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ARTICLE INFO ABSTRACT
Keywords: Shortened versions of self-reported questionnaires may be used to reduce respondent burden. When shortened
Optimal test assembly screening tools are used, it is desirable to maintain equivalent diagnostic accuracy to full-length forms. This
Sensitivity

manuscript presents a case study that illustrates how external data and individual participant data meta-analysis
can be used to assess the equivalence in diagnostic accuracy between a shortened and full-length form. This case
study compares the Patient Health Questionnaire-9 (PHQ-9) and a 4-item shortened version (PHQ-Dep-4) that
was previously developed using optimal test assembly methods. Using a large database of 75 primary studies
(34,698 participants, 3,392 major depression cases), we evaluated whether the PHQ-Dep-4 cutoff of > 4 main-
tained equivalent diagnostic accuracy to a PHQ-9 cutoff of > 10. Using this external validation dataset, a PHQ-
Dep-4 cutoff of >4 maximized the sum of sensitivity and specificity, with a sensitivity of 0.88 (95% CI 0.81,
0.93), 0.68 (95% CI 0.56, 0.78), and 0.80 (95% CI 0.73, 0.85) for the semi-structured, fully structured, and MINI
reference standard categories, respectively, and a specificity of 0.79 (95% CI 0.74, 0.83), 0.85 (95% CI 0.78,
0.90), and 0.83 (95% CI 0.80, 0.86) for the semi-structured, fully structured, and MINI reference standard
categories, respectively. While equivalence with a PHQ-9 cutoff of >10 was not established, we found the
sensitivity of the PHQ-Dep-4 to be non-inferior to that of the PHQ-9, and the specificity of the PHQ-Dep-4 to be
marginally smaller than the PHQ-9.
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1. Introduction

Self-reported symptom measures are used to assess mental health
symptoms and may also be used to screen for mental disorders. How-
ever, in clinical practice and research, individuals may be asked to
complete several measures, each with multiple items or domains, which
can be demanding on their time, and sensitive items, such as asking
about suicidal ideation, may be emotionally burdensome [1-4]. Long
measures can result in poor data quality and high amounts of missing
data. Thus, shortened forms that do not significantly reduce diagnostic
accuracy can provide meaningful data while reducing respondent
burden and potentially increasing data quality.

The Patient Health Questionnaire-9 (PHQ-9) is a 9-item, self-report
questionnaire that measures depressive symptoms [5-7]. Scores on
each item on the PHQ-9 range reflect symptoms in the last 2 weeks and
range from O (“not at all”) to 3 (“every day”). Scores range from 0 to 27
with higher scores indicating higher levels of depressive
symptomatology.

An individual participant data meta-analysis (IPDMA) on the accu-
racy of the PHQ-9 to screen for major depression was conducted on 29
studies with a semi-structured diagnostic interview as the reference
standard (6,725 participants, 924 major depression cases). This study
found that the standard and most commonly used for the PHQ-9, cutoff
threshold of > 10, maximized the combination of sensitivity (0.88, 95%
CI 0.83, 0.92) and specificity (0.85, 95% CI 0.82, 0.88) [8].

Using a subset of data from the IPDMA, a previous study developed a
4-item shortened form of the PHQ-9, known as the PHQ-Dep-4, through
optimal test assembly (OTA) methods. As with the PHQ-9, scores on
each item of the PHQ-Dep-4 reflect symptoms in the last 2 weeks and
range from O (“not at all”) to 3 (“every day”). PHQ-Dep-4 scores range
from O to 12 with higher scores indicating higher levels of depressive
symptomatology.

The initial development study used 20 primary studies (7,850 par-
ticipants, 863 major depression cases), which we refer to as the devel-
opment sample, that administered the English version of the PHQ-9 and
used a validated semi-structured or fully structured diagnostic interview
(Mini International Neuropsychiatric Interview [MINI] excluded) to
classify major depression. The PHQ-Dep-4 includes items 1, 2, 6, and 8
from the PHQ-9, representing depressed mood, loss of interest/pleasure,
low self-esteem/guilt and psychomotor agitation [9]. OTA is a mixed-
integer programming procedure that uses an estimated item response
theory model to select the subset of items that best satisfies pre-specified
constraints. In the case of the PHQ-Dep-4 development study, there were
pre-specified constraints on the concurrent validity, reliability, and
equivalency of diagnostic accuracy of the shortened form with the full-
length form [10]. Although more commonly used in the development of
high-stakes educational tests [11], recent studies have demonstrated
that OTA can be used to develop shortened versions of patient-reported
outcome measures [9,12-17]. This procedure was shown in a simulation
study to be replicable and reproducible, and produce shortened forms of
minimal length with limited loss of information [14].

A cutoff of > 4 on the PHQ-Dep-4 was found to perform equivalently
to the PHQ-9 cutoff > 10 in the development sample. However, accuracy
of the PHQ-Dep-4 has not been externally validated outside of the
development sample. It is therefore necessary to investigate whether a
cutoff of > 4 on the PHQ-Dep-4 continues to maintain equivalent diag-
nostic accuracy to the PHQ-9 cutoff > 10. Conducting an external vali-
dation of this cutoff allows for the assessment of whether this cutoff was
specific to the development dataset or generalizable to other studies or
applications in the future. In particular, the development of the PHQ-
Dep-4 was based on comparing properties of the full-length form to a
set of candidate shortened forms in the development sample, and thus is
susceptible to issues of overfitting or a lack of generalizability. By con-
ducting an external validation, it is possible to see whether the equiv-
alence in accuracy of the PHQ-Dep-4 to the PHQ-9 can be confirmed in
an independent dataset.
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The objective of the present study was to use data from a unique set
of studies that administered the PHQ-9 as well as a validated semi-
structured or fully structured diagnostic interview for major depres-
sion to validate the diagnostic accuracy of the previously developed
PHQ-Dep-4. Specifically, we (1) estimated accuracy for all possible
PHQ-Dep-4 cutoffs (i.e., > 1 to >12), and (2) tested equivalency in ac-
curacy for each PHQ-Dep-4 cutoff to that of a PHQ-9 cutoff of > 10, with
the comparison of the PHQ-Dep-4 cutoff of > 4 considered the primary
comparison.

2. Methods

The present validation study used data synthesized from an updated
IPDMA of the screening accuracy of the PHQ-9 for major depression
[8,18], excluding datasets that were included in the original PHQ-Dep-4
development project [9]. The present validation study included studies
conducted in any language and using any validated semi-structured or
fully structured diagnostic interview (MINI included). The main IPDMA
was registered in PROSPERO (CRD42014010673) and a protocol was
published [19]. The present analysis was not part of the protocol for the
main IPDMA, but a separate protocol was developed and posted prior to
initiation at https://osf.io/xy2b8/.

3. The main IPDMA database
3.1. Study selection

In the main IPDMA, datasets from articles in any language were
eligible for inclusion if (1) they included PHQ-9 scores; (2) they included
diagnostic classifications for current Major Depressive Episode (MDE) or
Major Depressive Disorder (MDD) based on Diagnostic and Statistical
Manual of Mental Disorders (DSM) [20-23], or International Classifi-
cation of Diseases (ICD) [24] criteria, using a validated semi-structured
or fully structured interview; (3) the PHQ-9 and diagnostic interview
were administered within two weeks of each other, since diagnostic
criteria for major depression are for symptoms in the last two weeks; (4)
participants were > 18 years and not recruited from youth or school-
based settings; and (5) participants were not recruited from psychiat-
ric settings or because they were identified as having symptoms of
depression, since screening is done to identify unrecognized cases.
Datasets where not all participants were eligible were included if pri-
mary data allowed selection of eligible participants.

3.2. Database sources and search strategy

A medical librarian searched Medline, Medline In-Process & Other
Non-Indexed Citations via Ovid; PsycINFO; and Web of Science from
January 1, 2000 to May 9, 2018 using a peer-reviewed search strategy
(eMethods1) [25]. The search was limited to the year 2000 onwards
because the PHQ-9 was first published in 2001 [7]. We also reviewed
reference lists of relevant reviews and queried contributing authors
about non-published studies. Search results were uploaded into Ref-
Works (RefWorks-COS, Bethesda, MD, USA). After deduplication,
remaining citations were uploaded into DistillerSR (Evidence Partners,
Ottawa, Canada) for processing review results.

Two investigators independently reviewed titles and abstracts for
eligibility. If either investigator deemed a study potentially eligible, full-
text review was done by two investigators, independently, with dis-
agreements resolved by consensus, consulting a third investigator when
necessary. Translators were consulted for languages other than those for
which team members were fluent.

3.3. Data contribution and synthesis

Authors of eligible datasets were invited to contribute de-identified
primary data, including PHQ-9 scores and major depression status. We
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emailed corresponding authors of eligible primary studies at least three
times, as necessary, with at least two weeks between each email. If we
did not receive a response, we emailed co-authors and attempted to
contact corresponding authors by phone.

Individual participant data were converted to a standard format and
synthesized into a single dataset with study-level data. We compared
published participant characteristics and diagnostic accuracy results
with results from raw datasets and resolved any discrepancies in
consultation with the original investigators.

To define major depression, we considered MDD or MDE based on
the DSM or ICD. If more than one was reported, we prioritized MDE over
MDD, since screening would attempt to detect depressive episodes and
further interview would determine if the episode were related to MDD,
bipolar disorder, or persistent depressive disorder. When both were
present, we prioritized DSM over ICD, because DSM is more commonly
used in existing studies.

3.4. Data used in the present analyses

To consider an independent data source for this validation, we
excluded the 20 studies that were included in the original PHQ-Dep-4
development project. We note that these 20 studies were originally
used in the development paper because of their availability at the time
that study was conducted, rather than a deliberate splitting of the
sample. In addition, to be able to calculate PHQ-Dep-4 scores, we
excluded studies and participants without item-level PHQ-9 data.

4. Statistical analyses

Using the item-level PHQ-9 data, we calculated PHQ-Dep-4 scores by
summing the item scores from PHQ-9 items 1 (loss of interest), 2
(depressed mood), 6 (feeling like a failure), and 8 (physical movement).
We then conducted two sets of analyses.

To assess diagnostic accuracy, we estimated sensitivity and speci-
ficity. Sensitivity, the true positive rate, refers to the probability of
scoring above the cutoff in question given that the participant was
classified with MDE or MDD based on DSM or ICD criteria using a
validated semi-structured or fully structured interview. Specificity, the
true negative rate, refers to the probability of scoring below the cutoff in
question given that the participant was classified with MDE or MDD
based on DSM or ICD criteria using a validated semi-structured or fully
structured interview.

First, we estimated sensitivity and specificity for all possible PHQ-
Dep-4 cutoffs (i.e., > 1 to >12), as well as the standard PHQ-9 cutoff
score of > 10, which maximizes sensitivity + specificity [8,18]. For each
PHQ-Dep-4 cutoff, separately, and for a PHQ-9 cutoff of > 10, we fit
bivariate random-effects models using adaptive Gauss-Hermite quad-
rature with one quadrature point [26]. This is a 2-stage meta-analytic
approach that synthesizes sensitivity and specificity simultaneously
and accounts for the correlation between them, as well as for precision of
estimates within studies. For each analysis, this model provided esti-
mates of pooled sensitivity and specificity.

The formulation of the model can be expressed as the following. Let

yg) be the dichotomous outcome of the screening test (PHQ-9 or PHQ-
Dep-4) for the i-th participant in the s-th primary study who does not
have a true depression diagnosis. Therefore, yi_(? is equal to one when the
participant has a high score on the screening test and zero when the
participant has a low score on the screening test. Similarly, let y;li) be the

dichotomous outcome of the screening test for the i-th participant of the
s-th primary study who does have a true depression diagnosis. The
model is formulated as:

YS‘) ~ Bernoulli(pﬁ?)
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In this case, the false positive rate (FPR), which is equal to 1 —
specificity, and the true positive rate (TPR), which is the sensitivity, can
be estimated for the pooled logit(FPR) and logit(TPR) through #® and
iV, respectively. 7© and 7' estimates the between-study variance of
the logit-transformed parameters, and p, is the estimated correlation.

For these analyses, we modeled sensitivity and specificity separately
among studies that used each reference standard category (semi-struc-
tured, fully structured, or MINI) as well as pooled together. We present
accuracy results for the PHQ-Dep-4 separately by reference standard
type because previous studies have found that there are important dif-
ferences in the design and performance of different types of diagnostic
interviews used as reference standards [27-30], and that PHQ-9 sensi-
tivity and specificity vary across different reference standards [8,18].
For each reference standard category, we constructed an empirical
receiver operating characteristic (ROC) plot for the PHQ-Dep-4 based on
pooled sensitivity and specificity estimates from each cutoff. Separately,
we marked the point in ROC-space for a PHQ-9 cutoff of > 10.

Second, we tested the equivalence of the PHQ-Dep-4 and PHQ-9. The
comparison of the PHQ-Dep-4 cutoff of > 4 to the PHQ-9 cutoff of > 10
was considered as our primary analysis. For these analyses, we pooled
reference standard categories together, because although PHQ-9 and
PHQ-Dep-4 sensitivity and specificity may differ by reference standard
category, we did not believe that differences in sensitivity and specificity
between PHQ-Dep-4 cutoffs and a PHQ-9 cutoff of > 10 would vary by
reference standard category, since each primary study compared the
PHQ-Dep-4 and PHQ-9 to the same reference standard. By pooling, we
increase power and therefore reduce the risk of an ambiguous outcome
in the analysis. In line with this, a previous comparison of the PHQ-8 and
PHQ-9 found that although accuracy differed across reference standard
categories, differences in accuracy across the forms were similar across
reference standard categories [31]. We estimated the crude differences
in sensitivity and specificity between each PHQ-Dep-4 cutoff and a PHQ-
9 cutoff of > 10 and constructed confidence intervals (CI) for differences
via the cluster bootstrap approach [32,33], resampling at study and
subject levels with replacement. For each comparison, we ran 1000 it-
erations of the bootstrap. These CIs allowed us to test whether the
sensitivity and specificity of each PHQ-Dep-4 cutoff are equivalent to
that of the PHQ-9 based on a pre-specified minimally important differ-
ence of §=0.05 [34], as has been done in previous studies [9,13,31].
That is, for each cutoff, for differences in sensitivity and specificity
separately, we would consider the null hypothesis that there are dif-
ferences large enough to be important and test that against the alter-
native hypothesis that there are no meaningful differences. If the entire
CI is included within the interval of — 0.05 to + 0.05, we would reject
the null hypothesis and conclude that equivalence is present. If the
entire CI is outside of the interval, we would conclude that the accu-
racies are not equivalent. If the CIs cross the interval of — 0.05 to + 0.05,
findings would be deemed ambiguous, and the equivalence would be
found to be indeterminate. Lastly, we determined which PHQ-Dep-4
cutoff showed the smallest overall sum of absolute differences in accu-
racy (i.e. in sensitivity and in specificity) compared to PHQ-9 > 10.

All analyses were conducted in R (R version R 3.4.1 [35], RStudio
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version 1.0.143) using the glmer function within the Ime4 package [36].
All R code used to run the analysis is included in the supplementary
materials, however due to data sharing agreements, the raw data is not
available.

4.1. Ethics

As this study involves secondary analysis of de-identified previously
collected data, the Research Ethics Committee of the Jewish General
Hospital determined that it did not require research ethics approval.
However, for each included dataset, we confirmed that the original

9670 Unique titles/abstracts
identified and screened
for potential eligibility
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study received ethics approval and that all participants provided
informed consent.

5. Results
5.1. Search results and dataset inclusion

Fig. 1 illustrates the study flow diagram. Of 9,670 unique titles and
abstracts identified from database searches, 9,199 were excluded at the

title and abstract review stage and 297 after full-text review. After
removing duplicate samples, adding unpublished studies contributed by

=I 9199 Titles/abstracts excluded
y
471 Full-text articles - i
reviewed for eligibility 297 Articles excluded:
* No original data (13)
+ No PHQ (35)
* No major depression (126)
» No validated interview to assess major depression (25)
> » > 2 weeks between PHQ and diagnostic interview (26)
» Sample selected for known distress, mental health
diagnosis, or psychiatric setting (64)
v « Study only administered PHQ-2 (6)
- - + Study only administered PHQ-8 (2)
174  Articles meeting
eligibility criteria
»| 96 Articles excluded:
» Duplicate participant sample
118  Unique studies
meeting eligibility
criteria
27 Eligible PHQ-9 studies did not provide primary data
B * Author unable to contribute (25)
» Decision to contribute still pending (2)
91 Eligible PHQ-9 studies
that contributed 9 Unpublished studies (provided by authors of published
primary data eligible studies) that contributed primary data
100 PHQ-9 datasets with
primary data
25 Datasets excluded:
> « Did not provide item level data (5)
» Studies included in the development paper (20)
75 PHQ-9 datasets included
in the present study
A\ 4 A\ 4 A 4
29 PHQ-9 studies with a 15 PHQ-9 studies with a 31 PHQ-9 studies that

semi-structured
diagnostic interview as
the reference standard

(non-MINI) fully
structured diagnostic
interview as the
reference standard

used the MINI
diagnostic interview as
the reference standard

Fig. 1. Flow diagram of study selection process.
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authors, excluding studies that did not have item level data or were
included in the PHQ-Dep-4 development paper, there were 75 eligible
datasets (N participants = 34,698; N major depression = 3,392 [preva-
lence 10%]) that contributed data for our analysis.

Of the 75 included studies, 29 (7,719 participants; 923 major
depression cases) used a semi-structured interview as the reference
standard, 15 (12,109 participants; 873 cases) used a fully structured
interview (other than the MINI), and 31 (14,870 participants; 1,596
cases) used the MINI. The Structured Clinical Interview for the DSM
(SCID) was the most commonly used semi-structured interview (28 of 29
studies) and the Composite International Diagnostic Interview (CIDI)
the most commonly used fully structured interview (14 of 15 studies).
See Supplementary Table 1a-c for characteristics of included primary
studies, eligible excluded primary studies, and the 20 studies included in
the PHQ-Dep-4 development paper only. Table 1 presents participant-
level descriptive statistics for the sample used in the present study.

5.2. Validation results

Fig. 2 shows receiver-operating curves for each reference standard
category as well as the PHQ-9 cutoff score of > 10. Table 2 shows esti-
mated sensitivity and specificity for PHQ-Dep-4 cutoffs (>1 to > 12), as
well as the standard and optimal PHQ-9 cutoff score of > 10. For a PHQ-
Dep-4 cutoff of > 4, sensitivity was 0.88 (95% CI 0.81, 0.93), 0.68 (95%
CI 0.56, 0.78), and 0.80 (95% CI 0.73, 0.85) for the semi-structured,
fully structured, and MINI reference standard categories, respectively,
as compared to 0.88 (0.81, 0.93), 0.64 (0.50, 0.76), and 0.73 (0.66,
0.79) for the PHQ-9 cutoff of > 10, respectively. Similarly, for a PHQ-
Dep-4 cutoff of >4, specificity was 0.79 (95% CI 0.74, 0.83), 0.85
(95% CI 0.78, 0.90), and 0.83 (95% CI 0.80, 0.86) for the semi-
structured, fully structured, and MINI reference standard categories,
respectively, as compared to 0.85 (0.80, 0.88), 0.89 (0.83, 0.93), and
0.89 (0.86, 0.91) for the PHQ-9 cutoff of > 10, respectively. Fig. 2 shows
the ROC plots for each reference standard category.

Table 3 shows the results of the tests of equivalence of the PHQ-Dep-
4 and PHQ-9 pooled across all reference standard categories. A PHQ-
Dep-4 cutoff of >4 showed the smallest overall sum of absolute differ-
ences in accuracy with PHQ-9 > 10, with a difference in sensitivity of
0.03 (95% CI 0.00, 0.06) and a difference in specificity of —0.05 (95% CI
—0.07, —0.04). These findings were ambiguous, as the CIs for both
sensitivity and specificity crossed the interval of —0.05 to + 0.05. No
other PHQ-Dep-4 cutoff indicated equivalency for both sensitivity and
specificity. The next closest PHQ-Dep-4 cutoff to PHQ-9 >10 was a
PHQ-Dep-4 cutoff of > 5, with a difference in sensitivity of —0.07 (95%
CI —0.11, —0.05) and a difference in specificity of 0.02 (95% CI 0.01,
0.03).

6. Discussion

This study used data from 75 primary studies to assess whether a
previously determined PHQ-Dep-4 cutoff of > 4, which was equivalent
to a PHQ-9 cutoff of >10 in a development sample, would also be
equivalent in a validation sample. While a PHQ-Dep-4 cutoff of >4
showed the best performance among all possible PHQ-Dep-4 cutoffs
compared to the PHQ-9 cutoff of > 10, the equivalence results were
ambiguous, and we were unable to conclude that its specificity was
equivalent to that of the PHQ-9 cutoff of > 10.

We found that compared to the standard and optimal PHQ-9 cutoff
of > 10, a PHQ-Dep-cutoff of >4 had slightly greater sensitivity and
slightly reduced specificity. The next best PHQ-Dep-cutoff of > 5 had
slightly greater specificity and slightly reduced sensitivity. In clinical
settings, use of shortened forms such as the PHQ-Dep-4 offers the
advantage of reducing respondent burden. While our study assessed the
sum of sensitivity and specificity, this does not necessarily reflect local
concerns such as the capacity for conducting further assessments, nor
does it necessarily maximize the likelihood of patient benefits or
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Table 1
Demographics of the study sample for patients with and without major
depression.

Sociodemographic Total Participants Participants
variables (N =34,698) with Major without Major
Depression Depression
(N =3,392) (N = 31,306)
Age in years, mean 47.7 46.4 [45] +£16.3 48.9 [48] +£16.3
[median] + SD [48] +16.3 (18, 94) (18, 98)
(range)’ (18, 98)
Women, n (%)* 20,678 2351 (11.4) 18,327 (88.6)
Men, n (%)* 13,998 1038 (7.4) 12,960 (92.6)
PHQ-9 score, mean 4.9 [3]£5.2 13.1 [13] £6.3 4.0 [3] £4.2 (0,
[median] + SD 0, 27) (0, 27) 27)
(range)
Country, n (%)
Netherlands 7049 494 (7.0) 6555 (93.0)
Canada 5215 190 (3.6) 5025 (96.4)
South Korea 3071 205 (6.7) 2866 (93.3)
South Africa 2300 299 (13.0) 2001 (87.0)
China 2096 136 (6.5) 1960 (93.5)
Germany 1605 147 (9.2) 1458 (90.8)
Taiwan 1532 50 (3.3) 1482 (96.7)
Latvia 1467 147 (10.0) 1320 (90.0)
USA 1247 166 (13.3) 1081 (86.7)
Greece 1036 262 (25.3) 774 (74.7)
Spain 1003 83(8.3) 920 (91.7)
Other’ 7077 1213 (17.1) 5864 (82.9)
Language, n (%)*
English 8073 562 (7.0) 7511 (93.0)
Dutch 7222 522 (7.2) 6700 (92.8)
Chinese 3597 164 (4.6) 3433 (95.4)
Korean 3071 205 (6.7) 2866 (93.3)
South African 1838 211 (11.5) 1627 (88.5)
languages
German 1605 147 (9.2) 1458 (90.8)
Spanish 1540 181 (11.8) 1359 (88.2)
Greek 1036 262 (25.3) 774 (74.7)
Other® 6611 1130 (17.1) 5481 (82.9)
General Care Setting, n
(%)
Outpatient care 17,624 2250 (12.8) 15,374 (87.2)
Inpatient care 2781 331 (11.9) 2450 (88.1)
Non-medical setting 14,163 806 (5.7) 13,357 (94.3)
Outpatient/inpatient 130 5(3.8) 125 (96.2)
mixed sample
Diagnostic Interview,
n (%)
SCID 6187 873 (14.1) 5314 (85.9)
CIDI 11,810 860 (7.3) 10,950 (92.7)
SCAN 1532 50 (3.3) 1482 (96.7)
MINI 14,870 1596 (10.7) 13,274 (89.3)
CIS-R 299 13 (4.3) 286 (95.7)
Classification system,
n (%)
ICD-10 909 86 (9.5) 823 (90.5)
DSM-III 1107 104 (9.4) 1003 (90.6)
DSM-1V 31,771 3089 (9.7) 28,682 (90.3)
DSM-V 911 113 (12.4) 798 (87.6)

! N missing = 31 participants with major depression, 216 participants without
major depression.

2 N missing = 3 participants with major depression, 19 participants without
major depression.

3 Other countries: Ethiopia, Japan, Australia, Brazil, Singapore, Malaysia,
India, Israel, Mexico, Thailand, Zimbabwe, Argentina, Uganda, Iran, Kenya,
Belgium, Italy, UK, Myanmar, Nepal, Hong Kong China.

4 N missing = 8 for MDD, 97 for non-MDD.

5 Other Languages: Ambharic, Latvian, Japanese, Russian, Portuguese, Malay,
Indian languages (unspecified), Malay or English, Thai, Shona, Hebrew, Farsi,
Kiswahili, Italian, Burmese, Nepali, Malay, Chinese or Tamil, Filipino, Arabic,
French.

minimize costs and harms. We note that clinicians and researchers can
choose different cut-offs based on local priorities and resources using the
information provided in Tables 2 and 3.
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Fig. 2. Receiver-operating curve for each reference standard category. Points represent cutoffs of 0 (right) to 12 (left) for each reference standard category. X marks

the PHQ-9 cutoff of > 10.

While a strength of this analysis is the large number of primary
studies included in the dataset, these primary studies spanned a large
number of languages. This can cause concern for differential item
functioning (DIF). The items for the PHQ-Dep-4 were not selected with
regards to considerations of DIF. However, studies of DIF with the PHQ-
9 have shown that it performs equivalently or with minimal impact of
DIF across multiple languages [37-39]. We note that future research
may wish to specifically investigate the impact of DIF for the PHQ-Dep-4
in comparison to the PHQ-9.

The development study tested non-inferiority rather than equiva-
lency. The development study found a difference in sensitivity of + 0.03,
and a difference in specificity of —0.03 between the two forms [9]. The
present study found differences of + 0.03 and —0.05, respectively. While
equivalency is therefore not established, the findings in the present
study were not substantively different from the development study.

While it is not clear that the PHQ-Dep-4 performs equivalently to the
PHQ-9 for specificity, clinicians screening for depression may opt to use
the PHQ-Dep-4 with the understanding that depending on the cutoff
used, specificity might be slightly reduced compared to the full PHQ-9 at
cutoff of > 10. Furthermore, clinicians should be aware that while the
full PHQ-9 aligns with the nine DSM symptoms for major depression, not
all PHQ-9 items may be relevant to individual presentations of a given
mental disorder, and the PHQ-Dep-4 includes only a pre-specified subset
of four items (1, 2, 6, and 8), thus not necessarily capturing the specific
symptoms of a given patient.

There are several reasons that may explain why equivalence could
not be concluded. First, although the overall sample size and number of
studies used in this analysis was large, it could be that the study was
underpowered, due to the design effect associated with the clustering

within studies. As we do not know of methods for calculating power to
establish equivalency in accuracy based on sensitivity and specificity
difference for a subset of items compared to the total set, it was not
possible to determine the necessary sample size needed a priori.
Furthermore, we also did not split the data by reference standard cate-
gory and conduct separate analyses. Second, we found that sensitivity in
the shortened form was improved as compared to the full-length form.
However, the specificity of the shortened form was lower than that of
the full-length form, resulting in the inability to conclude equivalence
between the two forms.

There are several other possible limitations of this study. First, for the
collection of data for the full IPDMA, we were unable to obtain data from
27 eligible studies. Of the studies that provided data, five were excluded
because they did not include item-level scores necessary to calculate
PHQ-Dep-4, and we excluded another 20 studies from the development
dataset to provide us with a set of external validation data. With the final
available dataset, we were unable to investigate equivalence in specific
patient populations as that would have required splitting the data even
further. Second, for our first set of analyses (estimating PHQ-Dep-4 ac-
curacy at all cutoffs), primary studies were categorized based on the
diagnostic interview used, but interviewers may not have always
administered the interviews as intended, which could have influenced
results. This study only compared the PHQ-Dep-4 to a PHQ-9 cutoff
of >10 because, although some primary studies have found other
preferred cutoffs, large IPDMAs have concluded that cutoff > 10 maxi-
mizes the sum of sensitivity and specificity [8,18]. Lastly, this study
evaluated the items included in the PHQ-Dep-4 as previously developed
and did not re-develop the shortened form. It could be that a different set
of items, creating either a different form of length 4 or a potentially
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Table 2
Sensitivity and specificity for each PHQ-Dep-4 cutoff and the PHQ-9 cutoff of > 10.

SEMI-STRUCTURED REFERENCE STANDARD: N FULLY STRUCTURED REFERENCE STANDARD:N  MINI”> REFERENCE STANDARD:N studies = 31, N

studies = 29, N participants = 7719,N major studies = 15, N participants = 12,109,N major participants = 14,870,N major
depression = 923 depression = 873 depression = 1596
CutoffPHQ- sensitivity ~ 95% CI specificity ~ 95% CI sensitivity =~ 95% CI specificity ~ 95% CI sensitivity =~ 95% CI specificity ~ 95% CI
Dep-4
>=1 1.00 (0.91, 0.35 (0.30, 0.94 (0.88, 0.40 (0.30, 0.98 (0.96, 0.41 (0.36,
1.00) 0.40) 0.97) 0.50) 0.99) 0.46)
>=2 0.98 (0.95, 0.52 (0.46, 0.88 (0.80, 0.60 (0.51, 0.95 (0.93, 0.59 (0.53,
1.00) 0.57) 0.92) 0.69) 0.97) 0.64)
>=3 0.97 (0.92, 0.66 (0.61, 0.78 (0.69, 0.74 (0.66, 0.89 (0.84, 0.72 (0.67,
0.99) 0.71) 0.85) 0.81) 0.92) 0.76)
>=4 0.88 (0.81, 0.79 (0.74, 0.68 (0.56, 0.85 (0.78, 0.80 (0.73, 0.83 (0.80,
0.93) 0.83) 0.78) 0.90) 0.85) 0.86)
>=5 0.80 (0.73, 0.87 (0.84, 0.54 (0.42, 0.91 (0.86, 0.67 (0.60, 0.90 (0.87,
0.86) 0.90) 0.66) 0.94) 0.74) 0.92)
>=6 0.66 (0.58, 0.92 (0.89, 0.41 (0.31, 0.95 (0.91, 0.54 (0.46, 0.94 (0.93,
0.74) 0.94) 0.52) 0.97) 0.61) 0.96)
>=7 0.52 (0.43, 0.95 (0.93, 0.30 (0.23, 0.97 (0.94, 0.41 (0.34, 0.97 (0.96,
0.60) 0.97) 0.38) 0.98) 0.48) 0.98)
>=8' 0.38 (0.30, 0.97 (0.96, 0.22 (0.17, 0.98 (0.96, 0.30 (0.25, 0.99 (0.98,
0.46) 0.98) 0.27) 0.99) 0.36) 0.99)
>=9 0.28 (0.22, 0.99 (0.98, 0.15 0.11, 0.99 (0.98, 0.21 (0.17, 0.99 (0.99,
0.35) 0.99) 0.20) 0.99) 0.26) 0.99)
>=10 0.18 (0.13, 0.99 (0.99, 0.07 (0.04, 0.99 (0.99, 0.12 (0.09, 1.00 (0.99,
0.24) 1.00) 0.12) 1.00) 0.16) 1.00)
>=11 0.11 (0.08, 1.00 (0.99, 0.04 (0.02, 1.00 (0.99, 0.08 (0.06, 1.00 (1.00,
0.16) 1.00) 0.07) 1.00) 0.10) 1.00)
>=12 0.07 (0.05, 1.00 (1.00, 0.03 (0.01, 1.00 (1.00, 0.04 (0.03, 1.00 (1.00,
0.11) 1.00) 0.06) 1.00) 0.06) 1.00)
PHQ-9 >=10 0.88 (0.81, 0.85 (0.80, 0.64 (0.50, 0.89 (0.83, 0.73 (0.66, 0.89 (0.86,
0.93) 0.88) 0.76) 0.93) 0.79) 0.91)

! BOBYQA optimizer was used to ensure model convergence for the semi-structured reference category, as the model with the default optimizer did not converge.
2 MINI: Mini International Neuropsychiatric Interview.

Table 3
Results of the equivalence tests between the accuracy of the PHQ-Dep-4 and PHQ-9 > 10.

All studies (N studies = 75, N participants = 34,698, N major
depression = 3392)

Cutoff Sensitivity Difference (PHQ-Dep-4 - 95% CI Specificity Difference (PHQ-Dep-4 - 95% CI
PHQ-9 >=10) PHQ-9 >=10)
PHQ-Dep-4 >=1 0.21 (0.14,0.25)  —0.49 (-0.52,
—0.46)
PHQ-Dep-4 >=2 0.18 (0.13,0.22) —0.31 (-0.34,
—0.28)
PHQ-Dep-4 >=3 0.13 (0.09, 0.16) -0.17 (-0.19,
—0.15)
PHQ-Dep-4 >= 4 0.03 (0.00,0.06)  —0.05 (-0.07,
—0.04)
PHQ-Dep-4 >=5 -0.07 (-0.11, 0.02 (0.01, 0.03)
—0.05)
PHQ-Dep-4 >= 6 —0.22 (-0.27, 0.06 (0.05, 0.08)
—0.19)
PHQ-Dep-4 >=7 —-0.35 (-0.41, 0.09 (0.08,0.11)
—-0.33)
PHQ-Dep-4 >=8 —0.47 (-0.53, 0.11 (0.09, 0.13)
—0.45)
PHQ-Dep-4 >=9 —-0.55 (-0.62, 0.12 (0.10, 0.14)
—-0.53)
PHQ-Dep-4 >= 10 —0.65 (-0.72, 0.12 (0.10, 0.15)
—0.62)
PHQ-Dep-4 >=11 —-0.70 (-0.77, 0.13 (0.10, 0.15)
—0.67)
PHQ-Dep-4 >= 12 -0.73 (-0.80, 0.13 (0.10, 0.15)
—0.69)
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shorter or longer form, would result in equivalent sensitivity and spec-
ificity to the full PHQ-9.

7. Conclusion

In conclusion, this was the first study to our knowledge to externally
validate the results of shortening a self-report questionnaire through the
OTA method using individual participant level data. We found that the
previously suggested cutoff of >4 for the PHQ-Dep-4 remained the
preferred cutoff, but the specificity of the shortened form did not meet
equivalency to the full PHQ-9 cutoff of > 10. Clinicians may consider
screening with the PHQ-Dep-4 to reduce respondent burden, but should
be aware that in doing so, specificity may be slightly compromised
compared to the full PHQ-9.
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