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ABSTRACT
Background: Selectively reporting accuracy results from only well-performing cutoffs could
result in biased accuracy estimates in meta-analyses of diagnostic test accuracy studies. A
previous individual participant data meta-analysis (IPDMA) of 13 Patient Health Questionnaire-
9 (PHQ-9) diagnostic accuracy studies observed bias due to selective reporting of cutoffs. But

the extent of bias may differ depending on the availability of a well-defined standard cutoff.

Objectives: Bias in accuracy estimates and cutoff reporting patterns was compared for the PHQ-
9 (well-defined standard cutoff 10, i.e. score > 10) and Edinburgh Postnatal Depression Scale

(EPDS; no standard cutoff, common cutoffs 10 to 13).

Methods: Medline, Medline In-Process & Other Non-Indexed Citations and PsycINFO via
OvidSP, and Web of Science via ISI Web of Knowledge were searched from January 2000 to
February 2015 (PHQ-9) and inception to June 2016 (EPDS) for studies that published at least
one cutoff with the PHQ-9 or EPDS. Separately, for the PHQ-9 and EPDS, bivariate random
effects meta-analysis was used to compare accuracy estimates based on published cutoffs only
versus all cutoffs from all studies. The number of published cutoffs below and above the

standard or common cutoffs was compared in relation to study-specific “optimal” cutoffs.

Results: In the [IPDMA, 30 unique PHQ-9 diagnostic accuracy studies (11,773 participants and
1,587 major depression cases) and 19 unique EPDS diagnostic accuracy studies (3,637
participants and 531 major depression cases) were included. Compared to IPDMA, PHQ-9

sensitivity estimates based on published cutoffs were underestimated for cutoffs below 10
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(median difference: -0.06) and overestimated for cutoffs above 10 (median difference: 0.07).

EPDS sensitivity estimates were similar for cutoffs below 10 (median difference: 0.01) but
higher for published cutoffs above 13 (median difference: 0.14). Mean cutoff of all cutoffs
reported among PHQ-9 studies with optimal cutoffs below 10 was 8.8 compared to 11.8 for
studies with optimal cutoffs above 10. 18 of 19 EPDS studies had optimal cutoffs below 13;
those with below 10 did not report more cutoffs below 10 (mean cutoff: 9.9), but those with

above 10 reported more cutoffs above 10 (mean cutoff: 11.8).

Conclusion: Selective cutoff reporting and resulting bias in accuracy estimates were more
pronounced for the PHQ-9 than the EPDS. Researchers evaluating diagnostic accuracy of

screening tools should report accuracy results for all relevant cutoffs.
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RESUME
Contexte: La communication sélective de résultats de précision provenant uniquement de seuils
bien performants pourrait entrainer des estimations de précision biaisées dans les méta-analyses
des ¢études d'exactitude des tests de diagnostic. Une précédente méta-analyse des données
individuelles des participants (IPDMA) de 13 études de précision diagnostique du questionnaire
de santé des patients-9 (PHQ-9) a observé un biais di a la déclaration sélective des seuils.

Mais la mesure du biais peut différer en fonction de la disponibilité d'un seuil standard bien

défini.

Objectifs: Les biais dans les estimations de précision et les profils de rapport de seuil ont été
comparés pour le PHQ-9 (seuil standard bien défini > 10) et pour I'Edimbourg Postnatal

Depression Scale (EPDS; pas de seuil standard, seuils communs 10 a 13).

Méthodes: Medline, Medline In-Process & Other Non-Indexed Citations et PsycINFO via
OvidSP, et Web of Science par ISI Web of Knowledge ont été recherchés de janvier 2000 a
février 2015 (PHQ-9) et du début a juin 2016 (EPDS) pour des études qui publi¢ au moins un
seuil avec le PHQ-9 ou EPDS. Séparément, pour le PHQ-9 et 'EPDS, une méta-analyse bivariée
a effets aléatoires a été utilisée pour comparer les estimations de précision basées uniquement sur
les seuils publiés et tous les seuils de toutes les études. Le nombre de seuils publiés en dessous et
au-dessus des seuils standard ou communs a été comparé par rapport aux seuils «optimaux»

spécifiques a I'étude.



Résultats: Dans I'lPDMA, 30 études de précision diagnostique PHQ-9 uniques (11 773
participants et 1 587 cas de dépression majeure) et 19 études de précision diagnostique EPDS
uniques (3 637 participants et 531 cas de dépression majeure) ont été incluses. Comparativement
a I'lPDMA, les estimations de sensibilité au PHQ-9 basées sur les seuils publiés ont été sous-
estimées pour les seuils inférieurs a 10 (différence médiane: -0,06) et surestimées pour les seuils
supérieurs a 10 (différence médiane: 0,07). Les estimations de sensibilité a I'EPDS étaient
similaires pour les seuils inférieurs a 10 (différence médiane: 0,01) mais plus élevées pour les
seuils publiés supérieurs a 13 (différence médiane: 0,14). Le seuil moyen de tous les seuils
signalés dans les études PHQ-9 avec des seuils optimaux inférieurs a 10 était de 8,8 par rapport a
11,8 pour les études avec des seuils optimaux supérieurs a 10. 18 des 19 études EPDS avaient
des seuils optimaux inférieurs a 13; ceux avec moins de 10 n'ont pas rapporté plus de seuils en
dessous de 10 (seuil moyen: 9,9), mais ceux avec plus de 10 ont rapporté plus de seuils au-dessus

de 10 (seuil moyen: 11,8).

Conclusion: Les rapports de valeurs seuil sélectives et le biais résultant dans les estimations de
précision étaient plus prononcés pour le PHQ-9 que pour I'EPDS. Les chercheurs qui évaluent la
précision diagnostique des outils de dépistage devraient rapporter des résultats de précision pour

tous les seuils pertinents.

xi



ACKNOWLEDGEMENTS

I would like to thank several people for their support and contribution without whom the
thesis could not be completed. A massive thanks to my supervisors, Dr. Brett Thombs and Dr.
Andrea Benedetti for creating an excellent learning environment and training me for my career
as a researcher. Thanks to Dr. Brooke Levis for her original ideas, mentorship and answers to all
my questions which made tough coding much easier.

I would like to thank DEPRESSD project team members, for the quality of work they do
for the project and happy working environment they create everyday. Thanks to the DEPRESSD
project steering committee for providing valuable feedback on my protocol. I am extremely
thankful to all the participants of the primary datasets and the data-contributors who provided
data to the project. I would like to thank Julia Nordlund for translating my abstract.

I would like to express my gratitude to the Department of Epidemiology, Biostatistics and
Occupational Health for all the knowledge I received, without which I would not be able to grasp
the concepts required for completion of this project. Thanks to the McGill Faculty of Medicine
for providing me the studentship awards which helped me financially in completion of the thesis.

I would like to thank my parents, Deepkala Neupane and Dipendra Keshari Neupane, and
family for their support, love and encouragement.

Finally, a heartfelt thanks to Parash Mani Bhandari for helping me in each step of my

thesis and for inspiring me, loving me and caring for me.

xii



PREFACE AND CONTRIBUTIONS OF AUTHORS
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CHAPTER 1. INTRODUCTION

Depression screening refers to using validated questionnaires to identify patients who may
have depression, among those not previously diagnosed, to further assess them and, if required,
treat them for depression.!? Depression screening is controversial. In 2013, the Canadian Task
Force for Preventive Health Care recommended against depression screening in primary care,
raising a concern that the diagnostic accuracy results reported in the publications of depression
screening studies may be over-estimated compared to real practice.? In primary diagnostic
accuracy studies, results are often published for cutoffs that have high accuracy estimates in that
particular study but not from other cutoffs that have less optimistic accuracy estimates.* Because
of this tendency to report only the cutoffs around the best performing cutoff, a meta-analysis
including these primary studies would likely produce biased accuracy estimates.

Selective reporting is a potential source of bias which arises due to reporting of only the
most favorable outcomes.>® In diagnostic test accuracy studies, selective cutoff reporting occurs
when accuracies are calculated for multiple cutoffs, but the decision on which cutoffs to report is
made depending upon the results.* When only the best-performing cutoffs are reported, the
resulting accuracy estimates will overestimate the true accuracy of the screening tool. Primary
depression screening studies also tend to report “standard” cutoff or cutoffs around the “standard”
cutoff.*”8 The “standard” cutoffs are usually obtained from early studies that included small
number of participants and major depression cases; hence it cannot be confidently used as a best
cutoff.”!! The limitation due to small sample size in obtaining the best cutoff can be addressed
using a meta-analysis. But, results from a meta-analysis including primary studies that selectively

reported cutoffs will also be biased.



Only one previous study,* which was based on 13 studies with 4,589 participants and 1,037
major depression cases, has investigated pattern of selective cutoff reporting. That study obtained
accuracy estimates from an individual participant data meta-analysis (IPDMA) and compared it
to accuracy estimates obtained from meta-analysis of published cutoffs. It found that the
sensitivity estimates were under-estimated for cutoffs below 10 (i.e. cutoff of > 10), over-
estimated for cutoffs above 10 and similar for standard cutoff of 10. This pattern was observed
because primary studies tended to report cutoffs lower or higher than 10 depending upon the
sensitivity of the PHQ-9 at cutoff of 10. It was not known whether the findings would be similar
with a larger number of studies and participants. Moreover, in the previous study the pattern of
selective cutoff reporting and comparison between IPDMA and aggregate data meta-analysis of
published results was assessed only for the PHQ-9. The pattern of selective reporting may be
different for other screening tools and may depend on how the standard cutoff is defined for the
screening tool. For the PHQ-9, a cutoff of 10 is a well-defined standard cutoff that is used
consistently.”!%!1?-1* The EPDS, on the other hand, which is the most commonly used screening
tool among women in pregnancy and postpartum period,'>!¢ does not have a well-defined
standard cutoff. Different studies commonly report accuracies using cutoffs between 10 and 13 to
identify major depression.'®!”

In the present study, the objective was to examine how the presence or absence of well-
defined standard cutoff may affect selective cutoff reporting. IPDMA on larger set of PHQ-9
studies was used and compared to the findings with EPDS, which does not have a well-defined
standard cutoff. IPDMA was performed to synthesize results from all cutoffs for each included
primary study and, separately, results from only cutoffs with published accuracy estimates in the

original primary studies. Specific objectives were to (1) compare sensitivity and specificity based



on all cutoffs from all primary studies versus data from only cutoffs for which estimates were
published in the primary studies; (2) explore cutoff reporting patterns with reference to the

identified optimal cutoff in each primary study.



CHAPTER 2. LITERATURE REVIEW

2.1 Depression screening

Depression is the leading cause of disability among adults and is common among pregnant
and postpartum mothers.'® Over 300 million people are now living with depression; the
percentage of people living with depression increased by more than 18% between 2005 and
2015." Diagnosing depression in primary care settings is difficult because in addition to classic
symptoms of depressed mood, patients often present with multiple comorbidities and somatic
symptoms such as changes in appetite, changes in sleep, digestive problems and sexual
dysfunction.?’ Because of the difficulty in diagnosing depression, primary care providers use self
reported questionnaires for depression screening to identify patients who may have depression.
Depression screening involves using a screening instrument, usually self-reported questionnaire,
to identify patients who may have depression but who are not already diagnosed as having
depression, so they can be further assessed by health care providers and treated if necessary.!*
2.2 Depression screening tools

The PHQ-9,'? a nine-item questionnaire, is the most commonly used depression screening
tool in primary care and other medical settings.!>!* The total score is 27, with higher scores
representing more severe symptoms of depression. The standard cutoff of PHQ-9 is 10,%1%:12-14
which was identified by the first validation study (N participants = 580, N major depression =
41).710

The EPDS is the most commonly used screening tool in pregnancy and postpartum., !>

EPDS has 10 items and the maximum score is 30. The first EPDS study, from 1987, which was

based on a sample that included only 24 definite or probable major depression cases, suggested



cutoffs of 10 or 13 could be used.!! But because the standard cutoff is not clear, studies
commonly use cutoffs 10 to 13 as the standard, with 13 being the most commonly used.'®!”
2.3 Accuracy of depression screening tools

In depression screening, diagnostic test accuracy is the ability of a test to distinguish
between patients who have major depression (Major Depressive Disorder (MDD) or Major
Depressive Episode (MDE)) from those who do not. Results from the depression screening tool,
whose diagnostic test accuracy is to be assessed, are compared with the results from a validated
diagnostic interview that is designed to reflect Diagnostic and Statistical Manual of Mental
Disorders (DSM) or International Classification of Disease (ICD) criteria for major depression.
The test accuracy is often expressed as test’s sensitivity (the probability that the patients with
major depression will be correctly identified as depressed by the screening tool) and specificity
(the probability that the patients without major depression will be correctly identified as not
depressed by the screening tool).?!??
2.4 Selective cutoff reporting and aggregate data meta-analysis

Depression screening tools measure symptoms of participants in continuous or ordinal scale
and provide a cumulative total score. To make a decision whether a participant may be depressed
or not using a depression screening tool, a cutoff needs to be defined; the participants above the
cutoff will be considered as positive screens.”* Although selecting a screening cutoff in practice
should evaluate the consequences of true and false positive screens, many studies identify an
“optimal” cutoff by selecting a cutoff that maximizes both sensitivity and specificity. When the

true “optimal” cutoff for the screening tool is not known, accuracy estimates for all relevant

cutoffs should be reported. But, if authors make the decision whether to report particular cutoffs



after performing the test and report only those that maximize the sensitivity and specificity, the
accuracy of the test will likely be over-estimated.??

In the context of selective cutoff reporting, results from aggregate data meta-analyses
including primary studies that report cutoffs selectively will also be biased. A 2012 meta-analysis
of the PHQ-97 accuracy studies discussed that the accuracy of cutoffs could not be compared
properly in their study because different studies reported different cutoffs. Hence, all studies
could not be meta-analyzed for all cutoffs. Due to selective cutoff reporting the sensitivity
increased with the increase in cutoff from 9 to 11, which is mathematically impossible. Another
study* obtained individual participant data (IPD) from 13 of 16 studies included in the 2012
meta-analysis’ and compared results for all cutoffs based on IPDMA to results from meta-
analysis of published cutoffs only. The study found that (a) estimates of sensitivity differed
between the published and the IPD datasets with cutoffs lower than the standard cutoff of 10
underestimating and cutoffs higher than 10 overestimating, but the standard cutoff about the
same; (b) that this could be explained by the reporting pattern; in the studies in which the PHQ-9
was poorly sensitive at the cutoff of 10, cutoff less than 10 was identified as optimal and the
studies tended to publish accuracy estimates for cutoff 10 and below whereas, in the studies in
which the PHQ-9 was highly sensitive at the cutoff of 10, cutoff greater than 10 was identified as
optimal and the studies tended to publish accuracy estimates for cutoff of 10 and above. Thus,
compared to the IPD dataset, for published dataset, sensitivity was underestimated for cutoffs
below 10 and overestimated for cutoffs above 10.

2.5 Individual participant data meta-analysis in diagnostic test accuracy studies
In aggregate data meta-analysis of diagnostic accuracy studies, aggregate study level

accuracy estimates (i.e., sensitivity and specificity) are synthesized; analyzing only results from



cutoffs reported by the authors. The limitation of not being able to include data from all studies
for all cutoffs can be overcome using IPDMA, in which individual level patient data for each
study are obtained and used for analysis.?* Thus, accuracy from all cutoffs from all studies can be
compared to identify the best cutoff with maximum sensitivity and specificity. Because of the
benefit to include all the data from all primary studies it is considered as the gold standard in

evidence synthesis by the Cochrane Collaboration.?’



CHAPTER 3. MANUSCRIPT
The following manuscript presents the research that was done to achieve the objectives
mentioned in Chapter 1:
Neupane D, Levis B, Bhandari PM, Thombs BD, Benedetti A, and the DEPRESsion Screening
Data (DEPRESSD) Collaboration. Selective cutoff reporting in studies of the accuracy of the
PHQ-9 and EPDS depression screening tools: comparison of results based on published cutoffs
versus all cutoffs using individual participant data meta-analysis.

This manuscript has been prepared for submission to the International Journal of Epidemiology.
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ABSTRACT

Background: Selectively reporting accuracy results from only well-performing cutoffs in
studies of diagnostic or screening tests may result in biased estimates when synthesized. We
compared selective cutoff reporting in studies on Patient Health Questionnaire-9 (PHQ-9; well-
defined standard cutoff 10, i.e. cutoff >10) and Edinburgh Postnatal Depression Scale (EPDS; no
standard cutoff, common cutoffs 10 to 13) accuracy.

Methods: We analyzed individual participant data from primary studies. Separately, for the
PHQ-9 and EPDS, we used bivariate random effects meta-analysis to compare accuracy
estimates from published versus all cutoffs. We also compared the number of published cutoffs
below and above the standard or common cutoffs in relation to study-specific “optimal” cutoffs.
Results: For the PHQ-9 (30 studies, N = 11,773), published results underestimated sensitivity
compared to results for all cutoffs for cutoffs below 10 (median difference: -0.06) and
overestimated for cutoffs above 10 (median difference: 0.07). EPDS (19 studies, N = 3,637)
sensitivity estimates were similar for cutoffs below 10 (median difference: 0.01) but higher for
published cutoffs above 13 (median difference: 0.14). Mean cutoff of all cutoffs reported among
PHQ-9 studies with optimal cutoffs below 10 was 8.8 compared to 11.8 for studies with optimal
cutoffs above 10. 18 of 19 EPDS studies had optimal cutoffs below 13; those below 10 did not
report more cutoffs below 10 (mean: 9.9), but those with above 10 reported more above 10
(mean: 11.8).

Conclusion: Selective cutoff reporting was more pronounced for the PHQ-9 than EPDS.

Researchers evaluating diagnostic accuracy should report results for all relevant cutoffs.
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INTRODUCTION

Selective reporting occurs when authors make decisions regarding publication of study
results based on whether or not outcomes are favorable.! In studies of the accuracy of ordinal or
continuous tests, selective cutoff reporting occurs when accuracy results are published for one or
more cutoffs that maximize sensitivity and specificity in a particular study but not for other
relevant cutoffs.? Selective cutoff reporting can lead to overestimation of diagnostic accuracy in
primary studies and in meta-analyses that synthesize results from primary studies with
selectively reported results.*

Only one previous study has investigated patterns of selective cutoff reporting in
diagnostic test accuracy studies.? That study obtained individual participant data (IPD) from 13
primary studies included in a published meta-analysis of the accuracy of the Patient Health
Questionnaire-9 (PHQ-9) depression screening tool and compared results for all cutoffs from all
included studies to results from published cutoffs only. Estimates of sensitivity differed
substantially between published and IPD datasets for cutoffs lower and higher than the standard
cutoff of 10 (i.e. > 10) but were similar at the standard cutoff. This was because most studies
published results for the standard cutoff, but authors tended to publish results from cutoffs lower
or higher than 10 depending on whether the PHQ-9 was relatively poorly sensitive but specific
(lower cutoffs published) or highly sensitive but poorly specific (higher cutoffs published) in
their dataset.

A cutoff of 10 is used as the standard cutoff for screening for major depression with the
PHQ-9> and maximizes combined sensitivity and specificity,'? but standard cutoffs are less
well-defined for other commonly used depression screening tools. The Edinburgh Postnatal

Depression Scale (EPDS), is the most commonly used screening tool among women in
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pregnancy and postpartum.'!"!? Different studies describe cutoffs between 10 and 13 as standard,

with 13 being most commonly used.!>!> A recent individual participant data meta-analysis
(IPDMA) of the diagnostic accuracy of the EPDS'* found that a cutoff of 11 maximized
combined sensitivity and specificity.

The degree to which there is an agreed upon standard cutoff for a screening tool may

influence selective cutoff reporting. Thus, the aim of the present study was to evaluate selective

cutoff reporting with a substantially larger set of PHQ-9 studies than was used in the previous

study? and to compare results to the EPDS, which does not have a well-defined standard cutoff.

Specific objectives were to use IPDMA with the PHQ-9 and EPDS, separately, to (1) compare
sensitivity and specificity based on all cutoffs from all primary studies versus data from only
cutoffs for which accuracy estimates were published in the primary studies; and (2) explore
cutoff reporting patterns with reference to the identified optimal cutoff in each primary study.
METHODS

We analyzed data accrued for IPDMAs on PHQ-9 and EPDS diagnostic accuracy
(PROSPERO CRD42014010673, CRD42015024785), and protocols were published for each
IPDMA.'>16 The protocol for the present study, which was not part of the main IPDMA
protocols, was published separately (https://ost.io/vw3bz/). The protocol described only the
EPDS analysis, and we subsequently added the PHQ-9 to be able to compare screening tools
with and without well-defined standard cutoffs. As this study involved only analysis of
previously collected de-identified data and because all included studies were required to have
obtained ethics approval and informed consent, the Research Ethics Committee of the Jewish
General Hospital determined that ethics approval was not required.

Study eligibility
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Datasets from articles in any language were eligible for the main IPDMAs if (1) they used
the PHQ-9 or EPDS; (2) they included diagnostic classification for current Major Depressive
Disorder (MDD) or Major Depressive Episode (MDE) using Diagnostic and Statistical Manual
of Mental Disorders (DSM) or International Classification of Diseases (ICD) criteria based on a
validated diagnostic interview; (3) the interview and PHQ-9 or EPDS were administered within
two weeks of each other; (4) participants were > 18 years and not recruited from school-based
settings (PHQ-9) or > 18 years and pregnant or within 12 months postpartum (EPDS); and (5)
participants were not recruited from psychiatric settings or because they had symptoms of
depression, since screening is done to identify previously unrecognized cases. Datasets where
not all participants were eligible were included if primary data allowed selection of eligible
participants.

Many primary studies in the main IPDMA databases that contributed eligible datasets
never published estimates of screening accuracy. Thus, for the present study, we restricted
analyses to primary studies with publications that included sensitivity and specificity estimates
for at least one PHQ-9 or EPDS cutoff for identifying major depression. We excluded studies if
the sample size from the published primary study differed by > 10% from the sample included in
our IPDMA datasets. Sample sizes from original primary studies and the IPDMA databases
differed in some cases because, for instance, we excluded participants who were included in the
original studies if there were > 2 weeks between their index test and reference standard
administrations or if they were < 18 years old. We also excluded primary studies with
publications that reported accuracy results only for diagnostic classifications broader than major
depression (e.g., “any depressive disorder”) if the number of cases in the published article and

IPDMA datasets differed by > 10%.
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Search strategy and study selection

A medical librarian searched Medline, Medline In-Process & Other Non-Indexed Citations
and PsycINFO via OvidSP, and Web of Science via ISI Web of Knowledge from January 1,
2000 to February 7, 2015 (Supplementary Methods 1) for the PHQ-9 and from inception to June
10, 2016 (Supplementary Methods 2) for the EPDS, using peer-reviewed search strategies.!” We
also reviewed reference lists of relevant reviews and queried contributing authors about non-
published studies. Search results were uploaded into RefWorks (RefWorks-COS, Bethesda, MD,
USA) for de-duplication and then into DistillerSR (Evidence Partners, Ottawa, Canada).

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

Data contribution, extraction, and synthesis

Authors of eligible datasets were emailed invitations to contribute de-identified primary
data at least three times, as necessary, then we emailed co-authors and attempted phone contact.
For each study, we compared published results with results from raw datasets and resolved any
discrepancies in consultation with primary study investigators. For defining major depression,
we considered MDD or MDE based on DSM or ICD. If more than one was reported, we
prioritized MDE over MDD and DSM over ICD. For studies with multiple time points, we
included data from only the time point with the most participants. To facilitate comparison
between published results and IPDMA results, we applied sampling weights in the IPDMA only
when accuracy results reported in the original published study were calculated using weights.

Statistical analyses
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We replicated the statistical analyses used in the previous study of selective cutoff
reporting with the PHQ-9.2 For both the PHQ-9 and EPDS, we estimated sensitivity and
specificity from cutoffs up to 5 points below and above cutoffs used as standard (PHQ-9 cutoff
10, range 5 to 15; EPDS cutoffs 10 to 13, range 5 to 18). We compared meta-analyses results
from data using only cutoffs for which accuracy estimates were published in the primary studies
(the published dataset) and using data from all cutoffs from all studies (the full dataset).

For both sets of meta-analyses, for each cutoff, bivariate random-effects models were
estimated via Gauss-Hermite quadrature.'® This approach models sensitivity and specificity
simultaneously, accounting for the inherent correlation between them and the precision of
estimates within studies.

Differences in sensitivity and specificity estimates using published versus full datasets

In order to examine differences in results produced by meta-analyses based on published
and full datasets, we constructed separate pooled receiver operator characteristic (ROC) curves.
In addition, 95% confidence intervals (CI) for the differences between methods in sensitivity and

specificity at each cutoff were constructed via bootstrap,'**

resampling at the study and subject
level with 1000 iterations for each cutoff. We calculated the median absolute difference in

estimated sensitivity and specificity across evaluated cutoffs.

Reporting patterns

We assessed whether primary studies tended to preferentially report low or high cutoffs
depending on the study’s sample-specific optimal cutoff. For each primary study, we identified
the optimal cutoff that the authors explicitly described as optimal or using a similar term. If the
authors did not identify an optimal cutoff, we used the cutoff that maximized Youden’s J

sensitivity + specificity — 1).2! For each study, we plotted the optimal cutoff, along with all other
y T sp y y p Y
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cutoffs for which results were published. We noted whether the reported cutoffs tended to be low
or high compared to the standard cutoff (PHQ-9: 10) or set of commonly used cutoffs (EPDS: 10
to 13). For studies with optimal cutoffs below and above the standard or commonly used cutoffs,
separately, we calculated the mean of the cutoffs reported.
RESULTS
Identification of eligible studies
PHQ-9

For the main PHQ-9 IPDMA, 58 studies were included.'® Of these, 28 studies were
excluded from the present study because they did not publish diagnostic accuracy results for any
PHQ-9 cutoffs or because the number of participants or major depression cases in the IPD
dataset differed by more than 10% from the published studies or could not be determined (see
Supplementary Figure 1a for primary study numbers included and excluded at each review stage
and Supplementary Tables (1a-4a) for information on excluded studies). Thus, 30 unique studies
(total N = 11,773, major depression N = 1587 (13%)) were included (see Supplementary Table
Sa for study characteristics). Of the 30 studies, 7 reported only a single cutoff and 23 reported
more than one cutoff. Of the 23 with multiple cutoffs reported, 18 identified an optimal cutoff in
the published study; of those, 16 (89%) were described as based on Youden’s J (N = §) or
equivalent to Youden’s calculated from published cutoffs but did not have an explanation (N =
8).
EPDS

The original IPDMA dataset included 49 studies. Of these, 30 studies were excluded
because they did not publish accuracy results or because published and IPDMA datasets differed

by more than 10% for total sample or number of cases (see Supplementary Figure 1b and
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Supplementary Tables (1b-4b)). Thus, 19 unique studies (total N = 3,637, major depression N =
531(15%)) were included (see Supplementary Table 5b). Of the 13 studies that reported more
than one cutoff, 12 identified an optimal cutoff; of those 9 (75%) were based on Youden’s J (N =
2) or did not have an explanation but matched what would have been obtained using Youden’s J
calculated from published cutoffs (N =7).
Differences in sensitivity and specificity estimates based on published versus full datasets

Table 1 shows sensitivity and specificity for the PHQ-9 and EPDS at each cutoff for the
published and full datasets with the ROC plots in Figures 1 and 2.
PHQ-9

For the PHQ-9 (see Table 2), the difference between estimated sensitivity (published — full
dataset) ranged from -0.09 to 0.10 (median 0.06). For cutoffs below 10, estimated sensitivity was
lower for the published dataset (-0.02 to -0.09; median -0.06) with 95% ClIs including zero but
inclining more towards negative, whereas estimated specificity was higher (0.01 to 0.14; median
0.03) with 95% ClIs including zero. For the standard cutoff 10, the differences in sensitivity and
specificity were -0.01 (95% CI: -0.05, 0.01), and 0.01 (95% CI: 0.00, 0.04), respectively. For
cutoffs above 10, estimated sensitivity was higher for the published dataset (0.00 to 0.10; median
0.07) with ClIs including zero but inclining more towards positive, and estimated specificity was
similar (0.00 to 0.02; median 0.01) with CIs including zero.
EPDS

For the EPDS (see Table 2), the difference between estimated sensitivity ranged from -0.04
to 0.20 (median 0.03) with all 95% ClIs including zero. For cutoffs below 10, estimated
sensitivity (-0.04 to 0.01; median 0.01), and estimated specificity (0.01 to 0.03; median 0.01)

were similar for the published and full datasets. For cutoffs of 10 to 13, estimated sensitivity
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differed by -0.02 to 0.03 (median 0.02), and estimated specificity differed by 0.00 to 0.02
(median 0.01). For cutoffs above 13, estimated sensitivity was higher for the published dataset
(0.05 to 0.20; median 0.14), and estimated specificity was similar or lower (0.00 to -0.08; median
0.00).
Reporting patterns
PHQ-9

Figure 3 shows the pattern of reporting with respect to optimal cutoffs for included PHQ-9
studies; 9 studies had optimal cutoffs below 10, 14 equal to 10, 6 greater than 10 and 1 study had
optimal cutoffs of both 10 and 12. Studies for which the PHQ-9 was poorly sensitive at the
cutoff 10 (sensitivity 0.27 — 0.74),27° had optimal cutoffs that were below 10. These studies
tended to report more cutoffs below 10 than above 10 (mean of reported cutoffs 8.8). Studies for
which the PHQ-9 was highly sensitive at cutoff 10 (sensitivity 0.85 — 1.00),?!-*¢ had optimal
cutoffs that were greater than 10. These studies tended to report more cutoffs above 10 than
below 10 (mean of reported cutoffs 11.8).
EPDS

Figure 4 shows the pattern of reporting cutoffs for the EPDS; 5 studies had optimal cutoffs
below 10, 13 between 10 and 13, and 1 greater than 13. Studies for which the EPDS was poorly
sensitive at cutoff 10 (sensitivity: 0.43 —0.73),%7-*! had optimal cutoffs that were less than 10
(mean of reported cutoffs 9.9). Studies for which EPDS was highly sensitive at cutoff 10
(sensitivity: 0.82 — 1.00),*>3 had optimal cutoffs greater than 10. These studies tended to report
more cutoffs above 10 than below 10 (mean of reported cutoffs 11.8). All of these studies had
optimal cutoffs between 10 and 13 with one exception, a study reported accuracy only for cutoff

13 even though sensitivity was low at this cutoff (sensitivity: 0.35).%*
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DISCUSSION

We compared cutoff reporting patterns and bias due to selective cutoff reporting between
screening instruments with and without a clearly defined standard cutoff. We performed meta-
analyses of published cutoffs and compared results to meta-analysis of all cutoffs using
individual participant data from studies on the screening accuracy of the PHQ-9 and EPDS.
Patterns suggesting selective cutoff reporting were identified for both the PHQ-9 and EPDS, but
selective cutoff reporting and bias were more pronounced for the PHQ-9, which has a clearly
defined standard cutoff, than for the EPDS, which does not have a clearly defined standard
cutoff.

For the PHQ-9, compared to meta-analysis of the full dataset, which included results for all
relevant cutoffs for all included studies, estimates of specificity using the published dataset,
which included results from published cutoffs only, were similar; however, sensitivity was
underestimated in the published dataset for PHQ-9 cutoffs below 10, similar for the standard
PHQ-9 cutoff 10, and overestimated for cutoffs above 10. The underestimation of sensitivity for
cutoffs below 10 and the overestimation of sensitivity for cutoffs above 10 can be explained by
the cutoff reporting patterns in primary studies. Studies in which the PHQ-9 was poorly sensitive
but more specific identified optimal cutoffs below 10 as optimal and tended to publish accuracy
estimates for cutoffs below 10, whereas studies in which the PHQ-9 was highly sensitive but less
specific identified optimal cutoffs above 10 and tended to publish accuracy estimates for cutoffs
above 10.

For the EPDS, compared to the full dataset, estimated specificity using the published
dataset was similar across all cutoffs; however estimated sensitivity was similar for cutoffs less

than 10 and for the most commonly reported cutoffs 10 to 13, but overestimated for cutoffs
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above 13. This may also be explained by the reporting pattern. For the EPDS, unlike the PHQ-9,
only primary studies in which EPDS was highly sensitive at cutoff 10 tended to report more
cutoffs above 10. Studies with poor sensitivity that reported optimal cutoffs below 10 reported
results from cutoffs above 10 more often than comparable studies with the PHQ-9. This may be
because the PHQ-9 has a single standard cutoff of 10, whereas for the EPDS it may be an
expectation that results for commonly used cutoffs of 10 to 13 are reported.
Findings in context

The first validation study of the PHQ-9, which was done in 2001, included a sample with
only 41 major depression cases and identified 10 as the standard cutoff.>’ Meta-analyses have
subsequently verified that PHQ-9 cutoff 10 maximizes combined sensitivity and specificity.!°
Consequently, most PHQ-9 diagnostic accuracy studies have reported accuracy estimates for
cutoff 10,23 but studies have selectively reported accuracy estimates for cutoffs other than 10
depending upon the sensitivity of PHQ-9 at the cutoff 10. Only one previous study, an IPDMA
which included 13 studies, 4589 participants and 1037 major depression cases, has examined
selective cutoff reporting in screening instruments (for the PHQ-9).? The previous study found
that when only published cutoffs were considered, the estimates of sensitivity were
underestimated for cutoffs lower than 10, overestimated for cutoffs greater than 10, but similar at
the standard cutoff of 10, which was explained by the cutoff reporting pattern. We replicated the
analysis in the present study with much larger sample of 30 studies, 11,773 participants and 1587
cases and found that though the reporting patterns were similar, the magnitude of bias was lower
in the present study. In the previous study, when the cutoff increased markedly from 9 to 10 and

10 to 11, the sensitivity also increased, which is not possible if all data are analyzed. In the
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present study, the sensitivity increased when cutoff increased from 10 to 11, but the increment
was minimal.

This was the first study to examine selective cutoff reporting with the EPDS. The first
EPDS study, from 1987, which was based on a sample that included only 24 definite or probable
major depression cases, suggested cutoffs of 10 or 13 could be used.>® In the absence of a clearly
defined standard cutoff, studies conducted since the original study have often reported a range of
cutoffs from 10 to 13.!%!3 A recent IPDMA meta-analysis found that 11 maximized combined
sensitivity and specificity.'* Consequently, given the range of cutoffs that are often reported,
selective cutoff reporting appears to be less pronounced as compared to the PHQ-9.

Clinical and research implications

To avoid the bias in reporting cutoffs, authors of primary studies should report accuracy
estimates for all possible cutoffs. The Standards for Reporting of Diagnostic Accuracy Studies
(STARD) checklist requires that estimates of diagnostic accuracy and precision, as well as the
cross tabulation of the index test and the reference standard should be reported.’® The checklist
should also recommend reporting accuracy estimates for all possible cutoffs within the range of
relevancy for ordinal index tests.

In the presence of selective cutoff reporting, meta-analyses based on accuracy estimates
from published cutoffs only may result in biased estimates of diagnostic accuracy. In a 2012
aggregate-data meta-analysis, which meta-analyzed published cutoffs only, the sensitivity
increased with the increase in cutoff from 9 to 11, a mathematical impossiblity.>” When there are
missing data from some cutoffs in primary studies, accuracy estimates in meta-analyses can be
corrected by using modelling techniques>® or by doing IPDMA, which has some advantages, but

is highly resource intensive.>*-%?
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Strengths and limitations

One major strength of this study is that we compared two depression screening instruments
with different characteristics using IPDMA. We explored how the presence of a clearly defined
standard cutoff versus the absence of such a standard may be associated with cutoff reporting
patterns and bias due to selective cutoff reporting. A potential limitation is that we were not able
to include data from all eligible studies; 14 of 69 (20%) eligible PHQ-9 studies and 24 of 72
(33%) eligible EPDS studies did not provide the data in the main IPDMA. However, 4 of the 14
(29%) PHQ-9 studies and 10 of the 24 (42%) EPDS studies that did not provide data did not
publish diagnostic accuracy results for their databases, so they would not have been eligible for
the present study. Another limitation could be that for the studies that did not specify any optimal
cutoff, we calculated the optimal cutoff based on Youden’s J. Those studies may not have
considered the cutoff that maximized Youden’s J as optimal. However, Youden’s J appears to be
the most typical method of identifying optimal cutoff thresholds for depression screening
measures. A previous study reported that 11 of 13 publications on EPDS accuracy used
Youden’s J to define the optimal cutoff.®* In the present study, 16 of 18 (89%) PHQ-9 studies
and 9 of 12 (75%) EPDS studies with multiple reported cutoffs that identified an optimal cutoff
used Youden’s J or identified an optimal cutoff that was equivalent to the Youden’s J optimal
cutoff.
Conclusion

Selective cutoff reporting and resulting bias in accuracy estimates were more pronounced
with the PHQ-9, which has a clearly defined standard cutoff, than with the EPDS, for which a
range of cutoff thresholds are commonly reported, but there is not a clear single standard cutoft.

For the PHQ-9, when studies appeared to choose cutoffs for reporting selectively depending
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upon the sensitivity at the standard cutoff, synthesis of accuracy results from published cutoffs
led to underestimation of sensitivity below the standard cutoff and overestimation of sensitivity
above the standard cutoff. This phenomenon appears to be diluted for EPDS when the standard
cutoff is not clearly defined and there is a range of commonly used and reported cutoffs, because
the primary studies tend to report range of cutoffs around the true optimal cutoff. To reduce bias
in estimates of diagnostic test accuracy of screening instruments in evidence syntheses,
researchers conducting primary studies should report accuracy estimates or a contingency table
of results for all relevant cutoffs. Alternatively, researchers should make primary data available
so that others can estimate the sensitivity and specificity for all relevant cutoffs. Researchers who
conduct meta-analyses should use modelling approaches to overcome possible biases from

selective cutoff reporting or should use an IPDMA approach.
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Table 1. Comparison of accuracy results from IPDMA of PHQ-9 and EPDS with the published dataset only versus the full dataset

PHQ-9
Published dataset Full dataset
30 studies; N =11,773; MD cases = 1,587
Cutoff  No. of No. of No of MD Sensitivity 95% CI Specificity 95% CI Sensitivity 95% CI Specificity 95% CI
studies  patients cases
5 5 1,663 367 0.91 0.86, 0.94 0.68 0.55,0.79 0.97 0.94, 0.98 0.54 0.48, 0.60
6 6 2,193 377 0.87 0.77,0.93 0.72 0.61,0.82 0.96 0.92,0.97 0.62 0.56, 0.68
7 6 2,050 438 0.87 0.75,0.93 0.72 0.60, 0.81 0.94 0.90, 0.97 0.69 0.63, 0.74
8 12 5,798 720 0.87 0.78,0.92 0.77 0.70, 0.82 0.92 0.87,0.95 0.75 0.70, 0.79
9 14 5,283 766 0.85 0.76, 0.91 0.81 0.75,0.85 0.87 0.81,0.91 0.80 0.76, 0.84
10 26 10,593 1,378 0.82 0.74, 0.88 0.86 0.83,0.89 0.83 0.76, 0.88 0.85 0.81, 0.88
11 15 5,292 767 0.83 0.72,0.91 0.88 0.83,0.92 0.76 0.69, 0.82 0.88 0.85,0.91
12 16 6,188 832 0.73 0.63, 0.81 0.91 0.87,0.94 0.69 0.62,0.75 0.91 0.88,0.93
13 2,104 455 0.70 0.59,0.79 0.95 0.87,0.98 0.60 0.54,0.67 0.93 0.91, 0.95
14 1,231 277 0.63 0.47,0.76 0.96 0.89, 0.99 0.54 0.47,0.61 0.95 0.93, 0.96
15 3,546 374 0.47 0.37,0.59 0.97 0.97, 0.98 0.47 0.40, 0.54 0.96 0.95, 0.97
EPDS
Published dataset Full dataset
19 studies; N = 3,637; MD cases = 531
Cutoff No. of No. of No. of MD Sensitivity 95% CI Specificity 95% CI Sensitivity 95% CI Specificity 95% CI
studies  patients cases
5 4 830 52 0.98 0.84, 1.00 0.38 0.18, 0.62 0.98 0.95,0.99 0.36 0.29, 0.43
6 4 830 52 0.98 0.86, 1.00 0.46 0.23,0.70 0.97 0.93,0.98 0.45 0.37,0.53
7 7 1,413 122 0.93 0.84,0.97 0.56 0.41,0.70 0.94 0.89,0.97 0.55 0.47,0.62
8 8 1,586 158 0.89 0.78, 0.95 0.64 0.50, 0.77 0.91 0.85,0.94 0.63 0.55,0.71
9 12 2,473 306 0.83 0.76, 0.88 0.74 0.65, 0.82 0.87 0.81,0.91 0.71 0.63,0.78
10 10 1,881 174 0.80 0.72,0.86 0.79 0.70, 0.86 0.82 0.76, 0.87 0.79 0.72,0.84
11 13 2,462 277 0.83 0.72,0.90 0.83 0.76, 0.89 0.80 0.72,0.86 0.85 0.79, 0.90
12 11 2,039 216 0.73 0.57,0.85 0.87 0.80, 0.92 0.72 0.63, 0.80 0.89 0.84,0.92
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13 16 2,698 411 0.67 0.57,0.75 0.93 0.89,0.96 0.65 0.56,0.74 0.93 0.89, 0.95
14 8 1616 148 0.63 0.52,0.73 0.95 0.89,0.98 0.58 0.49, 0.67 0.95 0.92,0.97
15% 5 952 95 0.64 0.53,0.73 0.96 0.90, 0.99 0.50 0.43,0.58 0.96 0.94, 0.98
16 3 682 65 0.61 0.47,0.73 0.98 0.78, 1.00 0.41 0.35,0.49 0.98 0.96, 0.99
17# 1 306 19 0.47 0.25,0.71 0.91 0.87,0.94 0.33 0.27,0.41 0.99 0.97, 0.99
18# 1 306 19 0.37 0.17,0.61 0.95 0.92,0.97 0.26 0.21,0.33 0.99 0.98, 1.00

Abbreviations: CI: Confidence Interval; EPDS: Edinburgh Postnatal Depression Scale; IPDMA: Individual Participant Data Meta-analysis; MD: Major Depression.
#For this cutoff, the default optimizer in glmer failed, thus bobyqa was used instead.

#For these cutoffs, one sample proportion test with continuity correction was used to estimate sensitivity and specificity and confidence intervals.
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Figure 1. Receiver operating characteristic (ROC) curves for the diagnostic accuracy of Patient Health
Questionnaire-9 (PHQ-9).

The points in the ROC curves indicate each of the PHQ-9 cutoffs between 5 (right) and 15 (left).
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Figure 2. Receiver operating characteristic (ROC) curves for the diagnostic accuracy of Edinburgh Postnatal

Depression Scale (EPDS).

The points in the ROC curves indicate each of the EPDS cutoffs between 5 (right) and 18 (left).
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Table 2. Differences in estimated sensitivity and specificity using the published dataset versus the full dataset for PHQ-9 and EPDS

PHQ-9
% of participants included in published Differences in estimates using published dataset
results for each cutoff versus full dataset (published - full)
Cutoff % patients % MD cases Sensitivity Specificity
Estimated difference Bootstrap 95% CI Estimated difference  Bootstrap 95% CI
5 14 23 -0.06 -0.13, 0.00 0.14 0.02,0.26
6 19 24 -0.09 -0.18, -0.01 0.10 0.00, 0.20
7 17 28 -0.07 -0.20, 0.00 0.03 -0.09, 0.15
8 49 45 -0.05 -0.14, 0.02 0.02 -0.03,0.08
9 45 48 20.02 -0.11, 0.05 0.01 -0.04, 0.05
10 90 87 -0.01 -0.05, 0.01 0.01 0.00, 0.04
11 45 48 0.07 0.00,0.13 0.00 -0.03, 0.03
12 53 52 0.04 -0.03, 0.09 0.00 -0.02, 0.03
13 18 29 0.10 -0.02, 0.20 0.02 -0.04, 0.05
14 10 17 0.09 -0.07,0.23 0.01 -0.04, 0.04
15 30 24 0.00 -0.12,0.13 0.01 0.00, 0.03
EPDS
% of participants included in published Differences in estimates using published dataset
results for each cutoff versus full dataset (published - full)
Cutoff % patients % MD cases Sensitivity Specificity
Estimate difference Bootstrap 95% CI Estimate difference  Bootstrap 95% CI
5 23 10 0.00 -0.06, 0.04 0.02 -0.16, 0.21
6 23 10 0.01 -0.04, 0.05 0.01 -0.19, 0.21
7 39 23 -0.01 -0.10, 0.07 0.01 -0.12,0.15
8 44 30 20.02 -0.13, 0.07 0.01 -0.12,0.13
9 68 58 -0.04 -0.12, 0.04 0.03 -0.05,0.12
10 52 33 -0.02 -0.17, 0.09 0.00 -0.08, 0.08
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11 68 52 0.03 -0.06, 0.11 -0.02 -0.08, 0.03

12 56 41 0.01 -0.19, 0.16 -0.02 -0.09, 0.03
13 74 77 0.02 -0.07, 0.09 0.00 -0.02, 0.02
14 44 28 0.05 -0.15,0.20 0.00 -0.07, 0.04
15 26 18 0.14 -0.03,0.32 0.00 -0.09, 0.03
16 19 12 0.20 -0.03, 0.39 0.00 -0.08, 0.03
17 8 4 0.14 - -0.08 -

18 8 4 0.11 - -0.04 -

Abbreviations: CI: Confidence Interval, EPDS: Edinburg Postnatal Depression Scale, PHQ-9: Patient Health Questionnaire-9

For PHQ-9, 15 iterations (1.5%) that did not produce difference estimates were removed prior to determining the bootstrap CI.

For EPDS, 284 iterations (28.4%) for cutoffs 5-6, 60 iterations (6%) for cutoffs 7-15 and 275 iterations (27.5%) for cutoft 16 that did not produce difference
estimates were removed prior to determining bootstrap Cls.

Bootstrap Cls were not constructed for EPDS cutoffs 17 and 18 because only one study published accuracy results for these cutoffs.
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Published cutoffs for PHQ-9 pli\ll)(l)i.s(l)lfed Mean of | Sensitivity Specificity
5 6 7 8 9 10 | 11 12 | 13| 14| 15 cutoff for reported | at cutoff at cutoff 10

Author each study cutoffs 10

Inagaki, 2013% (6} 10 8.50 0.55 0.98
Stafford, 2007% 0 3 7.00 0.54 0.91
Sung, 2013 0 1 6.00 0.67 0.91
Thombs, 2008% (6] 6 5.50 0.54 0.90
Pence, 2012% (0] 3 10.00 0.27 0.94
Arrol, 2010% (0] 4 11.25 0.74 0.91
Turner, 20123 0 3 8.67 0.69 0.78
Lambert, 2015% (6] 4 11.80 0.71 0.82
Lotrakul, 2008% (0] 10 10.50 0.74 0.85
Gelaye, 2014% (0] 3 10.00 0.53 0.78
Gjerdingen, 2009 (6] 1 10.00 0.74 0.91
Mohd Sidik, 2012 (0] 1 10.00 0.77 0.87
Rooney, 2013 (0] 4 9.50 0.79 0.86
0e Map-van Ginkel, 0 1 10.00 0.80 0.78
Cholera, 20147 (0] 3 10.0 0.81 0.83
Hyphantis, 20117 (0] 11 9.50 0.81 0.87
Amoozegar, 20177 (0] 6 12.50 0.82 0.79
Richardson, 20107 (0} 6 9.50 0.82 0.86
Liu, 20117 (0] 3 10.00 0.86 0.94
Akena, 20137 (6] 6 10.50 0.91 0.89
Véhringer, 20137 (0] 1 10.00 0.93 0.77
Chagas, 201377 (0] 4 9.50 1.00 0.83
Osorio, 200978 (0] 6 15.50 1.00 0.98
xgijifngge,rgg%w 0 0 5 10.00 0.92 0.65
Bombardier, 20123 0 4 10.50 1.00 0.80
Fann, 2005%* (0] 2 11.00 0.88 0.90
Delgadillo, 2011 (0] 1 12.00 0.94 0.42
Lowe, 200433 (0] 3 12.00 0.97 0.76
Twist, 2013% (6] 5 12.00 0.98 0.64
Khamseh, 20113¢ (6] 1 13.00 0.85 0.66
El?t;l(i)sfhj:il eneworr | 5 | 6|6 |25 |0 |5 |6

Figure 3. Pattern of cutoff reporting for PHQ-9 studies.

O represents the optimal cutoff for PHQ-9 explicitly stated in the studies except for Inagaki 2013, Pence 2012, Arroll
909, Cholera 2014, Amoozegar 2017, which did not identify an optimal cutoff. For those, Youden’s J optimal was
calculated from published accuracies. For Gjerdingen 2009 and Véhringer 2013, only one cutoff was reported without
stating whether it was optimal or not.

van Steenbergen- Weijenburg reported 10 and 12 as optimal cutoffs

Studies that reported accuracies for cutoffs beyond presented in the table: Inagaki 2013 reported the accuracy for
cutoffs 4-13, Thombs 2008 reported the accuracy for cutoffs 1-10, Lambert 2015 reported the accuracy for cutoffs
5,9,10,15,20, Hyphantis 2011 reported the accuracy for cutoffs 4-16, Osorio 2009 reported the accuracy for cutoffs 10-
21.

All the reported cutoffs were included while calculating the mean of reported cutoffs though they are not shown in the
figure.
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published each cutoff

No: of Mean of Sensitivity | Specificity
Published cutoffs for EPDS E::::};:l}zg reported at cutoff 10 at cutoff 10
each study cutoffs

Author 9 (10|11 |12 |13 |14 | 15|16 |17 | 18

Toreki, 20134 (0} 10 9.50 0.43 0.93
INaki¢ Rados, 2013% (6] 8 10.50 0.60 0.82
Bakare, 2014%7 0 1 9.00 0.66 0.89
Chaudron, 2010% o 2 11.00 0.73 0.84
Thiagayson, 20134 (0] 6 9.50 0.73 0.74
Tissot, 2015% (e} 5 11.00 0.50 0.75
Couto, 2015 0 7 11.00 0.86 0.68
Tandon, 2012% (e} 2 12.00 0.92 0.81
Garcia-Esteve, 2003% 0 1 11.00 1.00 0.59
Philips, 2009* (¢} 3 12.00 0.88 0.66
Khalifa, 2015 (¢} 11 8.00 0.89 0.68
Bunevicius, 2009% (¢} 7 12.00 0.92 0.87
Toreki, 2014 (0] 12 10.50 1.00 091
Pawlby, 2008 (0} 1 13.00 0.61 0.94
Alvarado, 2015 (0} 10 11.50 0.82 0.82
Beck, 2001% (0] 1 13.00 0.83 0.86
Su, 2007°" (0} 1 13.00 091 0.70
Rochat, 2013% (0} 1 13.00 0.94 0.50
Vega-Dienstmaier, 20023 (o) 14 13.50 0.89 0.45
INo. of studies that liol1zl1]1s 513 1 1

Figure 4. Pattern of cutoff reporting for EPDS studies.

O represents the optimal cutoff for EPDS explicitly stated in the studies except for Philips 2009, which did not identify

an optimal cutoff. For those, Youden’s J optimal was calculated from published accuracies. Youden’s J optimal

calculated from published accuracies. For Bakare 2014, Pawlby 2007, Beck 2001 only one cutoff was reported without

stating whether it was optimal or not.

Studies that reported accuracies for cutoffs beyond presented in the table: Khalifa 2015 reported accuracy for cutoffs

1-15, Vega-Dienstmaier 2002 reported the accuracy for cutoffs 1-26.

All the reported cutoffs were included while calculating the mean of reported cutoffs though they are not shown in the

figure.
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CHAPTER 4. DISCUSSION
4.1 Key findings

Bias in accuracy estimates and cutoff reporting patterns were compared between two
depression screening tools; the PHQ-9, which has a clearly defined standard cutoff, and the EPDS,
which does not have a clearly defined standard cutoff. For both the PHQ-9 and the EPDS, the
results from meta-analysis of published cutoffs only was compared to meta-analysis of all cutoffs
from all studies. Sensitivity for the PHQ-9 was underestimated for cutoffs below the standard
cutoff of 10, similar for standard cutoff of 10 and overestimated for cutoffs above the standard
cutoff of 10. Sensitivity for the EPDS was similar for cutoffs below 10, similar for commonly
reported cutoffs 10 to 13 but overestimated for cutoffs above 13. This may be explained by the
reporting pattern that the PHQ-9 studies that had optimal cutoff below 10 reported more cutoffs
below 10, and studies that had optimal cutoff above 10 reported more cutoffs above 10. But, in the
case of the EPDS only the studies that had optimal cutoff above 10 reported more cutoffs above
10, and the opposite was not observed. This may be because the PHQ-9 has a single standard
cutoff of 10, whereas for the EPDS it may be an expectation that results for commonly used cutoff
10 to 13 are reported. Overall, the bias in accuracy estimate was observed in both the screening
tools, but it was more pronounced for the PHQ-9 than for the EPDS.

This thesis includes the first study to provide evidence of a differential bias in accuracy
estimates for different screening tools, depending on whether a clearly defined standard cutoff is
available or not.

4.2 Clinical and research implications

The results from screening test accuracy studies may not represent the true accuracy in

clinical practice when cutoffs are selectively reported. Users of results from these primary studies

should interpret results from these studies with caution. However, to avoid bias at the first step,
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primary studies should report accuracy estimates for all possible cutoffs, regardless of the presence
or absence of well-defined standard cutoff for the index test. Standard for Reporting of Diagnostic
Accuracy Studies (STARD) checklist requires reporting accuracy and precision estimates and
crosstabulation of index tests and reference standards.?* The STARD checklist should also make it
mandatory to report accuracy estimates for all relevant cutoffs.

Results from aggregate data meta-analysis including primary studies that have selectively
reported the cutoffs may also be biased. In this scenario, IPDMA approach can be used to estimate
accuracy across all cutoffs for all studies using participant level data. But, IPDMA approach is
highly labor intensive.?*?6-28 Alternatively bias due to selective cutoff reporting can be corrected
statistically using modelling techniques that fill in missing cutoffs using published cutoffs. In a
study by Benedetti et al, the accuracy estimates generated from published cutoffs after applying a
modelling technique were similar to accuracy estimates generated from IPDMA.?°
4.3 Limitations

One limitation of the study reported in this thesis is that 14 of 69 (20%) PHQ-9 studies and
24 of 72 (33%) EPDS eligible studies did not provide data for the I-DMA dataset. Of these, 4 of
the 14 PHQ-9 (29%) and 10 of the 24 (42%) EPDS studies did not publish accuracy estimates for
any cutoff so they would not have been eligible for the present study.

Another limitation is that, for the studies that did not report any cutoff as “optimal”, an
optimal cutoff using Youden’s J method was calculated. Those studies may not have considered
Youden’s J optimal as the “optimal” cutoff. However, a previous study found that Youden’s J
method is the most common method of identifying optimal cutoff in EPDS accuracy studies.*® In
the present study, majority of studies (16 of 18 (89%) PHQ-9 and 9 of 12 (75%) EPDS studies)

that reported multiple cutoffs and identified an optimal cutoff used Youden’s J or identified an
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optimal cutoff that was equivalent to the Youden’s J optimal cutoff obtained from published
cutoffs.
4.4 Conclusion

Selective cutoff reporting was more pronounced for the PHQ-9, which has a well-defined
standard cutoff, than for the EPDS, for which there is not a well-defined standard cutoff.
Sensitivity estimates were found to be under-estimated below the standard cutoff and over-
estimated above the standard cutoff due to selective cutoff reporting. To reduce this bias, primary
studies should report accuracy estimates for all relevant cutoffs or contingency table of results of
index test and reference standard for all relevant cutoffs. Researchers performing meta-analysis of
published cutoffs should use modelling techniques to correct for the bias due to selective cutoff

reporting or should use an IPDMA approach.
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Supplementary Methods 1a. Search strategies for PHQ-9

MEDLINE (OvidSP)

1

0 3O\ L KW

18

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

. PHQ* af.

. patient health questionnaire*.af.
.lor2

. Mass Screening/

. Psychiatric Status Rating Scales/
. "Predictive Value of Tests"/

. "Reproducibility of Results"/

. exp "Sensitivity and Specificity"/
. Psychometrics/

10.
11.
12.
13.
14.
15.
16.
17.

Prevalence/

Reference Values/

. Reference Standards/

exp Diagnostic Errors/

Mental Disorders/di, pc [Diagnosis, Prevention & Control]
Mood Disorders/di, pc [Diagnosis, Prevention & Control]
Depressive Disorder/di, pc [Diagnosis, Prevention & Control]
Depressive Disorder, Major/di, pc [Diagnosis, Prevention & Control]
. Depression, Postpartum/di, pc [Diagnosis, Prevention & Control]
Depression/di, pc [Diagnosis, Prevention & Control]
validation studies.pt.

comparative study.pt.

screen*.af.

prevalence.af.

predictive value*.af.

detect™.t1.

sensitiv*.ti.

valid*.ti.

revalid*.ti.

predict®.ti.

accura® .ti.

psychometric*.ti.

identif* ti.

specificit®.ab.

cut?off*.ab.

cut* score*.ab.

cut?point®.ab.

threshold score*.ab.

reference standard*.ab.

reference test™.ab.

index test*.ab.

gold standard.ab.

or/4-41

3 and 42

limit 43 to yr="2000-Current”
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PsycINFO (OvidSP)

. PHQ*.af.

. patient health questionnaire*.af.
.lor2

. Diagnosis/

. Medical Diagnosis/

. Psychodiagnosis/

. Misdiagnosis/

. Screening/

. Health Screening/

10. Screening Tests/

11. Prediction/

12. Cutting Scores/

13. Psychometrics/

14. Test Validity/

15. screen*.af.

16. predictive value*.af.
17. detect*.ti.

18. sensitiv*.ti.

19. valid* ti.

20. revalid* ti.

21. accura* ti.

22. psychometric*.ti.
23. specificit*.ab.

24. cut?off*.ab.

25. cut® score*.ab.

26. cut?point®.ab.

27. threshold score*.ab.
28. reference standard*.ab.
29. reference test*.ab.
30. index test*.ab.

31. gold standard.ab.
32. or/4-31

33.3 and 32

38. Limit 33 to “2000 to current”

0NN KW~

Ne)

Web of Science (Web of Knowledge)

#1: TS=(PHQ* OR “Patient Health Questionnaire*”’)

#2: TS= (screen* OR prevalence OR “predictive value*” OR detect* OR sensitiv* OR valid* OR
revalid* OR

predict®* OR accura* OR psychometric* OR identif* OR specificit* OR cutoff* OR “cut off*”” OR
“cut*

score®*” OR cutpoint®* OR “cut point*” OR “threshold score*” OR “reference standard*” OR
“reference test*”

OR “index test*” OR “gold standard™)

#1 AND #2
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Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH Timespan=2000-2014
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Supplementary Methods 1b. Search strategies for EPDS

MEDLINE (OvidSP)

1. EPDS.af.

. Edinburgh Postnatal Depression.af.

. Edinburgh Depression Scale.af.

.or/1-3

. Mass Screening/

. Psychiatric Status Rating Scales/

. "Predictive Value of Tests"/

. "Reproducibility of Results"/

9. exp "Sensitivity and Specificity"/

10. Psychometrics/

11. Prevalence/

12. Reference Values/

13. Reference Standards/

14. exp Diagnostic Errors/

15. Mental Disorders/di, pc [Diagnosis, Prevention & Control]
16. Mood Disorders/di, pc [Diagnosis, Prevention & Control]
17. Depressive Disorder/di, pc [Diagnosis, Prevention & Control]
18. Depressive Disorder, Major/di, pc [Diagnosis, Prevention & Control]
19. Depression, Postpartum/di, pc [Diagnosis, Prevention & Control]
20. Depression/di, pc [Diagnosis, Prevention & Control]

21. validation studies.pt.

22. comparative study.pt.

23. screen*.af.

24. prevalence.af.

25. predictive value*.af.

26. detect™.ti.

27. sensitiv*.ti.

28. valid*.ti.

29. revalid*.ti.

30. predict™®.ti.

31. accura*.ti.

32. psychometric*.ti.

33. identif* ti.

34. specificit*.ab.

35. cut?off*.ab.

36. cut* score*.ab.

37. cut?point*.ab.

38. threshold score*.ab.

39. reference standard*®.ab.

40. reference test™*.ab.

41. index test*.ab.

42. gold standard.ab.

43. or/5-42

44. 4 and 43

0 3O\ L KW
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PsycINFO (OvidSP)

. EPDS.af.

. Edinburgh Postnatal Depression.af.
. Edinburgh Depression Scale.af.
.or/1-3

. Diagnosis/

. Medical Diagnosis/

. Psychodiagnosis/

. Misdiagnosis/

. Screening/

10. Health Screening/
11. Screening Tests/

12. Prediction/

13. Cutting Scores/

14. Psychometrics/

15. Test Validity/

16. screen*.af.

17. predictive value*.af.
18. detect™.ti.

19. sensitiv*.ti.

20. valid*.ti.

21. revalid*.ti.

22. accura* ti.

23. psychometric*.ti.
24. specificit*.ab.

25. cut?off*.ab.

26. cut® score*.ab.

27. cut?point*.ab.

28. threshold score*.ab.
29. reference standard*.ab.
30. reference test*.ab.
31. index test*.ab.

32. gold standard.ab.
33. or/5-32

34. 4 and 33

0NN KW~

Ne)

Web of Science (Web of Knowledge)

#1. TS=(EPDS OR “Edinburgh Postnatal Depression” OR “Edinburgh Depression Scale”)

#2. TS=(screen™ OR prevalence OR “predictive value*” OR detect® OR sensitiv* OR valid* OR
revalid* OR predict* OR accura* OR psychometric* OR identif* OR specificit* OR cutoff* OR
“cut off*” OR “cut* score®*” OR cutpoint®™ OR “cut point*” OR “threshold score*” OR “reference
standard*” OR “reference test*” OR “index test*”” OR “gold standard” OR “reliab*”")

#2 AND #1

Databases=SCI-EXPANDED, SSCI, A&HCI
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Supplementary Figure 1a. Flow diagram of study selection process for PHQ-9

5248 Unique titles/abstracts

identified and screened
for potential eligibility

¥

5039 Titles/abstracts excluded

primary data

209  Full-text articles
reviewed for eligibility
113 Aricles excluded:
= Mo original data (3)
+ No PHQ (18)
« Mo major depression (42)
> « No validated interview to assess major depression (11)
« =2 weeks between PHQ and diagnostic interview (7}
« Sample selected for known distress, mental health
diagnosis, or psychiatric setting (28)
*  Study only administered the PHQ-2 (3)
v * Study only administered the PHQ-8 (1)
96 Articles meeting
eligibility criteria
|27 Articles excluded:
L | * Duplicate patient sample
69 Unique studies
meeting eligibility
criteria
=| 14 Eligible PHG-9 studies did not provide primary data
¥
55 Eligible PHQ-9 3 Unpublished studies (provided by authors of published
studies that contributed eligible studies)that contributed primary data

in the present study

58 PHQ-9 datasets with
primary data -
1 Unpublished study
» 13 Did not publish diagnostic
v accuracy results for any PHQ-9
44 PHQ-9 studies with cutoff
published cutoffs 14 Articles excluded:
+ Difference in sample size or
= MDD cases between available
" dataset and published data
=10%(13)
= Couldn't determine eligibility
¥ (1)
30 PHQ-9 studies included
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Supplementary Figure 1b

. Flow diagram of study selection process for EPDS

3417 Unigue titles/abstracts
identified and
screened for potential
eligibility

320 Fultext articles
reviewed for
eligibility

107  Aricles meeting
eligibility criteria

h 4

72 Unigue studies
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Supplementary Table 2a. Characteristics of eligible primary studies that did not provide primary data for the

main IPDMA of the PHQ-9 (N=14)

Major depression

First author, year Country Recruited population ]‘)mgno.stlc Classification Total N N (%)
interview system
Becker, 2002! Saudi Primary care patients SCID DSM-III-R 173 NR
Arabia

Chen, 2013 China Primary care populations SCID DSM-1V 280 NR*

Chen, 20123 China Adults over 60 in primary SCID DSM-1V 262 97 (37)
care

Lai, 20104 Hong Kong  Men with postpartum wives SCID DSM-1V 551 8 (1)

Navinés, 20123 Spain Chronic hepatitis C patients SCID DSM-1V 104 21 (20)

Phelan, 2010° USA Elderly primary care patients ~ SCID DSM-1V 69 8 (12)

Thompson, 20117  USA Parkinson's patients SCID DSM-1V 214 30 (14)

Watnick, 2005% USA Long term dialysis patients SCID DSM-1V 62 12 (19)

Al-Ghafri, 2014° Oman Medical trainees CIDI NR 131 NR?

Haddad, 2013"° UK Coronary heart disease CIS-R ICD-10 730 32 (4)
patients

Persoons, 2003 Belgium Otorhinolaryngology MINI DSM-IV 97 16 (16)
outpatients

Rathore, 20142 USA Adults with epilepsy MINI DSM-IV 172 33.(19)

Scott, 2011"3 USA Chronic hepatitis C patients MINI DSM-1V and 30 NR?

ICD-10
Wang, 2014 China General population MINI DSM-1V 1045 28 (3)

Abbreviations: CIDI: Composite International Diagnostic Interview; CIS-R: Clinical Interview Schedule Revised; DSM:
Diagnostic and Statistical Manual of Mental Disorders; ICD: International Classification of Diseases; IPDMA: Individual
Participant Data Meta-Analysis; MINI: Mini International Neuropsychiatric Interview; NR: Not Reported; PHQ-9: Patient



Health Questionnaire-9; SCID: Structured Clinical Interview for DSM Disorders; UK: United Kingdom; USA: United
States of America.
¥Reported numbers implausible
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Supplementary Table 2b. Characteristics of eligible primary studies that did not provide primary data for the main IPDMA of

the EPDS (N=24)

First author, year = Country Recruited population Diagnostic interview Total N N (%) Major depression
Adewuya, 2006 Nigeria Pregnancy, 32-36 weeks MINI 86 9 (10)
Adouard, 2005 France Pregnancy, 28-34 weeks MINI 60 15 (25)
Agoub, 20057 Morocco Postpartum, 2-3 weeks MINI 144 27 (19)
Aydin, 2004'3 Turkey Postpartum, within first year. SCID 341 28 (8)
Banti, 2011"° Italy Pregnancy, 3 months. SCID 1066 NR
Barnett, 1999%° Australia Postpartum, 6 weeks DIS 316 21(7)
Benvenuti, 1999?!  Italy Postpartum, 8-12 weeks MINI 113 18 (16)
Bergink, 201122 The Netherlands Pregnancy, 12 weeks CIDI 845 47 (6)
Berle, 2003 Norway Postpartum, 6-12 weeks MINI 100 27 (27)
Brodey, 2016* USA Pregnant/Postpartum mixed sample. SCID 879 NR
Postpartum sample was 0-150 days.

Chibanda, 2010% Zimbabwe Postpartum, 6 weeks SCID 210 NR
Christl, 20132 Australia Postpartum, between 0-12 weeks MINI 232 13 (6)
Crotty, 2004°7 Ireland Postpartum, 6 weeks SCAN 113 NR
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Gausia, 200728

Gorman, 2004*°

Li, 20113
Mahmud, 2003°!
Matthey, 2001
Moses-Kolko,
20123

O’Brien, 2004
Pedersen, 2016°°
Pinheiro 20133

Priest, 20037

Stuebe, 20133

Bangladesh

France, Ireland,
Italy, USA, UK,
Portugal, Austria,
Switzerland
China

Malaysia

Australia

USA

UK

USA

Brazil

Australia

USA

Postpartum, 6-8 weeks

Pregnancy, second or third semester

Postpartum, 2-12 weeks.

Postpartum, 4-12 weeks

Postpartum, 6-7 weeks

Postpartum, 0-16 weeks

Postpartum, <2 years

Pregnancy, 35-36 weeks

Postpartum, 45-90 days

Postpartum, 2 months

Pregnancy, 3rd trimester

SCID

SCID

SCID

CIDI

DIS

SCID

CIS-R

MINI

MINI

SADS

SCID

100

289

387

64

230

33

216

199

207

292

47

3(3)

10 (4)

24 (6)

9 (14)

11 (5)

13 (39)

31(14)

NR

27 (13)

NR

8 (17)

Abbreviations: CIDI: Composite International Diagnostic Interview; CIS-R: Clinical Interview Schedule — Revised; DIS: Diagnostic Interview Schedule;
IPDMA: Individual Participant Data Meta-Analysis; MINI: Mini International Neurospsychiatric Interview; NR: Not Reported; SADS: Schedule for

Affective Disorders and Schizophrenia; SCAN: Schedule for Clinical Assessment in Neuropsychiatry; SCID: Structured Clinical Interview for DSM Disorders;
UK: United Kingdom; USA: United States of America
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Supplementary Table 3a. Characteristics of primary studies that were excluded for the present study because they were

unpublished or did not publish accuracy estimates for any cutoff for PHQ-9 (N=14)

. . - Major
First author, year Country Recruited population l?lagnqstlc Classification  Total depression
interview system N
N (%)
Study excluded because it was not published
Turner, Australia Cardiac rehabilitation patients SCID DSM-IV 51 4(8)
Unpublished
Studies excluded because they did not publish accuracy estimates for any cutoff for PHQ-9
Ayalon, 2010 Israel Elderly primary care patients SCID DSM-1V 151 6 (4)
Beraldi, 20144 Germany  Cancer inpatients SCID DSM-IV 116 7 (6)
Eack, 2006 USA Women seeking psychiatric services for their children ~ SCID DSM-1V 48 12 (25)
at two mental health centers
Henkel, 2004 Germany  Primary care patients CIDI ICD-10 430 43 (10)
Hides, 20074 Australia Injection drug users accessing a needle and syringe MINI DSM-1V 103 47 (46)
program
Hobfoll, 20114 Israel Jewish and Palestinian residents of Jerusalem exposed  CIDI DSM-IV 144 42 (29)
to war
Hyphantis, 20144 Greece Patients with chronic illnesses presenting at the MINI DSM-IV 349 95 (27)
emergency department
Kwan, 20124 Singapore  Post-stroke inpatients undergoing rehabilitation SCID DSM-IV-TR 113 333
Muramatsu, 200747 Japan Primary care patients MINI DSM-1V 116 32 (28)
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Persoons, 20014

Picardi, 2005*°
Razykov, 2013°°

Simning, 2012°!

Belgium

Italy
Canada

USA

Inpatients and patients at gastroenterological and
hepatology wards

Inpatients with skin diseases
Patients with systemic sclerosis

Older adults living in public housing

MINI

SCID
CIDI

SCID

DSM-1V

DSM-1V
DSM-IV

DSM-IV

173

138
345

190

28 (16)

12 (9)
13 (4)

10 (5)

Abbreviations: CIDI: Composite International Diagnostic Interview; DSM: Diagnostic and Statistical Manual of Mental Disorders; ICD: International
Classification of Diseases; MINI: Mini Neurospsychiatric Diagnostic Interview; PHQ-9: Patient Health Questionnaire-9; SCID: Structured Clinical Interview for
DSM Disorders; USA: United States of America.
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Supplementary Table 3b. Characteristics of primary studies that were excluded for the present study because they did not

publish accuracy estimates for any cutoff for EPDS (N=21)

. . e Major
First author, year Country Recruited population l.)lagno.stlc Classification Total depression
interview system N
N (%)
Aceti, 201252 Italy Pregnant women in the third SCID DSM-1V 44 22 (50)
trimester
Alvarado-Esquivel, 2016 Mexico Pregnant women recruited at a MINI DSM-1V 184 12 (7)
public hospital in Durango City,
Mexico
Barnes, 2009%* UK Socially disadvantaged mothers at  SCID DSM-III-R 347 25 (7)
2 months postpartum
Bavle, 2016% India Pregnant women recruited from SCID DSM-1V 318 6(2)
an outpatient obstetrics
department in a tertiary care
hospital
Comasco, 2016° Sweden Pregnant women MINI DSM-1V 419 34 (8)
Eapen, 2013%7 Australia Women attending an antenatal MINI DSM-1V 131 26 (20)
clinic in Sydney
Felice, 20043 Malta Pregnant women attending an CIS-R ICD-10 443 51 (12)
antenatal clinic
Giardinelli, 2012% Italy Women between 28 and 32 weeks  SCID DSM-IV 588 28 (5)
pregnant recruited from a
obstetric course in Florence
Helle, 2015%° Germany Mothers with very low SCID DSM-1V 224 12 (5)
birthweight and normal weight
infants between 4 and 6 weeks
postpartum
Hickey, 1997°! Australia Postpartum women recruited in SCID DSM-III-R 72 31(43)
the hospital after delivery
Howard, 2018%? UK Pregnant women recruited from SCID DSM-1V 527 130 (25)
an inner-city London maternity
service
Imbula, 20125 Democratic Women between 1 and 10 months  MINI DSM-IV-TR 117 29 (25)
Republic of postpartum recruited from 'well-
Congo baby' clinics

98



Prenoveau, 2013% UK Postpartum women at 10 months ~ SCID DSM-1V 579 69 (9)
recruited from mixed health

centres.
Robertson-Blackmore, USA Women at 18 weeks gestation SCID DSM-IV-TR 864 65 (8)
2013%
Roomruangwong, 2016% Thailand Pregnant women at the end of MINI DSM-IV-TR 348 5(D)
their term
Rowe, 2008°7 Australia English speaking women admitted CIDI DSM-IV 137 25(18)
with their up to 1-year-old infants
to private parenting centers
Siu, 20128 China Postpartum women SCID DSM-1V 805 126 (16)
Turner, 2009% Italy Women from a regional epilepsy SCID DSM-IV-TR 54 509

center in Italy between 5 and 8
weeks postpartum
Usuda, 2016"° Japan Pregnant women between 12 and ~ MINI DSM-1V 177 2(1)
24 weeks of gestation recruited at
maternity hospital in Japan
Yonkers, 20147 USA Women at 17 weeks gestation CIDI DSM-IV 7303 267 (6)
Fisher, 20107 Australia Postpartum women recruited in CIDI DSM-1V 192 1(1)
Australian maternal and child
health centres at 6 months
postpartum

Abbreviations: CIDI: Composite International Diagnostic Interview; DSM: Diagnostic and Statistical Manual of Mental Disorders; EPDS: Edinburgh
Postnatal Depression Scale; ICD: International Classification of Diseases; MINI: Mini Neurospsychiatric Diagnostic Interview; SCID: Structured Clinical
Interview for DSM Disorders; USA: United States of America.

2The published paper was not identified in our database search, dataset later provided by the author



Supplementary Table 4a. Characteristics of primary studies that were excluded in the present study because the difference in sample

size or MD cases between IPDMA dataset and published data was >10% for PHQ-9 and because eligibility could not be determined

(N=14)
First . . e . Tofal N Percentage MD Percenta
. . Diagnostic  Classification in Total N . MD ge
author, Country  Recruited population . . . difference N .
v interview system IPDMA  published in N N IPDMA R differenc
yea dataset published ein MD
Fiest, Canada Epilepsy outpatients SCID DSM-IV 169 185 9 23 27 15
20147
Fischer, Germany Heart failure patients ~ SCID DSM-1V 194 194 0 11 27 59
20147
Hahn, Germany Patients with chronic ~ CIDI DSM-IV 211 204 3 18 35 49
20067 illnesses from
rehabilitation centers
Kiely, Australia Community sample CIDI ICD-10 822 886 7 33 62 47
20147° of adults
Lamers, The Elderly primary care =~ MINI DSM-1V 104 620 83 - - -
200877 Netherlands  patients with diabetes
mellitus or chronic
obstructive
pulmonary disease
McGuire, USA Acute coronary DISH DSM-1V 100 101 1 9 23 61
201378 syndrome inpatients
Osério, Brazil Inpatients from SCID DSM-1V 86 100 14 - - -
20127 various clinical wards
Patel, India Primary care patients ~ CIS-R ICD-10 299 299 0 13 51b 75
2008%°
Santos, Brazil General population MINI DSM-1V 196 447 57 - - -
2013%!
Sidebotto  USA Pregnant women SCID DSM-1V 246 745 67 - - -
m, 2012%
Williams, USA Parkinson’s Disease SCID DSM-IV 235 229 3 61 78 22
20128 patients
Wittkamp The Primary care patients ~ SCID DSM-IV 260 440 41 - - -
f, 20098 Netherlands  at risk for depression
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Zhang, China Type 2 diabetes MINI DSM-1V 68 99 31 - - -

2013% patients
Studies excluded because eligibility could not be determined
Azah, Malaysia Adults attending CIDI ICD-10 180 180 0 30 (17) NA NA
20058 family medicine
clinics

Abbreviations: CIDI: Composite International Diagnostic Interview; CIS-R: Clinical Interview Schedule Revised; DISH: Depression Interview and Structured Hamilton;
DSM: Diagnostic and Statistical Manual of Mental Disorders; ICD: International Classification of Diseases; ; IPDMA: Individual Participants Data Meta-analysis; MD:
Major Depression; MINI: Mini Neurospsychiatric Diagnostic Interview; PHQ-9: Patient Health Questionnaire-9; SCID: Structured Clinical Interview for DSM Disorders;
USA: United States of America.

aWas unpublished at the time of electronic database search

"MD cases back calculated using sample size and diagnostic accuracy information
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Supplementary Table 4b. Characteristics of primary studies that were excluded in the present study because the difference in sample

size or MD cases between the IPDMA dataset and published dataset was >10% for EPDS (N=9)

Total N

First . . Diagnostic  Classification in Total N Pt?rcentage MD MD Pefrcentage
author, Country  Recruited population . . difference N N difference
year interview system IPDMA  published in N [PDMA blished in MD
dataset publishe

Alvarado- Mexico Women within 3 MINI DSM-1V 42 49 14 - - -
Esquivel, months postpartum 49 51 4 6 7 14
2006%
de Brazil Postpartum women SCID DSM-1V 241 199 21 - - -
Figueiredo, enrolled in prenatal
20158% care outpatient

services in a

Brazilian city
Fernandes, India Rural women in their ~ MINI DSM-1V 133 194 31 - - -
2011% third trimester
Figueira, Brazil Postpartum mothers MINI DSM-1V 239 245 2 18 66 72
2009°° recruited from

hospitalization

records
Leonardou, Greece Postpartum women SCID DSM-III-R 81 81 0 4 10 60
2009°! recruited from private

and public maternity

wards on their second

day postpartum
Navarro, Spain Women presenting SCID DSM-IV 401 405 1 84 180 53
2007% for postpartum care at

6 weeks
Stewart, Malawi Pregnant women SCID DSM-1V 186 92 102 - - -
2013% attending an antenatal

clinic in rural Malawi
Tendais, Portugal Pregnant women SCID DSM-1V 141 148 5 18 38 53
2014% recruited in an 94 99 5 9 14 36

obstetrics outpatient

unit
Tran, Vietnam Pregnant and SCID DSM-1V 359 364 1 52 109 52
2011% postpartum
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Vietnamese women
recruited from the
commune health
centre

Abbreviations: DSM: Diagnostic and Statistical Manual of Mental Disorders; EPDS: Edinburgh Postnatal Depression Scale; ICD: International Classification of Diseases; ;
IPDMA: Individual Participants Data Meta-analysis; MD: Major Depression; MINI: Mini Neurospsychiatric Diagnostic Interview; SCID: Structured Clinical Interview for
DSM Disorders; SS: Sample Size.
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Supplementary Table S5a. Characteristics of primary studies for PHQ-9 included in the present study (N=30)

. . . . I . TotalN  MDN MD N
First author, Recruited Diagnostic  Classification = Published . Total N .
ear Country opulation interview system cutoffs n IPDMA ublished published
y Pop y ipoMA (%) P (%)

Akena, 2013%°  Uganda HIV/AIDS patients ~ MINI DSM-1V 8-13 91 11 (12) 92 114(12)

f;(;‘;;’gfegara Canada Migraine patients ~ SCID DSM-IV 10-15 203 49 (24) 208 52 (25)

Arron, 2010% DSV g:;‘;g care CIDI DSM-IV 8,10,12,15 2528 156 (6) 2642 163 (6)

Bombardier, Inpatients with

2012 USA spinal cord injuries SCID DSM-IV 9-12 134 14 (10) 142 14 (10)

Chagas, . Outpatients with d

2013100 Brazil Parkinson's Disease SCID DSM-IV 8-11 84 19 (23) 84 199 (23)
Patients undergoing

Cholera routine HIV

201410! ’ South Africa counseling and MINI DSM-IV 8,10,12 397 47 (12) 397 47 (12)
testing at a primary
health care clinic

de Man-van

Ginkel, Igl:herlan ds Stroke patients CIDI DSM-IV 10 164 20° (12) 164 20 (12)

20121

e UK Owipatients In g ;g R 1CD-10 12 103 51(50) 103 51(50)
Inpatients with

Fann, 2005'*%* USA traumatic brain SCID DSM-IV 10,12 135¢ 22¢(17) 135 23 (17)
injury

Gelaye, . Outpatients at a

201415 Ethiopia general hospital CIDI DSM-IV 9,10,11 923 162 (18) 926 162 (17)
Mothers registering

Gierdingen their newborns for

2309106 gen, USA well-child visitsat ~ SCID DSM-IV 10 419 19 (5) 438 20 (5)
medical or pediatric
clinics
Patients with

;onlpll,‘(%““s’ Greece Z}?;L(;Ezsitologic MINI DSM-IV 4-16 213 69 (32) 213 69 (32)
disorders
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Inagaki,
2013198
Khamseh,
2011'%°
Lambert,
2015al 10

Liu, 2011
Lotrakul,
2008!12

Lowe, 2004'"3

Mohd Sidik,
201214
Osorio,
2009'15

Pence, 2012'1°

Richardson,
2010'"7

Rooney,
2013118

Stafford,
2007'"°

Sung, 2013'%°
Thombs,
2008'2!

Turner,
2012122

Twist, 2013'%

Japan
Iran
Australia
Taiwan

Thailand

Germany

Malaysia
Brazil

Cameroon

USA

UK

Australia

Singapore

USA

Australia

UK

Internal medicine
outpatients

Type 2 diabetes
patients

Cancer patients

Primary care
patients

Outpatients

Medical and
psychosomatic
outpatients
Primary care
patients

Women in primary
care
HIV-infected
patients

Older adults
undergoing in-
home aging
services care
management
assessment
Adults with
cerebral glioma
Inpatients with
coronary artery
disease who had
undergone surgery
Primary care
patients
Outpatients with
coronary artery
disease

Stroke patients

Type 2 diabetes
outpatients

MINI

SCID

SCID

SCAN

MINI

SCID

CIDI

SCID

CIDI

SCID

SCID

MINI

MINI

C-DIS

SCID

SCAN

DSM-III-R

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

DSM-1V

4-13

13

5,9,10,15,2
0

9-11

6-15

11-13

10
10-21

8,10,12

5-6

7,9,10

10-14

104 21 (20)

184 79 (43)
147 21 (14)
1532 50 (3)
278 19 (7)
494 67 (14)
146 31 21)
177 60 (34)
398 11 (3)
377 95 (25)
126 14 (11)
193 35(18)
399 12 (3)

1006 221 (22)

72 13 (18)

360 80 (22)

104

185

148

1532

279

501

146

177

398

378

129

193

400

1024

72

368

21
80 (43)
214 (14)
50 (50)

19 (7)
66 (13)

31 (21)
60 (34)

11 (3)

101 (27)

15¢(12)

35(18)

12(3)

224 (22)

13 (18)

84 (23)
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van
Steenbergen-  The

Weijenburg,  Netherlands Diabetes patients MINI DSM-1V 8-12 196 37 (19) 197 37(19)
20102

Vohringer, . Primary care

2013125 Chile patients SCID DSM-1V 10 190 59 (31) 197 59 (30)

Abbreviations: C-DIS: Computerized Diagnostic Interview Schedule; CIDI: Composite International Diagnostic Interview; CIS-R: Clinical Interview Schedule
Revised; DSM: Diagnostic and Statistical Manual of Mental Disorders; ICD: International Classification of Diseases; IPDMA: Individual Participants Data
Meta-analysis; MD: Major Depression; MINI: Mini Neurospsychiatric Diagnostic Interview; PHQ-9: Patient Health Questionnaire-9; SCAN: Schedules for
Clinical Assessment in Neuropsychiatry; SCID: Structured Clinical Interview for DSM Disorders; UK: United Kingdom; USA: United States of America.

*Was unpublished at the time of electronic database search

®MD cases aggregate of those diagnosed with ICD MDE, DSM MDD or both

°The value obtained after applying weight

4MD cases back calculated using sample size and diagnostic accuracy information

“Included only the participants that were administered index test and reference standard within a week
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Supplementary Table 5b. Characteristics of primary studies for EPDS included in the present study (N=19)

First author, Country Recruited population Diagnostic Classification Published Total N MD N Total N MD N
year interview system cutoffs IPDMA IPDMA published published
(%) (%)
Alvarado, Chile Pregnant women up to 28 MINI DSM-IV 7-16 111 38 (34) 111 38 (34)
2015'2¢ weeks gestation
Toreki, 2014'>”  Hungary Women between 6 and 8 SCID DSM-1V 5-16 265 8 (3) 266 8 (3)
weeks postpartum
Couto, 2015'®  Brazil Women in their second MINI DSM-IV-TR 8-14 173 36 (21) 188 33 (18)
trimester of pregnancy
recruited at antenatal care in a
public hospital
Bakare, 2014'%°  Nigeria Postpartum women MINI DSM-1V 9 405 62 (15) 408 62 (15)
Rochat, 20133°  South Women recruited from their SCID DSM-1V 13 104 50 (48) 109 51 (47)
Africa antenatal appointment at a
primary health care clinic
between 26 and 34 weeks of
pregnancy
Toreki, 2013'3'  Hungary Women at 12 weeks antenatal ~ SCID DSM-1V 5-14 219 7 (3) 219 7 (3)
Thiagayson, Singapore  Inpatient high-risk pregnant MINI DSM-IV 7-12 200 22 (1) 200 22 (1)
2013'3 women at 23 or more weeks
of gestation
Tandon, USA Pregnant and postpartum SCID DSM IV 11,13 89 25 (28) 95 27(28)
201213 women enrolled in home
visitation programs
Chaudron, USA Postpartum women recruited SCID DSM-IV 9,13 187 70 (37) 198 73 (37)
20103 from Well-Child Care visits
with infants 0-14 months of
age
Bunevicius, Lithuania Pregnant women 12 to 16 SCID DSM-III-R 9-15 230 12 (5) 230 12 (5)
2009'3%° weeks pregnant attending an
obstetric clinic
Phillips, 2009'3°  Australia Postpartum mothers with SCID DSM-1V 11,12,13 158 42 (27) 166 42 (25)

unsettled infants
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Pawlby, 200837 UK Postpartum women at 3 CIS ICD-9 13 144 31(22) 147 34 (23)

months
Su, 2007'3 Taiwan Women in their second and MINI DSM-IV 13 185 23 (12) 185 23 (12)
third trimesters
Garcia-Esteve,  Spain Women at 6 weeks SCID DSM-III-R 8-15 334 36 (11) 334 36 (11)
2003'% postpartum
Vega- Peru Women up to 12 months SCID DSM-IV 1-26 306 19 (6) 321 19 (6)
Dienstmaier, postpartum
2002140
Beck, 20014 USA Postpartum mothers SCID DSM-IV 13 150 18 (12) 150 18 (12)
Nakié Rados, Croatia Women between 6 and 8 SCID DSM-IV-TR 7-14 272 10 (4) 272 10 (4)
2013'% weeks postpartum
Tissot, 2015'¥  Switzerlan  Women at 3 months DIGS DSM-1V 9-13 65 4 (6) 65 4 (6)
d postpartum
Khalifa, 2015'*  Sudan Women at 3 months MINI ICD-10 1-15 40 18 (45) 40 18 (45)
postpartum

Abbreviations: CIS: Clinical Interview Schedule; DIGS: Diagnostic Interview of Genetic Studies; DSM: Diagnostic and Statistical Manual of
Mental Disorders; ICD: International Classification of Diseases; MINI: Mini Neuropsychiatric Diagnostic Interview; SCID: Structured Clinical

Interview for DSM Disorders; UK: United Kingdom; USA: United States of America

Data from only one time point was included
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