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 Diagnostic accuracy studies often use small datasets to simultaneously select an 

“optimal” cutoff that maximizes accuracy and to estimate test accuracy. Clinicians are often 

encouraged to adopt the optimal cutoffs based on results from these small studies with small 

numbers of cases. No studies have examined, using actual participant data, the degree to 

which this practice generates inaccurate optimal cutoff values and biased estimates of 

sensitivity and specificity. 

 

 To use actual participant data to evaluate for different sample sizes the degree to 

which data-driven optimal cutoff selection identifies cutoffs that diverge from the population 

optimal cutoff and biases accuracy estimates. 

 

 A dataset accrued for individual participant data meta-analyses (IPDMA) on the 

diagnostic accuracy of the Edinburgh Postnatal Depression Scale (EPDS) to identify major 

depression was used. Eligible studies compared screening test scores with major depression 

diagnoses based on validated diagnostic interviews. To evaluate the bias due to data-driven 

optimal cutoff selection, from the IPDMA dataset, 1000 samples with 100, 200, 500 and 1000 

participants were drawn and optimal cutoff and accuracy estimates in these samples were 

compared with those in the entire IPDMA dataset. The optimal cutoff was defined in the entire 

IPDMA dataset (population) and in each sample by maximizing the Youden’s J (sensitivity + 

specificity - 1). 

 

 The population optimal cutoff was ≥ 11. Optimal cutoffs ranged from ≥ 5 to ≥ 17 for 

samples of 100 and ≥ 8 to ≥ 13 for samples of 1000. On average, sensitivity was overestimated 

by 6.5% and specificity underestimated by 1.3% for samples of 100; sensitivity was 

overestimated by 1.4% and specificity underestimated by 1.0% for samples of 1000. 
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 Data-driven optimal cutoff selection results in cutoffs that diverge substantially 

from the population optimal cutoff and produce biased accuracy estimates, especially with 

smaller samples. Clinicians should ideally use optimal cutoffs generated from well-conducted 

meta-analyses and should only adopt population-specific cutoffs if validated consistently in 

multiple primary studies. Primary diagnostic accuracy studies should preferably use a larger 

sample to estimate the optimal cutoff and estimate diagnostic accuracy.  
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 Les études de précision diagnostique utilisent souvent de petite ensembles de 

données pour sélectionner simultanément un seuil «optimal» qui maximise la précision et pour 

estimer la précision du test. Les cliniciens sont souvent encouragés à adopter les seuils 

optimaux en fonction des résultats de ces petites études qui contiennent un faible nombre de 

cas. Aucune étude n'a examiné, à l'aide des données réelles des participants, le degré auquel 

cette pratique génère des valeurs de seuils optimales inexactes et des estimations de sensibilité 

et de spécificité biaisées. 

 Utiliser des données réelles des participants afin d'évaluer, pour différentes tailles 

d'échantillon, le degré auquel la sélection du seuil optimal basée sur les données identifie les 

seuils qui s'écartent du seuil optimal de la population et biaisent les estimations de précision. 

Un ensemble de données accumulées pour les méta-analyses de données 

individuelles des participants (IPDMA) sur la précision diagnostique de l'Édimbourg Postnatal 

Depression Scale (EPDS) pour identifier la dépression majeure a été utilisé. Les études 

admissibles ont comparé les résultats des tests de dépistage aux diagnostics de dépression 

majeure sur une base d'entretiens diagnostiques validés. Pour évaluer le biais dû à la sélection 

de la valeur-seuil optimale basée sur les données, à partir de l'ensemble de données IPDMA, 

1000 échantillons avec 100, 200, 500 et 1000 participants ont été tirés et les estimations des 

valeurs-seuils et des précisions optimales dans ces échantillons ont été comparées à celles de 

l'ensemble de données IPDMA. Le seuil optimal a été défini dans l’ensemble des données IPDMA 

(population) et dans chaque échantillon en maximisant le J de Youden (sensibilité + spécificité - 

1). 

 

 Le seuil optimal de la population était ≥ 11. Les seuils optimaux variaient de ≥ 5 à ≥ 

17 pour les échantillons de 100, et de ≥ 8 à ≥ 13 pour les échantillons de 1000. En moyenne, la 
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sensibilité a été surestimée de 6,5% et la spécificité a été sous-estimée de 1,3% pour des 

échantillons de 100; la sensibilité a été surestimée de 1,4% et la spécificité a été sous-estimée de 

1,0% pour des échantillons de 1000. 

La sélection de la valeur-seuil optimale basée sur les données entraîne des seuils 

qui divergent considérablement du seuil optimale de la population et produisent des 

estimations de précision biaisées, en particulier avec des échantillons plus petits. Les cliniciens 

devraient idéalement utiliser des seuils optimaux générés à partir de méta-analyses bien 

menées et ne devraient adopter des seuils spécifiques à la population que s'ils sont validés de 

manière cohérente dans plusieurs études primaires. Les études primaires de précision du 

diagnostic devraient de préférence utiliser un échantillon plus grand pour estimer le seuil 

optimal et estimer la précision du diagnostic. 
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This is a manuscript-based thesis evaluating the extent to which data-driven optimal 

cutoff selection identifies cutoffs that diverge from the population optimal cutoff and biases 

accuracy estimates. It is presented in five chapters. 

Chapter 1 and 2 introduce the thesis and provide a summary of the literature review. 

These two chapters were drafted by Parash Mani Bhandari and critically revised by Andrea 

Benedetti and Brett D. Thombs. 

Chapter 3 presents the manuscript prepared for submission to the 

. This manuscript utilized data from DEPRESSD EPDS Collaboration which consists of 

trainees, staffs, steering committee members, knowledge users and data contributors from all 

over the world. This manuscript was drafted by Parash Mani Bhandari with contribution from 

Brooke Levis, Brett D. Thombs and Andrea Benedetti. All authors and DEPRESSD EPDS 

Collaboration co-authors provided a critical review, approved the final manuscript and agreed 

to include it in this thesis. Exact contribution of all 89 authors and DEPRESSD EPDS 

Collaboration co-authors is provided in the manuscript in Chapter 3. 

Chapter 4 provides a brief discussion of the thesis in relation to the evidence gap, 

research and clinical implications and anticipates the avenues for future research work. Chapter 

5 presents the conclusions. These two chapters were drafted by Parash Mani Bhandari and 

critically revised by Andrea Benedetti and Brett D. Thombs. At the end, bibliography and all 

supplementary materials on methodology and results of the manuscript in Chapter 3 are 

provided. 
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Diagnostic accuracy studies frequently use small datasets to determine the cutoff that 

maximizes some criterion, such as combined sensitivity and specificity. In many studies, the 

same sample is also used to estimate the diagnostic accuracy of this “optimal” cutoff. Due to 

imprecision from small samples, different studies often identify a wide range of optimal 

cutoffs, even for similar participant groups.1 In addition, accuracy estimates that are generated 

tend to be overly optimistic,2-5 and may not be replicated in clinical practice.  

To my knowledge, there is no study that has explored if the variability of optimal cutoffs 

from data-driven approach varies for samples with different sizes. The limited evidence 

available on variability of optimal cutoffs and bias in accuracy estimates due to data-driven 

approaches to select optimal cutoffs is based on simulated datasets generated using 

hypothetical distributions of test scores. However, the generalizability of results from 

simulated datasets depends on whether realistic models and parameter values were used in 

data generation, and simulating datasets from large actual participant dataset can be a 

superior approach especially when the population data distribution is not well defined.6 

In this thesis, this evidence gap in literature is addressed by using actual participant data 

to explore how data-driven cutoff selection results in inaccurate optimal cutoff values and 

biases the accuracy estimates. Specifically, the thesis has two objectives: to estimate, across 

different sample sizes, using scores from the EPDS administered to women during pregnancy 

and postpartum to detect major depression, the degree to which study-level data-driven cutoff 

selection: 

1) results in the selection of optimal cutoffs that differ from the population optimal cutoff 

derived from the full IPDMA “population” dataset, and 

2) generates biased accuracy results compared to results from the population optimal 

cutoff derived from the full IPDMA “population” dataset.  
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Screening refers to the administration of tests or examinations to a large population to 

identify the potential presence of an illness or a medical condition. The objective of screening is 

to identify people early in a disease process prior to symptom onset in order to intervene prior 

to further progression. Whether screening should be recommended, however, depends on 

several factors including whether there is availability of treatment and support mechanism for 

people who screen positive and subsequently get diagnosis of an illness and whether the overall 

benefit outweighs the harms from screening.7 This risk-benefit ratio depends on many factors 

including the performance of screening tests. 

The performance of screening tests is evaluated by several measures, though the two 

most commonly used measures are sensitivity and specificity. 

 

  

  

a b 

c d 

 

Sensitivity = 
𝑎

𝑎+𝑐
 

Specificity = 
𝑑

𝑏+𝑑
 

Sensitivity of a test refers to the proportion of people with disease who will be correctly 

identified to have the disease. Specificity of a test refers to the proportion of people without 

disease who will be correctly identified to be disease-free. A test with poor sensitivity might 

result in missed cases and lost opportunities for treatment. On the other hand, a test with poor 
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specificity might lead to resources spent on expensive referrals and might expose people to 

invasive diagnostic tests and unnecessary treatments and their side effects.8 

Many screening and diagnostic tests measure symptoms of participants in continuous or 

ordinal scale and provide a cumulative total score. For making decision about whether the score 

for participants can be considered a positive or a negative result, cutoff thresholds are needed. 

Establishing the cutoff threshold requires consideration of the financial and other costs of false 

negative and false positive results, and a comparative evaluation of the sensitivity and 

specificity estimates of all the relevant cutoffs. Receiver Operating Characteristic (ROC) curve is 

commonly used to summarize the sensitivity and specificity estimates of all potential cutoff 

thresholds. The goal is to identify a cutoff that has both high sensitivity and high specificity 

values. Selecting a higher cutoff, however, results in higher specificity but smaller sensitivity 

estimates and vice versa. Hence, a trade-off between maximizing sensitivity and specificity 

estimates must be made. 

In practice, diagnostic accuracy studies often give equal weight to sensitivity and 

specificity and select the cutoff that maximizes Youden’s J as the “optimal” cutoff. Youden’s J is 

defined as: sensitivity + specificity – 1.9 Its value ranges from 0 to 1. In a ROC curve, Youden's J 

optimal cutoff is the cutoff at the maximum vertical distance between the ROC curve and 

diagonal line.10  

To explore cutoff selection and reporting practice in the abstracts of studies on the 

diagnostic test accuracy of Edinburgh Postnatal Depression Scale (EPDS), the most commonly 

used screening test for depression among pregnant and postpartum women,11,12 a review was 

done. The objective was to explore how often accuracy was reported for one versus multiple 

cutoffs. In studies where accuracy was reported for one cutoff only, it was determined whether 

the cutoff was a data-driven optimal cutoff. It was found that of the 14 eligible studies, only 

one (7%) reported accuracy estimates for multiple cutoffs in the abstract, and 13 (93%) 
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reported accuracy for the study defined optimal cutoff only, whether or not that cutoff was 

standard (Appendices: eMethods1). 

Many test accuracy studies use small samples to select the optimal cutoff. In the review 

described in Chapter 2.3, the sample size of the studies was found to range from 118 to 807 

with an average sample of 320 participants (Appendices: eMethods1). However, in the 

evaluation of tests, samples are split into cases and non cases, and in many studies the 

number of cases is very small. Due to the use of relatively small sample sizes, optimal cutoffs 

identified in different test accuracy studies sometimes vary substantially, even when similar 

participant samples are used.1 Authors of diagnostic test accuracy studies, however, often 

suggest that the data-driven optimal cutoffs that diverge from more standard cutoffs 

represent a unique optimal cutoff for the study’s target population group, instead of being a 

result of small sample size or the data-driven approach used to select the optimal cutoff. For 

instance, in the review described in Chapter 2.3, no studies attributed a divergent optimal 

cutoff to a small sample size or to data-driven cutoff selection methods. 

To my knowledge, this phenomenon of variability of data-driven optimal cutoffs in 

similar study samples has been explored by only one study. In that study, the authors 

explored the variability of optimal cutoffs with a simulation approach.1 Using the published 

summary statistics, the authors drew 10,000 simulated samples, identified their optimal cutoff 

(obtained by maximizing Youden’s J) and used the distribution of optimal cutoffs to quantify 

the variability. The authors found a high variability in optimal cutoffs identified and 

recommended that diagnostic accuracy studies should estimate and report variability along 

with the optimal cutoffs. 

Accuracy estimates from optimal cutoffs selected using data-driven approach are likely to 

be biased. To my knowledge, only four studies have examined this phenomenon. The first study 

found that the total bias in sensitivity and specificity was maximum of 15% with a sample size 
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of 50 (N patients = 25, N controls = 25) and that the bias decreased as the sample size 

increased.2 The second study compared this phenomenon with different prevalence rates and 

different number of patients and controls. The authors reported that the mean bias in 

sensitivity for a given specificity ranged from 1.5% to 5.6%, and, with a simulated sample of 250 

and prevalence of 10%, which is approximately the prevalence rate for major depression in 

medical settings,13,14 sensitivity was overestimated by 4.5%.4 The third study, in a simulation 

with different number of patients and controls, different mean scores of patients and controls 

and different distributional assumptions, found that data-driven optimal cutoff overestimated 

the performance in simulated samples compared to that in the population from which the 

samples were drawn.3 Finally, the fourth study also found that using data-driven optimal cutoff 

introduced bias in accuracy estimates and that an inverse relationship existed between the 

sample size and the bias in accuracy estimate.5 

The only study that evaluated variability in optimal cutoffs due to using a data-driven 

approach used summary statistics from actual studies but not the actual individual participant 

data to simulate samples and also did not evaluate the effect of sample size on the variability 

of optimal cutoffs. The four studies that evaluated bias in accuracy estimates from data-driven 

optimal cutoffs did not examine the degree to which bias in accuracy would occur when data-

driven cutoffs are used to generate accuracy estimates for a specific screening or diagnostic 

test. More importantly, the authors used simulated datasets based on hypothetical distribution 

of test score rather than actual participant data. 

The results from simulated datasets based on hypothetical distribution are as good as the 

accuracy of parametric model and the true parameters assumed for data generation. Especially 

when the population data distribution is not well defined, a much better approach for data 

generation is to use a large actual dataset from which data of desired size and frequency can be 

simulated (or resampled). Samples drawn this way mimic the actual dataset used for 
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resampling and if the actual dataset is big enough, estimates the true population parameters 

appropriately.6  



7 
 

The following manuscript describes the research that was done to achieve the two thesis 

objectives listed in Chapter 1: 

Bhandari PM, Levis B, Neupane D, Patten SB, Shrier I, Thombs BD, Benedetti A, and the 

DEPRESsion Screening Data (DEPRESSD) EPDS Collaboration. 

. 

The manuscript is prepared for submission to the and is formatted 

accordingly. 
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Studies of test accuracy often use small datasets to simultaneously select an 

“optimal” cutoff that maximizes test accuracy and generate the accuracy estimates. Our 

objective was to use actual participant data across a range of sample sizes to evaluate the 

degree to which data-driven optimal cutoff selection with the Edinburgh Postnatal Depression 

Scale (EPDS) to detect major depression results in (1) selection of optimal cutoffs that diverge 

from the population optimal cutoff and (2) biased accuracy estimates. 

 Simulation study in which 1,000 samples each of sample sizes 100, 200, 500 and 

1,000 were randomly drawn with replacement from a “population” sample of actual 

participant data.  

 Dataset accrued for an individual participant data meta-analysis on EPDS 

accuracy to detect major depression in pregnancy and postpartum. 

 Eligible studies compared EPDS scores with major 

depression classification based on validated diagnostic interviews. For the study population 

and for each simulated sample, an optimal cutoff was selected by maximizing Youden’s J 

(sensitivity + specificity – 1). Accuracy estimates for the optimal cutoff in each simulated 

sample were compared to the accuracy estimate in the population. 

 The population included 13,255 participants from 49 primary studies. Population 

optimal cutoff was ≥ 11. Optimal cutoffs in individual samples ranged from ≥ 5 to ≥ 17 for N = 

100, ≥ 6 to ≥ 16 for N = 200, ≥ 6 to ≥ 14 for N = 500, and ≥ 8 to ≥ 13 for N = 1,000. The 

percentage of studies that identified the true population optimal cutoff was 30% for N = 100, 

35% for N = 200, 53% for N = 500, and 71% for N = 1,000. Mean overestimation of sensitivity 

and mean underestimation of specificity were 6.5% and -1.3% for N = 100, 4.2% and -1.1% for N 

= 200, 1.8% and -1.0% for N = 500, and 1.4% and -1.0% for N = 1000. 

 Data-driven optimal cutoff selection resulted in cutoffs that diverged 

substantially from the population optimal cutoff and produced biased accuracy estimates, 

especially with smaller samples. Clinicians and researchers should use cutoffs identified in 

large meta-analyses or, alternatively, identified consistently across multiple primary studies.  
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Many screening and diagnostic tests measure symptoms on a continuous or ordinal scale 

and use a cutoff threshold to distinguish between positive and negative results compared to a 

diagnostic standard. Data-driven approaches are often used in studies with relatively small 

samples to both select an “optimal” cutoff threshold to maximize some criterion, such as 

combined sensitivity and specificity, and to draw conclusions about the accuracy of the test.1 

As a result, optimal cutoffs identified in different studies sometimes vary substantially, even 

when similar participant samples are used. In addition, accuracy estimates tend to be overly 

optimistic because the threshold is set to maximize accuracy in the study sample, even though 

it may not maximize accuracy in other samples or in the target population and may not 

represent what would occur in clinical practice. 

We know of only four studies that have investigated the degree to which data-driven 

selection of cutoff scores may influence diagnostic accuracy estimates.2-5 These studies each 

reported that data-driven cutoff selection produces overly optimistic estimates, particularly in 

small sample sizes. However, all of these studies used simulated datasets based on 

hypothetical test score distributions rather than actual participant data. Thus, how widely 

data-driven optimal cutoffs diverge from population-based optimal cutoffs and how biased 

estimates of diagnostic accuracy are is not known for any specific screening or diagnostic test.  

Depression screening in pregnancy and the postpartum period is often recommended,6, 7 

and the Edinburgh Postnatal Depression Scale (EPDS) is the most commonly used screening 

tool.8, 9 A recent individual participant data meta-analysis (IPDMA) found that a cutoff of ≥ 11 

maximized combined sensitivity and specificity.10 Primary studies that assess the accuracy of 

the EPDS often set cutoffs and attempt to estimate screening accuracy based on data-driven 

methods. In many of these studies, the abstract, which may be the only part of the article that 

is read,11, 12 reports only results from a single data-driven optimal cutoff. We reviewed 14 

recently published primary studies of EPDS accuracy (range of number of participants = 118 to 

807; mean = 320) and found that only one of them reported accuracy results from more than 

one cutoff in the abstract. The remaining 13 (93%) reported only results from the single best-
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performing cutoff; 11 of the 13 (85%) maximized Youden’s J (sensitivity + specificity – 1) to 

select the best-performing cutoff. Cutoffs identified as optimal in the 14 studies ranged from 

≥ 8 to ≥ 13. In some studies, authors asserted that the data-driven optimal cutoffs, which 

diverged from more standard cutoffs, represented a unique optimal cutoff for the study’s 

target population group. No studies attributed a divergent optimal cutoff to a small sample 

size or to data-driven cutoff selection methods (see Appendix: eMethods1). 

The objectives of the present study were to estimate, across different sample sizes, 

using scores from the EPDS administered to women during pregnancy and postpartum to 

detect major depression, the degree to which study-level data-driven cutoff selection: (1) 

results in the selection of optimal cutoffs that differ from the population optimal cutoff 

derived from the full IPDMA “population” dataset and (2) generates biased accuracy results 

compared to results from the population optimal cutoff. 

We used data accrued for an IPDMA on the accuracy of the EPDS for depression 

screening10 to form a study population from which to simulate the sampling of individual 

primary studies of different sample sizes. A protocol for the present study was uploaded to 

the Open Science Framework repository prior to initiating the study (https://osf.io/qnvzp/).  

Datasets from articles in any language were eligible for inclusion in the main IPDMA and 

the present study if: (1) they included EPDS scores; (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)13-15 or International Classification 

of Diseases (ICD)16 criteria based on a validated semi-structured or fully structured interview; 

(3) the interview and EPDS were administered within two weeks of each other because DSM and 

ICD major depression diagnostic criteria specify that symptoms must have been present in the 

last two weeks; (4) participants were women ≥ 18 years who were pregnant or had given birth 

in the previous 12 months; and (5) participants were not recruited from psychiatric settings or 

because they were suspected of having depression, since screening is done to identify 

https://osf.io/qnvzp/
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previously unrecognized cases.17 Datasets where not all participants were eligible were 

included if primary data allowed selection of eligible participants.  

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 inception to June 

10, 2016, using a peer-reviewed18 search strategy (Appendix: eMethods2). We additionally 

reviewed reference lists of relevant reviews and queried contributing authors about non-

published studies, including studies in progress or submitted for peer review. Search results 

were uploaded into RefWorks (RefWorks-COS, Bethesda, MD, USA). After de-duplication, 

unique citations were uploaded into DistillerSR (Evidence Partners, Ottawa, Canada) for 

processing review results. 

Two investigators independently reviewed titles and abstracts for eligibility. If either 

deemed a study potentially eligible, independent full-text review was done by two investigators 

with disagreements resolved by consensus, consulting a third investigator when necessary. 

Translators were consulted for languages other than those in which team members were 

fluent. 

Authors of eligible datasets were invited to contribute de-identified primary data, 

including EPDS scores and major depression status. We emailed corresponding authors of 

eligible primary studies at least three times, as necessary. If we did not receive a response, we 

emailed co-authors and attempted phone contact. 

Individual participant data were converted to a standard format and synthesized into a 

single dataset. We compared published participant characteristics and diagnostic accuracy 

results with results from raw datasets and resolved any discrepancies in consultation with the 

original investigators. For the present study, if the study collected data at multiple time points, 

we included data from only the time point with the most participants. If there was a tie, we 

selected the time point with the largest number of major depression cases. For defining major 

depression, we considered MDD or MDE based on the DSM or ICD. If more than one was 
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reported, we prioritized MDE over MDD (since screening would attempt to detect depressive 

episodes and further interview would determine whether the episode was related to MDD, 

bipolar disorder, or persistent depressive disorder), and we prioritized DSM over ICD. 

Unlike many other depression screening tools, the EPDS does not have a clearly 

recognized standard cutoff for depression screening. The original validation study which 

included 84 participants and 24 cases of definite or probable major depression based on 

Research Diagnostic Criteria suggested that cutoffs of ≥ 10 or ≥ 13 could be used.19 However, 

many studies report using different cutoffs between ≥ 10 and ≥ 13 to identify major 

depression,20, 21 with ≥ 13 being the most commonly used cutoff.21 A recent IPDMA using a 

slightly larger version of the dataset in the present study found that a cutoff of ≥ 11 

maximized Youden’s J (sensitivity + specificity -1) overall and for subgroups.10 

For the present study, we used our IPDMA dataset to represent a hypothetical 

“population” of women, and we defined population sensitivity and specificity values for EPDS 

cutoffs to be those estimated in this population. To do this, we analyzed the IPDMA dataset, 

ignoring sampling weights as well as study-level clustering of observations. We ignored 

sampling weights and clustering in order to have a defined population from which we could 

draw samples that represented simulated primary studies and to be able to use the same 

analytical approach when analyzing the population data and the simulated primary study data. 

As a result, we generated accuracy estimates that differed slightly from those reported in the 

full EPDS IPDMA, which used sampling weights and study-level clustering and a slightly larger 

sample.10 We verified that a cutoff of ≥ 11 maximized Youden’s J for the unweighted 

population. 

From the overall population IPDMA dataset, we sampled with replacement to generate 

1,000 random samples each with N = 100, N = 200, N = 500, and N = 1,000 participants. For 

each sample, we defined the sample-specific optimal cutoff as the cutoff that maximized 

Youden’s J in the sample. If there was a tie in maximum Youden’s J between multiple cutoffs, 

we selected the higher cutoff as the sample-specific optimal cutoff. For each sample size, 
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across the 1,000 samples, we (1) graphically illustrated the variability in sample-specific 

optimal cutoffs based on Youden’s J and the variability in accuracy of the sample-specific 

optimal cutoffs; (2) estimated the mean difference and associated 95% confidence interval (CI) 

between sensitivity and specificity based on sample-specific optimal cutoffs versus the 

population sensitivity and specificity based on the population optimal cutoff of ≥ 11, and (3) 

estimated the mean difference and 95% CI for sensitivity and specificity based on a cutoff of ≥ 

11 in each sample versus the population sensitivity and specificity also based on a cutoff of ≥ 

11. CIs for the variability in optimal cutoffs and the unweighted accuracy estimates were 

computed using a one sample proportion test with continuity correction. For all analyses, 

sensitivity and specificity were estimated using crude 2 x 2 table counts. In additional 

analyses, we stratified results by the optimal cutoff value identified in each sample.  

Patients and the public were not involved in the design, conduct or reporting of this 

study. 

We initially specified that we would also compare accuracy of the optimal cutoff in each 

sample with that of cutoff ≥ 13, which is the cutoff most commonly used in practice.18-20 We 

subsequently determined that a population optimal cutoff of ≥ 11 maximizes Youden’s J in 

our IPDMA “population”, which was established in the main EPDS IPDMA dataset10 and 

confirmed in the present study. Thus, we used a cutoff of ≥ 11 only and not ≥ 13. 

Of 3,417 unique titles and abstracts identified from the database search, 3,097 were 

excluded after title and abstract review and 213 were excluded after full-text review, leaving 

107 eligible articles with data from 72 unique participant samples, of which 48 (66.7%) 

contributed datasets (Figure 1). Reasons for exclusion for each article excluded at the full-text 

level are provided in Appendix: eTable1. In addition, authors of included studies contributed 

data from one unpublished study, which was subsequently published, for a total of 49 
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datasets. Characteristics of eligible included primary studies are provided in Appendix: 

eTable2, and characteristics of eligible primary studies that did not contribute data are shown 

in Appendix: eTable3. In total, 13,255 participants (1,625 major depression cases [12.3%]) were 

included. Frequencies of EPDS scores for cases and non-cases in the full database are shown in 

Appendix: eTable4. 

The sample size of the 49 included primary studies ranged from 40 to 2,634 with a mean 

of 271 (median = 190). The mean number of cases of major depression was 34 (median = 25), 

and 20 studies included < 20 cases of major depression. As shown in Appendix: eFigure1, 

study-specific optimal cutoffs that maximized Youden’s J ranged from ≥ 5 to ≥ 19. For the 

“population” of 13,255 participants and using a cutoff of ≥ 11, the unweighted sensitivity and 

specificity were 78.7% (95% CI: 76.6% to 80.7%) and 83.4% (95% CI: 82.7% to 84.0%). 

Figure 2 shows the variability of data-driven sample-specific optimal cutoffs from 1,000 

samples each of 100, 200, 500 and 1,000 participants. 

Optimal cutoffs in individual samples ranged from ≥ 5 to ≥ 17 for N = 100, ≥ 6 to ≥ 16 

for N = 200, ≥ 6 to ≥ 14 for N = 500, and ≥ 8 to ≥ 13 for N = 1,000. The percentage of studies 

that identified the true population optimal cutoff of ≥ 11 was 30.3% (95% CI: 27.5% to 33.3%) 

for N = 100, 34.7% (95% CI: 31.8% to 37.8%) for N = 200, 53.0% (95% CI: 49.9% to 56.1%) for N = 

500, and 70.5% (95% CI: 67.6% to 73.3%) for N = 1,000. 

As shown in Figure 3 and Table 1, based on the overall mean across 1,000 samples, 

sensitivity based on sample-specific optimal cutoffs was overestimated compared to the 

sensitivity in the population based on the population optimal cutoff by 6.5% (95% CI: 5.8% to 

7.2%) for N = 100, 4.2% (95% CI: 3.6% to 4.7%) for N = 200, 1.8% (95% CI: 1.4% to 2.1%) for N = 

500 and 1.4% (95% CI: 1.1% to 1.6%) for N = 1,000. In turn, specificity was underestimated by 

1.3% (95% CI: -1.9% to -0.7%) for N = 100, 1.1% (95% CI: -1.6% to -0.7%) for N = 200, 1.0% (95% CI: 

-1.3% to -0.7%) for N = 500 and 1.0% (95% CI: -1.2% to -0.8%) for N = 1,000. 
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Figure 4 and Appendix: eTable5 show that the direction and magnitude of bias in 

sensitivity and specificity estimates depended on the optimal cutoff identified in each sample. 

For instance, with a sample size of 100, in samples with sample-specific optimal cutoff ≥ 5 to ≥ 

8, sensitivity was overestimated by 16.0% (95% CI: 14.8% to 17.2%), and specificity was 

underestimated by 19.6% (95% CI: -20.8% to -18.3%). For samples with sample-specific optimal 

cutoffs of ≥ 14 to ≥ 17, sensitivity was underestimated by 6.3% (95% CI: -8.9% to -3.7%), and 

specificity was overestimated by 10.7% (95% CI: 10.2% to 11.2%). 

As shown in Figure 5, when sensitivity and specificity were calculated for cutoff ≥ 11 in 

each sample, the mean sensitivity and specificity were close to that of the population values. 

Variability patterns were similar to those observed using sample-specific optimal cutoffs. See 

also Table 1. 

We used actual participant EPDS data from over 13,000 participants from 49 primary 

studies and simulated 1,000 primary studies each for sample sizes of 100, 200, 500, and 

1,000. There were two main findings. First, with very small sample sizes (N = 100), study-

specific optimal cutoffs ranged from ≥ 5 to ≥ 17 when the actual population optimal cutoff 

was ≥ 11. Even with samples of N = 1,000, optimal cutoffs ranged from ≥ 8 to ≥ 13. Second, for 

samples of N = 100, mean overestimation of sensitivity was 6.5% whereas mean 

underestimation of specificity was 1.3%. For larger samples (N = 1,000), sensitivity was 

overestimated, on average, by 1.4% and specificity underestimated by 1.0%. The degree and 

direction of sample-specific deviance from population-level estimates depended on the 

identified sample-specific optimal cutoff. For N = 100, for example, individual studies that 

identified optimal cutoffs from ≥ 5 to ≥ 8 overestimated sensitivity by an average of 16.0%; 

studies that identified high optimal cutoffs (≥ 14 to ≥ 17), on the other hand, underestimated 

sensitivity by 6.3%. 

The degree of variability we identified in sample-specific optimal cutoffs, especially with 

smaller sample sizes, is concerning, because most diagnostic accuracy studies of depression 
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screening tools are conducted in small samples. Among the 49 studies included in the present 

IPDMA dataset, 26 (53.1%) had sample size of < 200, 19 (38.8%) had sample size of 200 to 500, 

3 (6.1%) had sample size of 501 to 1000 and only one (2.0%) had sample size > 1000. A 

previous study examined sample sizes and the presence of sample size calculations in 89 

studies of depression screening tool accuracy, not limited to the EPDS, and found that the 

median sample size was 224; 38 (42.7%) had sample size of < 200, 33 (37.1%) had sample size 

of 200 to 500, 11 (12.3%) had sample size of 501 to 1000 and 7 (7.9%) had sample size of > 

1000.22 Based on our findings, we would expect that, overall, many studies of test accuracy of 

depression screening tools likely overestimate sensitivity with only minor losses in specificity. 

A larger bias in sensitivity estimates as compared to the bias in specificity estimates is due to 

the presence of fewer number of participants with major depression as compared to those 

without major depression. Due to this, optimal cutoff selection in some samples resulted in 

substantial gains in sensitivity with relatively small compensation in specificity, particularly in 

small samples. As shown in the present study, however, mean differences do not capture what 

may occur in any given study, and depending on the specific sample, sensitivity may be 

overestimated or underestimated, sometimes substantially. 

The Standards for Reporting of Diagnostic Accuracy Studies (STARD) reporting guideline 

recommends  sample size estimation for the desired precision level in accuracy 

estimates.23 Results from our study show that setting sample size targets pre-study should 

also consider variability in the optimal cutoff that may be identified and not just variability in 

accuracy estimates. A previous study that examined sample sizes in 89 studies of depression 

screening tool accuracy found that only 3 reported  sample size calculations, and none 

of these specifically considered the issue of identifying an optimal cutoff and estimating 

accuracy in the same participant sample.22 Authors of primary studies on depression screening 

tool accuracy could potentially use bootstrapping, parametric or non-parametric methods to 

estimate confidence intervals for uncertainty around the optimal cutoff.24, 25 They could also 

employ internal validation methods like cross-sampling, sample-splitting and bootstrapping to 
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statistically adjust for the bias in accuracy estimates from data-driven optimal cutoff 

selection.26 These methods, however, have not been demonstrated or tested in the context of 

mental health screening. Indeed, the most robust approach for identifying optimal cutoffs and 

generating accurate estimates of screening or diagnostic accuracy is through pooling large 

numbers of well-conducted primary studies and participants via meta-analysis, preferably 

IPDMA, which can ensure that all cutoffs are available for examination for all participants.27, 28 

To facilitate this, researchers should report accuracy data from primary accuracy studies for 

all possible cutoffs in 2×2 form, at least in appendices, to facilitate subsequent synthesis and 

to avoid selective cutoff reporting bias.29 

Administering diagnostic interviews to large samples can be resource-intensive. A less 

resource-intensive alternative might be to administer a diagnostic interview to participants 

with positive screens but to only a proportion of those with negative screens. Weighting can 

then be used to generate accuracy estimates to reflect the actual proportion of participants in 

the study sample.30 With sufficient numbers of participants and cases, this can be done with 

relatively minimal loss of precision compared to conducting interviews with all study 

participants.31 

As shown in our review of recent studies of the EPDS (Appendix: eMethods1), authors of 

diagnostic accuracy studies that identify study-specific optimal cutoffs that depart from 

standard cutoffs often conclude that this is evidence for the need to use different cutoffs in 

different populations. While this is possible, our full IPDMA of the screening accuracy of the 

EPDS did not find evidence for differential accuracy by subgroups.10 Results from the present 

study suggest that variability in identified optimal cutoffs most often results from chance 

variability alone and may not reflect the existence of any group differences. Hence, authors of 

individual studies should avoid recommending specific cutoffs for specific populations unless 

the studies use large samples or the findings are replicated consistently across multiple 

studies. Researchers who conduct trials of screening and health care providers who wish to 

use the EPDS in practice should select cutoffs from large, well-conducted meta-analyses. They 
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should be aware that primary study-specific results are often not accurate and should not 

guide clinical practice. 

Strengths of this study include the use of actual participant data instead of simulated 

data and hypothetical distributional assumptions, the large population sample size from 

which we were able to sample, and the ability to include results from studies that collected 

eligible primary data even if accuracy results were not published, which had not been done 

previously. There are also limitations to consider. We were unable to include primary data 

from 24 of 72 (33.3%) identified unique eligible participant samples. Nonetheless, we believe 

that the IPDMA database, with over 13,000 participants, was sufficiently large to simulate 

sampling in individual studies. Our results on the bias in sensitivity and specificity estimates 

is based on the analysis of a large dataset on depression screening accuracy of the EPDS, and 

the results may be different for a different test or a different study sample. Also, we estimated 

optimal cutoff by maximizing Youden’s J, which gives equal weight to the estimates of 

sensitivity and specificity, and a different method of optimizing cutoff, for instance 

maximizing sensitivity alone, may change the observed bias in accuracy estimates. Despite 

these limitations, this study is the first to use actual participant data and provide evidence of 

the bias in accuracy estimates from using data-driven optimal cutoffs. 

Using the same participant sample to both identify an optimal cutoff and estimate 

screening or diagnostic accuracy often results in optimal cutoffs that differ from the 

population optimal cutoff and in accuracy estimates that are overly optimistic; these biases 

can be substantial when sample sizes are 100-500, which is common in published diagnostic 

accuracy studies of depression screening tools. Researchers who conduct primary studies of 

diagnostic accuracy should calculate sample sizes  and describe related limitations; 

they should avoid recommending cutoffs for population subgroups when sample sizes are not 

sufficiently large to support this; and they should report results completely so that they are 

easily synthesized in meta-analyses. Clinicians should be aware that conclusions about cutoffs 
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and accuracy from single studies may not reflect what will occur in practice and should 

preferably base decisions on a cutoff derived from well-conducted meta-analyses.  
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• Previous studies have reported that data-driven optimal cutoff selection produces overly 

optimistic diagnostic accuracy estimates that cannot be replicated in clinical practice. 

• All previous studies, however, have evaluated bias in simulated datasets with hypothetical 

distributions of test scores, not from actual participant data.

• Data-driven selection of optimal cutoffs often results in selection of cutoffs that differ 

substantially from the population optimal cutoff, as well as, on average, in substantial 

overestimation of sensitivity with minimal underestimation of specificity, particularly with 

small samples. 

• Clinicians should not use population-specific cutoffs identified in single studies unless 

those cutoffs and accuracy estimates are verified across multiple well-conducted studies or 

in a meta-analysis.  
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This thesis’s objectives were to fill in the existing evidence gap, using actual 

participant data, on whether data-driven cutoff selection results in inaccurate optimal cutoff 

values and biases the accuracy estimates. For this purpose, a dataset originally synthesized 

for an IPDMA of diagnostic accuracy of EPDS to detect major depression was used.15 

To address the thesis objective #1, variability in optimal cutoffs among study samples 

of different size was explored. It was found that data-driven cutoff selection resulted in 

selection of cutoffs that differed substantially from the population optimal cutoff 

established from the full IPDMA dataset. This result confirmed what was already reported in 

the literature about variability of data-driven optimal cutoffs,5 with an actual participant 

data. In addition to confirming what was already known, this thesis is the first to document 

that the variability in optimal cutoffs is smaller in samples of larger sizes. 

To address the thesis objective #2, accuracy estimates of optimal cutoffs estimated in 

study samples were compared with the true population accuracy estimates established from 

the full IPDMA dataset. It was found that sensitivity was substantially overestimated and 

specificity was minimally underestimated on average by cutoffs selected using data-driven 

technique, especially with smaller samples. This result confirmed the existing evidence on 

bias in accuracy estimates by cutoffs selected using data-driven techniques,1-4 with an actual 

participant data. 

A 2006 literature review of diagnostic accuracy studies published in eight “big” 

journals found that the median number of participants in a diagnostic accuracy study was 

118 (interquartile range: 71 to 350 participants).16 In the review of studies on diagnostic 

accuracy of EPDS too, studies often had small samples (Appendices: eMethods1). With the 

small sample size, the findings documented in this thesis suggest that most of these 

studies will likely estimate different optimal cutoff just because of random sample 

variation and will likely substantially overestimate sensitivity and minimally underestimate 

specificity. 
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Researchers conducting diagnostic accuracy studies should enroll larger samples and 

should recommend optimal cutoff only if their result is adequately cross-validated. 

Likewise, clinicians should select cutoff that is established from large samples and cross-

validated across multiple studies. Ideally, the cutoff threshold for clinical use should be 

established from evidence synthesis of large numbers of well-conducted diagnostic 

accuracy studies. 

 

There are several research questions that can follow-up on the research done for this 

thesis. First of all, it was the first time actual participant data was used to explore and 

quantify if cutoffs selected by data-driven approach are likely to be inaccurate and to 

produce biased accuracy estimates. It is crucial to explore if these results can be replicated 

with a different actual participant dataset. Second, in this thesis, data from EPDS test with 

ordinal scores was used and it will be interesting to see if these results can be replicated for 

other tests that measure symptoms in a continuous or ordinal scale. Third, Youden’s J was 

selected as the method to optimize cutoff in this thesis. While it was found that Youden’s J 

was frequently used to optimize and report cutoff in the abstract of EPDS diagnostic 

accuracy studies (Appendices: eMethods1), it is possible that a different method of 

optimizing cutoff would produce different results. 

Finally, an important avenue of research would be to explore if the variability in cutoff 

selection and the bias in accuracy estimates from using cutoffs selected by data-driven 

approach can be statistically accounted for. Bootstrapping and several parametric or non-

parametric methods to estimate confidence intervals for uncertainty around the optimal 

cutoff are available.10,17 Similarly, internal validation methods such as cross-sampling, 

sample-splitting and bootstrapping could be used to statistically correct for the bias in 

accuracy estimates introduced by data-driven optimal cutoff selection.18 Evaluating whether 

these methods can be successfully used to estimate the variability in optimal cutoff and 

correct for the bias in accuracy estimates from using data-driven cutoff selection approach 

would make an important contribution to the field of screening and diagnostic accuracy 

studies. 



44 
 

In summary, this thesis provides evidence that optimal cutoffs identified by data-

driven approach often diverge from the true population optimal cutoff and produce biased 

accuracy estimates, especially in samples of smaller size. Cutoff thresholds for use in 

clinical practice should be established from well-conducted meta-analyses and should only 

be recommended after cross-validation across multiple studies. Researchers should use 

larger samples to estimate optimal cutoff and diagnostic accuracy in their study sample. 

Future research with different measures, study samples and cutoff optimization methods 

should attempt to replicate the findings from this thesis. Also, research should focus on 

statistical methods to estimate the uncertainty in optimal cutoff and to correct the bias in 

accuracy estimates from using cutoffs estimated by data-driven approach.  
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. Review of the cutoff reporting practice in the abstracts of studies on diagnostic 

accuracy of the EPDS 

. Search strategies 

. Distribution of optimal cutoffs for the 49 individual primary studies included in 

the IPDMA dataset 

. Reasons for exclusion for all articles excluded at full-text level (N = 213) 

. Characteristics of 49 primary studies included in the IPDMA dataset 

 Characteristics of eligible primary studies that did not provide data for the present 

study (N = 24) 

 Frequencies of EPDS scores for cases and non-cases of major depression in the full 

IPDMA dataset 

Bias in accuracy estimates of sample-specific optimal cutoffs compared to the 

accuracy estimates from population optimal cutoff, stratified by the magnitude of optimal 

cutoff  
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We carried out this review to explore cutoff reporting in the abstracts of studies on 

the diagnostic test accuracy of Edinburgh Postnatal Depression Scale (EPDS). We explored 

how often accuracy was reported for one versus multiple cutoffs. In studies where accuracy 

was reported for one cutoff only, we determined whether the cutoff was a data-driven 

optimal cutoff.  

We searched PubMed for articles with records first listed in PubMed in 2014 or later 

using the search term ((depress*[Title] AND (sensitivity[Title/Abstract] OR 

specificity[Title/Abstract] OR accuracy[Title/Abstract]) AND (EPDS[Title/Abstract] OR 

edinburgh[Title/Abstract]))) AND ("2014"[Date - Create] : "3000"[Date - Create]). We chose an 

approximately 5-year period to capture recent practices. 

Primary studies in any language that reported in the abstract the sensitivity and 

specificity of at least one cutoff on the Edinburgh Postnatal Depression Scale (EPDS) for 

detecting depression based on a diagnosis of major depression or a combination of 

depressive disorders were included. Search results were uploaded to DistillerSR (Evidence 

Partners, Ottawa, Canada), and two investigators independently reviewed the titles and 

abstracts for eligibility. If either investigator determined that a study was potentially eligible 

based on title and abstract, it underwent full-text review by two investigators independently. 

Conflicts between reviewers after full-text review were resolved by consensus, including a 

third investigator as necessary. 

One investigator extracted data from the eligible studies into DistillerSR, and data 

were validated by a second investigator using the DistillerSR Quality Control function. 

Conflicts were resolved by consensus, involving a third investigator, as necessary. In 

addition to the information on the cutoffs for which accuracy was reported in the abstract, 

we also collected information on study population, number of study participants assessed 
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with both the EPDS and the diagnostic interview and the number of cases of depression for 

each study. 

We identified 78 unique citations from the PubMed search. Out of the 78 citations, 64 

did not meet eligibility criteria and were excluded. We extracted information from the 

abstracts of the remaining 14 studies. Of the 14 studies, only one (7%) reported accuracy 

estimates for multiple cutoffs in the abstract, and 13 (93%) reported accuracy for the study 

defined optimal cutoff only (table below). 
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24733682 Baillon1 Int J Geriatr Psychiatry 2014 120 ≥ 11 Optimal 

24742635 Toreki2 Midwifery 2014 266 ≥ 8 and ≥ 13 Cutoff ≥ 8 and 

optimal 

25110542 Alvarado-Esquivel3 J Clin Med Res 2014 158 ≥ 10 Optimal 

25293375 Matijasevich4 BMC Psychiatry 2014 447 ≥ 8 Optimal 

25380783 Figueiredo5 Arch Womens Ment Health 2015 199 ≥ 10 Optimal 

25493092 Alvarado-Esquivel6 Clin Pract Epidemiol Ment Health 2014 120 ≥ 9 Optimal 

25754606 Martins7 J Affect Disord 2015 807 ≥ 10 Optimal 

25770478 Castro E Couto8 J Affect Disord 2015 Not reported ≥ 11 Optimal 

26185471 Khalifa9 Int J Womens Health 2015 Not reported ≥ 12 Optimal 

27126326 Esiwe10 Age Ageing 2016 118 ≥ 8 Optimal 

27785152 Bhusal11 Int J Ment Health Syst 2016 346 ≥ 13 Optimal 

28767198 Usuda12 Psychiatry Clin Neurosci 2017 210 ≥ 13 Optimal 

30396159 Lydsdottir13 Midwifery 2019 474 ≥ 11 Optimal 
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Optimal cutoff refers to cutoff that was reported as optimal, best-performing, most accurate, maximizing Youden’s J or in similar terms by the 

authors in the study.  

30599376 Vazquez14 J Affect Disord 2019 569 ≥ 10 Optimal 
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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. 
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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 
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1. EPDS.af. 

2. Edinburgh Postnatal Depression.af. 

3. Edinburgh Depression Scale.af. 

4. or/1-3 

5. Diagnosis/ 

6. Medical Diagnosis/ 

7. Psychodiagnosis/ 

8. Misdiagnosis/ 

9. 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. 
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30. reference test*.ab. 

31. index test*.ab. 

32. gold standard.ab. 

33. or/5-32 

34. 4 and 33 
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#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 
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Optimal cutoff refers to the cutoff that maximized Youden’s J (sensitivity + specificity - 1) in 

each primary study dataset. 
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Sample selected for known distress, mental 
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No validated interview to assess major 
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hormone related risk factors for early postnatal depressive symptoms in Turkish 

women. Neurol Psychiat Br. 2008; :117-22. 

Major depression not assessed 

Al-Modayfer O, Alatiq Y, Khair O, Abdelkawi S. Postpartum depression and related risk 

factors among Saudi females. Int J Cult Ment Health. 2015; :316-24. 

No validated interview to assess major 

depression 
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mothers and fathers. Br J Psychiatry. 1996; :36-41. 

No validated interview to assess major 
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evaluation of a domiciliary perinatal mental health service focussing on early 

intervention. Arch Womens Ment Health. 1999; :169-73. 
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postnatal depression and anxiety: a randomised controlled trial. J Affect Disord. 

2008; :35-44. 
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health diagnosis, or psychiatric setting 

Austin MP, Hadzi-Pavlovic D, Priest SR, Reilly N, Wilhelm K, Saint K, Parker G. 

Depressive and anxiety disorders in the postpartum period: how prevalent are they and 

can we improve their detection? Arch Womens Ment Health. 2010; :395-401. 

Major depression not assessed 

Austin MP, Hadzi-Pavlovic D, Saint K, Parker G. Antenatal screening for the prediction of 

postnatal depression: validation of a psychosocial Pregnancy Risk Questionnaire. Acta 
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Major depression not assessed 

Azar R, Paquette D, Zoccolillo M, Baltzer F, Tremblay RE. The association of major 

depression, conduct disorder, and maternal overcontrol with a failure to show a cortisol 
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Not a sample of adults 

BågedahlćStrindlund  M, Monsen Börjesson K. Postnatal depression: a hidden illness. 
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Sample selected for known distress, mental 

health diagnosis, or psychiatric setting 

Bergant AM, Heim K, Ulmer H, Illmensee K. Early postnatal depressive mood: 

associations with obstetric and psychosocial factors. J Psychosom Res. 1999; :391-4. 

Major depression not assessed 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=B%C3%A5gedahl-Strindlund%2C+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=B%C3%B6rjesson%2C+K+Monsen
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Sample selected for known distress, mental 

health diagnosis, or psychiatric setting 

Brugha TS, Wheatley S, Taub NA, Culverwell A, Friedman T, Kirwan P, et al. Pragmatic 

randomized trial of antenatal intervention to prevent post-natal depression by reducing 

psychosocial risk factors. Psychol Med. 2000; :1273-81. 

Sample selected for known distress, mental 

health diagnosis, or psychiatric setting 

Bunevićius A, Kusminskas L, Bunevićius R. Validation of the Lithuanian version of the 
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https://europepmc.org/search?query=AUTH:%22Casta%C3%B1%C3%B3n+S+C%22&page=1
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depression 
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Zammit S, Thomas K, Thompson A, Horwood J, Menezes P, Gunnell D, et al. Maternal 

tobacco, cannabis and alcohol use during pregnancy and risk of adolescent psychotic 

symptoms in offspring. Br J Psychiatry. 2009; :294-300. 

No pregnant or postpartum women 

Zelkowitz P, Milet TH. Postpartum psychiatric disorders: Their relationship to 

psychological adjustment and marital satisfaction in the spouses. J Abnorm Psychol. 

1996; :281-5. 

Sample selected for known distress, mental 

health diagnosis, or psychiatric setting 

Zlotnick C, Capezza NM, Parker D. An interpersonally based intervention for low-income 

pregnant women with intimate partner violence: A pilot study. Arch Womens Ment 

Health. 2011; :55-65. 

Sample selected for known distress, mental 

health diagnosis, or psychiatric setting 

Zubaran C, Foresti K, Schumacher MV, Amoretti AL, Thorell MR, Muller LC. The 

correlation between postpartum depression and health status. Matern & Child Health J. 

2010; :751-7. 

> 2 weeks between EPDS and diagnostic 

interview 

It was not possible to determine eligibility based on published paper, and we were not able to obtain clarification from authors despite 

multiple attempts 
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 Italy Pregnant women in the third trimester SCID DSM-IV 44 22 (50) 

 Chile Pregnant women up to 28 weeks gestation MINI DSM-IV 111 38 (34) 

 

Mexico Women within 3 months postpartum MINI DSM-IV 91 10 (11) 

 

Mexico Pregnant women recruited at a public hospital MINI DSM-IV 184 12 (7) 

 Nigeria Postpartum women MINI DSM-IV 405 62 (15) 

 UK Socially disadvantaged mothers at 2 months 

postpartum 

SCID DSM-III-R 347 25 (7) 

 India Pregnant women recruited from an outpatient 

obstetrics department in a tertiary care 

hospital 

SCID DSM-IV 318 6 (2) 

 USA Postpartum women SCID DSM-IV 150 18 (12) 

 Lithuania  Pregnant women 12 to 16 weeks gestation 

attending an obstetric clinic 

SCID DSM-III-R 230 12 (5) 

 

Brazil Women in their second trimester of pregnancy 

recruited at antenatal care in a public hospital 

MINI DSM-IV-TR 173 36 (21) 
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 USA Postpartum women recruited from Well-Child 

Care visits with infants 0-14 months of age  

SCID  DSM-IV 187 70 (37) 

 Sweden Pregnant women MINI DSM-IV 220 18 (8) 

 

Brazil  Postpartum women enrolled in prenatal care 

outpatient services 

SCID DSM-IV 241 94 (39) 

 Australia Women attending an antenatal clinic MINI DSM-IV 131 26 (20) 

Malta Pregnant women attending an antenatal clinic CIS-R ICD-10 226 32(14) 

 India Rural women in their third trimester MINI DSM-IV 133 27 (20) 

 Brazil  Postpartum women recruited from 

hospitalization records 

MINI DSM-IV 239 18 (8) 

 Australia Postpartum women recruited in Australian 

maternal and child health centres at 6 months 

postpartum 

CIDI DSM-IV 192 1 (1) 

 

Spain Women at 6 weeks postpartum SCID DSM-III-R 334 36 (11) 

 Italy Women between 28 and 32 weeks gestation 

recruited from a obstetric course 

SCID DSM-IV 588 28 (5) 

 Germany Women with very low birthweight and normal 

weight infants between 4 and 6 weeks 

postpartum 

SCID DSM-IV 224 12 (5) 

 Australia Postpartum women recruited in the hospital 

after delivery 

SCID DSM-III-R 72 31 (43) 
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 UK Pregnant women recruited from an inner-city 

London maternity service 

SCID DSM-IV 527 130 (25) 

 Democratic 

Republic of 

Congo 

Women between 1 and 10 months postpartum 

recruited from 'well-baby' clinics 

MINI DSM-IV-TR 117 29 (25) 

 Sudan Women at 3 months postpartum MINI ICD-10 40 18 (45) 

 Greece Postpartum women recruited from private and 

public maternity wards on their second day 

postpartum 

SCID DSM-III-R 81 4 (5) 

 Spain Women presenting for postpartum care at 6 

weeks 

SCID DSM-IV 401 84 (21) 

 Croatia Women between 6 and 8 weeks postpartum SCID DSM-IV-TR 272 10 (4) 

UK Postpartum women at 3 months CIS ICD-9 190 34 (18) 

 Australia Postpartum women with unsettled infants SCID DSM-IV 158 42 (27) 

 UK Postpartum women at 10 months recruited 

from mixed health centres. 

SCID  DSM-IV  219 20 (9) 

 

USA Women at 18 weeks gestation SCID DSM-IV-TR 358 29 (8) 

 South Africa  Women recruited from their antenatal 

appointment at a primary health care clinic 

between 26 and 34 weeks of pregnancy 

SCID DSM-IV 104 50 (48) 



 

90 
 

 

Thailand  Pregnant women at the end of their term MINI DSM-IV-TR 126 1 (1) 

 Australia English speaking women admitted with their 

up to 1-year-old infants to private parenting 

centers 

CIDI DSM-IV 137 25 (18) 

 China Postpartum women SCID DSM-IV 805 126 (16) 

 Malawi Pregnant women attending an antenatal clinic SCID DSM-IV 186 34 (18) 

 Taiwan Women in their second and third trimesters MINI DSM-IV 185 23 (12) 

 USA Pregnant and postpartum women enrolled in 

home visitation programs 

SCID DSM IV 89 25 (28) 

 Portugal  Pregnant women recruited in an obstetrics 

outpatient unit 

SCID DSM-IV 141 18 (13) 

 Singapore Inpatient high-risk pregnant women at 23 or 

more weeks of gestation 

MINI DSM-IV 200 22 (11) 

Switzerland Women at 3 months postpartum DIGS DSM-IV 65 4 (6) 

 Hungary Women at 12 weeks gestation SCID DSM-IV 219 7 (3) 

 Hungary Women between 6 and 8 weeks postpartum SCID DSM-IV 265 8 (3) 

 Vietnam Pregnant and postpartum Vietnamese women 

recruited from the commune health centre 

SCID DSM-IV 359 52 (14) 
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 Italy Women from a regional epilepsy center in Italy 

between 5 and 8 weeks postpartum 

SCID DSM-IV-TR 54 5 (9) 

 Japan Pregnant women between 12 and 24 weeks of 

gestation recruited at maternity hospital 

MINI DSM-IV  177 2 (1) 

 

Peru Women up to 12 months postpartum SCID DSM-IV 306 19 (6) 

 USA Women at 17 weeks gestation CIDI DSM-IV 2634 170 (6) 

: CIDI: Composite International Diagnostic Interview; CIS-R: Clinical Interview Schedule – Revised; DIS: Diagnostic Interview 

Schedule; DIGS: Diagnostic Interview for Genetic Studies; DSM: Diagnostic and Statistical Manual of Mental Disorders; EPDS: Edinburgh 

Postnatal Depression Scale; ICD: International Classification of Diseases; MINI: Mini International Neuropsychiatric Interview; NR: Not Reported; 

SCID: Structured Clinical Interview for DSM Disorders; UK: United Kingdom; USA: United States of America. 
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Nigeria Pregnancy, 32-36 weeks MINI 86 9 (10) 

 

France Pregnancy, 28-34 weeks MINI 60 15 (25) 

 Morocco Postpartum, 2-3 weeks MINI 144 27 (19) 

 Turkey Postpartum, within first year SCID 341 28 (8) 

 Italy Pregnancy, 3 months SCID 1066 NR 

Australia Postpartum, 6 weeks DIS 316 21 (7) 

 

Italy Postpartum, 8-12 weeks MINI 113 18 (16) 

 

The Netherlands Pregnancy, 12 weeks CIDI 845 47 (6) 

 Norway Postpartum, 6-12 weeks MINI 100 27 (27) 

 

USA Pregnant/Postpartum mixed 

sample. Postpartum sample 

was 0-150 days 

SCID 879 NR 
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Zimbabwe Postpartum, 6 weeks SCID  210 NR 

 Australia Postpartum, between 0-12 

weeks 

MINI 232 13 (6) 

Ireland Postpartum, 6 weeks SCAN 113 NR 

 Bangladesh Postpartum, 6-8 weeks SCID 100 3 (3) 

 

France, Ireland, 

Italy, USA, UK, 

Portugal, Austria, 

Switzerland 

Pregnancy, second or third 

semester  

SCID 289 10 (4) 

 China Postpartum, 2-12 weeks SCID 387 24 (6) 

Malaysia Postpartum, 4-12 weeks CIDI 64 9 (14) 

Australia Postpartum, 6-7 weeks DIS 230 11 (5) 

 

USA Postpartum, 0-16 weeks SCID 33 13 (39) 

UK Postpartum, ≤2 years CIS-R 216 31 (14) 

 

USA Pregnancy, 35-36 weeks MINI 199 NR 
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Brazil Postpartum, 45-90 days MINI 207 27 (13) 

Australia Postpartum, 2 months SADS 292 NR 

 USA Pregnancy, 3rd trimester SCID 47 8 (17) 

: CIDI: Composite International Diagnostic Interview; CIS-R: Clinical Interview Schedule – Revised; DIS: Diagnostic Interview 

Schedule; MINI: Mini International Neuropsychiatric 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. 



 

100 
 

1. Adewuya AO, Ola BA, Dada AO, Fasoto OO. Validation of the Edinburgh Postnatal 

Depression Scale as a screening tool for depression in late pregnancy among Nigerian 

women. J Psychosom Obstet Gynecol. 2006;27:267-72. 

2. Adouard F, Glangeaud-Freudenthal NM, Golse B. Validation of the Edinburgh Postnatal 

Depression Scale (EPDS) in a sample of women with high-risk pregnancies in France. 

Arch Womens Ment Health. 2005;8:89-95. 

3. Agoub M, Moussaoui D, Battas O. Prevalence of postpartum depression in a Moroccan 

sample. Arch Womens Ment Health. 2005;8:37-43. 

4. Aydin N, Inandi T, Yigit A, Hodoglugil NN. Validation of the Turkish version of the 

Edinburgh Postnatal Depression Scale among women within their first postpartum year. 

Soc Psychiatry Psychiatr Epidemiol. 2004;39:483-6. 

5. Banti S, Mauri M, Oppo A, Borri C, Rambelli C, Ramacciotti D, et al. From the third month 

of pregnancy to 1 year postpartum. Prevalence, incidence, recurrence, and new onset of 

depression. Results from the perinatal depression-research & screening unit study. 

Compr Psychiatry. 2011;52:343-51. 

6. Barnett B, Matthey S, Gyaneshwar R. Screening for postnatal depression in women of 

non-English speaking background. Archives of Women's Mental Health. 1999;2:67. 

7. Benvenuti P, Ferrara M, Niccolai C, Valoriani V, Cox JL. The Edinburgh Postnatal 

Depression Scale: validation for an Italian sample. J Affective Disord. 1999;53:137-41. 

8. Bergink V, Kooistra L, Lambregtse-van den Berg MP, Wijnen H, Bunevicius R, van Baar A, 

Pop V. Validation of the Edinburgh Depression Scale during pregnancy. J Psychosom Res. 

2011;70:385-9. 

9. Berle JØ, Aarre TF, Mykletun A, Dahl AA, Holsten F. Screening for postnatal depression. 

Validation of the Norwegian version of the Edinburgh Postnatal Depression Scale, and 

assessment of risk factors for postnatal depression. J Affective Disord. 2003;76:151-6. 

10. Brodey BB, Goodman SH, Baldasaro RE, Brooks-DeWeese A, Wilson ME, Brodey ISB, Doyle 

NM. Development of the Perinatal Depression Inventory (PDI)-14 using item response 

theory: a comparison of the BDI-II, EPDS, PDI, and PHQ-9. Arch Womens Ment Health. 

2016;19:307-16. 



 

101 
 

11. Chibanda D, Mangezi W, Tshimanga M, Woelk G, Rusakaniko P, Stranix-Chibanda L, et al. 

Validation of the Edinburgh Postnatal Depression Scale among women in a high HIV 

prevalence area in urban Zimbabwe. Arch Womens Ment Health. 2010;13:201-6. 

12. Christl B, Reilly N, Smith M, Sims D, Chavasse F, Austin MP. The mental health of 

mothers of unsettled infants: is there value in routine psychosocial assessment in this 

context? Arch Womens Ment Health. 2013;16:391-9. 

13. Crotty F, Sheehan J. Prevalence and detection of postnatal depression in an Irish 

community sample. Irish Journal of Psychological Medicine. 2004;21:117. 

14. Gausia K, Fisher C, Algin S, Oosthuizen J. Validation of the Bangla version of the 

Edinburgh Postnatal Depression Scale for a Bangladeshi sample. J Reprod Infant Psychol. 

2007;25:308-15. 

15. Gorman LL, O'Hara MW, Figueiredo B, Hayes S, Jacquemain F, Kammerer MH, et al. 

Adaptation of the structured clinical interview for DSM-IV disorders for assessing 

depression in women during pregnancy and post-partum across countries and cultures. 

Br J Psychiatry Suppl. 2004;46:s17. 

16. Li L, Liu F, Zhang H, Wang L, Chen X. Chinese version of the Postpartum Depression 

Screening Scale: translation and validation. Nurs Res. 2011;60:231-9. 

17. Mahmud WM, Awang A, Mohamed MN. Revalidation of the Malay Version of the 

Edinburgh Postnatal Depression Scale (EPDS) Among Malay Postpartum Women 

Attending the Bakar Bata Health Center in Alor Setar, Kedah, North West Of Peninsular 

Malaysia. Malays J Med Sci. 2003;10:71-5. 

18. Matthey S, Barnett B, Kavanagh DJ, Howie P. Validation of the Edinburgh Postnatal 

Depression Scale for men, and comparison of item endorsement with their partners. 

Journal of Affective Disorders. 2001;64:175. 

19. Moses-Kolko EL, Price JC, Wisner KL, Hanusa BH, Meltzer CC, Berga SL, et al. Postpartum 

and depression status are associated with lower [11C]raclopride BPND in Reproductive-

Age Women. Neuropsychopharmacol. 2012;37:1422-32. 

20. O'Brien LM, Heycock EG, Hanna M, Jones PW, Cox JL. Postnatal depression and faltering 

growth: A community study Pediatrics. 2004;113:1242. 



 

102 
 

21. Pedersen C, Leserman J, Garcia N, Stansbury M, Meltzer-Brody S, Johnson J. Late 

pregnancy thyroid-binding globulin predicts perinatal depression. 

Psychoneuroendocrinology. 2016;65:84-93. 

22. Pinheiro RT, Coelho FM, Silva RA, Pinheiro KA, Oses JP, Quevedo Lde A, et al. Association 

of a serotonin transporter gene polymorphism (5-HTTLPR) and stressful life events with 

postpartum depressive symptoms: a population-based study. J Psychosom Obstet 

Gynecol. 2013;34:29-3 

23. Priest SR, Henderson J, Evans SF, Hagan R. Stress debriefing after childbirth: a 

randomised controlled trial. Medical Journal of Australia. 2003;178:542. 

24. Stuebe AM, Grewen K, MeltzerBrody S. Association between maternal mood and oxytocin 

response to breastfeeding. J Womens Health. 2013;22:352. 



 

103 
 

0 1243 9 

1 961 12 

2 1080 15 

3 995 12 

4 992 21 

5 901 25 

6 863 45 

7 735 45 

8 714 55 

9 674 53 

10 537 54 

11 418 113 

12 363 104 

13 292 114 

14 211 117 

15 186 134 

16 139 119 

17 93 100 

18 85 97 

19 50 85 

20 29 59 

21 30 64 

22 10 50 

23 8 34 

24 7 32 

25 8 17 

26 2 14 

27 3 9 

28 1 8 

29 0 8 

30 0 1 

 



 

104 
 

137 16.0 

(14.8 to 

17.2) 

-19.6 (-

20.8 to 

-18.3) 

84 13.9 

(13.1 to 

14.8) 

-16.5 (-

17.6 to 

-15.3) 

24 10.8 

(9.2 to 

12.4) 

-16.3 (-

17.8 to 

-14.8) 

6 10.6 

(9.0 to 

12.1) 

-13.8 (-

15.3 to 

-12.3) 

225 11.0 

(10.0 to 

12.1) 

-5.2 (-

5.8 to -

4.6) 

289 7.7 (7.0 

to 8.5) 

-5.1 (-

5.6 to -

4.6) 

282 5.0 (4.5 

to 5.6) 

-5.2 (-

5.6 to -

4.9) 

222 4.8 (4.3 

to 5.2) 

-5.2 (-

5.5 to -

4.9) 

303 6.3 (5.2 

to 7.3) 

0.8 (0.4 

to 1.3) 

347 3.9 (3.1 

to 4.7) 

0.4 (0.1 

to 0.7) 

530 1.1 (0.7 

to 1.6) 

0.2 (0.0 

to 0.3) 

705 0.8 (0.5 

to 1.0) 

0.0 (-

0.1 to 

0.1) 

244 2.1 (0.8 

to 3.4) 

5.3 (4.8 

to 5.8) 

239 -1.1 (-

2.2 to 

0.1) 

5.0 (4.7 

to 5.4) 

161 -3.0 (-

3.8 to -

2.1) 

4.4 (4.1 

to 4.8) 

67 -4.1 (-

4.9 to -

3.2) 

3.7 (3.3 

to 4.1) 

91 -6.3 (-

8.9 to -

3.7) 

10.7 

(10.2 to 

11.2) 

41 -8.1 (-

11.0 to 

-5.2) 

9.8 (9.1 

to 10.4) 

3 -9.4 (-

10.1 to 

-8.8) 

9.9 (4.1 

to 15.8) 

NA NA NA 

N = Number of samples; Sens = Sensitivity, Spec = Specificity, NA = Not available 

Sample-specific optimal cutoff refers to the cutoff with maximum Youden’s J (sensitivity + specificity - 1) in the simulated sample 

Population optimal cutoff refers to the EPDS cutoff of ≥ 11 that maximized Youden’s J (sensitivity + specificity - 1) in the full IPDMA 

dataset


