models. The significance level for all analyses
was set as p <0.05 (two-tailed analysis).

Results

General characteristics

A total of 15,368 study subjects completed phase one self-
administered questionnaire survey, 2,245 were screened
positive and entered phase two diagnostic interview, 8
subjects were excluded because of incomplete informa-
tion, all the rest 2,237 participants who had been diag-
nosed by the gold standard (K-SADS-PL) were included
in the final analysis. Table 1 showed the general charac-
teristics of analyzed participants. The mean of age was
13.73 years (standard deviation, S.D.: 1.99); most of the
subjects were teenagers (74.43%) aged 13—17; girls took
a larger proportion of 63.75%; LBC and non-left-behind
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Table 1 General characteristics of study subjects (N=2237)

Characteristics N (%) Mean (SD)
Sex
Boys 811 (36.35)
Girls 1426 (63.75)
Age 13.73(1.922)
10-12 years 572 (25.57)
13-17 years 1665 (74.43)
Race
Han majority 1870 (83.59)
Minorities 367 (16.41)
Left-behind children
Yes 1105 (49.40)
No 1132 (50.60)
Self-harm behaviors
Yes 1820 (81.36)
Repetitive self-harm 1470 (65.71)
Moderate and above self-harm 913 (40.81)
No 417 (18.64)
Depression disorders 574 (25.66)
Major depression disorder 364 (16.27)
Other depression disorders 210 (9.39)
Anxiety disorders 180 (8.05)
Generalized anxiety disorder 101 (4.57)
Other anxiety disorders 79 (3.53)

children (NLBC) were similar in proportion (49.40% ver-
sus 50.60%); more than 80% of the participants reported
SH behaviors, and most of them committed repetitive
SH (80.74%); 574 (25.66%) and 180 (8.05%) subjects were
diagnosed with depressive disorder and anxiety disorder.

Performance and optimal cut-offs of PHQ-9 and GAD-7

We found that the overall discriminative ability for
both PHQ-9 and GDA-7 was poor for screening clini-
cal depression and anxiety in our study sample: AUC
for PHQ-9 was 0.664 (Se=0.551; Sp=0.695), AUC for
GAD-7 was 0.669 (Se=0.683; Sp=0.600). For children
and adolescents of different sex, race, and left-behind sta-
tus, the AUCs for PHQ-9 and GAD-7 were also largely
below acceptable level, only ranged between 0.622-0.712.
For the analytical sample in general, the optimal cut-off
for both PHQ-9 and GAD-7 was 11 (Fig. 1).

For children and adolescents of different characteris-
tics, as shown in panel C-H in Fig. 1, Table 2, and Fig. 2,
we found that gender, left-behind status, race, and age
showed conspicuous influence on the optimal cut-offs of
PHQ-9 and GAD-7. Sex showed particularly strong influ-
ence: for PHQ-9, the optimal cut-offs in screening clini-
cal depression for boys and girls were 11 (AUC: 0.675)
and 15 (AUC: 0.648); for GAD-7, the optimal cut-offs
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in screening clinical anxiety for boys and girls were 13
(AUC: 0.712) and 11 (AUC: 0.639). Race also exerted
strong impact on PHQ-9, for Han majority, the optimal
cut-off was 11 (AUC: 0.672), whereas for minorities, it
was 16 (AUC: 0.627).

The influence of SH on optimal cut-offs of PHQ-9

and GAD-7

We divided study subjects into two subgroups by the
presence of SH behaviors: for those who reported SH
behaviors, the optimal cut-offs for PHQ-9 and GAD-7
were 14 (AUC: 0.654) and 11 (AUC: 0.662), higher than
11 (AUC: 0.653) and 9 (AUC: 0.678) for those without SH
behaviors. We also estimated the influence of SH repeti-
tion and severity on the optimal cut-offs for PHQ-9 and
GAD-7 in self-harmed study subjects exclusively, ana-
lytical results revealed that compared with study subjects
with one-off SH behaviors, those who reported repeated
SH were observed lower optimal cut-offs in both instru-
ments. For severity of SH, study subjects who reported
severer SH were found higher optimal cut-off of PHQ-9,
and lower cut-off of GAD-7 (Fig. 3, Table 3).

Combination of SH on screening accuracy of PHQ-9

and GAD-7

We further explored the combination of SH on screening
accuracy of PHQ-9 and GAD-7 based on pre-determined
optimal cut-offs, and the results were summarized in
Table 4. The results showed that the combination of SH
could significantly improve screening accuracy for PHQ-
9, but not for GAD-7. In general, the inclusion of SH
could increase the screening accuracy of PHQ-9 by 23.5%
in the overall study sample. For children and adoles-
cents of different characteristics, the combination of SH
was related to the most prominent increase in screening
accuracy of PHQ-9 for minorities (79.3%), adolescents
(31.5%), and girls (28.8%).

Discussion

In the current study, we discussed the performance and
optimal cut-offs of PHQ-9 and GAD-7 for screening clin-
ical depression and anxiety in a large sample of Chinese
children and adolescents. First and foremost, we found
the overall performance of the two scales was poor, as
the diagnostic accuracy was generally under 70%. Sec-
ond, as expected, the optimal cut-offs of the two scales
were different for Chinese children and adolescents,
compared with teenagers of other origins. Moreover, for
children and adolescents of different characteristics, the
optimal cut-offs varied considerably. Besides, for PHQ-
9, the combination of SH information could increase its
screening accuracy for clinical depression among young-
sters. These important findings could provide guidance in
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Fig. 1 ROC curves with AUC values for PHQ-9 and GAD-7 in Chinese children and adolescents. A and B: all children and adolescents; C and D:
by sex; E and F: by left-behind status; G and H: by race. # Optimal cut-off (sensitivity, specificity)
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Table 2 The optimal cut-offs of PHQ-9 and GAD-7 for children and adolescents by age
Age (years) PHQ-9 GAD-7

Cut-off AUC (95%ClI) Se, Sp p Cut-off AUC (95%Cl) Se, Sp p
10 14 0.545 (0.422-0.668) 0.296,0.817 0.144 NA NA NA NA
I 12 0.677 (0.581-0.773) 0.615,0.655 <0.001 NA NA NA NA
12 13 0.664 (0.581-0.746) 0.566, 0.698 <0.001 12 0.680 (0.549-0.810) 0.631, 0.690 0.004
13 11 0.693 (0.636-0.751) 0.755,0.567 <0.001 10 0.654 (0.568-0.740) 0.697,0.622 0.002
14 12 0.671 (0.620-0.723) 0.664,0.587 <0.001 1 7 (0.540-0.694) 0.520,0.676 0.003
15 16 0.691 (0.628-0.756) 0.436,0.872 <0.001 12 0.666 (0.564-0.769) 0.548,0.764 0.001
16 15 0.609 (0.515-0.701) 0.454,0.813 0.007 8 0.695 (0.592-0.798) 0.818,0.486 0.001
17 Il 0619 (0.527-0.710) 0.640, 0.570 0.006 10 0.842 (0.774-0.910) 0.933,0.695 <0.001
Children (10-12) 13 0.642 (0.585-0.698) 0.479,0.732 <0.001 12 0.670 (0.566-0.774) 0.586,0.716 0.371
Adolescents (13-17) M 0.669 (0.639-0.698) 0.714,0.536 <0.001 11 0.671 (0.629-0.712) 0.596, 0.695 <0.001

better use of symptom-based screening tools for detect-
ing clinical depression and anxiety among Chinese chil-
dren and adolescents.

Because of the brief nature and easy scoring method,
PHQ-9 and GAD-7 have become two of the most popu-
lar symptom-based screening tools for depression and
anxiety. However, our findings raised serious concerns
for their valid use in Chinese children and adolescents,
as the AUCs were generally under 0.7 for the combined
sample and across all demographic subgroups, suggesting
high chance of both misdiagnosis and missed diagnosis.
The poor performance of the two questionnaires prob-
ably can be partly ascribed to the choosing method of
study subjects, as we only included children and adoles-
cents who were screened out in phase one self-adminis-
tered survey, for only this part of study subjects were all
diagnosed by the gold standard. Based on the screening
criteria that we described above, it is possible that the
false positive rate in our study subjects was higher than in
the general population, which resulted in a lower speci-
ficity. Nevertheless, the sensitivity of the two scales was
also below the acceptable level, only 0.551 for the PHQ-
9, and 0.683 for the GAD-7. All the above results suggest
that symptom-based questionnaires of better screening
performance should better be used in Chinese youths. A
newly published study revealed ideal performance of the
Patient Health Questionnaire for Adolescents (PHQ-A),
a modified version of PHQ-9, in 248 Chinese adolescents
with clinical depression [27]. Another study consisted
of 699 English children and adolescents disclosed a high
accuracy for the Spence Children’s Anxiety Scale (Parent
version) (SCAS-P) [28] in detecting anxiety disorders.
Owing to small and unrepresentative samples, the per-
formance of these promising tools in screening depres-
sion and anxiety in Chinese children and adolescents
should be further validated.

Although most published studies favored the uniform
cut-off of 10 for screening clinical depression and anxi-
ety in children and adolescents when using PHQ-9 and
GAD-7 [29-31], our study found that 11 was the optimal
cut-off, and this same optimal cut-off was also identi-
fied for youths in the US and Chile [11, 32, 33]. However,
heterogeneity exists among published studies of Chinese
children and adolescents. Take PHQ-9 for example, a
small sample size study found the cut-off of 10 was the
optimal [15], whereas another study originated from
Taiwan province favored the cut-off of 15 [14]. Our find-
ings support the use of population-specific optimal cut-
offs for PHQ-9 and GAD-7 in children and adolescents.
Besides, considering the scarcity of currently available
high-quality evidence, together with discordant results,
the optimal cut-offs for the two instruments in Chinese
children adolescents should be further investigated.

Another important finding of our study would be that
some characteristics of study subjects posed significant
influence on the optimal cut-offs of the two scales. Some
scholars emphasized the influence of population char-
acteristics on cut-off selection for psychometric tools
[34, 35]. In this study, we found the optimal cut-oft of
PHQ-9 was significantly higher in girls (15) than in boys
(11), probably because girls present greater tendency in
reporting affective symptoms (e.g., sadness, hopelessness)
at similar depression levels than boys [36, 37]. However,
for the GAD-7, the optimal cut-off was higher in boys
(13) than in girls (11), which could be supported by the
evidence that a greater proportion of females are char-
acterized by elevated levels of constructs of neuroticism
and negative affectivity [38], therefore anxious females
were more likely to be diagnosed with an anxiety disor-
der [39, 40]. Stark interracial difference existed for the
optimal cut-off of PHQ-9, compared with Han majority,
a much higher cut-off has been revealed for minorities.
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Fig. 2 ROC curves with AUC values of PHQ-9 and GAD-7 by different anxiety and depression diagnoses. A: major depression disorder, MDD; B:
generalized anxiety disorder, GAD; C: other types of depression; D: other types of anxiety. ”"p < 0.001, ¥ Optimal cut-off (sensitivity, specificity)

Cultural biases have been disclosed for GAD-7 among
different ethnic groups [41], it seems that the same situ-
ation may also apply for PHQ-9. All these discrepancies
highlight the necessity of applying characteristic-specific
cut-offs for PHQ-9 and GAD-7 in Chinese children and
adolescents.

The analytical results suggest that SH behaviors sig-
nificantly influenced the optimal cut-offs of PHQ-9 and
GAD-7, particularly for PHQ-9. Children and adoles-
cents who reported any SH behaviors were observed a

higher PHQ-9 cut-off, indicating SH may be related to
lower risk of clinical depression for youths who present
depressive symptoms. Perhaps because SH is an effective
way for adolescents to relieve pressure when facing exter-
nal stimuli that may bring psychological distress [42].
Among self-harmed subjects, a lower cut-oft of PHQ-9
has been revealed for those who committed repetitive
SH, suggesting increased clinical depression risk in this
group. This finding could be well supported by longitu-
dinal evidence that for adolescents, repeated SH was
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PHQ-9 GAD-7
0.75 1 0.759(0.667, 0.790)
0.704(0.623, 0.734)
0.70 -
(:)) 0.674(0.585, 0.689) | | 26780667, 0.667)
)
< 0 6560 729, bsTi) 0.662(0.608, 0.666)
659(0.729, 0. b
0.65 X 2
: 0.653(0.596, 0.680)  0.654(0.496, 0.735) & A sy
0.644(0.593, 0.651) % RSH
B MSH
0.603(0.601, 0.560) T
.603(0.601, 0. 0595(0.400,0779)| |  0160674,0526) ® yes
0.60 - no
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10 11 12 13 14

Cut-off

Fig. 3 The optimal cut-offs and AUC values of PHQ-9 and GAD-7 in children and adolescents by SH. SH: self-harm behaviors; RSH: repetitive

self-harm behaviors; MSH: moderate and above self-harm behaviors

Table 3 Optimal cut-offs for PHQ-9 and GAD-7 in children and
adolescents with different levels if SH

General Without SH SH RSH MSH
subjects
PHQ-9 11 I 14 11 14
GAD-7 1 9 Il 11 10

SH self-harm behaviors, RSH repetitive self-harm behaviors, MSH moderate and
above self-harm behaviors

related to 4.65 folds of depressive disorders risk [43]. For
severity of SH, a higher cut-off of PHQ-9 has been identi-
fied for those with severer SH, which seems to be con-
tradictory to published evidence that more serious SH
could be associated with higher risk of mental disorders
[44]. Nevertheless, insignificant association between SH
severity and psychological consequences has also been
reported [45].

Except for its noticeable influence on the optimal cut-
offs of the two scales, we also found that the combination
use of SH information can significantly improve screen-
ing accuracy of PHQ-9: for all children and adolescents,

the accuracy improved by nearly one-fourth (23.5%).
However, for GAD-7, the combination of SH information
only slightly improved screening accuracy by 1.75%. This
stark difference could probably be attributed to much
more frequent SH among depressed individuals, as a
previous study found that compared with study subjects
free of psychiatric diagnoses, the odds ratio of SH was
4.6 times for those who were diagnosed with depressive
disorders, whereas only 1.5 times for those with anxi-
ety disorders [46]. SH can help distinguish individuals
at a higher risk of clinical depression from children and
adolescents with depressive symptoms, possibly because
individuals diagnosed with depressive disorders had a
significantly higher risk of SH than those with subclinical
depression (76% vs. 44%) [47, 48]. The mechanism behind
this may be that SH is an effective way for depressed indi-
viduals to relieve their misery and negative feelings [49],
and that manifestations of depression, such as sadness,
feelings of worthlessness, guilt, and other negative emo-
tions, were all prominent triggers of SH [37].

We also found that the elevation of accuracy of PHQ-9
combining with SH can be even higher for minorities
(79.3%), adolescents (31.5%), and girls (28.8%). It may be
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Table 4 Univariate and multivariate logistic regression models related to differences in the strength of the depression-
fitting results for the influence of SH on screening accuracy of SH association in different subgroups. Girls with depres-
PHQ-9 and GAD-7 sion are more likely to report SH than boys, which may
Univariate Multivariate be related to the earlier onset of adolescence in females.
b o) - b o) bSH(5)  Pseudo R Hormonal changes and shifting social roles may put
P Rieu ° P P seudo girls at higher risk for SH [50]. Additionally, prevalence
of SH peaks in adolescence [51], with more than half
All subjects of depressed adolescents experiencing SH [52], which
PHQ-9 1.027 0.068 0.962 0738 0084 explains the higher elevation of SH for clinical depression
(0.001) (0.001) (0.001) . . . .
screening accuracy in adolescents than in children. How-
GAD-7 1.173 0.057 1.163 0.170 0.058 hether SH behavi likel .
(0.001) (0.001) 0.001) ever, whether ehaviors are more likely to occur in
By sex ethnic minorities with depression is still unclear. Under
Boys any situation, the above findings suggest, when using
PHO.9 1110 0073 1049 0493 0081 PHQ-9 to screen for clinical depression in children and
(0.001) (0.001) 0.041) adolescents, an extra simple question for previous SH
GAD-7 1741 0.105 1.780 0338 0.108 behaviors should be considered, especially for key sub-
(0.00m) (0.001) (0331) populations, to gain a higher level of screening accuracy.
Girls Although incorporating SH can improve PHQ-9 screen-
PHQ-9 1.028 0.066 0.984 0843 0.085 ing accuracy, self-reported SH may be underestimated
(0.001) ©.001) (0.00) due to shame and stigma [53], making detection chal-
GAD-7 1.022 0.046 1.014 0.395 0.048 lenging. Therefore. h t ratelv and safel lect
0.001) 0007) 0.181) enging. Therefore, how to accurately and safely collec
By age SH information should be further investigated.
) Our study tested the performance and provided the
Children imal s of . X lini
PHO-O 0922 0,050 0,894 0337 0,054 optima cut‘-o so PHQ-9 and GAD-7‘1n screepmg clini-
(0.001) 0.001) (0.248) cal depression and anxiety among Chinese children and
GAD-7 1272 0,057 1.200 0227 0.058 adolescents. Particularly, we discussed the influence of
(0.001) (0.001) (0635) some important characteristics on the optimal cut-offs
Adolescents and screening accuracy of the two instruments. The
PHQ-9 1.062 0073 0.992 0.892 0.096 major results of our study can provide important guid-
(0.001) (0.001) (0.001) ance for better use of symptom-based scales in screening
GAD-7 9623021) 0.064 (16200(?1) ?(')2277]5) 0065 clinical depression and anxiety in Chinese youngsters.
By LBC ' ' ' Even though, some limitations should be noticed. At
LBC-yes first, all study subjects were chosen from one province in
PHO-0 1314 0102 1544 0809 0118 China, so the extrapolation should be c?qtlously made.
(0.001) (0.001) (0.001) Secondly, due to the purpose of our original study, we
GAD-7 1399 0076 1390 0135 0077 only included children and adolescents aged 10-17, for
0.001) (0.001) (0.690) children less than 10 years old, the discriminative accu-
LBC-no racy and optimal cut-offs of PHQ-9 and GAD-7 should
PHQ-9 0841 0048 0.790 0.704 0.065 be further discussed. Thirdly, although the overall sample
(0.001) (oot (0001 size in the current study was large, some subgroups, such
GAD-7 1138 0.053 0.191 0.213 0.054 as ethnic minorities, had relatively small sample size,
(0.001) (0.001) (0.508) . . s
By ethnici which definitely affected the statistical power. Further-
ICI . . .
y emnery more, considering the cross-sectional nature of our study,
Han majority . . c o .
future longitudinal design is warranted to further validate
PHQ-9 1.101 0.076 1.044 0.641 0.088 ‘or findi
(0.001) (0001)  (0.001) our major findings.
GAD-7 1.339 0.071 1.330 0.172 0.066
o (0.001) (0.001) (0.489) Conclusion
Minorities By using population-based representative large sample, we
PHQ-9 1.001 0.058 0916 1.146 0.094 Fectively di d th £ d optimal cut-off;
0.007) 0.001) (0.004) effectively discussed the performance and optimal cut-offs
GAD-7 0788 0,030 0782 0,068 0,030 of PHQ-9 and GAD-7 for screening clinical depression and

(0.020) 0.022) (0.886) anxiety among Chinese children and adolescents. Based on
analytical results, we found the overall discriminative accu-
racy of the two scales is poor, which makes them unreliable
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screening tools for clinical depression and anxiety in this
population. If still choose to use the two scales in this age
group, then characteristic-specific optimal cut-offs should
be applied whenever it is possible. Besides, for PHQ-9,
SH information should be simultaneously incorporated to
improve its performance. Other symptom-based screen-
ing tools of better performance should be devised and vali-
dated in Chinese youths.
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