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1 | INTRODUCTION

The onset of depression often occurs in adolescence (Avenevoli,
Swendsen, He, Burstein, & Merikangas, 2015; Rohde, Lewinsohn,

Klein, Seely, & Gau, 2013), and those who experience the early onset
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Abstract

Introduction: The nine-item Patient Health Questionnaire (PHQ-9) is widely used to
determine the severity of depression in adult populations, but its psychometric prop-
erties with regard to adolescents has been poorly explored. The present study aims
to identify the factor structure and examine the measurement invariance of this
instrument across genders and age groups in a Chinese adolescent sample.

Methods: A large sample of Chinese schoolchildren completed the PHQ-9 in a cross-
sectional survey in Hong Kong (N = 10 933). A confirmatory factor analysis (CFA) to
test the factor structure and a multiple group CFA to test the gender and age invari-
ances of the PHQ-9 in adolescents were conducted. Cronbach alpha was used to
assess the reliability of the questionnaire, and Pearson correlations with anxiety, self-
esteem, and perceived control were used to assess its construct validity.

Results: The CFA results indicate that a one-factor model with three pairs of item
correlations fitted the PHQ-9 data well, and measurement invariances by age and
gender were supported. The PHQ-9 also possesses adequate internal consistency
(>.84) and is strongly correlated with anxiety (>.77), self-esteem (<—.57), and per-
ceived control (<—.56) in the expected directions in the overall sample and in the gen-
der and age subsamples.

Discussion: The results support the claim that the PHQ-9 is a reliable and valid scale
and can be used to assess and compare depressive severity across ages and genders

during the period of adolescence.
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of depression are at an elevated risk of subsequently manifesting psy-
chosocial and health adversities (Jonsson et al., 2011; Naicker,
Galambos, Zeng, Senthilselvan, & Colman, 2013; Quiroga, Janosz,
Bisset, & Morin, 2013). Unfortunately, depression in youths is often

undetected, and the undiagnosed are often misunderstood and
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regarded as troublemakers or as unwilling to try hard enough to per-
form academically (Belfer, 2008). Mental disorders account for a large
proportion of the disease burden in young people of all societies
(Gore et al., 2011). Therefore, early recognition is crucial in order to
initiate timely treatment and implement appropriate follow-up
measures.

The Patient Health Questionnaire-9 (PHQ-9) is a self-
administered instrument that was developed by Kroenke, Spitzer, and
Williams (2001) to measure the severity of an individual's depression
by evaluating the depressive episodes experienced by that individual
in the past 2 weeks, using nine criteria based on the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV). Over
the past decades, the PHQ-9 is increasingly being used to determine
the mental health of the general population and patient groups. The
scale has been extensively validated in various adult populations,
including clinical and community samples, and is well documented as
having desirable psychometric properties. A recent systematic review
concluded that the PHQ-9 is a valid instrument for use in identifying,
differentiating, and monitoring depressive disorders (Kroenke, Spitzer,
Williams, & Léwe, 2010).

The favorable psychometric properties of the PHQ-9 have also
been demonstrated across culturally diverse groups through various
translated versions, including Chinese, Arabic, German, Portuguese,
Spanish, Tanzanian, Thai, and Korean. However, such psychometric
properties in adolescent samples remain underresearched. To date,
there have been few studies on the diagnostic accuracy of the PHQ-9
in identifying depression in adolescents (Allgaier, Pietsch, Frihe, Sigl-
Glockner, & Schutle-Kérne, 2012; Ganguly et al., 2013; Richardson
et al., 2010; Tsai et al., 2014). In addition, the consistency of its factor
structure remains unclear. Three previous studies using adolescent
samples reported that the PHQ-9 has a single factor (Burdzovic
Andreas & Brunborg, 2017; Tsai et al., 2014; Yu, Tam, Wong, Lam, &
Stewart, 2012), but mixed results have been reported on the equiva-
lence of the meaning of items across genders. One study showed gen-
der invariants in the PHQ-9 in a Chinese sample from the general
population, which included adolescents (Yu et al., 2012), whereas
another study reported that the PHQ-9 was measurement and scalar
noninvariant across genders in a Norwegian adolescent sample
(Burdzovic Andreas & Brunborg, 2017). To date, none of these studies
have examined measurement invariants across different age sub-
groups within the period of adolescence, given that younger adoles-
cents may not interpret the meaning of an item in the same way as
their older counterparts.

Although the PHQ-9 can potentially facilitate comparisons
across subpopulations, such as by gender, country, and age sub-
group, it is a prerequisite for the items to have an equivalent mean-
ing across the subpopulations under consideration. Thus, the current
study sought to assess the usefulness of the PHQ-9 by examining its
underlying factor structure using a large community sample of ado-
lescents in Hong Kong. The aim was to (a) confirm the single-factor
structure of the PHQ-9 and (b) examine the factorial invariance of
the one-factor model across males and females and different age

subgroups.

2 | METHODS

21 | Participants

This study is an analysis of secondary data derived from a cross-
sectional survey aimed at exploring adolescent mental health risks and
protective factors (Mak & et al, 2014). Students from 16 secondary
schools from two districts in Hong Kong were randomly selected and
were recruited to take part in the study between 2011 and 2014.
After written informed consent was obtained from both the students
and their parents, the students were instructed to anonymously com-
plete the self-reported questionnaire. The survey was conducted by
trained research assistants in a classroom setting with no teachers
present. The students were assured that they could withdraw from
the study at any time without penalty, that teachers and school princi-
pals would have no access to their responses, and that their data
would be kept strictly confidential and used only for research pur-
poses. Students who could not speak and read Chinese were
excluded. The study was approved by the Human Ethics Committee
of the participating university (the ethical approval letter was obtained
on 11 January 2011) and was conducted according to the Declaration
of Helsinki.

Of the 12 518 questionnaires that were collected, 522 did not
contain all of the requested information on the PHQ-9, and 1063 did
not contain information about the respondent's age or contained
information indicating that the respondent was aged 218. Conse-
quently, the sample for the current study comprised 10 933 adoles-
cents. The average age of the respondents was 14.8 years (standard
deviation [SD] = 1.6), with the following age distribution: 11 (0.4%),
12 (10.7%), 13 (14.8%), 14 (16.4%), 15 (18.6%), 16 (21.4%), and
17 (17.8%). The sample consisted of 4847 males, 6038 females, and

48 respondents who did not provide information about their gender.

22 | Measures
The PHQ-9 was designed to measure the presence and severity of
states of depression (Kroenke et al., 2001). The scale consists of nine
items that assess the frequency with which nine depressive symptoms
had occurred in the past 2 weeks, with items rated on a 4-point Likert
scale from “not at all” (O) to “nearly every day” (3). The responses to
each item were summed to provide a single score ranging from O to
27, with higher scores indicating more severe depressive symptoms.
According to the recommendation of Kroenke et al. (2001), depressive
symptoms were classified by severity into five groups, namely, mini-
mal (scores of 0-4), mild (5-9), moderate (10-14), moderately severe
(15-19), and severe (20-27). The Chinese version of the PHQ-9 has
demonstrated good psychometric properties in both adult and adoles-
cent samples (Tsai et al., 2014; Yu et al., 2012; Zhang et al., 2013).
Anxiety was measured using the seven-item Generalized Anxiety
Disorder Scale (GAD-7) developed by Spitzer, Kroenke, Williams, and
Lowe (2006), with items rated on a 4-point Likert scale ranging from

“not at all” (0) to “nearly every day” (3). An overall score of GAD-7
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was calculated by summing the responses from the seven items, giv-
ing a possible range of 0 to 21, with higher scores indicating a higher
level of anxiety. The scale is reliable (« = .89) according to a previous
study (Lowe et al., 2008), and the Cronbach alpha value of GAD-7 in
the present study was .917.

Self-esteem was measured using the Rosenberg Self-esteem
Scale (RSES; Rosenberg, 1986), which consists of 10 items rated on a
4-point Likert scale ranging from “completely disagree” (1) to
“completely agree” (4). RSES scores can range from 10 to 40, with
higher scores indicating a higher level of self-esteem. The Chinese
version of the RSES is a reliable and valid measure in Chinese adoles-
cent samples (Song, Thompson, & Ferrer, 2009; Chen et al., 2017).
The RSES has acceptable internal consistency in the present
study (a = .868).

Perceived control was assessed using the seven-item Mastery
Scale (Pearlin, Menaghan, Lieberma, & Mullan, 1981), which measures
a person's general feeling of personal control over life events.
Responses to all of the items were collected using a 5-point Likert
scale, ranging from “strongly disagree” (0) to “strongly agree” (4).
Responses from all of the items were summed to produce the overall
score, which had a possible range of 0 to 24, with higher scores indi-
cating a higher level of perceived control. The psychometric proper-
ties of the scale were satisfactory in Chinese adolescent samples
(Shek, 2006). The Cronbach alpha value of the scale was .749 in the
current study.

2.3 | Data analysis

The PHQ-9 was evaluated in terms of its factor-analytic structure,
reliability, and construct validity. Confirmatory factor analyses (CFA)
using Satorra-Bentler robust maximum likelihood estimation proce-
dure in the EQS package (Bentler, 2006) were conducted to fit a
single-factor model to the PHQ-9 items. The model was first fitted

TABLE 1 Descriptive statistics of PHQ-9 scores

Level of Severity

| PSYCHIATRY

without allowing for any residual correlations among items. Then,
Lagrange multiplier (LM) tests were used to identify item pairs that
would improve the fit of the model if they were allowed to correlate.
The modification was theoretically plausible. Then, multiple-group
CFAs were performed to examine configural (an equal number of fac-
tors), metric (equal factor loadings), scalar (equal intercepts), and strict
(equal error variances) invariances separately by gender and age. It
was determined that there was a good fit between the model
and the data, through the use of several fit indices, including
(a) standardized root mean square residual (SRMR) < 0.08, (b) robust
comparative fit index (CFI) (R-CFI) = 0.95, and (c) robust root mean
square approximation (RMSEA) (R-RMSEA) < 0.08 (Hu & Bentler,
1999). Measurement invariance was supported if reductions in the R-
CFl were: AR-CFl < 0.002 (Meade, Johnson, & Braddy, 2008). We
combined the two age groups of 11 and 12 years old in the multiple
group analysis, because only a few adolescents in the current sample
were 11 years old.

Cronbach alpha was used to assess the internal consistency of
the PHQ-9, and an alpha value of >.7 was considered a criterion of
good reliability. The construct validity of the PHQ-9, with the total
sample, gender subsamples, and age subsamples, was examined using
Pearson correlation coefficients between the PHQ-9 score and the
relevant measures, including GAD-7, RSES, and Mastery. We hypoth-
esized that PHQ-9 scores would positively correlate with GAD-7
scores and negatively correlate with RSES and Mastery scores.

3 | RESULTS

Table 1 shows that the mean PHQ-9 score was 6.65 (SD = 4.95) for
the whole sample. Males obtained slightly lower mean scores than
females in the PHQ-9 (Cohen d = —.15; P <.001). Furthermore,
the mean scores increased with age. The rates of the different

severities of depressive symptoms, which were classified based on

N Mean SD Minimal (0-4) Mild (5-9) Moderate (10-14) Moderately severe (15-19) Severe (220)

Whole sample 10933 6.65 4.95 38.9% 37.3% 16.1% 5.5% 2.1%
Gender

Male 4847 6.26 5.09 43.4% 34.6% 14.5% 5.2% 2.4%

Female 6038 7.00 4.80 35.3% 39.4% 17.5% 5.7% 2.0%
Age group, year

11-12 1207 5.20 4.82 54.9% 29.5% 9.7% 4.1% 1.8%

13 1615 5.81 4.93 48.9% 32.5% 11.7% 5.0% 2.0%

14 1789 6.37 4.79 41.7% 35.7% 16.2% 4.8% 1.7%

15 2036 6.87 493 36.9% 38.8% 16.2% 5.8% 2.3%

16 2338 7.22 491 31.4% 41.0% 19.0% 6.3% 2.3%

17 1948 7.57 4.95 29.4% 41.4% 20.2% 6.3% 2.6%

Abbreviation: PHQ-9, nine-item Patient Health Questionnaire.
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TABLE 2 Fitindices for the PHQ-9 from confirmatory factor analyses by gender
N R-? SRMR R-RMSEA R-CFI AR-CFI
Male 4847 313.494 0.030 0.050 0.966 -
Female 6086 405.736 0.029 0.051 0.963 -
Invariance test
Configural 48 714.705 0.029 0.050 0.964 -
Metric 56 746.699 0.034 0.048 0.963 0.000
Scalar 65 1009.266 0.034 0.049 0.964 -0.001
Strict 75 1057.459 0.047 0.049 0.961 0.003
Strict + Error covariances 78 1054.767 0.048 0.048 0.961 0.000

Abbreviations: CFl, comparative fit index; PHQ-9, nine-item Patient Health Questionnaire; R-CFl, robust CFI; R-RMSEA, robust root mean square error

approximation; SRMR, standardized root mean square residual.

TABLE 3 Fitindices for the PHQ-9 from confirmatory factor analyses by age
N R-¢? SRMR R-RMSEA R-CFI AR-CFI
Age group
11-12 1207 82.49 0.030 0.045 0.944 -
13 1615 122.30 0.032 0.050 0.962 -
14 1789 123.49 0.060 0.048 0.964 -
15 2036 108.48 0.026 0.042 0.975 -
16 2338 145.20 0.028 0.046 0.972 -
17 1948 219.32 0.036 0.065 0.948 -
Invariance test
Configural 144 789.94 0.031 0.050 0.963 -
Metric 184 858.66 0.039 0.045 0.962 —0.000
Scalar 229 1403.31 0.045 0.047 0.963 —0.001
Strict 279 1498.53 0.054 0.049 0.961 0.002
Strict + Error covariances 294 1493.40 0.053 0.042 0.962 —-0.001

Abbreviations: CFl, comparative fit index; PHQ-9, nine-item Patient Health Questionnaire; R-CFI, robust CFl; R-RMSEA, robust root mean square error

approximation; SRMR, standardized root mean square residual.

TABLE 4 Correlations of PHQ-9 with criteria measures by gender and age group subsamples

Whole sample Male Female Aged 11-12
Self-esteem -.593 -.581 -.601 -.601
Mastery -.600 -.591 —.605 -.593
Anxiety 791 795 .784 .786

Note: All P values are <.001.
Abbreviation: PHQ-9, nine-item Patient Health Questionnaire.

the recommendation by Kroenke et al. (2001) as minimal (scores
of 0-4), mild (5-9), moderate (10-14), moderately severe (15-19),
and severe (20-27), were 38.9%, 37.3%, 16.1%, 5.5%, and 2.1%,
respectively, for the whole sample. Males and females were similar
in terms of rates of moderately severe/severe depressive symp-
toms (7.6% vs 5.7%, P = .81), but the rates increased with age,
from 5.9% in adolescents aged 11 to 12 to 8.9% in adolescents
aged 17.

Aged 13 Aged 14 Aged 15 Aged 16 Aged 17

—-.602 -.580 —-.602 -.590 -.578

-.617 —.569 —.601 —.608 -.588
795 793 .783 778 792

A one-factor model was fitted for the PHQ-9 items with no specifi-
cation of residual correlations (robust y? = 162443, df = 27,
SRMR = 0.043, R-CFl = 0.916, and R-RMSEA = 0.074). LM tests indicated
an improvement in model fit if the residuals of three pairs of item errors
were allowed to correlate: items 1 and 2, items 3 and 4, and items 7 and
8. The model was refitted with specifications of the three correlated
item errors, thereby improving the fit of the model (robust 2 = 700.69,
df = 24, SRMR = 0.029, R-CFI = 0.957, and R-RMSEA = 0.051). Based on



LEUNG ET AL.

‘ ASIA-PACIFIC

—_WILEY- 22

the whole sample, standardized factor loadings for the items were mod-
erately high, ranging from 0.531 to 0.742, and the three error correla-
tions were minimal, ranging from 0.195 to 0.258.

Table 2 shows that the one-factor model with correlated item
residuals for the PHQ-9 items fit the data well in both gender samples
and that the factor structure (configural), factor loadings (metric), item
intercept (scalar), and error variances (strict) were invariant across
genders. Another model with equal error covariances for males and
females was tested, and the noninvariance of the three error covari-
ances between males and females was also supported. Similarly,
Table 3 shows that the one-factor model with three error covariances
for the PHQ-9 items also fits the data well in all six age groups. In
addition, configural, metric, scalar, and strict invariances with error
covariances invariant across age groups were observed.

The coefficient values of alpha for the whole sample was .859;
those for the subsample of males and females were .866 and .852,
respectively; and those for the age subsamples were .860, .860, .846,
.857, .856, and .859 for the age groups 11, 12, 13, 14, 15, 16, and
17, respectively. As hypothesized, the PHQ-9 scores correlated posi-
tively and strongly with anxiety (rs >.77, Ps <.001) and negatively
and moderately with self-esteem (rs < —.57, P < .001) and perceived
control (rs < —.56, Ps < .001) in the whole sample, in the two gender
subsamples, and in the six age subgroups (Table 4). The PHQ-9 dem-
onstrated satisfactory construct validity in this study sample.

4 | DISCUSSION

We examined the factor structure of the PHQ-9 and investigated
whether adolescents interpret and correspond to the items of the
scale differently, depending on their gender and age. With a large
community sample of adolescents, the CFA results supported a single-
factor structure for the PHQ-9. We successfully replicated the result
of the factor structure of the PHQ-9 in female and male subsamples
and in the six age-group subsamples. Thus, the adolescents in this
study showed that they interpreted the items on the scale in a similar
manner, regardless of their gender and age. The internal consistency
estimate and construct validity results for the PHQ-9 were also satis-
factory for the overall, gender, and age-group subsamples.

Most previous studies showed measurement invariances of the
PHQ-9 in adult samples (Galekamp, Stronks, Snijder, & Derks, 2017;
Peterson et al., 2015; Schuler et al., 2018) and in the general popula-
tion (Yu et al., 2012). Only one study examined the consistency of the
factor structure of the PHQ-9 using adolescent samples (Burdzovic
Andreas & Brunborg, 2017). Hence, there have been few investiga-
tions on the measurement invariances of the scale according to both
gender and age. Our results provide important information on the
psychometric properties of the PHQ-9. By separately demonstrating
configural, measurement, scalar, and strict invariances across both
genders and age subgroups, our study shows that the scale has a simi-
lar one-factor structure for both males and females and for all six age
groups of Chinese adolescents. Thus, the observed difference in gen-

der or age in the PHQ-9 scores among Chinese adolescents reflects a
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real difference, rather than factors related to the measurement of
these symptoms.

Similar to previous population-based studies in Europe and Hong
Kong (Galenkamp, Stronks, Snijder, & Derks 2017; Yu et al., 2012),
the current study also found that the model fit improved substantially
when the three error covariances (items 1 and 2, items 3 and 4, and
items 7 and 8) were added to the model. Yu et al. (2012) had
suggested the two possibilities—the wording of the items and the
coexistence of symptoms—might have led to the observation of error
covariances between the corresponding items. Another study of
patients with chronic obstructive pulmonary disease (COPD) reported
that the addition of the error covariance between items 3 and 4 to
the one-factor model yielded a good fit to the data on the PHQ-9
items (Schuler et al., 2018). Meanwhile, Ishihara et al. (2019), using
data from 7850 English-speaking participants from 20 studies, also
reported that the fit of the model improved when error covariances
among items 3, 4, and 5 were added to the one-factor model. A similar
finding from these studies suggested that the coexistence of depres-
sive symptoms may occur and that these symptoms may vary
according to culture. Nevertheless, a further analysis of the coexis-
tence of depressive symptoms is needed.

With regard to the strength of this study, the representative
sample of the target population of adolescents in Hong Kong,
which contains large and diverse age groups, could ensure the gen-
eralizability of the findings of this study. However, the study has
several limitations. First, it is a secondary analysis of a study with
other primary research questions, and no golden standard, such as
DSM-IV, was used to assess depression. Therefore, criterion valid-
ity for the PHQ-9 was not examined in this study. Second, consid-
ering the nature of the cross-sectional design, we did not
investigate the predictive power of the PHQ-9 in the case of
health-related outcomes. Predictive power is one of the important
psychometric properties of an instrument. Further studies to vali-
date the scale using a more advanced study design, such as a longi-

tudinal approach, are needed.
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