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analysis and determine the accuracy of the Patient
Health Questionnaire-9 (PHQ-9), the most commonly
used depression screening tool in general practice,

participant subgroups.

DESIGN
Systematic review and individual participant data
meta-analysis.

DATA SOURCES
Medline, Medline In-Process, and Other Non-Indexed

Accepted: 23 August 2021

Citations via Ovid, PsycINFO, Web of Science searched

through 9 May 2018.
REVIEW METHODS

Eligible studies administered the PHQ-9 and classified

current major depression status using a validated

semistructured diagnostic interview (designed for
clinician administration), fully structured interview
(designed for lay administration), or the Mini

To update a previous individual participant data meta-

for detecting major depression overall and by study or

WHAT IS ALREADY KNOWN ON THIS TOPIC

The Patient Health Questionnaire-9 (PHQ-9) is the most commonly used
depression screening tool in primary and general settings, with cut-off value 210
used as a standard to identify major depression

A previous individual participant data meta-analysis on PHQ-9 accuracy for
detecting major depression included 58 studies (17 357 participants) through
February 2015 and found that the PHQ-9 had higher accuracy in comparison with
semistructured reference standards than with other reference standards; older
age of participants was significantly, although minimally, associated with higher
specificity; combined sensitivity and specificity was maximised at the standard
cut-off value of 210

WHAT THIS STUDY ADDS

Updated searches through May 2018 showed that overall sensitivity and
specificity estimates were robust and consistent with previous estimates,
even though the sample included an additional 42 studies (27 146 additional
participants)

PHQ-9 specificity was slightly better when estimated among only participants
confirmed as not already diagnosed or receiving treatment and who would be
screened in practice

Across all possible cut-off values, for semistructured interviews, specificity was
0-12% (median 5%) higher for older participants, which contradicts assumptions
that screening tools might be less accurate in elderly people

A knowledge translation tool (www.depressionscreening100.com/phq) based

on the findings from this study can be used to generate screening outcomes for
different cut-off values based on local assumptions about prevalence

thelbmj | BMJ2021;374:n2183 | doi: 10.1136/bmj.n2183

International Neuropsychiatric Interview (MINI; a

brief interview designed for lay administration). A
bivariate random effects meta-analytic model was
used to obtain point and interval estimates of pooled
PHQ-9 sensitivity and specificity at cut-off values 5-15,
separately, among studies that used semistructured
diagnostic interviews (eg, Structured Clinical Interview
for Diagnostic and Statistical Manual), fully structured
interviews (eg, Composite International Diagnostic
Interview), and the MINI. Meta-regression was used

to investigate whether PHQ-9 accuracy correlated

with reference standard categories and participant
characteristics.

RESULTS

Data from 44 503 total participants (27 146 additional
from the update) were obtained from 100 of 127
eligible studies (42 additional studies; 79% eligible
studies; 86% eligible participants). Among studies
with a semistructured interview reference standard,
pooled PHQ-9 sensitivity and specificity (95%
confidence interval) at the standard cut-off value

of 210, which maximised combined sensitivity and
specificity, were 0.85 (0.79 to 0.89) and 0.85 (0.82
to 0.87), respectively. Specificity was similar across
reference standards, but sensitivity in studies with
semistructured interviews was 7-24% (median 21%)
higher than with fully structured reference standards
and 2-14% (median 11%) higher than with the MINI
across cut-off values. Across reference standards
and cut-off values, specificity was 0-10% (median
3%) higher for men and 0-12 (median 5%) higher for
people aged 60 or older.

CONCLUSIONS

Researchers and clinicians could use results to
determine outcomes, such as total number of
positive screens and false positive screens, at
different PHQ-9 cut-off values for different clinical
settings using the knowledge translation tool at www.
depressionscreening100.com/phg.

STUDY REGISTRATION
PROSPERO CRD42014010673.

Introduction

Depression accounts for more years of healthy life
lost than any other medical condition.'® Screening
has been recommended to identify people with
unrecognised depression by the United States
Preventive Services Task Force® but not the Canadian
Task Force on Preventive Health Care® or the UK
National Screening Committee.” Depression symptom
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questionnaires can be used for many purposes,
including assessing and discussing symptoms with
patients who might be unsure if they have depression,
monitoring for treatment response or relapse detection,
and depression screening.® Depression screening
involves administering a questionnaire with a
prespecified cut-off value to classify patients who have
not been otherwise identified as possibly depressed
as positive or negative screens and further assessing
those with positive screens to determine whether major
depression criteria are met.®*?

The nine item Patient Health Questionnaire-9
(PHQ-9)**'® is recommended for screening by the
US Preventive Services Task Force and others.** * 8
Items, scored 0-3, reflect how often each of the nine
Diagnostic and Statistical Manual (DSM) major
depression symptoms*®?* have bothered respondents
in the past two weeks. The standard cut-off value for
detecting major depression is >10,141623-2°

A previous individual participant data meta-
analysis (IPDMA; 58 studies, 17357 participants)®
conducted by our collaboration compared PHQ-9
accuracy with semistructured diagnostic interviews,
fully structured diagnostic interviews, and the Mini
International Neuropsychiatric Interview (MINI),
separately, owing to important differences in the
characteristics and performance of different types of
diagnostic interviews.?*?° Semistructured interviews
are designed for administration by trained clinicians
to replicate clinical diagnostic procedures as closely as
possible in a research setting, whereas fully structured
interviews are designed for lay administration with no
clinical judgment required.*3 The MINI is a brief, fully
structured interview designed for rapid administration
and to be overinclusive.>*3* The previous IPDMA found
that compared with semistructured interviews, PHQ-9
>10 had sensitivity of 0.88 (95% confidence interval
0.83 to 0.92), and specificity of 0.85 (0.82 to 0.88).
A statistically significant, but minimal, difference in
sensitivity by age was found, but no other differences
by participant or study level subgroups.

Our objective was to update the previous PHQ-9
IPDMA, using an updated and larger dataset, to firstly,
assess PHQ-9 screening accuracy compared with
semistructured (primary analysis), fully structured
(other than MINI), and MINI diagnostic interviews,
separately, and, secondly, investigate accuracy by
participant and study characteristic subgroups. In
this update, we obtained data from 42 additional
studies (27 146 participants) since our previous PHQ-9
IPDMA.*

Methods

The IPDMA was registered in PROSPERO international
prospective  register of  systematic  reviews
(CRD42014010673), and a protocol was published.?®
We followed reporting guidance from Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) of diagnostic test accuracy®’ and
PRISMA of individual participant data.>® Methods
were consistent with those of the previous IPDMA.*

RESEARCH

Separate IDPMAs have been published for the PHQ-2>°
and PHQ-8."°

Study eligibility

Eligible datasets were sought from studies in any
language that included diagnostic classification for
current major depressive disorder or major depressive
episode based on DSMY?2? or ICD (international
classification of diseases)*! criteria, using a validated
semistructured or fully structured interview conducted
within two weeks of PHQ-9 administration, among
participants aged 18 or older not recruited from youth
or psychiatric settings or because they were already
identified as having depression symptoms. Patients
from psychiatric settings or those already identified as
having depression symptoms were excluded because
screening is carried out to identify patients with
unrecognised depression.

Datasets where not all participants were eligible
were included if primary data allowed selection of
eligible participants. For defining major depression, if
results from both DSM and ICD or both major depressive
disorder and major depressive episode were provided,
we prioritised DSM over ICD and prioritised major
depressive episode over major depressive disorder. This
procedure was followed because DSM classification
was used in almost all studies and because screening
is done to detect depressive episodes; additional
interviews are needed to determine if an episode is
related to major depressive disorder, bipolar disorder,
or persistent depressive disorder.

Database searches and study selection

Initial and updated Medline, Medline In-Process, and
Other Non-Indexed Citations via Ovid, PsycINFO, and
Web of Science searches, using peer reviewed*? search
strategies (supplementary methods A), covered 1
January 2000, through February 2015 (initial search)
and 9 May 2018 (updated search). The initial search
began in 2000 because the PHQ-9 was published in
2001." Additionally, reference lists of relevant reviews
were searched, and contributing authors were queried
about non-published studies. Search results were
uploaded into RefWorks (RefWorks-COS, Bethesda,
MD, USA), and, after deduplication, unique citations
were uploaded into DistillerSR (Evidence Partners,
Ottawa, Canada).

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

Data contribution, extraction, and synthesis

Deidentified primary data were requested from
investigators with eligible datasets. Corresponding
authors were sent up to three emails, as necessary. If
not successful, we emailed coauthors and attempted
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to contact corresponding authors by phone. Individual
participant data that were obtained were transferred
to a standard format and merged into a single dataset
with study level data. Any discrepancies between
published results and raw datasets were resolved in
consultation with primary study investigators.

Two investigators independently extracted study
level data, including country, recruitment setting
(non-medical, primary care, inpatient, outpatient
specialty), and diagnostic interview from published
articles, consulting a third investigator and querying
authors, if necessary. Based on the United Nations’
human development index,” countries were
categorised as “very high,” “high,” or “low-medium”
development based on the index for the year of study
publication. Participants’ age, sex, major depression
interview status, current mental health diagnosis
or treatment, and PHQ-9 scores were included in
participant level data. Recruitment setting was coded
by participant, as two primary studies had more than
one recruitment setting. If provided, we used weights
from primary studies that implemented weighting to
reflect sampling procedures. When primary studies
were not weighted, but their sampling procedures
warranted weighting, we calculated weights using
inverse selection probabilities. Primary studies in
which all participants with positive screens and a
random subset of participants with negative screens
were administered a diagnostic interview, for example,
necessitated weighting.

Risk of bias assessment

We assessed risk of bias with the QUality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) tool,
applied by two investigators independently, based
on reporting in primary publications. Discussion and
consensus were used to resolve any discrepancies
with a third investigator involved if necessary.
Supplementary methods B present QUADAS-2 coding
rules used in the study.**

Statistical analyses

Four different sets of analyses were performed. In the
first set, we fitted bivariate random effects models to
estimate PHQ-9 sensitivity and specificity across cut-
off values >5 to >15 with 95% confidence intervals; we
did this separately by studies that used semistructured
(primary analysis; Structured Clinical Interview
for DSM,* Schedules for Clinical Assessment
in Neuropsychiatry,*® Depression Interview and
Structured Hamilton*’), fully structured (Composite
International Diagnostic Interview,*® Clinical Interview
Schedule-Revised,* Diagnostic Interview Schedule®),
and MINI***® diagnostic interviews.

In the second set of analyses, we fitted bivariate
random effects models to estimate sensitivity and
specificity across PHQ-9 cut-off values for only
participants known not to be currently diagnosed
or receiving treatment for a mental health problem
compared with results among all participants. We
used this method because, although the PHQ-9 can

thelbmj | BMJ2021;374:n2183 | doi: 10.1136/bmj.n2183
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be used for many purposes (eg, screening, monitoring
symptoms during treatment, checking for relapse),
screening is done to identify people with previously
unrecognised major depression. Already diagnosed
or treated patients are sometimes included in primary
studies from non-mental health settings but would not
be screened in practice.’* > Not all primary studies,
however, provided data on which participants had
previously identified depression, so we compared
results with all participants versus results among
participants we could confirm were not already
diagnosed or receiving treatment. We used a clustered
bootstrap approach to construct 95% confidence
intervals for differences in sensitivity and specificity
at cut-off values of 5-15 between participants not
currently diagnosed or receiving treatment for a
mental health problem versus all participants®® %
1000 iterations of resampled data were used at the
study and subject levels.

In the third set of analyses, we investigated
differences in sensitivity and specificity between
reference standard categories and participant
subgroups using meta-regression. We fitted a one stage
multiple meta-regression that interacted reference
standard category (reference: semistructured) with
PHQ-9 accuracy coefficients (logit(sensitivity) and
logit(1-specificity)) and compared results with those
obtained from the bivariate random effects model.
We fitted additional multiple meta-regression models
within each reference standard category by interacting
PHQ-9 logit(sensitivity) and logit(1-specificity) with
participant characteristics, including continuously
measured age, sex (reference: women), country
human development index (reference: very high), and
participant recruitment setting (reference: primary
care). We did not include medical comorbidity in the
subgroup analysis because 18316 of 44503 (41%)
participants did not have comorbidity data, and too
few studies had data from single conditions (eg,
cancer) to assess by condition. Similarly, there were
insufficient studies across categories to analyse results
by language or country.

In our fourth set of analyses, following
recommendations by Kent et al,”> we fitted bivariate
random effects models among subgroups based on each
participant characteristic significantly associated with
sensitivity or specificity for all three reference standard
categories across all or most cut-off values of 5-15 in the
meta-regression models from the third set of analyses.
For these analyses, age was dichotomised as less than
60 and 60 or older, as done previously.”” Primary
studies with no patients with major depression or none
without depression were excluded in each subgroup
analysis because the inclusion of such studies did not
allow application of a bivariate random effects model.

For all analyses, bivariate random effects models
that considered the correlation between test sensitivity
and specificity were fitted to the PHQ-9 data using
the Gauss-Hermite adaptive quadrature algorithm®®
and one quadrature point, which is equivalent to the
Laplace approximation, to obtain overall sensitivity,
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specificity, and associated 95% confidence intervals.
We constructed empirical receiver operating
characteristic curves for each reference standard based
on pooled sensitivity and specificity estimates and
calculated areas under the curve.

To quantify statistical heterogeneity across
studies in each reference standard category and then
separately across participant subgroups within each
category, we generated forest plots of sensitivities and
specificities. Although there are no well established
methods to quantify levels of heterogeneity in meta-
analyses of diagnostic test accuracy,’” >’ we quantified
heterogeneity by reporting 1 (the estimated variances
of the random effects for sensitivity and specificity), R
(the ratio of the estimated standard deviation of the
overall sensitivity (or specificity) from the random
effects model to that from the corresponding fixed
effects model),*® and the 95% prediction intervals for
the unknown sensitivity and specificity of a new study.

We used sensitivity and specificity estimates at the
standard cut-off value =10 from our first set of analyses
and hypothetical major depression prevalence values
of 5-25% to generate nomograms to estimate positive
and negative predictive values of the PHQ-9.

As a sensitivity analysis, we fitted multiple
meta-regression models based on QUADAS-2
signalling questions for each reference standard
category to compare accuracy of results between
subgroups based on risk of bias. For these analyses,
QUADAS-2 signalling questions were interacted with
logit(sensitivity) and logit(1-specificity) for all these
questions with a minimum of 100 participants with
major depression and 100 without depression among
studies categorised as “low” risk of bias versus “high”
or “unclear” risk of bias. As an additional sensitivity
analysis, we also assessed the effects on the main
IPDMA results of including data from eligible studies
that did not contribute data but published eligible
accuracy data.

We employed R version 4.0.0 and RStudio®
version 1.2.5042 to run all analyses using the glmer
function within the Ime4°! R package.

Patient and public involvement

No patients were involved in developing the research
question, outcome measures, or study design.
Since study inception, Dr Sarah Markham joined
the DEPRESSD Group as a patient collaborator. She
reviewed the draft manuscript.

Results

Search results and dataset inclusion

A total of 9670 unique titles and abstracts were identified
from database searches, including the initial and updated
searches; 9199 were excluded at the title and abstract
review stage and 297 after full text review (supplementary
table A), which left 174 articles meeting eligibility criteria.
Of these, 56 had duplicate samples. Of the remaining
118 studies, 91 (77%) provided participant data. Nine
additional unpublished studies were contributed by
authors, which resulted in a total of 100 included studies

RESEARCH

that provided participant data (number of participants
44503; number with major depression 4541 (prevalence
10%; fig 1). Of these, 42 studies with 27 146 participants
were from the updated search. Supplementary table B
shows characteristics of included primary studies and
eligible studies that did not provide data.

Table 1 shows participant data by reference
standard. Of the 100 included studies, 47 (11234
participants; 1528 with major depression) used a
semistructured interview, 20 (17167 participants;
1352 major depression) a fully structured interview
(other than the MINI), and 33 (16102 participants;
1661 major depression) the MINI. The Structured
Clinical Interview for DSM was the most used
semistructured interview (44 of 47 studies), and the
Composite International Diagnostic Interview the most
used fully structured interview (17 of 20 studies). Table
2 displays participant data by subgrouping variables.

PHQ-9 sensitivity and specificity by reference
standard category
Estimates of PHQ-9 sensitivity and specificity for each
reference standard category are given in table 3. Cut-
off scores of =10, =8, and =8 maximised combined
sensitivity and specificity for semistructured, fully
structured (excluding MINI), and MINI reference
standards, respectively. At the standard cut-off value
of >10, sensitivity estimates (95% confidence interval)
were 0.85 (0.79 to 0.89) for semistructured, 0.64
(0.53 to 0.74) for fully structured, and 0.74 (0.67 to
0.79) for MINI reference standards; corresponding
specificity estimates (95% confidence interval) were
0.85(0.82t0 0.87),0.88 (0.83 t0 0.92). and 0.89 (0.86
to 0.91), respectively. PHQ-9 sensitivity, across all
cut-off values, when compared with a semistructured
reference standard was 7-24% (median 21%) higher
than with fully structured reference standards, and
2-14% (median 11%) higher than with the MINL
PHQ-9 specificity was similar across cut-off values and
reference standards. Figure 2 shows receiver operating
characteristic plots and area under the curve for each
reference standard. Area under the curve was highest
when the PHQ-9 was compared with semistructured
interviews (0.90), followed by the MINI (0.88) and
other fully structured (0.84) reference standards.
Heterogeneity between studies varied from
moderate to large, although it was diminished for
some subgroups (forest plots: supplementary fig A;
7%, R, and prediction intervals: supplementary table
C). For cut-off value =10, t? values ranged from O to
6.97 for sensitivity and O to 1.65 for specificity for
semistructured interviews, 0.32 to 1.28 for sensitivity
and 0.32 to 1.48 for specificity for fully structured
interviews (MINI excluded), and 0.21 to 1.44 for
sensitivity and 0.07 to 0.71 for the MINI. The 95%
prediction intervals for sensitivity and specificity were
much wider than the corresponding 95% confidence
intervals in supplementary table E, similarly reflecting
the moderate to high heterogeneity between studies.
Nomograms for positive and negative predictive
values of the PHQ-9 for hypothetical major depression
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R 9670

Unique titles/abstracts identified and screened for potential eligibility

CEirD

Titles/abstracts excluded

Full text articles reviewed for eligibility

&
<

h 297

Articles excluded

13 No original data
35 No PHQ
126 No major depression
» 25 No validated interview to assess major depression
26 >2 weeks between PHQ and diagnostic interview
64 Sample selected for known distress, mental health

diagnosis, or psychatric setting

6 Study only administered PHQ-2
2 Study only administered PHQ-8

h 174

Articles meeting eligibility criteria

v

(B o1
Eligibile PHQ-9 studies that
contributed primary data

{

(I 56)

Duplicate participant sample

(B 118

Unique studies meeting eligibility criteria

. Eligible PHQ-9 studies did not provide primary data
25 Author unable to contribute
2 Decision to contribute still pending

(B9

Unpublished studies (provided by
authors of published eligible studies)
that contributed primary data

J

g~

PHQ-9 studies with primary data included in present study

PHQ-9 studies with
semistructured diagnostic
interview as reference standard

PHQ-9 studies with (non-MINI)
fully structured diagnostic
interview as reference standard

( 7 )
(20

PHQ-9 studies that used
MINI diagnostic interview
as reference standard

Fig 1 | Flow diagram of study selection process. MINI=Mini International Neuropsychiatric Interview; PHQ=Patient

Health Questionnaire

prevalence values of 5-25% at a cut-off score of 210 are
presented in figure 3. For these theoretical prevalence
values, positive predictive values ranged from 23%
to 65% for semistructured interviews, 22% to 64%
for fully structured interviews, and 26% to 69% for
the MINI; corresponding negative predictive values
were 94% to 99%, 88% to 98%, and 91% to 99%,
respectively.

Multiple meta-regression results showing the
association between PHQ-9 accuracy and the

thelbmj | BMJ2021;374:n2183 | doi: 10.1136/bmj.n2183

three reference standard categories are shown in
supplementary table D. Significant associations
were found between reference standards and PHQ-
9 sensitivity across cut-off values of 5-15. Compared
with semistructured interviews, sensitivity was 5-23%
(median 19%) higher than with fully structured
interviews and 1-15% (median 10%) higher than
with the MINI. Across cut-off values, the magnitude
of estimated differences based on meta-regression
were within 2-3% of difference estimates based on the
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Table 1 | Distribution of participant data by diagnostic interview

Diagnostic interview

Studies (No)

Participants (No) Major depression (No (%))

Semistructured: 47 11234 1528 (14)
Structured Clinical Interview for DSM 44 9242 1389 (15)
Schedules for Clinical Assessment in Neuropsychiatry 2 1892 130 (7)
Depression Interview and Structured Hamilton 1 100 9(9)

Fully structured: 20 17167 1352 (8)
Composite International Diagnostic Interview 17 15759 1067 (7)
Diagnostic Interview Schedule 1 1006 221 (22)
Clinical Interview Schedule-revised 2 402 64 (16)

Mini International Neuropsychiatric Interview 33 16102 1661 (10)

Total 100 44503 4541 (10)

DSM=Diagnostic and Statistical Manual.

bivariate random effects model. The maximum number
of participants excluded from any subgroup analysis
because a study had no patients with or without major
depression was 63.

Among the 27 studies that did not contribute
individual participant data, 13 published eligible
accuracy data (supplementary table B2). Six used
semistructured interviews, two fully structured
interviews, and five the MINI, although two of the
semistructured studies were excluded from the
sensitivity analysis because they did not publish
the number of participants with or without major
depressive disorder. Including published results from
the remaining 11 studies did not change results as
shown in supplementary tables D14 to D16.

PHQ-9 accuracy among participants not diagnosed
or receiving treatment for a mental health problem
compared with all participants

Sensitivity estimates for participants not diagnosed or
receiving treatment were not significantly different than
those for all participants for any reference standard

category. Specificity estimates were statistically
significantly different for semistructured and MINI
interviews. Among participants not currently diagnosed
or receiving treatment compared with all participants,
specificity was 1-4% (median 4%) higher across cut-
off values with semistructured interviews and 1-6%
(median 3%) higher across cut-off values with the
MINI (supplementary table E). Specificity was not
significantly different for fully structured interviews.

PHQ-9 sensitivity and specificity among subgroups
and risk of bias

Meta-regression results interacting PHQ-9 sensitivity
and specificity with reference standards and then
with other subgroup variables stratified within
reference standards are shown in supplementary table
D. Pooled sensitivity and specificity and associated
95% confidence intervals for cut-off values 5-15 by
reference standard and subgrouping variables are
presented in supplementary table E. Receiver operating
characteristic curves and corresponding areas under
the curve are shown in supplementary figure B.

Table 2 | Distribution of participant data by subgroup*

Semistructured diagnostic interviews

Fully structured diagnostic interviews

Mini International Neuropsychiatric Interview

Studies Participants Major depression Studies Participants Major depression Studies Participants Major depression
Participant subgroup  (No) (No) No (%) (No) (No) No (%) (No) (No) No (%)
All participants 47 11234 1528 (14) 20 17167 1352 (8) 33 16102 1661 (10)
Participants not
aviieily degnesed oF o, 3687 603 (16) 5 4001 289 (7) 15 8365 578 (7)
receiving treatment for a
mental health problem
Age <60 years 42 7349 1131 (15) 20 13784 1087 (8) 31 10489 1119 (11)
Age 260 years 39 3860 397 (10) 15 3374 265 (8) 27 5585 533 (10)
Women 46 6986 1040 (15) 20 9603 793 (8) 32 9574 1126 (12)
Men 39 4168 488 (12) 18 7554 557 (7) 30 6511 534 (8)
Country with very high
human development 38 9156 1047 (11) 16 15422 1149 (7) 21 10484 1108 (11)
index
Country with high
human development 5 811 215 (27) 0 0 0 7 3753 237 (6)
index
Country with low
or medium human 4 1267 266 (21) 4 1745 203 (12) 5 1865 316 (17)
development index
Non-medical care 2 567 105 (19) 4 8219 371 (5) 9 7802 117 (15)
Primary care 14 4566 683 (15) 7 4746 425 (9) 9 5063 543 (11)
Inpatient specialty care 12 2355 257 (11) 2 593 72 (12) 3 473 106 (22)
OUpEREiEpeaElly o 3746 483 (13) 7 3609 484 (13) 12 2634 511 (19)

care
*Some variables were coded at the study level, while others were coded at the participant level. Thus, the number of studies does not always add up to the total for each reference standard.
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Table 3 | Comparison of sensitivity (95% confidence interval) and specificity (95% confidence interval) estimates among semistructured, full
structured, and MINI reference standards
Semi structured reference standard*

Cut-off score

Fully structured reference standardt

MINI reference standard#

Sensitivity (95% Cl)
0.98 (0.95 to 0.99)

Specificity (95% CI)
0.53 (0.49 t0 0.58)

Sensitivity (95% ClI)
0.91 (0.85 t0 0.95)

Specificity (95% ClI)
0.61(0.51100.69)

Sensitivity (95% Cl)
0.96 (0.93 t0 0.97)

Specificity (95% ClI)
0.60 (0.55 t0 0.64)

0.97 (0.94 to 0.98)

0.61 (0.57 t0 0.65)

0.88 (0.80 t0 0.93)

0.69 (0.60 t0 0.76)

0.92 (0.89 t0 0.95)

0.68 (0.63 t0 0.72)

0.95 (0.92 t0 0.98)

0.68 (0.64 t0 0.72)

0.82 (0.73 t0 0.89)

0.75 (0.67 t0 0.82)

0.88 (0.83 0 0.92)

0.74(0.70 t0 0.78)

0.92 (0.88 to 0.95)

0.74 (0.70 t0 0.77)

0.77 (0.66 t0 0.86)

0.81 (0.74 t0 0.86)

0.85 (0.79 t0 0.89)

0.80 (0.76 t0 0.83)

0.89 (0.84 t0 0.92)

0.80 (0.76 to 0.82)

0.69 (0.59t0 0.78)

0.85 (0.79 t0 0.90)

0.80 (0.73 t0 0.85)

0.85 (0.82 to0 0.88)

0.85 (0.79 to 0.89)

0.85 (0.82 t0 0.87)

0.64 (0.53 10 0.74)

0.88 (0.83 10 0.92)

0.74 (0.67 t0 0.79)

0.89 (0.86 t0 0.91)

0.81 (0.75 to 0.86)

0.88 (0.85 to 0.90)

0.57 (0.46 to 0.67)

0.91 (0.87 t0 0.94)

0.67 (0.60 to 0.73)

0.91 (0.89t0 0.93)

0.75 (0.69 to 0.80)

0.90 (0.88 t0 0.92)

0.52 (0.41 to 0.63)

0.93 (0.89 to 0.95)

0.61 (0.54 t0 0.68)

0.93 (0.91 t0 0.95)

0.67 (0.61t00.72)

0.93 (0.91 to 0.94)

0.45 (0.35 t0 0.56)

0.95 (0.92 t0 0.97)

0.55 (0.47 t0 0.62)

0.95 (0.93 t0 0.96)

0.61 (0.55 t0 0.67)

0.94 (0.93 to 0.96)

0.39 (0.30 to 0.50)

0.96 (0.94 to 0.97)

0.47 (0.41 to 0.54)

0.96 (0.95 t0 0.97)

15

0.52 (0.46 t0 0.58)

0.96 (0.94 t0 0.97)

0.32 (0.24 t0 0.41)

0.97 (0.95 to 0.98)

0.40 (0.35 to 0.46)

0.97 (0.96 to 0.98)

MINI=Mini International Neuropsychiatric Interview.
*Number of studies=47; number of participants=11 234; number of participants with major depression=1528.
tNumber of studies=20; number of participants=17 167; number of participants with major depression=1352.
F#Number of studies=33; number of participants=16 102; number of participants with major depression=1661.

Sensitivity

1.0

0.8

N
S

0.2

The age and sex of participants, but no other
variables, were statistically significantly associated
with specificity in all three reference standard
categories (supplementary table D). Specificity
was higher for participants aged 60 or older than
for younger participants. It was 2-12% (median
6%) higher with semistructured interviews, 3-11%
(median 6%) higher for fully structured interviews,
and 0-8% (median 2%) higher for the MINI; across
reference standards, it was 0-12% (median 5%).
Specificity was also higher for men than women.
Differences from the meta-regression were 1-10%
(median 4%), 1-7% (median 3%), and 0-7% (median
3%) for semistructured, fully structured, and the MINI
reference standards, respectively; across reference
standards, it was 0-10% (median 3%). For age and sex,

—— Semistructured (AUC=0.90)
Fully structured (AUC=0.84)
-=--= MINI (AUC=0.88)

0.4 0.6 0.8 1.0
1-specificity

Fig 2 | Receiver operating characteristic curves showing estimates of sensitivity and
specificity at each cut-off value and each reference standard category. AUC=area under
the curve; MINI=Mini International Neuropsychiatric Interview

thelbmj | BMJ2021;374:n2183 | doi: 10.1136/bmj.n2183

magnitudes of differences based on meta-regression
were within 1-5% of difference estimates based on the
bivariate random effects meta-analytic model.

Based on results from studies with semistructured
interviews, the cut-off value that maximised combined
sensitivity and specificity shifted slightly from >10 for
some subgroups. By age, the maximum was obtained
with a cut-off value of >11 for age less than 60 and >10
for age 60 or older. By sex, it was 211 for women and
>9 for men. However, in all instances, these maximum
values were within 1-2% of those obtained with a cut-
off value of 210. Results were similar for fully structured
interviews and the MINI (supplementary table E).

QUADAS-2 ratings for all included primary studies
are presented in supplementary table F. Of 395 study
level items, 12 were rated as high, 130 as unclear,
and 253 as low risk of bias. No QUADAS-2 signalling
questions were consistently associated with PHQ-9
sensitivity or specificity, as shown in supplementary
table D.

Discussion

Principal findings

We evaluated PHQ-9 accuracy for screening for major
depression. We found that combined PHQ-9 sensitivity
(85%) and specificity (85%) was maximised at the
standard cut-off value of >10 among studies using a
semistructured interview, which is the interview type
designed to replicate diagnostic procedures most
closely. When only participants not already diagnosed
or receiving treatment were considered, which reflects
the population that would be screened in practice,
sensitivity was unchanged at a cut-off value =10,
whereas specificity improved to 89%.

Age and sex were statistically significantly
associated with PHQ-9 specificity in all three types of
diagnostic interviews. The PHQ-9 was more specific
for participants aged 60 or older than for younger
participants and for men than for women. Sensitivity
was not associated with age or sex. Differences in
accuracy by subgroups resulted in different cut-off
values that maximised combined sensitivity and
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Positive predictive value

Negative predictive value

0.7

0.6

0.5

— Semistructured
Fully structured

====MINI

10 15 20 25
Prevalence of major depression

Fig 3 | Nomograms of positive and negative predictive values for cut-off score 10 of
the Patient Health Questionnaire-9 for major depression prevalence values of 5-25%
for semistructured, fully structured, and MINI diagnostic interviews. MINI=Mini
International Neuropsychiatric Interview

specificity in some subgroups, but the margin of
difference compared with the standard cut-off value of
>10 was minimal in all instances and not large enough
to warrant the use in practice of different cut-off values
for patients with different demographic characteristics.

Comparison with other studies
This IPDMA included data from almost twice as many
primary studies and from approximately two and a
half times as many participants as the previous PHQ-
9 IPDMA.* Many results were similar. In both studies,
sensitivity was substantially higher in comparison
with a semistructured reference standard than for
fully structured and MINI reference standards. This
finding is consistent with findings that compared with
semistructured interviews, fully structured and MINI
reference standards generate a substantial number of
false positive diagnoses, controlling for participant
and study characteristics?®?%; the additional diagnoses
that are generated would be expected to result in lower
sensitivity of the PHQ-9 to detect people with major
depression, which we found to be the case. Sensitivity
and specificity were maximised at a cut-off score of
>10 among studies using a semistructured interview.
Older age was associated with significantly, although
minimally, greater specificity across reference
standards for most cut-off values, a finding which
contradicts assumptions that screening tools might be
less accurate in elderly people and suggests that the
PHQ-9 is similarly or more accurate.

In contrast to the previous IPDMA, we found that
PHQ-9 specificity might be higher for men than for

women across reference standards. We also found that
specificity was significantly higher when only data from
participants not diagnosed or receiving treatment for a
mental health problem were examined among studies
using a semistructured or the MINI reference standard;
based on studies with semistructured interviews, it
was approximately four percentage points higher.
Previous studies® >?> have predicted that inclusion
of such participants might bias accuracy results,
although those studies suggested that the bias would
probably be through improved sensitivity. Instead, we
found that specificity was reduced when people who
might have already been diagnosed or in treatment
were considered, suggesting that false positive screens
occurred in this group. Magnitude of bias was small,
however, and this result was not seen among studies
that administered fully structured interviews.

Implications
Many studies report the cut-off value that maximises
combined sensitivity and specificity, and we did this in
the present study to establish a reference point. There
is no clinical reason, however, for selecting a cut-off
value based on this standard for use in clinical trials
or practice. Higher cut-off values would rule out more
participants without depression but would detect fewer
participants who meet the criteria for major depression.
Conversely, lower cut-off values would detect more
participants who met diagnostic criteria at the expense
of more false positive screens among people without
major depression. Ideally, clinical decision making
would consider the benefits versus the costs and harms
that are generated from correct and incorrect screening
results and the expected net benefit or costs and harms
at all possible cut-off values.®* Selecting a cut-off value
in this way depends on local values and resources, as
well as assumptions about outcomes from positive and
negative screening tests at different cut-off values.
Ideally, clinical trials could inform researchers and
practitioners about outcomes from using different
cut-off values. To the best of our knowledge, however,
only one depression screening trial®® has randomised
participants to screening and no-screening groups
and used the PHQ-9 or the eight item PHQ-8, which
performs virtually identically, “° to identify participants
with possible depression. Kronish et al®> used a cut-off
value of 210 on the PHQ-8 to assign participants with
an acute coronary syndrome in the past 12 months
to notification of primary care clinicians of screening
results, notification of clinicians plus stepped
depression care, or usual care with no notification.
People already receiving depression treatment were
excluded. Only 7% of participants, however, had
positive screening tests at the standard cut-off value
of >10; fewer than 40 patients with positive screens
were found in each intervention arm, some of whom
might not have completed offered interventions,
and results did not show benefit from screening. The
small number of positively screened participants who
could have been offered an intervention, however,
makes it difficult to draw conclusions about the
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appropriateness of the cut-off value. One might suggest
that a lower cut-off value could have been used to
increase positive screens and, potentially, patients
with depression, but this would also have resulted in
more false positive screens and a heavier assessment
burden as the resources consumed by unnecessary
assessment (typically by a mental health professional,
depending on the setting) divert scarce resources that
might otherwise be used for intervention. Furthermore,
it is possible that if the number of true positive screens
had been increased, those patients might have been
people with mild symptoms who are less likely to
benefit from intervention. Another possibility would
be to increase the cut-off threshold, which would
require more participants to be screened in a trial; an
obvious disadvantage would be the sheer number of
people who would have to be screened to identify those
eligible for intervention.

Thus there are no easy answers for selection of the
most appropriate cut-off value, and researchers and
clinicians who wish to screen with the PHQ-9 will need
to examine its likely performance at different cut-off
values. To help clinicians do this, we have created a
web-based tool (depressionscreening100.com/phq)
based on this study’s findings. The tool estimates the
expected numbers of positive and negative screens
and true and false screening results based on different
assumed prevalence and different cut-off values
(box 1).

Strengths and limitations

Strengths of our IPMDA method for evaluating PHQ-9
accuracy, compared with conventional meta-analyses,
include (a) integration of data from studies that
collected PHQ-9 and reference standard data but did
not publish accuracy results; (b) inclusion of data from
eligible participants in studies that included some
eligible and some ineligible participants (eg, those
already receiving mental healthcare) by selecting
eligible participants only; (c) inclusion of studies
that published results based on composite reference
standards (eg, any psychiatric disorder) by coding
based on the presence of major depression; (d) the
ability to conduct subgroup analyses by participant
or study characteristics; few primary studies have

Box 1: Putting results into practice

e Standard cut-off points that are commonly used for depression screening, including
the cut-off value of 210 on the Patient Health Questionnaire-9, are typically selected
because they maximise combined sensitivity and specificity

e Maximising sensitivity and specificity, however, does not necessarily maximise the
likelihood of patient benefits, minimise costs and harms, or reflect local concerns,
such as capacity for conducting assessments of people with positive screens

e Researchers and clinicians can choose a cut-off value based on clinical priorities and
local resources by comparing screening outcomes that would occur with different
outcomes, including true and false positive screens and true and false negative
results

* Aknowledge translation tool (www.depressionscreening100.com/phq) based on
the findings from this study can be used to generate screening outcomes for different
cut-offvalues based on local assumptions about prevalence

thelbmj | BMJ2021;374:n2183 | doi: 10.1136/bmj.n2183

attempted subgroup analyses because of the amount
of data required; and (e) the ability to conduct analyses
for all relevant cut-off values for all included studies
and reduce bias from selective cut-off value reporting,
which occurs because many studies report results for
only some cut-off values, often those with the most
positive results.® ®* The present IPDMA included data
from 44503 participants an increase of 27 146 from
our previous IPDMA (N=17357).%

This study has some limitations. Firstly, we could
not include data from 27 of 127 eligible studies (21%;
149% of eligible participants), although including data
from eligible studies that published sensitivity and
specificity but did not contribute data did not change
the IPDMA results. Secondly, there was substantial
heterogeneity, although this was reduced somewhat
in subgroup analyses. Methods for estimating and
interpreting heterogeneity in meta-analyses of test
accuracy are not well established, and there are no
established guidelines for interpretating results of the
quantitative metrics we used. High heterogeneity in
meta-analyses of test accuracy studies is common.?” >’
Thirdly, because 41% of participants had missing
medical comorbidity data, and most languages and
countries were represented by few studies, we could
not conduct those subgroup analyses. Fourthly,
primary studies were classified according to the
diagnostic interview used, but interviewers might not
have always administered the interviews as intended,
which could have influenced results. Fifthly, because of
the time required to determine whether datasets used
in published studies are eligible; to invite authors to
participate; to arrange for data transfer, including data
transfer agreements; and to conduct quality control
and data harmonisation procedures, studies included
in the IPDMA were published up to May 2018, and
more recent studies could not be included.

Conclusions

We found that PHQ-9 sensitivity and specificity were
both 85% compared with semistructured interviews.
Sensitivity was unchanged, but specificity was higher
(89%) when only people eligible for screening in
practice were considered. Specificity appears to be
higher for participants aged 60 or older and for men,
but differences are not large enough to consider
subgroup specific cut-off value thresholds. Clinicians
who use the PHQ-9 to screen should select a cut-off
point that provides the best balance of their preferences
and resources for sensitivity and specificity and true
and false positive screens.
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