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widely used self-administered instruments for assessing and screening depression.

Methods: The updated COnsensus-based Standards for the selection of health Measurement
Instruments methodology for a systematic review of self-reported instruments was used. PubMed,
Embase, CINAHL, PsycINFO, and the Cochrane Library databases were searched from their inception up to

gg‘;‘g’srs‘ffm February 28, 2023.

questionnaire Results: This study reviewed 98 psychometric studies reported on in 90 reports conducted in 40
reproducibility of results countries. Various versions of the PHQ-9 were identified: one-factor structures (8 types), two-factor
systematic review structures (10 types), bifactor structures (4 types), three-factor structure (1 type), and second-order

three-factor structure (1 type). There was sufficient high-quality evidence for structural validity of the
one-factor structure with nine items scored using a four-point Likert scale based on confirmatory factor
analysis, for internal consistency with a quantitatively pooled Cronbach « of .85, and for measurement
invariance across sex, age, education level, marital status, and income groups. There was sufficient high-
quality evidence for structural validity, internal consistency (Cronbach’s o = .76— .92, » = 0.83— .92), and
measurement invariance across sex for the PHQ-8 (which excluded item 9: “suicidality or self-harm
thoughts”).
Conclusion: The one-factor PHQ-9 and PHQ-8 (excluding item 9) scored using a four-point Likert scale
have the best internal structure based on the current evidence. The one-factor PHQ-9 and PHQ-8 justify
the use of aggregated total scores in both practice and research. The total score of the PHQ-9 using a four-
point Likert scale can be used to compare depression levels across sex, age, education level, marital
status, and income groups due to the availability of sufficient evidence for measurement invariance
across these demographic groups.
© 2025 Korean Society of Nursing Science. Published by Elsevier BV. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction which leads to a poor quality of life or possibly even suicide [1]. This

situation indicates the importance of the early detection and

Depression is a common mental disorder, with approximately prompt management of depression, which requires an instrument

5% of adults estimated to be suffering from it globally [1]. Depres- for assessing depression that is brief, easy to apply, and accurate for
sion can adversely affect the ability to perform the activities of daily measurements and utilization.

living as well as normal tasks at work/school and in the community, The Patient Health Questionnaire (PHQ)-9 is one of the most

widely used self-administered instruments developed to assess and
screen depression according to criteria in the fourth edition of the
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summing the scores for all items, with higher scores indicating
more severe depressive symptoms. PHQ-9 scores of 0—5, 6—10,
11—15, and 16—20 are taken to represent mild, moderate, moder-
ately severe, and severe depression, respectively [3]. The psycho-
metric properties of internal consistency, test—retest reliability,
convergent validity, and criteria validity of the PHQ-9 were satisfied
in the original study involving 6000 patients aged >18 years in 8
primary-care and 7 obstetrics clinics in the USA [3].

The PHQ-9 has been translated into various languages and
psychometrically tested in many countries in diverse populations
with different conditions. However, considerable problems have
found regarding its internal structure, comprising structural val-
idity, internal consistency, and measurement invariance [4]. The
results for the structural validity of the PHQ-9 have been incon-
sistent (e.g., for one, two, and three factors), and the underlying
structure of the PHQ-9 is criticized as still being inconclusive [4].
The internal consistency of a scale is dependent on its structure [5];
for example, if a result for structural validity yields three factors, the
internal consistency (e.g., Cronbach a) for each subscale needs to be
calculated rather than that for the total scale. In other words,
structural validity is a prerequisite for evaluating internal consis-
tency. When the PHQ-9 produces heterogeneous structural results,
it is questionable how items should be clustered for ensuring in-
ternal consistency. The measurement invariance of an instrument
refers to how its items perform across groups and hence is an
important property when comparing differences in scores between
groups [6]. In other words, the group difference is not due to the
true nature of the construct to be measured if measurement non-
invariance is present. Evaluations of the measurement invariance
of the PHQ-9 across demographic groups (e.g., age and sex) have
produced inconsistent findings [7—11]. Nevertheless, studies have
found differences in PHQ-9 scores across demographic and various
medical condition groups, with it being unclear whether these score
differences are due to differences in how items function across the
groups or to differences in the true nature of depression [7,9].

The PHQ-9 has been psychometrically applied in diverse pop-
ulations, and various PHQ-9 versions and inconsistent psycho-
metric properties have been reported [8]. In such cases, a
systematic review of the measurement properties of an instrument
can be used to identify all existing instruments (types) measuring a
concept of interest and provide psychometric information to
determine which one is the best [6]. Several types of systematic
review have been applied to the PHQ-9, but most of them were
narrative and summarized measurement properties rather than
performing quality assessments or data syntheses, or they were
disease-specific systematic reviews [4,8,12—14]. Thus, a systematic
review of the PHQ-9 needs to be conducted using an internationally
acceptable standard guideline for the systematic review of mea-
surement properties without a population restriction. The most
common topic addressed by the systematic reviews was the
screening of depression, focusing on the criterion validity using the
gold standard of a structural clinical interview by a trained health
professional, and identifying a cutoff value for detecting major
depressive disorder [14—19]. Therefore, the aim of this study was to
conduct a systematic review of the internal structure (structural
validity, internal consistency, and measurement invariance) of the
PHQ-9 without a population restriction.

Methods
Study design and searching strategy
The aim of this study was to conduct a systematic review of

depression (construct) without a population restriction (popula-
tion) measured using the PHQ-9 (instrument) about structural

validity, internal consistency, and measurement invariance (mea-
surement properties of interest). This systematic review adhered to
the updated COnsensus-based Standards for the selection of health
Measurement Instruments (COSMIN) methodology for a systematic
review of self-reported instruments [20,21]. PubMed, Embase,
CINAHL, PsycINFO, and the Cochrane Library databases were
searched from their inception up to February 28, 2023. According to
the COSMIN, the databases were searched by combining the
following key elements using AND and NOT Boolean operators [22]:
instrument names (PHQ-9 and its short forms), measurement
properties, and an exclusion filter reported by Terwee et al. [22]
(detailed filters are presented in Supplementary files).

Eligibility criteria

Studies eligible for inclusion in this study were peer-reviewed,
full-text psychometric studies reported on in English that exam-
ined the internal structure of the PHQ-9 and its short forms. The
studies that exclusively employed exploratory factor analysis for
structural validity were excluded because this is a preliminary
method that provides potential hypotheses for the factor structure,
such as providing empirical evidence for the structure for use in
confirmatory factor analysis (CFA) [23]. Eligible studies included
not only healthy general populations but also patients with dis-
eases as long as the involved individuals were >18 years of age
since the PHQ-9 was originally developed for this age group.
Additionally, studies that used the PHQ-9 and its short forms for
validating other instruments were also excluded.

Selection of studies

The processes to select psychometric studies are presented in
Figure 1, showing an updated Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses (PRISMA) flow diagram for
systematic reviews [24]. The records identified in the searched
databases were exported to EndNote (Thomson Reuters, New York,
NY, USA) to remove duplicates. Two authors (D.C. and ].L.) inde-
pendently screened records based on their titles and abstracts. The
full texts of the screened records were then assessed for eligibility.
The reference lists of the identified records were also checked
manually to identify any other relevant reports. In cases of any
disagreement, consensus about inclusion was obtained by consul-
ting with a third reviewer (E.-H.L.).

Data extraction

The following data were extracted from each included study:
the characteristics of instruments (name of PHQ-9 versions,
numbers of subscales and items, administration mode, and lan-
guage), the characteristics of studies (sample size, age, sex, marital
status, education level, study population, study setting, and coun-
try), and the results of measurement property evaluations (struc-
tural validity, internal consistency, and cross-cultural/
measurement invariance). Data extraction was performed by the
three authors independently (D.C., J.L., and E.-H.L.), with any
disagreement resolved through discussion.

Assessment of methodological quality and measurement property
results

The methodological quality of each property (structural validity,
internal consistency, and cross-cultural validity/measurement
invariance) for each study was assessed using the COSMIN Risk of
Bias checklist [20]. The risk of bias was rated on a four-point scale of
“very good,” “adequate,” “doubtful,” and “inadequate” using the
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Figure. 1. PRISMA flow diagram.

worst score counts principle. For the methodological assessment of
structural validity, the reporting of a particular estimation method
being used was additionally defined as an important requirement
for the CFA in this study: the risk of bias was rated as “doubtful” if
the estimation method was not described, while the flaw was rated
as “inadequate” if an inappropriate estimation was used.

The results of individual studies for the internal structure were
rated against the updated criteria for good measurement properties
as sufficient (+), insufficient (—), or indeterminate (?) [21]. Ac-
cording to the updated criteria, only Cronbach o (> .70) can be used
as a rating indicator for internal consistency. Other indicators have
frequently been used recently, such as McDonald's omega (w) [25].
Therefore, the additional criteria suggested by Lee et al. [26] and
Perreira et al. [27] were also applied for the quality rating of in-
ternal consistency: sufficient (+) for w >.70 (hierarchical omega: w
H > .50), item/person reliability of > .70, and person/item separa-
tion of >1.50 for each unidimensional scale or subscale; insufficient
(=) for v < .70 (w y < .50), item/person reliability of < .70, and
person/item separation of <1.50; and indeterminate (?) if the
values were not reported. Regarding the quality of cross-cultural
validity/measurement invariance, a sufficient (+) rating was
assigned in this study if configural (equivalence of model form),
metric (equivalence of item loadings on factors), and scalar
(equivalence of item intercepts of metric invariant items) in-
variances across groups were satisfied, because the error-variance
invariance (equivalence of item residuals of metric and scalar
invariant items) is excessively stringent to achieve in the applica-
tion for multiple-group confirmatory factor analysis in practice
[28]. These assessments were performed independently by all three
authors (D.C,, J.L,, and E.-H.L.), with any disagreement resolved
through discussion.

Summary of evidence and grading the quality of evidence

To draw an overall conclusion about the quality of an instru-
ment, the results of studies for each measurement property were
first summarized or quantitatively pooled. For internal consistency,
a pooled estimate of Cronbach o values was obtained using the

statistical package Meta in R software (version 4.3.2, R Core Team)
[29]. The summarized or pooled result was compared with the
criteria for good measurement properties to determine an overall
rating for each measurement property: sufficient (+), insufficient
(—), inconsistent (+), or indeterminate (?). The quality of the evi-
dence was then graded according to the modified Grading of Rec-
ommendations Assessment, Development, and
Evaluation approach, taking into account four factors (risk of bias,
inconsistency, imprecision, and indirectness) and grading the
quality of evidence as high, moderate, low, or very low [21]. The
overall rating and its quality of evidence were not assessed if only a
single study had analyzed each of structural validity, internal con-
sistency, and measurement invariance, in order to avoid over-
weighting by that single study [30]. The three authors (D.C,, J.L., and
E.-H.L.) independently performed the data syntheses and then
together came to the final resolution through discussion.

Results
Identified studies

As shown in Figure 1, the database search identified 5,937 re-
cords. After removing 1,298 duplicates, a further 4,505 records
were excluded after screening the titles and abstracts. Among the
remaining 134 full-text reports retrieved, 51 failed to meet the in-
clusion criteria and thus were also excluded. An additional 7 re-
ports were identified from the reference lists in these 83 reports.
Eight of these 90 reports reported on 2 psychometric studies that
examined the measurement properties using different samples or
different structures of the instrument and hence 98 psychometric
studies reported on in 90 reports were finally included in this
systematic review.

Characteristics of instruments

The 98 studies included in this study were classified
based on the underlying structures (one-factor, two-factor, bifactor,
three-factor, and second-order three-factor structures). Each
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structure was then sorted by the used item responses (binary,
three-point Likert, and four-point Likert scales) and clustered items
(parceled items into a factor or factors). There were 24 different
versions included (Table 1). Regarding the administration modes,
paper-and-pencil and interview (face-to-face or phone) modes
were the most frequently used, followed by an online (computer)
mode (Supplementary Table 1).

Characteristics of the included studies

The PHQ-9 and derived versions thereof were applied to general
populations (48 studies), patients with disease (44 studies), or both
general and patient populations (6 studies). The studies were
conducted in 40 countries, with the largest proportion in the USA
(27 studies), followed by Germany (11 studies) and the UK (7
studies). The most frequently utilized setting in which data were
collected was the community (46 studies), followed by clinics and
then both communities and clinics. The original English version had
been translated into 28 languages: Ambharic, Brazilian, Chinese,
Danish, Dutch, French, German, Hebrew, Indian (local languages),
Indonesian, Malayalam, Japanese, Korean, Liberian English,

Table 1 PHQ-9 and Derived Versions.

Lithuanian, Norwegian, Persian, Filipino, Portuguese, Russian,
Sesotho, Spanish, Swahili, Swedish, Thai, Turkish, Twi, and Viet-
namese (Supplementary Table 1).

Synthesized evidence

The summarized and pooled results for the structural validity,
internal consistency, and cross-cultural/measurement invariance of
each version of the PHQ-9 are presented in Supplementary Table 2.
The overall rating and quality of evidence for measurement prop-
erties are presented in Table 2.

The one-factor PHQ-9 with 9 items scored using a 4-point Likert
scale was the most frequently evaluated (48 results) using CFA (42
results) and item response theory (IRT)/Rasch analysis (6 results)
(Supplementary Table 2). There was insufficient (—) high-quality
evidence for this version of the PHQ-9 since 72.9% out of 48 re-
sults supported the structure (which is below the COSMIN criterion
of >75%) (Table 2). When this evidence was divided into using the
CFA and IRT/Rasch approaches, sufficient (+) high-quality evidence
(81.0% of the results) was found in the CFA studies, while insuffi-
cient (—) high-quality evidence (16.7% of the results) was produced

Factor Number of items Item response Factors and clustered items
One factor 9 4-point Likert One: 1-9
(8 versions) 9 3-point Likert One: 1-9
9 Binary responses One: 1-9
8 4-point Likert One: 1-8
8 4-point Likert One: 1-6,7,9
7 4-point Likert One: 3—9
5 3-point Likert One: 1,2,4,6,9
2 4-point Likert One: 1,2
Two factors 9 4-point Likert Somatic: 3—5,7, 8
(10 versions) Nonsomatic (cognitive/affective): 1, 2, 6, 9
9 4-point Likert Somatic: 3—5
Cognitive/affective: 1, 2, 6—9
9 4-point Likert Somatic: 3, 5,7, 8
Affective: 1,2,4,6,9
9 4-point Likert Somatic: 1-5
Cognitive/affective: 6—9
9 4-point Likert Somatic: 3-5, 8
Cognitive/affective: 1, 2,6, 7,9
9 4-point Likert Somatic: 1, 3-5, 8
Nonsomatic: 2, 6, 7, 9
8 4-point Likert Somatic: 3—5, 8
Cognitive/affective: 1, 2, 6, 7
8 4-point Likert Somatic: 3—5,7, 8
Nonsomatic: 1, 2, 6
7 4-point Likert Somatic: 3—5
Nonsomatic: 1, 2, 6,9
6 4-point Likert Somatic: 3—5
Nonsomatic: 2, 6, 9
Bifactor 9 4-point Likert General: 1-9
(4 versions) Somatic: 3-5,7, 8
Cognitive/affective: 1, 2, 6, 9
9 4-point Likert General: 1-9
Somatic: 3—5
Cognitive/affective: 1, 2, 6—9
9 4-point Likert General: 1-9
Somatic: No information
Cognitive/affective: No information
8 4-point Likert General: 1-8
Somatic: 3—5, 8
Cognitive/affective: 1, 2, 6, 7
Three factors 9 4-point Likert Somatic: 7, 8
(1 version) Cognitive: 1, 2,6,9
Pregnancy symptoms: 3—5
Second-order three 9 4-point Likert Somatic: 3—5
factors (1 version) Affective: 1,2, 6,9
Cognitive: 7, 8

PHQ-9 = Patient Health Questionnaire-9.
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Table 2 Overall Rating and Quality of Evidence for Measurement Properties of the Internal Structure of the PHQ-9 Versions.

Versions

Structural validity

Internal consistency

Cross-cultural/measurement invariance

Overall rating/quality of evidence

Overall rating/quality of evidence

Overall rating/quality of evidence

« Development study of the PHQ-9: Unclear information about factor(s)

PHQ-9 [3]

« One factor

One-factor PHQ-9 scored using a 4-
point Likert scale (items 1—9)
[7,10,11,32,39—43,47—-80]

One-factor PHQ-9 scored using a 3-
point Likert scale (items 1-9) [81—-87]

One-factor PHQ-9 scored using binary
responses (items 1—9) [88]
One-factor PHQ-8 scored using a 4-
point Likert scale (items 1—8)
[35,54,77,89—91]

One-factor PHQ-8 scored using a 4-
point Likert scale (items 17, 9) [92]

One-factor PHQ-7 scored using a 4-
point Likert scale (items 3—9) [93]
One-factor PHQ-5 scored using a 3-
point Likert scale (items 1, 2, 4, 6, 9) [94]
One-factor PHQ-2 scored using a 4-
point Likert scale (items 1, 2) [51,93,95]
« Two factors

Two-factor PHQ-9 scored using a 4-
point Likert scale:

Somatic (items 3—5, 7, 8) nonsomatic
(cognitive/affective) (items 1, 2, 6, 9)
[96—102]

Two-factor PHQ-9 scored using a 4-
point Likert scale:

Somatic (items 3—5) cognitive/affective
(nonsomatic) (items 1, 2, 6—9)
[9,38,103—106]

Two-factor PHQ-9 scored using a 4-
point Likert scale:

Somatic (items 3, 5, 7, 8) affective (items
1,2,4,6,9)[107]

Two-factor PHQ-9 scored using a 4-
point Likert scale:

Somatic (items 1—5) cognitive/affective
(items 6—9) [108,109]

Two-factor PHQ-9 scored using a 4-
point Likert scale:

Somatic (items 3—5, 8) cognitive/
affective (items 1, 2, 6,7, 9) [110]
Two-factor PHQ-9 scored using a 4-
point Likert scale:

Somatic (items 1, 3—5, 8) nonsomatic
(items 2, 6, 7,9) [111]

Insufficient (—)/high

<Based on the analysis method>
CFA: Sufficient (+)/high
IRT/Rasch: Insufficient (—)/high

Insufficient (—)/high

Sufficient (+)/high

Insufficient (—)/high

Insufficient (—)/high

Sufficient (+)/high

Sufficient (+)/high

Insufficient (—)/high?

No rating/grading

Sufficient (+)/high

Sufficient (+)/high

Sufficient (+)/high

Sufficient (+)/high

Insufficient (—)/high

Sufficient (+)/high

Sex: Sufficient (+)/high

Age: Sufficient (+)/high

Education level: Sufficient (+)/high
Marital status: Sufficient (+)/high
Income: Sufficient (+)/high
Language/ethnicity: Insufficient (—)/high
Over time: Insufficient (—)/high
Eating disorder: Insufficient (—)/high
Occupation®

University type®

Domestic violence®
Neurological/community groups®
Administration mode®

Alcohol consumption®

GOLD severity®

Residence area®

Symptom burden®

Sex: Insufficient (—)/high

Age: Sufficient (—)/high

Education level: Sufficient (+)/high
Employment®

Duration of visual impairment”
Systemic/ocular comorbidity®
Visual impairment®

Implantation®

Heart failure severity®

Symptoms®

Chemotherapy*®

Sex: Sufficient (+)/high

Ethnicity®

Age®

Education level®

Sex*

Age: Not available

Multimorbidity®

Over time®

Sex: Insufficient (—)/high
Diabetes: Sufficient (+)/high
Country?

Ethnicity: Sufficient (+)/high

Over time: Sufficient (+)/high

Sex: Sufficient (+)/high

Education level: Sufficient (+)/high

Over time*

Treatment groups across the following time periods®

Sex?

Region®

(continued on next page)
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Table 2 (continued )

Versions Structural validity

Internal consistency Cross-cultural/measurement invariance

Overall rating/quality of evidence

Overall rating/quality of evidence

Overall rating/quality of evidence

Two-factor PHQ-8 scored using a 4-
point Likert scale:

Somatic (items 3—5, 8) cognitive/
affective (items 1, 2, 6, 7) [112]
Two-factor PHQ-8 scored using a 4-
point Likert scale:

Somatic (items 3—5, 7, 8)

Nonsomatic (items 1, 2, 6) [113,114]
Two-factor PHQ-7 scored using a 4-
point Likert scale:

Somatic (items 3—5), nonsomatic
(items 1, 2, 6,9) [115]

Two-factor PHQ-6 scored using a 4-
point Likert scale:

Somatic (items 3—5), nonsomatic
(items 2, 6,9) [116]

« Bifactors

Bifactor PHQ-9 scored using a 4-point
Likert scale:

General (items 1-9),

Somatic (items 3—5, 7, 8) cognitive/
affective (items 1, 2, 6, 9) [31]
Bifactor PHQ-9 scored using a 4-point
Likert scale:

General (items 1-9)

Somatic (items 3—5), cognitive/affective
(items 1, 2, 6-9) [45,46]

Bifactor PHQ-9 scored using a 4-point
Likert scale:

General (items 1-9)

Somatic (no information) cognitive/
affective (no information) [44]
Bifactor PHQ-8 scored using a 4-point
Likert scale:

General (items 1—8)

Somatic (items 3—5, 8) cognitive/
affective (items 1, 2, 6, 7) [117]

o Three factors

Three-factor PHQ-9 scored using a 4-
point Likert scale:

Cognitive/affective (items 1, 2, 6, 9)
Pregnancy symptoms (items 3—5)
Somatic (items 7, 8) [118]

« Second-order three factors
Second-order three-factor PHQ-9 a 4
scored using a 4-point Likert scale:

Somatic (items 3—5) affective (items 1,

2,6,9)

Cognitive (items 7, 8) [119]

Sufficient (+)/high

Sufficient (+)/high

Insufficient (—)/moderate

Over time®
Intervention/control groups®

Ethnicity®

Sex?*

Diagnostic group?®
Comorbidity®

Nonclinical and MDD groups®
MDD and MDD with anxiety disorder groups®

Insufficient (—)/high

Language®
Country?

MDD = major depressive disorder; PHQ-9 = Patient Health Questionnaire-9.

2 No rating/grading: Overall rating and its quality of evidence was not assessed if there existed a single study for the structural validity, internal consistency, and mea-

surement properties in order to avoid overweighting by that single study.

in the IRT/Rasch studies. There was sufficient (+) high-quality ev-
idence for the internal consistency of the one-factor PHQ-9 scored
using a four-point Likert scale. The pooled Cronbach « was .85 (95%
confidence interval = .83—.86, I = 98%) (Figure 2). The summarized
Cronbach o values ranged from .65 to .92, and other indicators for
the internal consistency are presented in Supplementary Table 2.
Regarding the cross-cultural validity/measurement invariance of
this one-factor PHQ-9, 17 different types of groups were assessed.
Among them, there was sufficient (+) high-quality evidence for
measurement invariance for the sex, age, education level, marital
status, and income groups (Table 2).

Ancillary paper-and-pencil, interview, and online modes were
also applied to the 1-factor PHQ-9 scored using a 4-point Likert
scale in 14, 12, and 8 studies, respectively (studies using more
than one mode type were not considered). There was sufficient (+)
high-quality evidence for structural validity of the one-factor PHQ-

9 in the studies using the paper-and-pencil and online modes,
while insufficient (—) high-quality evidence was found in the
studies that administered the interview mode (Table 3).

Among the one-factor structures, the second most frequently
reported structure was the PHQ-9 scored using a three-point Likert
scale and the PHQ-8 (items 1—8) scored using a four-point Likert
scale. There was insufficient (—) high-quality evidence for struc-
tural validity and sufficient (+) high-quality evidence for internal
consistency of the PHQ-9 scored using a three-point Likert scale,
with a Cronbach « of .82, a person separation reliability of .66— .82,
and an item separation of .96. There was sufficient (+) high-quality
evidence for measurement invariance across age and education
level groups, but insufficient (—) high-quality evidence across
sex groups. In the case of the PHQ-8 (excluding item 9), there
was sufficient (+) high-quality evidence for structural validity, in-
ternal consistency (Cronbach o = .76-92, » = .83-92), and
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Figure. 2. The pooled Cronbach’s alpha.

measurement invariance across sex groups (Table 2 and
Supplementary Table 2).

Regarding two-factor structures, the best version was that of the
PHQ-9 (scored using a four-point Likert scale) with a somatic factor
(items 3—5) and a cognitive/affective (nonsomatic) factor (items 1,
2, 6-9). There was sufficient (+) high-quality evidence for the
structural validity and internal consistency of this version of the
PHQ-9, with Cronbach « values of .72— .76 and .69— .76 for the
somatic and cognitive/affective factors, respectively. There was
sufficient (+) high-quality evidence for cross-cultural/
measurement invariance across each ethnicity, over time, sex,
and education level groups. There was sufficient (+) high-quality
evidence for structural validity of the two-factor PHQ-9 with
different subscale configurations (somatic factor comprising items
3-5, 7, and 8; cognitive/affective factor comprising items 1, 2, 6, and
9), and for measurement invariance across disease status (dia-
betes), but there was insufficient (—) high-quality evidence for sex
groups, and no evidence for its internal consistency (Table 2 and
Supplementary Table 2).

Associated with bifactors, there was sufficient (+) high-quality
evidence for structural validity of the PHQ-9 scored using a four-
point Likert scale comprising a general factor with items 1-9, a
somatic factor with items 3—5, and a cognitive/affective factor with
items 1, 2, and 6—9. However, there was insufficient (—) high-
quality evidence for internal consistency, in particular with low w
u values of .47, .44, and .26 for the general, somatic, and cognitive/
affective factors, respectively (Table 2 and Supplementary Table 2).

The remaining versions of the three-factor PHQ-9 and the
second-order three-factor PHQ-9 were assessed only once, and so
the overall rating and quality of the evidence could not be deter-
mined (Table 2 and Supplementary Table 2).

Discussion
Principal findings

This study reviewed 98 studies reported on in 90 reports on the
internal structure (structural validity, internal consistency, and

Table 3 Overall Rating and Quality of Evidence for the Internal Structure of the One-Factor PHQ-9 Scored Using a Four-Point Likert Scale According to Administration Modes.

Structural validity

Internal consistency Cross-cultural/measurement invariance

Administration mode
Paper and pencil

Overall rating/quality of evidence
Sufficient (+)/high

Interview (face-to-face or phone) Insufficient (—)/high

Online Sufficient (+)/high

Overall rating/quality of evidence
Sufficient (+)/high

Overall rating/quality of evidence
Sex: Sufficient (+)/high

Language: Insufficient (—)/high

Sex: Sufficient (+)/high

Age: Sufficient (+)/high

Education level: Sufficient (+)/high
Sex: Sufficient (+)/high

Education level: Insufficient (—)/high

Sufficient (+)/high

Sufficient (+)/high

PHQ-9 = Patient Health Questionnaire-9.
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cross-cultural/measurement invariance) of the PHQ-9 and derived
versions, which had been conducted in a wide variety of countries,
languages, and settings in adult populations. The PHQ-9 was orig-
inally developed according to criteria in Diagnostic and Statistical
Manual of Mental Disorders-IV without evaluations of the
construct domains of its items, which has resulted in subsequent
efforts to identify the underlying structure, but for which the
findings remain inconsistent [ 10,31]. The present systematic review
has identified the following versions: one-factor structures (8
types), two-factor structures (10 types), bifactor structures (4
types), three-factor structure (1 type), and second-order three-
factor structure (1 type).

The one-factor PHQ-9 scored using a four-point Likert scale was
the most frequently assessed in the analyzed studies, and there was
insufficient high-quality evidence for its structural validity.
Dividing this evidence into the studies that applied CFA and IRT/
Rasch analysis for structural validity yielded different results: suf-
ficient high-quality evidence in the CFA studies and insufficient
high-quality evidence in the IRT/Rasch studies. According to the
COSMIN, the quality of structural validity is rated as sufficient (+) in
a study using IRT/Rasch analysis when there are no violations of
assumptions (unidimensionality, local independence, and mono-
tonicity) and the model fit is satisfactory. All but one of the reports
on IRT/Rasch analyses of the one-factor PHQ-9 [32] provided no
information about the assumptions. In other words, it is unclear for
these studies whether the assumptions were satisfied but not re-
ported, violated and so not reported, or not assessed. No informa-
tion about the assumptions was the main reason contributing to
the insufficient rating for the quality of structural validity in the
IRT/Rasch studies. For this reason, Lee et al. [26] emphasized that
researchers need to report the assumption results for psychometric
studies applying IRT/Rach analysis. The internal consistency of the
one-factor PHQ-9 scored using a four-point Likert scale showed
sufficient high-quality evidence utilizing both summarized and
quantitatively pooled (meta-analysis) results. To the best of our
knowledge, this is the first report about pooled Cronbach o values
of the PHQ-9 obtained in a meta-analysis. Cronbach « has been a
dominant indicator for assessing internal consistency in multiple-
item measurement scales. However, this indicator is criticized as
performing poorly because of the violation of tau-equivalence [33],
which has resulted in a recent shift to reporting McDonald's «
instead of Cronbach a. The w values of the PHQ-9 were reported in
only a few articles [10,11,72,77] and so the present study did not
conduct quantitative pooling. It is recommended that a future
systematic review conducts a meta-analysis of the « for the PHQ-9
once sufficient values have been accumulated. In this study, the
measurement invariance of the one-factor PHQ-9 scored using a
four-point Likert scale yielded sufficient high-quality evidence for
the general characteristics of sex, age, education level, marital
status, and income. In other words, the difference in the scores
measured by the instrument represents a true difference rather
than bias due to different perceptions of depression and so score
differences can be meaningfully compared across groups. However,
the measurement invariance of this version was restricted to
mainly general characteristics and so further research is needed to
extend to other groups such as disease and country.

Self-reported questionnaires are traditionally mainly adminis-
tered in a paper-and-pencil mode. When a paper-and-pencil
questionnaire is transformed into another mode, such as an inter-
view or computer-based mode, this new mode must be reassessed
because the administration mode can affect the responses [34].
Paper-and-pencil and online modes give respondents more time to
answer the questions, whereas in an interview mode, respondents
may feel pressured to answer the interviewer's questions rapidly or

may respond disingenuously to the interviewer due to factors such
as the content of a question being socially undesirable. The PHQ-9
was originally developed for administering in a paper-and-pencil
mode and includes a very sensitive question (item 9: suicidality
and self-harm thoughts) to allow frank answers. This systematic
review found that the evidence for structural validity of the one-
factor PHQ-9 scored using a four-point Likert scale was better for
the paper-and-pencil and online modes than for the interview
mode. While further studies are needed to confirm these findings,
the usability of the administration mode also has to be considered
in both practice and research.

The PHQ-8 (items 1—8) version excluded item 9 (“suicidality or
self-harm thoughts”) for several reasons: (a) the depression se-
verities measured by the PHQ-9 and PHQ-8 were empirically re-
ported to be strongly correlated (r > .99), implying a trivial effect of
item 9; (b) it is not possible to immediately provide an adequate
intervention with an interview survey (e.g., by phone) when a
participant answers that they have a suicidal intention; (c¢) suici-
dality and thoughts of self-harm are not common in a general
population; (d) this sensitive question can increase the difficulty of
obtaining permission from an institutional review board; and (e)
many respondents will not be willing to answer this sensitive
question [35—37]. Due to these reasons, the PHQ-8 was evaluated
again to verify whether or not the remaining eight items were
psychometrically satisfactory. This systematic review found that
the one-factor PHQ-8 version exhibited almost the same evidence
as that for the one-factor PHQ-9 scored using a four-point Likert
scale.

Regarding the two-factor versions, there was sufficient high-
quality evidence for structural validity, internal consistency, and
measurement invariance (across sex, education level, ethnicity, and
over time) of the PHQ-9 comprising a somatic factor (items 3—5)
and a cognitive/affective factor (items 1, 2, 6—9). However,
between-factor correlations also need to be considered [9,38].
Strong two-factor correlations (coefficients ranging from .85 to .90)
were found in several other studies [7,39—43]. These studies found
that the results for both one- and two-factor solutions of the PHQ-9
were statistically acceptable, but the researchers selected one factor
as the final structure since the strongly correlated two-factor so-
lution indicates a multicollinearity problem.

Bianchi et al. [44] suggested using a bifactor model when strong
between-factor correlations are present. Four types of bifactor
structures of the PHQ-9 and PHQ-8 have been reported. Of them,
the bifactor PHQ-9 comprising a general factor (all nine items), a
specific-somatic factor (items 3—5), and a specific-cognitive/
affective factor (items 1, 2, 6—9) was the best, but there was suffi-
cient high-quality evidence only for its structural validity. More-
over, two studies found that there was insufficient high-quality
evidence for its internal consistency. The Cronbach o values for the
general factor and the two-specific factors in a Japanese study
exceeded .70 [45], but the w y values for both the specific-somatic
and cognitive/affective factors were below the criterion threshold
of .50 [27] in a Puerto Rican study [46]. The low w y values for these
specific factors reflect the trivial proportion of the reliable variance
in the subset scores for each specific factor while controlling for the
general factor, which makes it difficult to interpret each factor score
in both practice and research. Further study is recommended for
the internal consistency of the bifactor PHQ-9 using wy.

Implications for practice and research
Overall, this study found that the internal structure (structural

validity, internal consistency, and cross-cultural/measurement
invariance) was best for the one-factor PHQ-9 and PHQ-8
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(excluding item 9) scored using a four-point Likert scale. Since
these versions supported unidimensionality, the use of an aggre-
gated total score is justified. The invariance of the one-factor PHQ-9
across various demographic groups including sex, age, education
level, marital status, and income was supported. Thus, the total
scores of the PHQ-9 can be meaningfully compared between de-
mographic groups in both practice and research. In particular, it is
recommended to use the one-factor PHQ-8 (excluding item 9)
when applying an interview survey (e.g., by phone) as the admin-
istration mode for a general population, where an immediate
intervention is difficult to provide or the inclusion of a particularly
sensitive question might interfere with the survey accuracy.

Strengths and limitations

The main strength of this study is that it is the first to have
performed a systematic review of the PHQ-9 regarding its internal
structure, in terms of the structural validity, internal consistency,
and cross-cultural/measurement invariance. This is the first study
to quantitatively pool Cronbach o values for the PHQ-9 in a meta-
analysis. On the other hand, a limitation of this study is that it
did not assess other psychometric properties such as convergent
validity, discriminant validity, criterion validity, test—retest reli-
ability, measurement error, or responsiveness. It is recommended
that future systematic reviews assess these other psychometric
properties reported for the one-factor PHQ-9 and PHQ-8 (excluding
item 9) scored using a four-point Likert scale. Another limitation is
this study only included peer-reviewed journal studies published in
English, potentially leading to selection bias.

Conclusions

This study reviewed 98 studies reported on in 90 reports on the
internal structure (structural validity, internal consistency, and
cross-cultural/measurement invariance) of the PHQ-9 that were
conducted in a wide variety of countries, languages, and settings in
adult populations. The one-factor PHQ-9 and PHQ-8 (excluding
item 9) scored using a four-point Likert scale have the best internal
structures based on the current evidence. There was sufficient
high-quality evidence for structural validity of the one-factor PHQ-
9 based on CFA, internal consistency, and cross-cultural/
measurement invariance across various demographic groups. It is
recommended that the one-factor PHQ-8 (excluding item 9) is used
in interview surveys (e.g., by phone) of the general population
where it is difficult to provide an immediate intervention. Future
systematic reviews should assess the other psychometric proper-
ties of the one-factor PHQ-9 and PHQ-8 scored using a four-point
Likert scale, including their convergent validity, discriminant val-
idity, criterion validity, test—retest reliability, measurement error,
and responsiveness.
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