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Abstract 

Background People are more likely to fall victim to depression during adolescence since it is a period of rapid 
biopsychosocial transformation. Despite this, most depression research has concentrated on clinical issues, and evalu-
ating depressive symptoms in teenagers is not as widespread. This study used item response theory (IRT) to examine 
the psychometric properties of the Patient Health Report scale (PHQ-9) in Chinese adolescents. Meanwhile, item func-
tion difference tests were used to check whether there were differences in depression symptoms in this group based 
on education and gender.

Methods In this research, the PHQ-9 was employed as a measurement tool, and 5958 valid data points were 
obtained from 12 secondary schools in China (Mage = 13.484; SDage = 1.627; range 11–19 years; 52.17% boys).

Results IRT shows that all items of the PHQ-9 satisfy monotonicity, unidimensionality and local independence 
and that they have good psychometric properties. Furthermore, DIF analysis revealed gender and educational dispari-
ties in adolescent depressive symptoms.

Conclusion The study indicates that the PHQ-9 possesses favourable psychometric properties for use in Chinese 
adolescents. As a result, it serves as a valuable tool for effectively screening depressive symptoms in adolescents. It 
provides a foundation for prioritizing the development of secondary school students’ physical and mental health.

Keywords Item response theory, PHQ-9, Graded response model, Differential item functioning, Psychometric analysis

Introduction
In accordance with the DSM 5-RT, depressive disorders 
involve the presence of sad, empty, or irritable moods, 
accompanied by related changes that significantly affect 
the individual’s capacity to function (e.g., somatic and 
cognitive changes in major depressive disorder and per-
sistent depressive disorder) [1]. In most cases, however, 
a variety of physical and mental symptoms, such as 

smartphone addiction [2], self-harm and suicide attempts 
in adulthood [3], and eating disorders [4], are also pre-
sent. The World Health Organisation (2023) states that 
depression plays a significant role in the global burden of 
disease and disability. An estimated 3.8% of the popula-
tion experiences depression, including 5% of adults (4% 
among men and 6% among women) and 5.7% of adults 
older than 60  years. Approximately 280  million people 
in the world have depression. More than 700 000 people 
die due to suicide every year. Suicide is the fourth lead-
ing cause of death in 15–29-year olds [5]. Early childhood 
and adolescence, which constitute critical neurodevel-
opmental processes, are the years when depression first 
manifests. Among other things, mental health vulnerabil-
ity during adolescence has been supported by research, 
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revealing that almost half of all mental health issues com-
mence before the age of 18 [6]. At the same time, puberty 
is a dynamic period in which individuals undergo forma-
tive changes in their biopsychosocial functioning [7]. It 
is also the second peak of the self-awareness leap, often 
characterized by shifts in perspective, increased self-
awareness, and personal paranoia. In addition, a meta-
analysis has shown that the point prevalence of elevated 
depressive symptoms among adolescents increased from 
24% between 2001 and 2010 to 37% between 2011 and 
2020 [8]. Adolescents are in a critical period of devel-
opment, and they are particularly vulnerable to various 
social stressors, which might cause many mental health 
problems [9, 10].

Recent research has explored the factors contributing 
to adolescent depression in China, particularly in the 
social and educational domains. On the one hand, Chi-
na’s rapid transition has resulted in significant changes 
in life rhythms and ways of thinking, including widen-
ing socioeconomic disparity, changes in family struc-
ture, and changes in living conditions, all of which have 
some detrimental consequences on emotions, for exam-
ple, making the emotional stability of Chinese adoles-
cents decline and generating constant self-denial [11]. 
On the other hand, given the current state of education 
in China, various selection exams are fiercely competi-
tive, leading to increased educational competition and 
risks of over-education and stresses caused by extracur-
ricular tuition and competition for higher education, 
which negatively impact the mental health of secondary 
school students [12]. Chinese adolescents’ depressive 
symptoms worsened gradually from grade 10 to grade 12 
[13]. Studies have shown that as age increases, the preva-
lence of depressive symptoms among Chinese second-
ary school students also increases drastically, from 24.5% 
in the seventh grade to 40.1% in the twelfth grade [14]. 
This is because Chinese high school students are under 
enormous academic pressure as they prepare to take 
one of the most important exams of their lives: the col-
lege entrance exam. The competitive exam in China is 
described as being like a stampede of ‘one exam for life’.

Research has demonstrated that the importance of 
evaluation tools is frequently disregarded in practice, 
which may be one of the reasons for the high rate of 
undertreatment with antidepressants in routine care 
[15]. Specifically, with the increased emphasis on men-
tal health, some adolescents may turn to nonprofession-
als for psychological counselling or diagnosis or opt for 
online psychological tests that lack scientific validation, 
thus leading to increased risks. Nonscientific diagnostic 
tools may not only lead to diagnostic errors but also gen-
erate social exclusion and increase the risk of isolation 
of the diagnosed person. Therefore, it is imperative to 

employ scientifically validated diagnostic tools to ascer-
tain the presence of depressive tendencies in adolescents. 
At present, clinical evaluations and self-assessment scales 
are two categories of available depression assessment 
methods. The self-assessment scale evaluates mental 
health based on actual answers and subjective sensations, 
allowing the person to recognize their condition and 
either treat it or work to improve it. The Patient Health 
Questionnaire-9 (PHQ-9) [16] was initially developed 
in English for self-administered use in clinical settings 
in the United States [17]. The PHQ-9 has several advan-
tages over other depression scales. First, the concise for-
mat of the PHQ-9 helps improve the attention span of 
adolescents when responding, especially those who may 
be more agitated. As a self-report measure, the PHQ-9 
allows students to complete the assessment indepen-
dently, making it easy to capture their subjective experi-
ence and provide more comprehensive information. In 
addition, the questionnaire is designed to be clear and 
concise with simple language that helps students under-
stand and respond. The PHQ-9 is widely used around 
the world, has been translated into various languages 
for research purposes, and has been shown to have 
great psychometric properties. Examples include Thai-
land (Cronbach’s alpha = 0.79) [18], Uganda (Cronbach’s 
alpha = 0.73) [19], Kenya (Cronbach’s alpha = 0.834) [20], 
South Africa (Cronbach’s alpha = 0.84) [21] and Argen-
tina (Cronbach’s alpha = 0.87) [22]. Based on the above, 
we chose the PHQ-9 as the measurement tool for this 
study. Currently, in known studies, the use of the PHQ-9 
in China has focused on clinical populations (such as 
depressed inpatients [23]), college student populations 
[24], and depression screening in the elderly [25]. There is 
less literature focusing on adolescents, but two represent-
ative papers screened Taiwanese adolescents for major 
depression [26] or used CTT to analyze depressive symp-
toms in Chinese adolescents for measurement invariance 
[27].

With the continuous evolution of measurement theo-
ries, it is crucial to explore scales using various meas-
urement frameworks. Conducting cross-validation of 
scales with different theories not only provides a more 
comprehensive set of measurement information but 
also facilitates a deeper investigation into the effective-
ness and appropriateness of the scales. For this reason, 
it is imperative to use item response theory to examine 
the psychometric properties of the PHQ-9 scale in a Chi-
nese adolescent population. Item response theory (IRT), 
also known as latent trait theory, is one of the modern 
psychometric theories and has significant advantages 
over classical measurement theory (CTT). For example, 
(a) the IRT allows item responses to be translated into 
scale-free measures of latent characteristics [28]; (b) the 
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assessment of item-level parameters (e.g., difficulty, dis-
crimination, guessing) is sample independent and has 
sample invariance [29]; (c) the IRT allows items with 
functional differences across groups (e.g., gender as well 
as education as examined in this paper) to be identified 
[30]; and (d) the standard error of measurement for dif-
ferent participants can be estimated by calculating the 
amount of information provided by the items at different 
levels of latent traits.

IRT as a measurement framework involves various 
latent variable models (commonly used models include 
logistic models, GRM models, RSM models, GPCM 
models, etc.), that provide information on psychomet-
ric functions at the item and test or scale levels [31]. As 
a way to assess individuals’ latent traits (ability), repre-
sented by θ (i.e., in this study, the degree of depression), 
item response functions (IRFs) represent nonlinear 
associations and the likelihood of a particular response 
option for the underlying construct [32]. Previous studies 
have shown that the GRM model is the most appropriate 
IRT model for ordered polytomous data [33].

Furthermore, depression before puberty is infrequent 
and affects girls and boys equally. However, as puberty 
begins,  girls are more prone to major depression [34]. 
Meanwhile, depressive symptoms among Chinese ado-
lescents gradually increase from 10 to 12th grade. As a 
result, it is crucial to employ the differential item func-
tion (DIF), within the framework of IRT to examine 
whether there are gender and grade differences in depres-
sive symptoms among Chinese adolescents. DIF based on 
IRT is considered the gold standard for item functional 
difference testing. It can determine whether there are 
differences in the responses of subgroups with the same 
level of actual traits. IRT provides the most comprehen-
sive framework for conceptualizing DIF in polytomous 
items.

In brief, our study aimed to investigate the applicabil-
ity of the PHQ-9 in a Chinese teenage population by con-
ducting a more detailed psychometric examination of the 
PHQ-9 utilizing item response theory with Chinese mid-
dle school students.

Methods
Procedure
This study received approval from the Institutional 
Review Board (IRB) of the corresponding author’s 
affiliated institution, ensuring compliance with human 
research ethics. Written informed consent was obtained 
from both participants and their parents. The survey was 
conducted as part of a psychological screening initiative 
for students by the local schools, and review personnel 
underwent appropriate training.

Moreover, to ensure the quality of the data, we 
excluded invalid questionnaires before formal analyses. 
Data were considered invalid if one or more question 
response was missing. Based on the above screening cri-
teria, we excluded 78 invalid samples (1.3%) and retained 
5958 valid samples.

Participants
For this study, data were collected in twelve schools in 
China, including middle school, high school, and sec-
ondary vocational schools (students of the secondary 
vocational-technical school are considered high school 
students in the following study since they had completed 
their middle school education). A total of 5958 mid-
dle school students completed the PHQ-9, spanning the 
age range of 11–19  years (in the adolescent stage). The 
mean age of the participants was 13.484 (SD = 1.627), 
and the sample included 3109 boys (52.17%) and 2850 
girls (47.83%). Of the total sample, 2216 were high school 
students (37.2%), and 3742 were middle school students 
(62.8%).

Measures
Mental health problems were measured by the PHQ-9. 
The PHQ-9 is a modified version of the PHQ and consists 
of nine questions. It scores each of the nine symptoms of 
the DSM-IV criteria according to the frequency of symp-
toms, namely, the number of symptoms occurring in the 
two weeks before testing. The scale has four options for 
each item, ranging from 0 = never to 3 = almost every day, 
for a total score of 0 to 27.

Statistical analysis
Statistical analysis was performed using R studio 4.2.2 
and IBM SPSS Statistics 29.0 software. The current study 
had some key goals. First, for normality test: the kurtosis 
of each item in the scale ranged between 2.220 and 6.711, 
and the skewness ranged between 1.799 and 2.698. The 
kurtosis of the total score was 3.381, and the skewness 
was 1.872. The kurtosis was less than 7, and the skew-
ness was less than 2, indicating that the data were basi-
cally normally distributed [35]. Second, the PHQ-9 was 
assessed to determine whether it met the assumptions 
of item response theory (unidimensionality, monotonic-
ity, and local independence). Third, the model that best 
fit the data was selected. Fourth, the functionality of 
items was assessed using item discrimination, threshold, 
and item fit. Finally, DIF analyses were used to examine 
whether there was measurement invariance of depressive 
symptoms based on PHQ-9 measures across gender and 
grade levels.
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IRT assumption check
Unidimensionality
To explore the robustness of this assumption, we used 
three methods. A scale was considered one-dimensional 
if a factor accounted for at least 20% of the variance [36]. 
Based on this, this study conducted an exploratory fac-
tor analysis using the “fa” function in the “psych” package 
[37] in R to determine whether the scale was unidimen-
sional. In addition, we used the ratio of eigenvalues and 
confirmatory factor analysis (“lavaan” package) to deter-
mine whether the scales were unidimensional [38]. As 
a rule of thumb, if the ratio of the first eigenvalue to the 
second eigenvalue is greater than 3, it indicates unidi-
mensionality [39]. The confirmatory factor analysis is 
guided by the following indicators, namely, the compara-
tive fit index (CFI; ≥ 0.95 for good, ≥ 0.90 for acceptable), 
the Tucker–Lewis index (TLI; ≥ 0.95 for good, ≥ 0.90 for 
acceptable), the root mean square error of approximation 
(RMSEA; ≤ 0.06 for good, ≤ 0.08 for acceptable), and the 
standardized residual root (SRMR; ≤ 0.06 for good, ≤ 0.08 
for acceptable) with its 90% confidence interval.

Monotonicity
The monotonicity index is Hi and is interpreted as fol-
lows: low quality: 0. 3 < Hi < 0. 40, moderate quality: 0. 
40 < Hi < 0. 50, and high quality: Hi < 0. 50 [40]. In our 
study, the “mokken” package [41] in R software was used 
to calculate monotonicity with the “check. monotonicity” 
function.

Local Independence
In this paper, local independence is measured in two 
ways, with Yen’s Q3 statistic [42] and Cramer’s V statis-
tic. A previous study stated that a value of Q3 above 0.36 
suggests moderate deviation and dependence [43]. Cram-
er’s V is a measure of goodness of fit that determines the 
independence between variables, and a value below 0.2 
indicates independence. For the evaluation of local inde-
pendence, this paper uses the “residuals” function in the 
“mirt” package [44].

Model fit
IRT differs from CTT in that IRT uses data to fit models 
and mathematical models to estimate item parameters, 
participant traits, and other measurement information, 
while three polytomous IRT models are selected for com-
parison based on the characteristics of the PHQ-9 in 
this paper: the generalized partial credit model (GPCM), 
the rating scale model (RSM) and the graded response 
model (GRM). Consequently, the “mirt” function is 
used in the “mirt” package for the Akaike information 
criterion (AIC), Bayesian information criterion (BIC), 

Hannan–Quinn criterion (HQ), and likelihood ratio test 
(LRT) calculations to compare models and to estimate 
items and individual parameters.

Functional assessment of items
The discrimination parameter is an indicator measuring 
the sensitivity and discriminative power of each item in 
a measurement tool to the latent traits of the examinees. 
Threshold parameters play a crucial role in capturing the 
transition points between response options and indicate 
the ability levels at which individuals have a 50% prob-
ability of shifting from one response option to the next. 
For example, the first threshold parameter marks the 
boundary at which participants move from selecting the 
first response option (e.g., “never”) to choosing the sec-
ond option (e.g., “several days”). In addition, the fit of the 
item was tested by X2

− RMSEA , and if the RMSEA was 
less than 0.6, the item was considered to have good fit. 
Additionally, we calculated the factor loadings for each 
item and the amount of information it contained.

Differential item functioning
The best-fit model was used as the basis; at the same time, 
this paper weighed the p-value using the “DIF” function 
from the “mirt” package and effect size examined, with 
the groupings based on gender and educational year.

In this study, gender and grade differences were 
examined by calculating the likelihood-ratio test 
(IRT-LR) for DIF. Due to the large sample size of 
the study, p < 0.001 was selected as the DIF indica-
tor. For each item of the PHQ-9, in the interim, we 
further checked the effect size by two formulas: 
ABS ((2 ∗ (αg − αb)/ (1.7 ∗ αg ∗ αb)) ∗ LN (2)) for the 
discrimination parameter ( α ) and (β) = β1b − β1g for the 
threshold parameter. It was considered statistically sig-
nificant when the effect size was > 0.4.

ROC curve analysis
The primary outcome variable is the area under the ROC 
curve (AUC) [45]. The AUC is interpreted as the prob-
ability that a randomly selected respondent will be cor-
rectly assigned to the appropriate group [46], directly 
reflecting the overall accuracy of the instrument in 
screening for depression. An AUC of 0.5 indicates ran-
dom performance, while a value of 1 indicates perfect 
performance. Specifically, values ranging from 0.9 to 1 
indicate excellent predictive accuracy, values from 0.8 to 
0.9 indicate good accuracy, values from 0.7 to 0.8 indicate 
fair accuracy, values from 0.6 to 0.7 indicate poor accu-
racy, and values from 0.5 to 0.6 indicate unacceptably 
poor accuracy [47, 48].
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Results
Assumption check
This section assesses the PHQ-9 scale for unidimension-
ality, monotonicity, and local independence. Unidimen-
sionality analysis reveals a first factor that significantly 
exceeds the recommended 3:1 criterion for the eigenvalue 
ratio (7.507:1) used to assess basic unidimensionality 
[39]. The variance explained in EFA is substantial (0.494), 
exceeding the threshold of 0.2. Additionally, all indica-
tors performed well in CFA (CFI = 0.981, TLI = 0.974, 
RMSEA = 0.053, SRMR = 0.021), demonstrating robust 
unidimensionality of the PHQ-9 scale.

The monotonicity analysis shows moderate monoto-
nicity for all nine items, with values ranging from 0.446 
to 0.564, surpassing the 0.4 thresholds. Furthermore, the 
analysis reveals local independence among item pairs. 
The Cramer’s V values for item pairs range from –0.097 
to 0.121, all below 0.2. Similarly, the Q3 statistics for item 
pairs range from –0.099 to 0.031, all below 0.35. These 
results suggest that all items on the PHQ-9 scale exhibit 
local independence.

Model fit
The lower the value of each model fit statistic, the bet-
ter the model fits the data. Table 1 shows that the graded 
response model (GRM) was the optimal model for ana-
lyzing the PHQ-9.

Graded response model parameters
The graded response model has been developed as an 
extension of the two-parameter logistic model, which is 
more applicable to polytomous scoring scales. It is worth 
mentioning that θ estimates derived using the GRM 
may show evidence of interval-level scaling properties. 
The GRM estimates k− 1 boundary response functions 
that represent the cumulative probability of selecting a 
response option that is better than the option of interest. 
For example, for the PHQ-9, a scale with four options, 
analysis with the GRM would have yielded three thresh-
old parameters for each item.

Item parameters
Table  2 shows the estimated item parameters obtained 
from the GRM, where all threshold parameters gradually 
increase (scores were positively correlated with the sever-
ity of the participant’s depressive symptoms). The differ-
entiation of the PHQ-9 items ranged from 1.927 to 3.456, 
indicating that all nine items had excellent discrimina-
tory power and were able to distinguish nicely between 
the presence and absence of depressive symptoms in 
individuals, of which Item 2 (feeling down, depressed, 
or hopeless) was the best at discriminating between lev-
els of severity. At the same time, we checked the item 
fit according to X2

− RMSEA ; items showed good fit 
according to the RMSEA (< 0.06). All items met the cri-
teria and had a good fit. Finally, the factor loadings of all 
items were between 0.595 and 0.755, more significant 
than 0.4, indicating that all items measured the ordinal 
factor (depressive symptoms) well.

Information on the items and test
This section presents the item information curves and 
test information curves. The item information curves, 
displayed in Fig. 1, demonstrate the relationship between 

Table 1 Model comparison

AIC the Akaike information criterion, BIC Bayesian information criterion, HQ 
Hannan–quinn criterion and LRT Likelihood ratio tests

AIC BIC HQ LRT

GPCM 65410.54 65651.47 65494.24 − 32669.27

GRM 64567.75 64808.68 64651.45 − 32247.88

RSM 65950.22 66030.53 65978.12 − 32963.11

Table 2 Item parameters, Item fit and Factor loadings

X
2
. RMSEA = item-fit statistic; loadings = Factor loadings.

Discrimination 
parameter (α)

Threshold parameters (β) Mean
threshold

X
2
− RMSEA Loadings

β1 β2 β3

Item 1 2.843 0.731 1.459 2.189 1.459 0.009 0.724

Item 2 3.456 0.778 1.444 2.143 1.455 0.008 0.711

Item 3 2.651 0.820 1.490 1.993 1.434 0.008 0.704

Item 4 3.320 0.717 1.426 2.031 1.391 0.007 0.755

Item 5 2.531 0.946 1.658 2.237 1.613 0.012 0.672

Item 6 2.813 0.693 1.362 1.879 1.311 0.008 0.733

Item 7 1.927 0.982 1.722 2.439 1.714 0.009 0.595

Item 8 2.467 1.045 1.688 2.302 1.678 0.006 0.664

Item 9 2.725 1.167 1.701 2.318 1.728 0.012 0.671
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item responses and potential levels of depression ( θ ). It is 
evident from the graph that Item 7 has significantly lower 
information (average = 0.48) than the other items. In con-
trast, Item 2 provides the highest amount of data (aver-
age = 1.27) with lower standard error (SE) values. The 
test information function (Fig. 2) depicts the levels of θ at 
which the scale most precisely and reliably gathers infor-
mation, which represents the entire range of information 
the full scale provides, and the peak of the total informa-
tion curve indicates the level of θ at which the scale gath-
ers information most precisely. For this particular scale, 
the test information load peaks when θ is approximately 
2.

In addition, error curves can be observed in Fig. 2. The 
standard error curve of the measurement shows that the 
PHQ-9 can provide higher information and lower meas-
urement error when θ is between 0 and 4. However, the 
measurement error is higher for participants with lower 

latent traits. Although the test is more suitable for meas-
uring participants with higher traits, it still demonstrates 
good measurement errors for participants with lower 
traits. For instance, with θ ranging from -4 to 0, the test 
error was still approximately 0.2. Moreover, considering a 
normal distribution, the θ from − 4 to 4 encompasses the 
majority of the participant population, indicating a high 
degree of applicability for the test.

DIF analysis
This section describes the analysis performed to investi-
gate potential differences in depressive symptoms among 
Chinese adolescents based on gender (boys and girls) and 
grade (middle and high school), utilizing p-values and 
effect sizes.

For gender
Table  3 presents the results of the gender difference 
analysis. There were no significant differences in either 
p-values or effect sizes for the discrimination param-
eters. However, for the threshold parameters, Items 2 
(feeling down, depressed, or hopeless), 3 (trouble falling 
or staying asleep or sleeping too much), 6 (feeling bad 
about yourself, that you are a failure, or that you have let 
yourself or your family down), and 9 (thoughts that you 
would be better or dead or of hurting yourself in some 
way) were found to be significantly different. Specifically, 
67.82% of girls chose “never” for Item 2, while 80.51% of 
boys did so. The remaining items with differences were 
significantly higher for girls than for boys. For Item 6, 
7.61% of girls chose “almost every day,” whereas only 
3.22% of boys chose this item. These results are consist-
ent with previous findings [34, 49] that suggest that ado-
lescent girls are more susceptible to depressive symptoms 
than boys. Additionally, girls with major depressive dis-
order are more likely to experience insomnia, fatigue, 
psychomotor retardation, and suicide attempts [50].

For grade
In the analysis of educational differences (Table  4), the 
comparison between middle school (N = 3741) and high 
school (N = 2217) students showed that the differences 
in the discrimination parameters were not significant 
across educational levels. This implies that the PHQ-9 is 
equally valid in measuring the level of depression among 
participants during their adolescent period. In contrast 
to the gender differences, the obtained p-value and effect 
size results were completely incoherent for the thresh-
old parameters. Under the p-value, there was a signifi-
cant difference in education on Items 1 (little interest or 
pleasure in doing things), 2 (feeling down, depressed, or 
hopeless), 3 (trouble falling or staying asleep or sleep-
ing too much), 4 (feeling tired or having little energy), 5 

Fig. 1 Item information curve

Fig. 2 Test information and errors curve
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(poor appetite or overeating), 6 (feeling bad about your-
self, that you are a failure, or that you have let yourself 
or your family down), and 7 (trouble concentrating on 
things, such as reading the newspaper or watching tel-
evision). Under the effect size, there was no actual dif-
ference. This may be because p-values are more likely to 
be influenced by sample size, which can be applied as a 
qualitative analysis; effect sizes can be used as a quantita-
tive analysis, as the effect sizes can solve the problem of 
p-values not portraying the magnitude of the correlation 
and the size of the differences. As in previous studies, 
children with depressive symptoms had lower average 
academic performance than their unaffected peers, caus-
ing school dropout [51]. This may be related to the Chi-
nese educational model of "thousands of troops crossing 
a single bridge."

ROC curve analysis
According to the established diagnostic criteria for the 
PHQ-9 (the severity of depressive symptoms can be 
assessed by a total score, i.e., mild: 5–9, moderate: 10–14, 

moderately severe: 15–19, and severe: ≥ 20 [52]). Receiver 
operating characteristic (ROC) curves were generated to 
investigate the applicability of these classification stand-
ards in the Chinese adolescent population. Initially, this 
study plotted five ROC curves, as shown in Fig. 3.

The line of chance is the blue line,  and the red line is 
the ROC curve of the PHQ-9. The closer the curve is to 
the upper left-hand corner of the graph, the better the 
diagnostic performance of the PHQ-9. ROC curves were 
constructed by comparing the nondepressed group with 
the mildly depressed group; the nondepressed and mildly 
depressed groups with the moderately depressed group; 
the nondepressed, mildly depressed, and moderately 
depressed groups with the moderately severe depressed 
group; and the nondepressed, mildly depressed, mod-
erately depressed and moderately severely depressed 
groups with the severe depressed group.

According to Table  5, except for the AUC value of 
0.857 for the "mildly depressed" category, all other val-
ues exceeded 0.9, indicating excellent performance of the 
diagnostic criteria. Simultaneously, this study computed 

Table 3 DIF for gender (p- value & Effect size)

where bolded data indicate item parameters with significant differences in effect sizes

p-value Effect Size

α β1 β2 β3 α β1 β2 β3

Item 1 0.058 0.003 0.461 0.546 0.033 0.242 0.222 0.315

Item 2 0.182 0.000 0.000 0.000 0.021 0.419 0.344 0.329

Item 3 0.912 0.000 0.000 0.000 0.002 0.318 0.294 0.458
Item 4 0.663 0.000 0.002 0.054 0.007 0.286 0.268 0.252

Item 5 0.625 0.000 0.007 0.032 0.010 0.246 0.273 0.299

Item 6 0.072 0.000 0.000 0.000 0.033 0.479 0.477 0.556
Item 7 0.847 0.002 0.012 0.025 0.005 0.174 0.177 0.210

Item 8 0.257 0.017 0.122 0.188 0.025 0.234 0.258 0.319

Item 9 0.155 0.000 0.005 0.326 0.032 0.394 0.437 0.361

Table 4 DIF for grade (p-value & Effect size)

p-value Effect Size

α β1 β2 β3 α β1 β2 β3

Item 1 0.856 0.000 0.545 0.439 0.004 0.314 0.026 0.112

Item 2 0.593 0.000 0.842 0.199 0.008 0.237 0.033 0.229

Item 3 0.133 0.000 0.018 0.750 0.030 0.254 0.038 0.162

Item 4 0.464 0.000 0.827 0.047 0.012 0.325 0.085 0.115

Item 5 0.053 0.546 0.084 0.000 0.040 0.156 0.064 0.123

Item 6 0.186 0.000 0.164 0.684 0.024 0.269 0.013 0.118

Item 7 0.221 0.000 0.102 0.794 0.034 0.352 0.269 0.167

Item 8 0.125 0.162 0.174 0.123 0.034 0.198 0.056 0.063

Item 9 0.027 0.432 0.715 1.000 0.049 0.134 0.249 0.379
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Fig. 3 ROC curve for PHQ-9
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the Youden Index through sensitivity and specificity cal-
culations to determine the optimal cut-off ranges for each 
category (as shown in Table 5). As the PHQ-9 scale yields 
integer scores, the results align with the original classi-
fication standards: "The severity of depressive symptoms 
can be assessed by the total score, i.e., mild: 5–9, moder-
ate: 10–14, moderately severe: 15–19, and severe: ≥ 20." 
This classification standard is applicable to the Chinese 
adolescent population.

Discussion
This study aimed to assess the applicability of the PHQ-9 
in a predominantly secondary school student popula-
tion of Chinese adolescents: the properties and functions 
of all items were examined, and unidimensional item 
response theory was used for analysis. IRT is increasingly 
applied for scale validation, revision, or development. 
Compared to classical measurement theory (CTT), IRT 
analysis offers additional advantages, such as present-
ing a large amount of item-level information that com-
plements CTT more intuitively. However, IRT use must 
meet the three prerequisites of unidimensionality, mono-
tonicity, and local independence of the scale. Therefore, 
this study first determined whether the PHQ-9 met the 
criteria for IRT use. Previous research has confirmed the 
reliability and validity of the PHQ-9. The PHQ-9 is an 
internationally accepted depression detection scales, and 
it contains only nine items. This feature makes it more 
time-efficient than other scales, and it does not include 
lengthy questions that may consume the participant’s 
energy and cause distraction, thus resulting in more effi-
cient measurement results. Overall, the PHQ-9 is suitable 
for IRT analysis and has good psychometric properties. 
In particular, model comparison analyses reveal that the 
graded response model (GRM), a commonly used poly-
tomous scoring model, is a good fit for the PHQ-9 data. 
The current study provides accurate parameter estimates 
for each item of the PHQ-9 and, through graphic repre-
sentations (i.e., category characteristic curves, item infor-
mation curves, and test information curves), provides a 
visual depiction of the item’s function.

In addition, this study conducted DIF analysis and 
effect size analyses to investigate the differences between 

the two sets of groups separately. Research on depression 
and gender differences has widely reported that females 
are more likely to experience depression than males. 
These differences are likely due to the reproductive hor-
mones, genetics, environmental variables, and socioeco-
nomic background specific to women’s life experiences 
[53]. Among adolescents with similar latent trait levels, 
similar results have been found in Chinese secondary 
students. During individual development, the physical 
development of males at puberty occurs approximately 
one year later than that of females [54], and the mismatch 
between a more tender age and rapid physical develop-
ment is one of the reasons females are more likely to 
develop depression. Girls differ considerably more than 
boys in depressive symptoms such as mood (depres-
sion, disappointment), sleep (insomnia, hypersomnia), 
and self-harm according to the findings of this study. 
Based on this, future research should explore ways to 
avoid the current situation where women are more likely 
to develop depression, such as improving self-identity, 
improving social status inequalities, and reducing family 
stress.

Furthermore, the analysis of educational differences 
revealed a positive association between educational 
attainment and depressive symptoms among secondary 
school students. Although the effect sizes did not vary 
significantly across educational levels, the p-values sug-
gested that attention problems, sleep disturbances, and 
eating disorders increase with grade level. Therefore, 
providing support and resources for students to man-
age stress and promote mental health is crucial. These 
can include a range of interventions, such as counselling 
services, mindfulness and regimental support, and edu-
cational workshops on stress management and mental 
health, thus improving mental resilience. Home-school 
associations and a focus on peer interactions help build a 
healthy environment for children to grow up in.

Limitations and future research
The findings of this study indicate that as the theta value 
of the participants decreases, the measurement stand-
ard error increases, suggesting that the PHQ-9 scale is 
more suitable for individuals with higher theta values 
within the Chinese adolescent population. Additionally, 
a meta-analysis revealed that COVID-19 not only caused 
physical health issues but also led to various psychologi-
cal disorders [55]. Therefore, the results of this study may 
be influenced collecting data during the pandemic, which 
could introduce some biases. Further studies should 
investigate the reliability in more diverse populations and 
periods to evaluate the scale’s validity and generalizabil-
ity. In addition, the PHQ-9 not only assesses the sever-
ity of depression but also has the potential for diagnostic 

Table 5 Comparison of ROC curves

AUC SE (95%CI) Cut-off

Nondepressed 1.000 0.000 1.000–1.000 4.5

Mildly depressed 0.857 0.005 0.847–0.866 4.5

Moderately depressed 0.946 0.003 0.941–0.952 9.5

Moderately severe depressed 0.983 0.002 0.980–0.986 14.5

Severe depressed 0.999 0.000 0.999–1.000 19.5
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validity. This characteristic makes it valuable for adoles-
cents and responsible parties (such as schools and par-
ents) to identify problems early and intervene to prevent 
further increase in symptoms. At the same time, there 
are multiple tools currently available to measure depres-
sion. These depression scales should be compared and 
analysed in the future to investigate the appropriateness 
of each scale in the context of the community and cul-
ture and to assist individuals in selecting the instrument 
best suited to target individuals to acquire an accurate 
measurement.

Conclusions
This study used item response theory as a guide to 
examine the appropriateness of the PHQ-9 scale in a 
population of Chinese adolescents. The item functional 
difference test and effect size analyses were used to 
examine whether there were differences by gender and 
educational level. Studies have shown that the PHQ-9 
has good psychometric properties among Chinese ado-
lescents. Therefore, the PHQ-9 is an important tool to 
effectively screen for depressive symptoms in adoles-
cents. Therefore, this study provides a valuable reference 
for practitioners utilizing the PHQ-9 scale for depression 
screening in adolescent populations. It not only explores 
the appropriateness of the scale within the Chinese con-
text but also investigates potential variations across gen-
der and educational levels, adding to our understanding 
of its practical application and enhancing its utility.

Abbreviations
IRT  Item response theory
PHQ-9  Patient Health Report scale
GRM  Graded Response Model
GPCM  Generalized partial credit model
RSM  Rating scale model
DIF  Differential item functioning
CTT   Classical measurement theory
IRFs  Item response functions
CFI  The comparative fit index
TLI  Tucker– Lewis index
RMSEA  Root mean square error of approximation
AIC  Akaike information criterion
BIC  Bayesian information criterion
HQ  Hannan–quinn criterion
LRT  Likelihood-ratio test
IRT-LR  Likelihood ratio tests
ROC  Receiver operating characteristic

Author contributions
XLG was responsible for methodology, research, formal analysis, conceptu-
alisation, supervision, writing-review and editing. ZYL is responsible for data 
collection and data analysis. All authors contributed to interpreting the results, 
and drafting and revising the work. All authors read and approved the final 
manuscript.

Funding
This work was supported by the following project: Guizhou Province Science 
and Technology Planning Project [Qiankehe Foundation-ZK (2021) General 
123]. We declare that we have no financial and personal relationships with 

other people or organizations that can inappropriately influence our work, 
there is no any conflict of interest related to this work.

Availability of data and materials
The dataset used during the current study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
This study received approval from the Institutional Review Board (IRB) of the 
corresponding author’s affiliated institution, ensuring compliance with human 
research ethics. Written informed consent was obtained from both partici-
pants and their parents. The survey was conducted as part of a psychological 
screening initiative for students by the local government, and review person-
nel underwent appropriate training.

Competing interests
The authors have nothing to disclose.

Received: 25 September 2023   Accepted: 18 January 2024

References
 1. American Psychiatric Association. Diagnostic and statistical manual of 

mental disorders. 5th ed. Washington, D.C.: American Psychiatric Associa-
tion; 2022.

 2. Zhou H, Dang L, Lam LW, et al. A cross-lagged panel model for testing the 
bidirectional relationship between depression and smartphone addiction 
and the influences of maladaptive metacognition on them in Chinese 
adolescents. Addict Behav. 2021;120: 106978.

 3. Casey SM, Varela A, Marriott JP, et al. The influence of diagnosed mental 
health conditions and symptoms of depression and/or anxiety on suicide 
ideation, plan, and attempt among college students: findings from the 
healthy minds study, 2018–2019. J Affect Disord. 2022;298:464–71.

 4. Levinson CA, Zerwas S, Calebs B, et al. The core symptoms of bulimia 
nervosa, anxiety, and depression: a network analysis. J Abnorm Psychol. 
2017;126(3):340.

 5. World Health Organization. Depression. 2023; https:// www. who. int/ 
news- room/ fact- sheets/ detail/ depre ssion.

 6. Solmi M, Radua J, Olivola M, et al. Age at onset of mental disorders 
worldwide: large-scale meta-analysis of 192 epidemiological studies. Mol 
Psychiatry. 2022;27(1):281–95.

 7. Foulkes L, Blakemore SJ. Studying individual differences in human adoles-
cent brain development. Nat Neurosci. 2018;21(3):315–23.

 8. Shorey S, Ng ED, Wong CHJ. Global prevalence of depression and 
elevated depressive symptoms among adolescents: a systematic review 
and meta-analysis. Br J Clin Psychol. 2022;61(2):287–305.

 9. Fatori D, Bordin IA, Curto BM, et al. Influence of psychosocial risk factors 
on the trajectory of mental health problems from childhood to adoles-
cence: a longitudinal study. BMC Psychiatry. 2013;13(1):1–6.

 10. Fuhrmann D, Knoll LJ, Blakemore SJ. Adolescence as a sensitive period of 
brain development. Trends Cogn Sci. 2015;19(10):558–66.

 11. Yu G, Li J, Qi W. Ecosystem theory and adolescent mental health educa-
tion. Educ Res. 2018;39(03):110–7.

 12. Wang J, Zhou Z, Qiu F, Peng H, Liu H, Xin S. Changes in the level of 
depression among Chinese adolescents in the past 30 years and its 
influencing factors. China Extracurricular Educ. 2022;5:28–42.

 13. Tang X, Tang S, Ren Z, et al. Psychosocial risk factors associated with 
depressive symptoms among adolescents in secondary schools in 
mainland China: a systematic review and meta-analysis. J Affect Disord. 
2020;263:155–65.

 14. Tang X, Tang S, Ren Z, et al. Prevalence of depressive symptoms among 
adolescents in secondary school in mainland China: A systematic review 
and meta-analysis. J Affect Disord. 2019;245:498–507.

https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression


Page 11 of 11Gao and Liu  Annals of General Psychiatry            (2024) 23:7  

 15. Kessler RC, Berglund P, Demler O, et al. The epidemiology of major 
depressive disorder: results from the national comorbidity survey replica-
tion (NCS-R). JAMA. 2003;289(23):3095–105.

 16. Spitzer RL, Kroenke K, Williams JBW, et al. Validation and utility of a 
self-report version of PRIME-MD: the PHQ primary care study. JAMA. 
1999;282(18):1737–44.

 17. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief depres-
sion severity measure. J General Int Med. 2001;16(9):606–13.

 18. Lotrakul M, Sumrithe S, Saipanish R. Reliability and validity of the Thai 
version of the PHQ-9. BMC Psychiatry. 2008;8(1):1–7.

 19. Miller AP, da Silva CE, Ziegel L, et al. Construct validity and internal 
consistency of the patient health questionnaire-9 (PHQ-9) depression 
screening measure translated into two Ugandan languages. Psychiatry 
Res Commun. 2021;1(2): 100002.

 20. Tele AK, Carvajal-Velez L, Nyongesa V, et al. Validation of the English and 
swahili adaptation of the patient health questionnaire–9 for use among 
adolescents in Kenya. J Adolesc Health. 2023;72(1):S61–70.

 21. Kigozi G. Confirmatory factor analysis of the patient health question-
naire-9: a study amongst tuberculosis patients in the free state province. 
Southern Afr J Infectious Dis. 2020. https:// doi. org/ 10. 4102/ sajid. v35i1. 
242.

 22. Urtasun M, Daray FM, Teti GL, et al. Validation and calibration of the 
patient health questionnaire (PHQ-9) in Argentina. BMC Psychiatry. 
2019;19(1):1–10.

 23. Feng Y, Huang W, Tian TF, et al. The psychometric properties of the quick 
inventory of depressive symptomatology-self-report (QIDS-SR) and the 
patient health questionnaire-9 (PHQ-9) in depressed inpatients in China. 
Psychiatry Res. 2016;243:92–6.

 24. Wang Y, Liang L, Sun Z, et al. Factor structure of the patient health ques-
tionnaire-9 and measurement invariance across gender and age among 
Chinese university students. Medicine. 2023;102(1):e32590.

 25. Chen S, Chiu H, Xu B, et al. Reliability and validity of the PHQ-9 for screen-
ing late-life depression in Chinese primary care. Int J Geriatr Psychiatry. 
2010;25(11):1127–33.

 26. Tsai FJ, Huang YH, Liu HC, et al. Patient health questionnaire for school-
based depression screening among Chinese adolescents. Pediatrics. 
2014;133(2):e402–9.

 27. Leung DYP, Mak YW, Leung SF, et al. Measurement invariances of the 
PHQ-9 across gender and age groups in Chinese adolescents. Asia Pac 
Psychiatry. 2020;12(3): e12381.

 28. Doucette A, Wolf AW. Questioning the measurement precision of psycho-
therapy research. Psychother Res. 2009;19(4–5):374–89.

 29. Wright BD, Douglas GA. Best procedures for sample-free item analysis. 
Appl Psychol Meas. 1977;1(2):281–95.

 30. Eichenbaum AE, Marcus DK, French BF. Item response theory analy-
sis of the psychopathic personality inventory-revised. Assessment. 
2019;26(6):1046–58.

 31. Ackerman T A. The Theory and Practice of Item Response Theory. 2010.
 32. Reeve BB, Hays RD, Bjorner JB, et al. Psychometric evaluation and calibra-

tion of health-related quality of life item banks: plans for the patient-
reported outcomes measurement information system (PROMIS. Med 
Care. 2007;45(5):S22–31.

 33. Marmara J, Zarate D, Vassallo J, et al. Warwick Edinburgh mental well-
being scale (WEMWBS): measurement invariance across genders and 
item response theory examination. BMC Psychol. 2022;10(1):1–17.

 34. Breslau J, Gilman SE, Stein BD, et al. Sex differences in recent first-onset 
depression in an epidemiological sample of adolescents. Transl Psychia-
try. 2017;7(5):e1139–e1139.

 35. Finney SJ, DiStefano C. Non-normal and categorical data in structural 
equation modeling. Struct Equ Model. 2006;10(6):269–314.

 36. Reckase MD. Unifactor latent trait models applied to multifactor tests: 
results and implications. J Educ Stat. 1979;4(3):207–30.

 37. Revelle W R. Psych: Procedures for personality and psychological research. 
2017.

 38. Rosseel Y. lavaan: an R package for structural equation modeling. J Stat 
Softw. 2012;48:1–36.

 39. Morizot J, Ainsworth A T. Toward modern psychometrics: Application of 
item response theory models in personality research: In Robins RW, Fraley 
RC, Krueger RF. Handbook of Research Methods in Personality Psychol-
ogy. 2009.

 40. Mokken R J. A theory and procedure of scale analysis: With applications in 
political research. Walter de Gruyter. 2011.

 41. Van der Ark LA. New developments in Mokken scale analysis in R. J Stat 
Softw. 2011;48:1–27.

 42. Yen WM. Scaling performance assessments: Strategies for managing local 
item dependence. J Educ Measure. 1993;30(3):187–213.

 43. Flens G, Smits N, Carlier I, et al. Simulating computer adaptive testing 
with the mood and anxiety symptom questionnaire. Psychol Assess. 
2016;28(8):953.

 44. Chalmers RP. mirt: a multidimensional item response theory package for 
the R environment. J Stat Softw. 2012;48:1–29.

 45. Bradley AP. The use of the area under the ROC curve in the evaluation of 
machine learning algorithms. Pattern Recogn. 1997;30(7):1145–59.

 46. Hanley JA, McNeil BJ. The meaning and use of the area under a receiver 
operating characteristic (ROC) curve. Radiology. 1982;143(1):29–36.

 47. Metz CE. Basic principles of ROC analysis. Sem Nuclear Med WB Saunders. 
1978;8(4):283–98.

 48. Somoza E, Soutullo-Esperon L, Mossman D. Evaluation and optimization 
of diagnostic tests using receiver operating characteristic analysis and 
information theory. Int J Biomed Comput. 1989;24(3):153–89.

 49. Albert PR. Why is depression more prevalent in women? J Psychiatry 
Neurosci. 2015;40(4):219–21.

 50. Kim EJ, Pellman B, Kim JJ. Stress effects on the hippocampus: a critical 
review. Learn Mem. 2015;22(9):411–6.

 51. Quiroga CV, Janosz M, Bisset S, et al. Early adolescent depression 
symptoms and school dropout: mediating processes involving self-
reported academic competence and achievement. J Educ Psychol. 
2013;105(2):552.

 52. Stocker R, Tran T, Hammarberg K, et al. Patient Health Questionnaire 9 
(PHQ-9) and general anxiety disorder 7 (GAD-7) data contributed by 
13,829 respondents to a national survey about COVID-19 restrictions in 
Australia. Psychiatry Res. 2021;298: 113792.

 53. Stegenga BT, King M, Grobbee DE, et al. Differential impact of risk factors 
for women and men on the risk of major depressive disorder. Ann Epide-
miol. 2012;22(6):388–96.

 54. DeRose L M, Wright A J, Brooks-Gunn J. Does puberty account for the 
gender differential in depression. Women and depression: A handbook 
for the social, behavioral, and biomedical sciences. 2006; 89–128.

 55. Salari N, Hosseinian-Far A, Jalali R, et al. Prevalence of stress, anxi-
ety, depression among the general population during the COVID-
19 pandemic: a systematic review and meta-analysis. Glob Health. 
2020;16(1):1–11.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.4102/sajid.v35i1.242
https://doi.org/10.4102/sajid.v35i1.242

	Analyzing the psychometric properties of the PHQ-9 using item response theory in a Chinese adolescent population
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Procedure
	Participants
	Measures
	Statistical analysis
	IRT assumption check
	Unidimensionality
	Monotonicity
	Local Independence
	Model fit
	Functional assessment of items
	Differential item functioning
	ROC curve analysis


	Results
	Assumption check
	Model fit

	Graded response model parameters
	Item parameters
	Information on the items and test
	DIF analysis
	For gender
	For grade
	ROC curve analysis

	Discussion
	Limitations and future research

	Conclusions
	References


