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Abstract
Background: Screening for major depression with the Pa-
tient Health Questionnaire-9 (PHQ-9) can be done using a 
cutoff or the PHQ-9 diagnostic algorithm. Many primary 
studies publish results for only one approach, and previous 
meta-analyses of the algorithm approach included only a 
subset of primary studies that collected data and could have 
published results. Objective: To use an individual participant 
data meta-analysis to evaluate the accuracy of two PHQ-9 
diagnostic algorithms for detecting major depression and 
compare accuracy between the algorithms and the standard 
PHQ-9 cutoff score of ≥10. Methods: Medline, Medline In-
Process and Other Non-Indexed Citations, PsycINFO, Web of 
Science (January 1, 2000, to February 7, 2015). Eligible stud-
ies that classified current major depression status using a 
validated diagnostic interview. Results: Data were included 
for 54 of 72 identified eligible studies (n participants = 16,688, 
n cases = 2,091). Among studies that used a semi-structured 
interview, pooled sensitivity and specificity (95% confidence 
interval) were 0.57 (0.49, 0.64) and 0.95 (0.94, 0.97) for the 
original algorithm and 0.61 (0.54, 0.68) and 0.95 (0.93, 0.96) 
for a modified algorithm. Algorithm sensitivity was 0.22–
0.24 lower compared to fully structured interviews and 0.06–
0.07 lower compared to the Mini International Neuropsychi-
atric Interview. Specificity was similar across reference stan-
dards. For PHQ-9 cutoff of ≥10 compared to semi-structured 
interviews, sensitivity and specificity (95% confidence inter-
val) were 0.88 (0.82–0.92) and 0.86 (0.82–0.88). Conclusions: 
The cutoff score approach appears to be a better option than 
a PHQ-9 algorithm for detecting major depression.

© 2019 S. Karger AG, Basel

Introduction

Tests may be used for many purposes, including, for 
example, to discriminate between people who have im-
proved versus not improved with treatment or to deter-
mine whether people suspected of having a condition 
may meet diagnostic criteria. Screening, however, is spe-
cifically done to attempt to identify a condition among 
apparently healthy people who are not suspected of hav-
ing the condition [1, 2]. In depression screening, self-re-
port symptom questionnaires are used to identify pa-
tients who have not been previously recognized as having 

a mental health problem, but who may have depression. 
Consistent with a clinimetric approach [3–5], in screen-
ing, patients who score above a pre-established cutoff 
threshold would need to be evaluated by a trained clini-
cian to determine whether they have major depression 
and, if appropriate, offered treatment [6–10]. This assess-
ment would include considerations that go beyond infor-
mation obtained from the symptom questionnaire and 
would include consideration of the full set of diagnostic 
criteria, as well as contextual information, including 
function in daily life and performance of social roles and 
stressors, for instance [3–5]. Clinimetric approaches fo-
cus on sensitivity and specificity in relation to discrimi-
nating between different groups of patients and in terms 
of sensitivity to detecting changes in clinical or experi-
mental settings; studies of screening test accuracy focus 
on discrimination between patients with and without a 
condition [3–5].

The Patient Health Questionnaire-9 (PHQ-9) [11–13], 
a 9-item self-report questionnaire, is the most commonly 
used depression screening tool in primary care [14]. Its 9 
items align with the 9 Diagnostic and Statistical Manual of 
Mental Disorders (DSM) criteria for a major depressive ep-
isode [15–17]. Item response options for each item range 
from “not at all” (score of 0) to “nearly every day” (score of 
3), reflecting how often each symptom has bothered the 
respondent over the past 2 weeks. The PHQ-9 has been rec-
ommended by the United States Preventive Services Task 
Force (USPSTF) and others for depression screening in pri-
mary care and other settings, but recommendations do not 
specify the scoring approach to use [8, 18, 19]. Common 
approaches for screening include (1) a score cutoff thresh-
old of ≥10 and (2) a diagnostic algorithm, which requires 5 
or more items with scores of ≥2 points, with at least one 
being depressed mood or anhedonia [12]. Some research-
ers have used a modified algorithm that requires only 1 
point for item 9 (“thoughts that you would be better off 
dead or of hurting yourself in some way”) [13].

We have recently conducted an individual participant 
data meta-analysis (IPDMA) of PHQ-9 accuracy using 
the cutoff threshold approach (n studies = 58; n partici-
pants = 17,357) [20]. Compared to diagnoses made by 
semi-structured interviews, sensitivity and specificity for 
the standard cutoff of ≥10 (95% CI) for major depression 
were 0.88 (0.83–0.92) and 0.85 (0.82–0.88), respectively. 
A 2015 conventional meta-analysis of the diagnostic al-
gorithm found that pooled sensitivity and specificity were 
0.58 (0.50–0.66) and 0.94 (0.92–0.96) [21]. However, that 
study was based on only 27 primary studies and did not 
include results from 20 other studies that published re-
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sults for the cutoff but not the algorithm [21, 22]. Other 
limitations were that it: (1) pooled results without distin-
guishing between the original PHQ-9 diagnostic algo-
rithm, a modified algorithm, and other less frequently 
used algorithms; (2) could not evaluate accuracy in par-
ticipant subgroups other than care setting, since primary 
studies did not report subgroup results; (3) could not ex-
clude participants already diagnosed with depression 
who would not be screened in practice, but who were in-
cluded in many primary studies [23, 24]; and (4) com-
bined results across different types of reference standards, 
despite their inherent differences [20, 25].

IPDMA, which involves synthesis of participant-level 
data, rather than published summary results [26], allows 
the calculation of both cutoff and algorithm results and 
the conduct of subgroup analyses, even if not reported in 
the original studies. The objectives of the present IPDMA 
were to evaluate the diagnostic accuracy of the original 
and a modified PHQ-9 diagnostic algorithm: (1) among 
studies using different types of diagnostic interviews as 
reference standards, separately; (2) comparing partici-
pants not currently diagnosed or receiving treatment for 
a mental health problem to all patients regardless of diag-
nostic or treatment status; and (3) among subgroups 
based on age, sex, country human development index, 
and recruitment setting. We also compared accuracy re-
sults from the algorithms to results using the standard 
cutoff of ≥10.

Materials and Methods

This IPDMA was registered in PROSPERO (CRD42014010673), 
and a protocol was published [27]. Results were reported per PRIS-
MA-DTA [28] and PRISMA-IPD [29] statements.

Study Eligibility
Data sets from articles in any language were eligible if they in-

cluded diagnostic classification for current major depressive dis-
order (MDD) or major depressive episode (MDE) based on a vali-
dated semi-structured or fully structured interview conducted 
within 2 weeks of PHQ-9 administration among participants ≥18 
years not recruited from youth or psychiatric settings or pre-iden-
tified as having depressive symptoms. We required the interviews 
and PHQ-9 to be administered within 2 weeks of each other to be 
consistent with DSM [15–17] and International Classification of 
Diseases (ICD) [30] major depression diagnostic criteria. We ex-
cluded patients from psychiatric settings or already identified as 
having depressive symptoms because screening is done to identify 
unrecognized cases.

Data sets where not all participants were eligible were included 
if primary data allowed selection of eligible participants. For defin-
ing major depression, we considered MDD or MDE based on the 
DSM or ICD. If more than one was reported, we prioritized DSM 

over ICD and MDE over MDD, because screening would detect 
episodes and then determine whether the episode is related to 
MDD or bipolar disorder based on further assessment. Across all 
studies, there were only 23 discordant diagnoses depending on 
classification prioritization (0.1% of participants). For the present 
study, in order to be able to evaluate accuracy of both PHQ-9 di-
agnostic algorithms, we only included primary studies with data-
bases that provided individual PHQ-9 item scores and not just 
PHQ-9 total scores. 

Database Searches and Study Selection
A medical librarian searched Medline, Medline In-Process and 

Other Non-Indexed Citations via Ovid, PsycINFO, and Web of Sci-
ence (January 1, 2000, to February 7, 2015), using a peer-reviewed 
[31] search strategy (online suppl. Methods 1; for all online suppl. 
material, see www.karger.com/doi/10.1159/000502294) limited to 
the year 2000 forward because the PHQ-9 was published in 2001 
[11]. We also reviewed reference lists of relevant reviews and que-
ried contributing authors about nonpublished studies. Search re-
sults were uploaded into RefWorks (RefWorks-COS, Bethesda, 
MD, USA). After de-duplication, unique citations were uploaded 
into DistillerSR (Evidence Partners, Ottawa, ON, Canada).

Two investigators independently reviewed titles and abstracts 
for eligibility. If either 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 in which team members were fluent.

Data Extraction and Synthesis
Authors of eligible data sets were invited to contribute de-iden-

tified primary data. We emailed corresponding authors of eligible 
primary studies at least 3 times, as necessary. If we did not receive 
a response, we emailed co-authors and attempted to contact cor-
responding authors by phone.

Country, recruitment setting (nonmedical, primary care, inpa-
tient, outpatient specialty), and diagnostic interview were extract-
ed from published reports by two investigators independently, 
with disagreements resolved by consensus. Countries were catego-
rized as “very high” or “other” development based on the United 
Nation’s human development index, a statistical composite index 
that includes indicators of life expectancy, education, and income 
[32]. Participant-level data included age, sex, major depression sta-
tus, current mental health diagnosis or treatment, and PHQ-9 item 
scores. In two primary studies, multiple recruitment settings were 
included; thus, recruitment setting was coded at the participant 
level. When data sets included statistical weights to reflect sam-
pling procedures, we used the weights provided. For studies where 
sampling procedures merited weighting, but the original study did 
not, we constructed weights using inverse selection probabilities. 
Weighting occurred, for instance, when all participants with posi-
tive screens and a random subset of participants with negative 
screens were administered a diagnostic interview. 

Two investigators assessed risk of bias of included studies in-
dependently, based on primary publications, using the Quality As-
sessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool. 
Discrepancies were resolved by consensus. See supplementary 
Methods 2 for coding rules [33].

Individual participant data were converted to a standard for-
mat and synthesized into a single data set with study-level data. We 
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compared published participant characteristics and diagnostic ac-
curacy results with results from raw data sets and resolved any 
discrepancies in consultation with study investigators.

Data Analysis
We conducted three sets of analyses. First, we estimated sensi-

tivity and specificity for the original and modified PHQ-9 diag-
nostic algorithms for all patients, separately by studies that used 
semi-structured (Structured Clinical Interview for DSM [SCID] 
[34], Schedules for Clinical Assessment in Neuropsychiatry 
[SCAN] [35], Depression Interview and Structured Hamilton 
[DISH] [36]), fully structured (Composite International Diagnos-
tic Interview [CIDI] [37], Clinical Interview Schedule-Revised 
[CIS-R] [38], Diagnostic Interview Schedule [DIS] [39]), and 
Mini International Neuropsychiatric Interview (MINI) [40, 41] 
reference standards. This is because in a recent analysis, we found 
that the MINI classified approximately twice as many participants 
with major depression as the CIDI controlling for depressive 
symptom scores [25]. Compared to semi-structured interviews, 
fully structured interviews (MINI excluded) classified more pa-
tients with low symptom scores but fewer patients with high 
symptom scores. These findings are consistent with the design of 
each type of reference standard. Semi-structured diagnostic inter-
views are intended for administration by experienced diagnosti-
cians, require clinical judgment, and allow rephrasing of ques-
tions and follow-up probes. Fully structured interviews are de-
signed to be administered by lay interviewers, are fully scripted, 
and do not allow deviation. They are intended to achieve a high 
level of standardization but may sacrifice accuracy [42–45]. The 
MINI is fully structured but was designed for very rapid adminis-
tration and was described by its authors as intended to be overin-
clusive [40, 41].

Second, for each reference standard category, we estimated 
sensitivity and specificity for the original and modified diagnostic 
algorithms, only including participants not currently diagnosed or 
receiving mental health treatment, and we compared results to 
those for all participants. This was done because existing conven-
tional meta-analyses have been based on primary studies that typ-
ically do not exclude patients already diagnosed or receiving treat-
ment, but who would not be screened in practice, since screening 
is done to identify unrecognized cases [23, 24].

Third, for each reference standard category, we compared sen-
sitivity and specificity of the original and modified diagnostic al-
gorithms among subgroups based on age (< 60 vs. ≥60 years), sex, 
country human development index, and recruitment setting. For 
the MINI, we combined inpatient and outpatient specialty care 
settings, because only one study included inpatients. We excluded 
primary studies with no major depression cases in subgroup anal-
yses since this did not allow application of the bivariate random 
effects model. A maximum of 15 participants were excluded from 
any subgroup analysis.

For each meta-analysis, bivariate random-effects models were 
fitted via Gauss-Hermite quadrature [46]. This 2-stage meta-ana-
lytic approach modeled sensitivity and specificity simultaneously, 
accounting for the inherent correlation between them and for pre-
cision of estimates within studies. For each analysis, this model 
provided estimates of pooled sensitivity and specificity.

We estimated differences in sensitivity and specificity be-
tween subgroups for the original and modified diagnostic algo-
rithms by constructing confidence intervals (CIs) for differences 

via a clustered bootstrap approach [47, 48], resampling at the 
study and participant levels. For each comparison, we ran 1,000 
iterations. 

For heterogeneity estimation, we generated forest plots of 
sensitivities and specificities for the original and modified diag-
nostic algorithms for each study, first for all studies in each ref-
erence standard category, and then separately across participant 
subgroups within each reference standard category. In addition, 
we quantified heterogeneity overall and for subgroups by report-
ing estimated variances of random effects for sensitivity and 
specificity (τ2) and by estimating R, the ratio of the estimated 
standard deviation of the pooled sensitivity (or specificity) from 
the random-effects model to that from the corresponding fixed-
effects model [49]. We used a complete case analysis since only 
2% of participants were missing PHQ-9 item data or covariate 
data.

To estimate positive and negative predictive values using the 
original and modified algorithms, we generated nomograms and 
applied sensitivity and specificity estimates from the meta-analysis 
to hypothetical major depression prevalence values of 5–25%.

In sensitivity analyses, for each reference standard category, we 
compared accuracy results across subgroups based on QUADAS-2 
items with at least 100 major depression cases among participants 
in studies categorized as having “low” risk of bias and in studies 
with “high” or “unclear” risk of bias. 

We previously published an IPDMA of the accuracy of the 
PHQ-9 using the cutoff threshold approach for screening to detect 
major depression (n studies = 58; n participants = 17,357) and 
found that accuracy was highest compared to diagnoses made by 
semi-structured interviews; sensitivity and specificity for the stan-
dard cutoff of ≥10 (95% CI) were 0.88 (0.83–0.92) and 0.85 (0.82–
0.88) [20]. That IPDMA included data from 4 primary studies that 
could not be included in the present IPDMA because the individ-
ual PHQ-9 item scores needed to apply the diagnostic algorithms 
were not available. To ensure that we could directly compare re-
sults from the PHQ-9 diagnostic algorithm to published results 
using the cutoff threshold approach, we re-evaluated sensitivity 
and specificity for the cutoff approach with the standard cutoff of 
≥10 using the same data set used for the present evaluation of the 
diagnostic algorithms (n = 16,688). 

All analyses were run in R (R version 3.4.1 and R Studio version 
1.0.143) using the glmer function within the lme4 package, which 
uses one quadrature point.

Results

Search Results and Inclusion of Primary Data
Of 5,248 unique titles and abstracts identified from 

the database search, 5,039 were excluded after title and 
abstract review and 113 after full-text review, leaving 96 
eligible articles with data from 69 unique participant 
samples, of which 55 (80%) contributed data sets (online 
suppl. Fig. 1). In addition, authors of included studies 
contributed data from 3 unpublished studies (2 subse-
quently published) [50, 51], for a total of 58 data sets of 
72 identified eligible data sets (81%). Of these, 4 studies 
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contributed PHQ-9 total scores but did not provide 
item-level data and were excluded; thus, there were 54 
studies with 17,050 participants. From those 54 studies, 
we excluded 308 participants who were missing PHQ-9 
item scores and 54 participants who were missing co-
variate data, leaving 16,688 participants (2,091 major 
depression cases [13%]) who were included in analyses 
(77% of eligible participants). Reasons for exclusion for 
all articles excluded at full-text level and characteristics 
of included studies and those that did not provide data 
for the present study are shown in online supplementary 
Table 1, online supplementary Table 2a, and online sup-
plementary Table 2b. 

Of the 54 included studies, 27 used semi-structured 
reference standards, 13 used fully structured reference 
standards (MINI excluded), and 14 used the MINI (Table 
1). The SCID was the most common semi-structured in-
terview (24 studies, 4,347 participants), and the CIDI was 
the most common fully structured interview (11 studies, 
6,272 participants). Among studies that used semi-struc-
tured, fully structured, and MINI diagnostic interviews, 
mean sample sizes were 234, 583, and 199, and mean 
numbers (%) with major depression were 29 (12%), 61 
(10%), and 37 (19%). Characteristics of participants are 
shown in Table 2.

PHQ-9 Diagnostic Algorithm Accuracy by Reference 
Standard
Comparisons of sensitivity and specificity estimates by 

reference standard category are shown in Table 3. Sensi-
tivity and specificity estimates for the original and modi-
fied algorithms differed by 0.04 or less within each refer-
ence standard category. Compared to semi-structured in-
terviews, sensitivity and specificity were 0.57 (95% CI, 
0.49–0.64) and 0.95 (95% CI, 0.94–0.97) for the original 
algorithm and 0.61 (95% CI, 0.54–0.68) and 0.95 (0.93–
0.96) for the modified algorithm. Specificity was similar 
for studies that compared PHQ-9 algorithms to semi-
structured interviews, fully structured interviews, or the 
MINI. Sensitivity, however, was substantially higher 
compared to semi-structured interviews than compared 
to fully structured interviews or the MINI (Table 4). Het-
erogeneity analyses suggested moderate heterogeneity 
across studies. For original and modified diagnostic algo-
rithms, sensitivity and specificity forest plots are shown 
in online supplementary Figures 2a–f and 3a–f, with τ2 
and R values shown in online supplementary Table 3.

Nomograms of positive and negative predictive values 
for the original and modified algorithms for hypothetical 
major depression prevalence values of 5–25% are shown 
in online supplementary Figures 4a, b and 5a, b. For the 
prevalence of studies included in the IPDMA (13%), for 
the original diagnostic algorithm, positive and negative 
predictive values for semi-structured, fully structured 
(MINI excluded) and MINI were 0.63 and 0.94, 0.51 and 
0.91, and 0.72 and 0.93, respectively; for the modified al-
gorithm, they were 0.65 and 0.94, 0.53 and 0.91, and 0.67 
and 0.93, respectively.

PHQ-9 Diagnostic Algorithm Accuracy among 
Participants Not Diagnosed or Receiving Treatment 
for a Mental Health Problem Compared to All 
Participants
Sensitivity and specificity estimates were not statisti-

cally significantly different for any reference standard 
category when restricted to participants not currently di-
agnosed or receiving treatment for a mental health prob-
lem compared to all participants. See online supplemen-
tary Table 4 for results. 

PHQ-9 Diagnostic Algorithm Accuracy among 
Subgroups
For each reference standard category, comparisons of 

sensitivity and specificity estimates of the original PHQ-9 
diagnostic algorithm and the modified PHQ-9 diagnostic 
algorithm among all participants and among participant 

Table 1. Participant data by diagnostic interview

Diagnostic 
interview

Studies Participants Major depression

n %

Semi-structured
SCID 24 4,347 649 15
SCAN 2 1,884 129 7
DISH 1 100 9 9

Fully structured
CIDI 11 6,272 554 9
DIS 1 1,006 221 22
CIS-R 1 299 13 4
MINI 14 2,780 516 19

Total 54 16,688 2,091 13

CIDI, Composite International Diagnostic Interview; CIS-R, 
Clinical Interview Schedule-Revised; DIS, Diagnostic Interview 
Schedule; DISH, Depression Interview and Structured Hamilton; 
MINI, Mini International Neuropsychiatric Interview; SCAN, 
Schedules for Clinical Assessment in Neuropsychiatry; SCID, 
Structured Clinical Interview for DSM Disorders.
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subgroups based on age, sex, human development index, 
and care setting are shown in online supplementary Table 
4, with forest plots shown in online supplementary Figures 
2a–f and 3a–f, and τ2 and R values shown in online supple-
mentary Table 3. Overall, there were no examples of statis-
tically significant differences in diagnostic accuracy across 
subgroups that were replicated in more than a single refer-
ence standard category. Heterogeneity improved in some 
instances when subgroups were considered.

Risk of Bias Sensitivity Analyses 
Online supplementary Table 5 shows QUADAS-2 rat-

ings for each included primary study. There were no sig-
nificant or substantive differences based on QUADAS-2 
ratings that were replicated across reference standards.

Sensitivity and Specificity of PHQ-9 Using a Cutoff 
Threshold of ≥10 
Based on the same data set as used with the diagnostic 

algorithm analyses (n = 16,688), compared to a semi-
structured diagnostic interview, sensitivity and specificity 
for a cutoff of ≥10 (95% CI) were 0.88 (0.82–0.92) and 
0.86 (0.82–0.88). For fully structured interviews (MINI 
excluded), sensitivity and specificity were 0.67 (0.57–
0.76) and 0.86 (0.80–0.90). For the MINI, sensitivity and 
specificity were 0.75 (0.66–0.82) and 0.88 (0.84–0.91).

Discussion

Conventional meta-analyses on the accuracy of the 
PHQ-9 for screening that have used either the cutoff 
threshold or diagnostic algorithm approaches have been 

limited because most primary studies publish results 
from one, but not both, approaches. By using IPDMA, we 
were able to analyze data from twice as many primary 
studies as were included in the most recent meta-analysis 
of the PHQ-9 diagnostic algorithm (54 vs. 27) [21] and to 
directly compare results to a cutoff score of ≥10 using the 
same data.

The main finding was that for both the original and 
modified PHQ-9 diagnostic algorithms, sensitivity was 
low across reference standards and subgroups, although 
specificity was high. Sensitivity and specificity to distin-
guish between people with and without a condition is a 
core clinimetric requirement [3–5]. Sensitivity was 0.57 
(specificity = 0.95) for the original algorithm and 0.61 
(specificity = 0.95) for the modified algorithm compared 
to semi-structured diagnostic interviews; accuracy was 
poorer compared to fully structured interviews or the 
MINI. We found no differences in accuracy by subgroups 
that were consistent across reference standards. Overall, 
the accuracy of the PHQ-9 diagnostic algorithms did not 
compare favorably to that of the PHQ-9 using the stan-
dard cutoff of ≥10 (sensitivity = 0.88, specificity = 0.86 
compared to semi-structured diagnostic interview).

Whether or not screening should be implemented in 
practice is controversial. Screening in primary care set-
tings is recommended by the USPSTF [8], but the Cana-
dian Task Force on Preventive Health Care [9] and the 
United Kingdom National Screening Committee [10] 
both recommend against routine screening of people not 
reporting symptoms or suspected of possibly having de-
pression. There are not any well-conducted randomized 
trials that have found that depression screening reduces 
depression symptoms or improves other patient-impor-

Table 4. Differences in sensitivity and specificity estimates for originala and modifiedb PHQ-9 diagnostic algorithms for fully structured 
reference standards and MINI reference standards compared to semi-structured reference standards

Algorithm Semi-structured minus fully structuredc, d Semi-structured minus MINIe, f

sensitivity 95% CI specificity 95% CI sensitivity 95% CI specificity 95% CI

Original PHQ-9 diagnostic algorithm 0.22 –0.04, 0.36 0.00 –0.02, 0.02 0.06 –0.04, 0.16 –0.02 –0.03, 0.02
Modified PHQ-9 diagnostic algorithm 0.24 –0.03, 0.36 0.00 –0.04, 0.04 0.07 –0.03, 0.16 –0.02 –0.03, 0.02

PHQ-9, Patient Health Questionnaire-9; CI, confidence interval; MINI, Mini International Neuropsychiatric Interview. a The original diagnostic algo-
rithm requires 5 or more items with scores of ≥2 points, with at least 1 being depressed mood or anhedonia. b The modified algorithm requires 5 or more 
items with scores of ≥2 points (except item 9 that only requires 1 point), with at least 1 being depressed mood or anhedonia. c One bootstrap iteration (0.01%) 
did not produce a difference estimate for the PHQ-9 diagnostic algorithm. This iteration was removed prior to determining the bootstrapped CI. d One 
bootstrap iteration (0.01%) did not produce a difference estimate for the modified PHQ-9 diagnostic algorithm. This iteration was removed prior to deter-
mining the bootstrapped CI. e One bootstrap iteration (0.01%) did not produce a difference estimate for the PHQ-9 diagnostic algorithm. This iteration was 
removed prior to determining the bootstrapped CI. f One bootstrap iteration (0.01%) did not produce a difference estimate for the modified PHQ-9 diag-
nostic algorithm. This iteration was removed prior to determining the bootstrapped CI.
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tant outcomes [6, 7, 9, 10, 52]. In this context, concerns 
have been raised about possible adverse effects for people 
screened, as well as the possibility of high false-positive 
rates, overdiagnosis, and substantial resource utilization 
and opportunity costs from screening [9, 10]. Well-con-
ducted trials are needed to determine whether screening 
programs can be designed in a way that results in benefits 
to patients and minimizes harms and costs; concerns 
about false-positive screens and other negative implica-
tions of screening should be weighed against benefits 
demonstrated in clinical trials. Such trials can also be de-
signed to determine what cutoff on the PHQ-9 may max-
imize benefits, if any, from screening and minimize 
harms. The standard cutoff for the PHQ-9 was set to max-
imize combined sensitivity and specificity, but that may 
not maximize clinical utility. Ideally, trials would be suf-
ficiently large to compare benefits and harms from screen-
ing across different possible cutoff PHQ-9 thresholds. It 
is possible that further work on the measurement proper-
ties and scoring of the PHQ-9, such as with Rasch or 
Mokken analyses, may facilitate this also [53].

Beyond screening, the PHQ-9 diagnostic algorithm 
was designed to replicate DSM diagnostic criteria for ma-
jor depression [11–13], and some authors have suggested 
that the PHQ-9 diagnostic algorithm could be used to di-
agnose depression and make treatment decisions for in-
dividual patients [11, 54, 55]. Although the PHQ-9 in-
cludes the same symptoms evaluated in assessing DSM 
major depression, it does not include all components of a 
diagnostic interview, including an assessment of func-
tional impairment, investigation of nonpsychiatric medi-
cal conditions that can cause similar symptoms, or his-
torical information necessary for differential diagnosis 
[3–5]. Thus, while the PHQ-9 may be used to solicit 
symptoms as part of a clinical assessment, it should not 
be used on a stand-alone basis for diagnosis; the present 
study showed that it would fail to diagnose approximate-
ly 40% of patients who meet diagnostic criteria for major 
depression.

We know of only one other self-report tool, the Major 
Depression Inventory (MDI) that, like the PHQ-9, was 
developed to be used as a summed score severity scale, as 
well as to include items that reflect standard diagnostic 
criteria [56–58]. Unlike the PHQ-9, though, the MDI was 
designed to capture both DSM and ICD criteria for major 
depression. Validation studies of the MDI, however, have 
been conducted in samples of people suspected of having 
depression or diagnosed with a depressive disorder [56–
58], which limits comparability of results to those of the 
PHQ-9 from the present study. Thus, it is not clear wheth-

er the finding from the PHQ-9 that a cutoff threshold ap-
proach for screening provides a better balance of sensitiv-
ity and specificity would apply to the MDI.

This was the first study to use IPDMA to assess the ac-
curacy of the PHQ-9 diagnostic algorithm approach for 
screening. Strengths include the large sample size, the 
ability to include results from studies with primary data 
rather than just those that published aggregate results, the 
ability to examine participant subgroups, and the ability 
to assess accuracy separately across reference standards, 
which had not been done previously. There are limita-
tions to consider. First, we were unable to include pri-
mary data from 18 of 72 identified eligible data sets (25% 
of studies; 23% of participant data). Second, there was 
substantial heterogeneity across studies, although it did 
improve in some instances when subgroups were consid-
ered. There were not sufficient data to conduct subgroup 
analyses based on specific medical comorbidities or cul-
tural aspects such as country or language. However, this 
was the first study of the PHQ-9 algorithm to compare 
participant subgroups based on age, sex, and country hu-
man development index. Third, we categorized studies 
based on the diagnostic interview administered, but in-
terviews are sometimes adapted and may not always be 
used in the way that they were originally designed. Al-
though we coded for interviewer qualification for all 
semi-structured interviews as part of our QUADAS-2 rat-
ing, two studies used interviewers who did not meet typ-
ical standards, and approximately half of studies were rat-
ed as unclear on this item. Finally, our study only ad-
dressed using the PHQ-9 for screening and not for other 
purposes, such as case finding or tracking treatment 
progress. We do not know of evidence on using the PHQ-
9 for case finding among those already suspected of hav-
ing depression, although others have examined this with 
other assessment tools [59, 60].

Conclusions

Diagnostic accuracy, or the ability to discriminate be-
tween people with and without a condition, is a core clin-
imetric criterion for evaluating the usefulness of a scale 
[3–5]. The results of the present study, in combination 
with those of a previous IPDMA, show that the PHQ-9 
score threshold approach provides more desirable com-
binations of sensitivity and specificity across different 
cutoffs than the algorithm approach for screening and 
provides the flexibility to select a cutoff that would pro-
vide the preferred combination of sensitivity and specific-
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ity. The algorithm approach may be attractive because it 
allows mapping of symptoms onto DSM diagnostic crite-
ria and may be useful to provide information for an inte-
grated mental health assessment. The PHQ-9 algorithms, 
however, are not sufficiently accurate to use exclusively 
for diagnosis, and empirical evidence also suggests that 
the algorithms do not perform as well as a score-based 
cutoff threshold approach for screening. Thus, the cutoff 
threshold approach is advised for use in clinical trials or 
if used in clinical practice. Even the cutoff approach, how-
ever, has limitations in that it crudely dichotomizes pa-
tients as positive or negative screens based on a single 
threshold with all symptom items counted equally. A 
risk-modeling approach could be used to generate indi-
vidualized probabilities that a patient has major depres-
sion based on actual screening tool scores (rather than a 
dichotomous classification) and patient characteristics 
and could also weight responses for each PHQ-9 item dif-
ferently. Ideally, to do this with acceptable precision, an 
even larger data set than used in the present study would 
be needed. Our team is working to compile such a data 
set, and we hope that this will be possible in the next few 
years. 
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