
Risk of bias, applicability concerns and data reporting in
diagnostic test accuracy studies of questionnaires used
for anxiety screening –lessons from six systematic reviews

Klaus Linde, Alexey Fomenko, Zekeriya Aktürk, Stefanie Eck, Alexander
Hapfelmeier, Antonius Schneider

Angaben zur Veröffentlichung / Publication details:

Linde, Klaus, Alexey Fomenko, Zekeriya Aktürk, Stefanie Eck, Alexander Hapfelmeier, and
Antonius Schneider. 2026. “Risk of bias, applicability concerns and data reporting in diagnostic
test accuracy studies of questionnaires used for anxiety screening–lessons from six systematic
reviews.” Journal of Psychosomatic Research 210: 112967.
https://doi.org/10.1016/j.jpsychores.2026.112967.

Nutzungsbedingungen / Terms of use:

Dieses Dokument wird unter folgenden Bedingungen zur Verfügung gestellt: / This document is made available under these conditions:
CC-BY 4.0: Creative Commons: Namensnennung
Weitere Informationen finden Sie unter: / For more information see:
https://creativecommons.org/licenses/by/4.0/deed.de

CC BY 4.0

https://doi.org/10.1016/j.jpsychores.2026.112967
https://creativecommons.org/licenses/by/4.0/deed.de


Review article

Risk of bias, applicability concerns and data reporting in diagnostic test 
accuracy studies of questionnaires used for anxiety screening – Lessons 
from six systematic reviews

Klaus Linde a,*, Alexey Fomenko a, Zekeriya Aktürk b, Stefanie Eck a, Alexander Hapfelmeier a,c,  
Antonius Schneider a

a Technical University Munich, TUM School of Medicine and Health, Department Clinical Medicine, Institute for General Practice and Health Services Research, Munich, 
Germany
b University of Augsburg, Faculty of Medicine, General Practice, Germany
c Technical University Munich, TUM School of Medicine and Health, Department Clinical Medicine, Department of AI and Informatics in Medicine, Munich, Germany

A R T I C L E  I N F O

Keywords:
Anxiety disorders
Mass screening
Surveys and questionnaires
Sensitivity and specificity
Bias
Publication Bias
Selection Bias

A B S T R A C T

Background: This article aims to provide an overview of the risk of bias, concerns regarding applicability, and the 
reporting of findings from studies examining the diagnostic test accuracy (DTA) of self-report questionnaires used 
to screen for anxiety disorders.
Methods: We merged data from 103 studies included in six systematic reviews on the diagnostic accuracy of eight 
anxiety questionnaires (HADS-A, GAD-7, GAD-2, BAI, STAI-S, STAI-T, PROMIS-A-SF8a, and OASIS) in adults. To 
be included, primary studies had to report the sensitivity and specificity for at least one cut-off when tested 
against a (semi-)structured clinical interview used as a reference standard. Risk of bias and applicability were 
rated with the QUADAS-2 tool (Quality Assessment of Diagnostic Accuracy Studies).
Results: The 103 studies involved a total of 34,833 participants (range 48 to 3215). The most commonly used 
questionnaires were the HADS-A (54 studies), the GAD-7 (46), and the GAD-2 (31). Overall, 80% of the studies 
were rated as having unclear or high risk of bias, and for 88%, concerns regarding applicability were rated as 
unclear or high. Uncertainties or concerns were particularly common regarding participant recruitment and 
whether the samples included reflected realistic screening populations. Publications often reported sensitivity 
and specificity in a very selective manner for a single or a few cut-offs only.
Conclusions: Most DTA studies on questionnaires used to screen for anxiety have significant shortcomings in the 
reporting of methods and results. Our findings provide a basis for recommendations for future studies.

1. Introduction

While anxiety disorders are widespread, they often go undiagnosed 
and untreated outside mental health care settings [1,2]. For this reason, 
several organizations, including the US Preventive Services Task Force 
(USPSTF), recommend screening for anxiety disorders using self- 
assessment questionnaires [3–5]. Several questionnaires have been 
validated in multiple languages and used for screening [6,7]. A key 
prerequisite for efficient screening is that the questionnaires reliably 
distinguish between individuals with and without an anxiety disorder, 
and that the cut-off scores used are appropriate for the population under 
study. Therefore, diagnostic test accuracy (DTA) studies investigating 

the sensitivity and specificity of the questionnaires by comparing their 
findings with those from a validated structured or semi-structured 
clinical interview as a reference standard are of major importance.

We recently conducted six systematic reviews of diagnostic studies 
investigating the accuracy of eight widely used anxiety questionnaires 
against validated structured or semi-structured interviews for screening 
in adult populations [8–13]. Our reviews indicate that, despite the large 
number of published studies evaluating screening instruments, it re
mains unclear whether their diagnostic accuracy is sufficiently high and 
which cutoff values are most appropriate, for example, depending on 
whether the aim is to optimize rule-in or rule-out performance. This 
uncertainty is partly attributable to the numerous factors that can 
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influence DTA, including characteristics of the target population, dis
ease prevalence, the reference standard employed, and linguistic and 
cultural differences. However, this uncertainty also reflects important 
methodological and reporting limitations in the existing body of evi
dence. Further studies that avoid these limitations are needed.

While our individual reviews included risk-of-bias assessments, their 
primary focus was on DTA findings, leaving limited scope for a 
comprehensive evaluation and discussion of methodological and 
reporting quality. Therefore, we undertook a systematic analysis of 
quality and reporting across all questionnaires using the aggregated data 
from the six reviews. The primary objective of our analysis was to 
identify the most important methodological limitations and reporting 
deficiencies in existing DTA studies. Building on these findings, we 
explore in the Discussion how future studies can overcome these limi
tations to generate more robust evidence and support better-informed 
evidence-based decisions.

2. Methods

As the general methods used in our reviews have already been 
described in detail [8–14], we will briefly discuss only those directly 
relevant to this article.

2.1. Eligibility criteria

To be eligible, studies had to meet the following criteria: 1) allowing 
the generation of contingency (2 × 2) tables (number of true positive, 
false positive, false negative, and true negative index test results); 2) 
including adult participants (18 years and older); we excluded studies 
that recruited participants seeking help in mental health settings or 
participants seeking help for mental health complaints in other settings 
as they represent a diagnostic (symptomatic) rather than a screening 
population; 3) applying at least one of the eight selected questionnaires, 
regardless of the language: the Hospital Anxiety and Depression Scale – 
Anxiety Subscale (HADS-A [15]); the Generalized Anxiety Disorder 7- 
item scale (GAD-7) and its two-item version GAD-2 [16]; the Beck 
Anxiety Inventory (BAI [17]); the two subscales of the State and Trait 
Anxiety Inventory (STAI-S and STAI-T [18]); the Patient-Reported 
Outcomes Measurement Information System Anxiety Short Forms 
(PROMIS-A-SF [19]); or the Overall Anxiety Severity and Impairment 
Scale (OASIS [20]); 4) providing data on any type of anxiety disorder 
(AAD) and/or generalized anxiety disorder (GAD) according to DSM-IV 
or DSM-5 as target condition; 5) using validated semi-structured or 
structured clinical interviews as reference standard such as the SCID 
(Structured Clinical Interview for DSM) or the MINI (Mini-International 
Neuropsychiatric Interview). Furthermore, we excluded case-control 
studies; studies in which the reference standard was informally based 
on an ICD- or DSM-based checklist, a clinical diagnostic interview 
without operationalization, or another (anxiety) questionnaire; and 
studies with a time lag of over four weeks between the administration of 
the index test and the reference standard. For this article focusing on 
published DTA studies, we additionally excluded 23 studies from our 
original reviews. In these studies, both an eligible index test and an 
adequate reference standard were applied, but DTA was neither a pri
mary nor a secondary objective, and no DTA findings had been pub
lished. In response to our request, the authors of these studies had 
provided us with unpublished DTA results for the reviews. These studies 
were excluded from the present meta-research analysis because the 
objective here was to evaluate the reporting and methodological trans
parency of published DTA studies, and studies without published DTA 
analyses could not contribute to that question.

2.2. Information sources

For each of the underlying systematic reviews, we separately 
searched the following databases using relevant subject headings 

(controlled vocabularies), text-words, and search syntax: Embase 
(Ovid), MEDLINE (Ovid), PubMed-NOT-MEDLINE (NLM) PsycINFO 
(Ovid). The last update ranged from 18 January 2024 to 15 July 2025, 
depending on the individual review.

2.3. Study selection, data extraction, assessment of risk of bias, and 
applicability

Two reviewers independently selected, extracted, and assessed 
studies. We extracted information (list not exhaustive) on study design, 
objective, mean age, sex distribution, setting, details regarding the 
reference standard and the index test, types of anxiety disorders iden
tified in the study sample, country of origin, numbers of patients who 
were included and analyzed, and available DTA data (most often prev
alence of the condition, cut-off used, sensitivity, specificity). We tried to 
contact the corresponding authors of eligible studies and asked them to 
provide us with unpublished information about cut-offs and their DTA, 
as well as details of study methods.

We applied the Quality Assessment of Diagnostic Accuracy Studies 
tool version 2 (QUADAS-2, see Box 1 for details) to assess the risk of bias 
and concerns regarding the applicability [21]. The risk of bias assess
ment addresses four domains: participant selection, index test, reference 
standard, and flow and timing. Each domain contains several signaling 
questions tailored for this review to judge the ‘risk of bias’. In addition to 
the stricter original QUADAS approach, we also used a slightly more 
liberal approach for assessing the overall risk of bias (see Box 1) to 
ensure greater discriminatory power for the meta-regression analyses 
used to investigate whether risk of bias was associated with the study 
results. Applicability concerns were considered low when the study's 
patient population, index test, and reference standard closely aligned 
with the systematic review's research question focusing on DTA in a 
screening pathway. Where the authors of the primary studies provided 
additional methodological information, this was taken into account in 
the assessment. For further details on how judgments of each domain 
were determined and the QUADAS-2 assessment guidance tailored for 
this review, see Appendix A.

2.4. Analyses

For this article, the databases of the individual reviews were merged 
into a single file. Descriptive statistical analyses were performed using 
IBM SPSS, Version 30 (IBM Corp., Armonk, NY).

3. Results

3.1. Characteristics of included studies

Overall, 103 unique studies were included in our analyses (see Ap
pendix B for references). The studies were published between 1998 and 
2024 and included a total of 34,833 participants (median sample size 
170; Table 1). Sixty-three studies (61%) investigated a single index test, 
31 (30%) two index tests, and 9 (9%) three to five index tests. The most 
frequently investigated index tests were the HADS-A (54 studies; 52%), 
the GAD-7 (46 studies; 45%), and the GAD-2 (31 studies; 30%). The 
index tests were administered in 30 different languages, with English 
questionnaire versions being evaluated most often (in 34 studies using 
English-language questionnaires only, and an additional five studies 
using questionnaires in two to five languages). The MINI was the most 
frequently used reference standard (50 studies; 48%), followed by the 
SCID (39 studies; 38%). Seventy-nine studies (77%) were performed in 
participants having specific medical conditions (e.g., epilepsy, cancer), 
14 (14%) in clinical settings regardless of conditions (e.g., unselected 
primary care patients), and 10 (10%) in non-healthcare study pop
ulations (e.g., the general population, elderly, students) and. We 
received additional information on methods and/or findings from au
thors for 63 studies (61%).
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Accuracy findings for the target conditions AAD and GAD were 
available for 72 studies (70%) and 64 studies (62%), respectively. 
Findings for both AAD and GAD were available from 33 studies (32%), 
for AAD only from 39 (38%), and for GAD only from 31 (30%) studies. 
The median prevalence was 18% for AAD and 10% for GAD.

3.2. Risk of bias and applicability

When using the original QUADAS assessment rule, overall risk of bias 
was considered low in 15 studies (15%), unclear in 15 (15%), and high 
in 73 (71%), while these figures were 21 (20%), 9 (9%), and 73 (71%), 
respectively, when using our more liberal assessment (Fig. 1). At the 
domain level, risk of bias was rated as unclear or high in 59 studies 
(57%) for the patient selection, in 57 (56) for the index test, in 37 (36%) 
for the reference standard, and in 44 (43%) for the flow and timing. 
Methodological and reporting problems were most frequently observed 
for the ‘sampling’ question (“Was a consecutive or random sample of 
participants/patients enrolled?”). In 33 studies (32%), the description 
was insufficient to make a reliable assessment, and in an additional 22 
(21%), convenience sampling was used. A flow diagram depicting the 
number of individuals approached for participation, included in the 
study, and contributing data to the analysis was presented in only 9 
studies (9%); a further 15 (15%) reported all relevant flow details in the 

text. Key methodological issues, such as blinding, were not mentioned in 
more than a third of publications; in some cases, blinding of the index 
test and the reference standard could be confirmed by contacting the 
study authors.

Due to the use of clearly defined questionnaires and validated 
diagnostic interviews as reference standards, there were almost no 
applicability concerns regarding the index tests or the confirmation of 
the target condition. However, in only 14 studies (14%), we were 
confident that participants were likely to represent a screening popu
lation in a real-world screening approach. The main issue here was 
whether patients with a known current anxiety disorder or who were 
undergoing treatment for such a disorder were excluded (which would 
be the case in a classical screening approach). In 68 studies (66%), the 
description of the recruitment process was insufficient, and in 21 (20%), 
we had applicability concerns. Taking all three domains into account, 
applicability concerns were considered low in only 12 (12%) studies.

3.3. Reporting of study findings

After obtaining additional information from authors for 38 studies 
(37%), we were able to include 1398 diagnostic 2 × 2 tables for the 
target condition AAD and 1246 for the target condition GAD in our 
meta-analyses (see Table 2). While 33 studies (32%) were included into 

Box 1
Assessment of risk of bias and applicability concerns with the QUADAS-2 tool as used in the six reviews.

RISK OF BIAS DOMAIN I: Patient Selection 

1. Was a consecutive or random sample of patients enrolled?
2. Did the study avoid inappropriate exclusions?

RISK OF BIAS DOMAIN II: Index Test 

1. Were the index test results interpreted without knowledge of the results of the reference standard?
2. Was there a predefined threshold for a primary analysis of diagnostic accuracy? OR
3. If findings for several thresholds are presented, was the range of thresholds prespecified OR was a broad range of cut-offs reported?

RISK OF BIAS DOMAIN III: Reference Standard 

1. Is the reference standards likely to correctly classify the target condition?
2. Were the reference standard results interpreted without knowledge of the results of the index tests?

RISK OF BIAS DOMAIN IV: Flow and Timing 

1. Was there an appropriate interval between index test and reference standard?
2. Were all patients included in the analysis?
3. Did all patients receive a reference standard?

DOMAIN RATING: ‘low risk’ if all answers to questions are ‘yes’, ‘high risk’ if one or more questions are answered ‘no’

OVERALL RATING OF RISK OF BIAS (STRICT – recommended by developers): ‘low risk’ only if all domains are ‘low risk’, ‘high risk’ if one or 
more domains are ‘high risk’

OVERALL RATING OF RISK OF BIAS (LIBERAL - used in our reviews): ‘low risk’ if no domain is ‘high risk’ and no more than one ‘unclear’, ‘high 
risk’ if one or more domains are ‘high risk’

RISK OF BIAS APPLICABILITY 

1. Are there concerns that the included patients and setting do not match the review question?
2. Are there concerns that the index test, its conduct, or interpretation differ from the review question?
3. Are there concerns that the target condition as defined by the reference standard does not match the question?

OVERALL RATING OF APPLICABILITY: ‘low/no concern’ if all three questions answered ‘no’, ‘high’ if one of more questions are answered ‘yes’
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the meta-analyses for both target conditions, 39 (38%) could only be 
included for AAD and 31 (30%) only for GAD. For most studies, 2 × 2 
tables were re-constructed from pairs of sensitivity and specificity, the 
prevalence of the target condition, and the number of participants in the 
analysis. Based on the published reports alone, the number of diagnostic 
2 × 2 tables was 560 (40% of those analyzed after author requests) for 
AAD and 404 (32%) for GAD. The median number of diagnostic 2 × 2 
tables obtained from publications ranged from 0 (for the GAD-2, mainly 
because results were only presented for the GAD-7, although any study 
investigating the GAD-7 could also investigate the GAD-2), and 8 across 
questionnaires. Eleven (11%) studies had published pairs of sensitivity 
and specificity for the full or a large range of cut-off points.

4. Discussion

4.1. Summary of main findings

Our analysis of 103 DTA studies, which examined eight widely used 
anxiety assessment questionnaires, shows that reporting on methods and 
results is often incomplete and contains several significant methodo
logical shortcomings. In particular, many studies provided insufficient 
information on participant recruitment and on whether patients with a 
known current anxiety disorder or who were undergoing treatment for 
such a disorder were excluded. Reporting was also often unclear 
regarding the independence of the index test and reference standard 
assessment. Furthermore, diagnostic accuracy results were frequently 
presented selectively for a single or a few cut-offs only.

4.2. Assessing risk of bias and applicability - comparison with other 
systematic reviews

Our assessment of the risk of bias differs significantly from that 
presented in a recent systematic review of 45 DTA studies on GAD-7 and 
GAD-2 by Park and Park [22]. These authors also applied QUADAS-2 but 
considered the overall risk of bias to be low for 21 studies (47%). In the 
index test and flow and timing domains, all studies were judged to have 
low risk of bias in the reference standard domain 73%, and in the patient 
selection domain 65%. Such a positive assessment is unusual in sys
tematic reviews of DTA studies (see, for example, [23–25]). Park and 
Park neither report ratings for the individual studies nor provide their 
rating guidelines. While their study sample does not exactly match our 
GAD-7/ GAD-2 sub-sample (due to slightly different eligibility criteria 
and a probably less sensitive search), it seems unlikely that these dif
ferences alone explain the differences in the assessments. Although 
QUADAS-2 provides a well-established assessment framework [21], 
rating guidelines need to be tailored to the specific field and research 
question. In developing our assessment guidelines, we largely followed 
the approach of the DEPRESSD Project (Depression Screening Data; 
[26]), a pioneering project aimed at synthesizing global data on 
depression screening. Park and Park's judgments appear substantially 
more permissive than those typically observed in DTA reviews and those 
obtained with our tailored criteria. For example, they judged the risk of 
bias low for all studies in the index test domain “because the GAD scale 
was self-assessed” [22]. Selective reporting of favorable outcomes – a 
central issue in the index test domain and evident in a substantial pro
portion of studies – does not appear to have been addressed.

Similar to Park and Park [22], we had little applicability concerns 
regarding the index test and the target condition (as defined by the 
reference standard). The questionnaires examined in the studies would 
be (and are) used in the same or a similar way in true screening situa
tions, and validated (semi-)structured diagnostic interviews are 
considered adequate for making anxiety diagnoses. However, we had 
significantly more concerns than Park and Park regarding patient se
lection. This is probably because (following a debate within the team) 
we took the following problem more seriously: Screening is usually 
conducted to identify previously unrecognized cases. When studies 
aiming to assess the DTA of an anxiety questionnaire for screening 
purposes include individuals who currently have a known anxiety dis
order or are being treated for such a disorder, this affects the prevalence, 
positive and negative predictive values, and might also influence 
sensitivity and specificity. This issue has been intensively discussed for 
depression screening studies [27,28]. As with depression, many DTA 
studies (and reviews) on anxiety claim to examine screening but actually 
focus on the detection of anxiety disorders in a mixed sample of in
dividuals with both unknown and known disease status.

Table 1 
Characteristics of included studies.

Total number of studies included in the six reviews 103

Publication years ​
− 1998–2008 16 (15%)
− 2009– 2016 42 (41%)
− 2017–2024 45 (44%)
Diagnostic accuracy ​
− Primary study objective 85 (83%)
− Only secondary objective 18 (17%)
Number of participants included in analyses ​
− Sum 34,833
− Median (quartile 1/3) 170 (100/385)
− Minimum/Maximum 48/3215
Mean age in years: median (Quartile 1/3) 47 (37/60)
Percentage female: median (Quartile 1/3) 56 (40/72)
Number of eligible index tests ​
− One 63 (61%)
− Two 31 (30%)
− Three 4 (4%)
− Four 2 (2%)
− Five 3 (3%)
Index tests investigated ​
− HADS-A 54 (52%)
− GAD-7 46 (45%)
− GAD-2 31 (30%)
− BAI 9 (9%)
− STAI-S 7 (7%)
− STAI-T 5 (5%)
− PROMIS-A SF8 5 (5%)
− OASIS 3 (3%)
Index test languages 30
− English 39 (38%)*
− German 9 (9%)
− Chinese 9 (9%)
− Spanish 8 (6%)**
Reference standard ​
− MINI 50 (48%)
− SCID 39 (38%)
− Other structured interviews 14 (14%)
Diagnostic classification (5 studies unclear or missing 

information)
​

− DSM-IV 87 (84%)
− DSM-5 11 (11%)
Study population ​
− Patients with specific conditions 79 (77%)
o Most frequent: neurology (epilepsy alone) 21 (11)
o 2nd most frequent: oncology 15
o 3rd most frequent: cardiology 9
o 4th most frequent: pregnancy & childbirth 5
− Patients with various medical conditions 14 (14%)
o Most frequent: unselected primary care patients 6
− Non-health care 10 (10%)
o Most frequent: general population 2
Studies on target conditions AAD/GAD 

Prevalence of target conditions
72 (70%) / 64 

(62%)
− AAD: median (Quartile 1/3) 18% (13%/29%)
− GAD: median (Quartile 1/3) 10% (5%/23%)

*including five bi- or multilingual studies, including English; **including two bi- 
or multilingual studies, including Spanish.
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Fig. 1. Risk of bias and applicability assessment (percentage of studies; n = 103) rated as low, unclear or high: overall assessments, in domains (capital letters) and 
for the respective individual signaling questions. *In the domain ‘index test’ EITHER the question on ‘single pre-specified cut-off’ OR on the presentation of ‘multiple 
cut-offs’ could be rated.

Table 2 
Data reporting: median/sum number of cut-offs (CO) for which diagnostic data were reported in original publications (CO published) and which could be used in meta- 
analyses after obtaining additional information from authors (CO analyzed).

Questionnaire (Scale range) Target condition AAD Target condition GAD

Studies CO published 
median/sum

CO analyzed 
median/sum

Studies CO published 
median/sum

CO analyzed 
median/sum

HADS (0−21) 44 1/174 7/413 27 1/90 11/305
GAD-7 (0–21) 25 2/92 18/366 37 1/140 13/470
GAD-2 (0–6) 22 0/35 6/113 26 1/42 6/130
BAI (0–63) 7 8/107 27/192 5 3/62 29/132
STAI-S (20–80) 7 1/44 1/45 1 −/31 −/31
STAI-T (20–80) 5 6/72 6/98 1 −/31 −/31
PROMIS-ASF8a (8–40) 5 2/32 25/123 4 1/5 25/100
OASIS (0−20) 3 2/4 16/48 3 1/3 16/47
Total 72 n.a./560 n.a./1398 64 n.a./404 n.a./1246

n.a. = not applicable (due to the highly variable scale ranges).
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4.3. Reporting of methods and methodological issues – recommendations 
for future studies

One key area where improvement in reporting of methods in anxiety 
screening studies is needed concerns participant recruitment and the 
transparency of the patient flow. Almost half of the studies we analyzed 
reported using ‘consecutive’ or ‘random’ sample selection. However, as 
patient flow charts or detailed descriptions were missing in the majority 
of studies, it usually remained unclear how many of the people 
approached did not participate and why. Although we rated this sam
pling approach appropriate under our coding rules, doubts remained 
given the sometimes high non-participation rates in studies with 
adequate reporting. Despite a similarly generous assessment in the flow 
and timing domain, we were often unsure whether the figures relating to 
individuals included in the study but not in the analysis were truly 
reliable. Reporting guidelines clearly recommend that all publications of 
DTA studies include a flow diagram detailing the number of people 
approached, the frequency and reasons for non-participation, the 
number of participants included, the number of completed index tests 
and interviews, and the number of participants included in the final 
analysis [29]. Future studies should adhere to this recommendation. 
This is important not only for a more reliable assessment of the risk of 
bias in future systematic reviews, but also for a better understanding of 
whether the study populations are representative of, and transferable to, 
routine clinical screening practice.

If studies are genuinely focused on evaluating diagnostic test accu
racy (DTA) in a screening setting, individuals with a known current 
anxiety disorder or who are undergoing treatment for such a disorder 
should be excluded. In many studies, however, this does not appear to 
have occurred, presumably to facilitate recruitment. If such individuals 
are included, consideration should be given to conducting an additional 
analysis excluding them.

Since it is of such fundamental importance that the completion of the 
questionnaire and the diagnostic interview be conducted strictly inde
pendently of one another, the measures taken to ensure ‘blinding’ 
should be described in detail. If the accuracy of several index tests 
(questionnaires) is to be compared, it should be considered whether 
their order should be randomized, as it is unclear whether and how 
completing the individual tests influences one another. Furthermore, the 
time lag between the index test and the reference standard should be 
kept as short as possible and reported accurately.

4.4. Reporting of study findings – recommendations for future studies

The second key area where we see a particularly great need for 
improvement is the reporting of study findings. A first problem is that 
many studies have reported prevalence and DTA findings only for a 
single target condition (typically AAD or GAD), even though the clinical 
interviews often captured a broader range of specific anxiety disorders. 
While comprehensive reporting of findings for specific disorders in the 
main text may not be practical due to space constraints and low case 
numbers, this would be easily possible in appendices. At the very least, 
the prevalence of the specific anxiety diagnoses assessed should always 
be reported to characterize the sample.

A second important issue is that in most studies, the DTA is reported 
for only one or a few threshold values. Only 11 studies (11%) had 
published DTA findings across a broad range or reported all possible cut- 
offs. About a quarter of studies focused on a more or less clearly pre- 
defined, previously recommended ‘main’ cut-off (and possibly a few 
surrounding cut-offs). But in the majority, the best-performing cut-off(s) 
were selected post-hoc using the Youden-Index or similar approaches. 
These ‘optimal’ thresholds could vary significantly from one study to 
another. The selective publication of DTA results for variable ‘optimal’ 
cut-offs is not only questionable from the perspective of clinical inter
pretation but also poses a major problem for meta-analyses conducted 
using the currently standard bivariate model. With the bivariate model 

[30], a meta-analysis can only be performed for one cut-off point per 
study. Reviewers are therefore faced with an unsatisfactory choice: 
either they include only those studies that have published results for a 
specific cut-off point and, as far possible, conduct separate meta- 
analyses for other specific cut-offs - this is the usual approach (see, for 
example, the review by Plummer et al. [23] on GAD-7 and GAD-2); or 
they combine study results for different cut-off points (see, for example, 
in the review by Park and Park [22], where GAD-7 cut-offs ranged from 
≥4 to ≥12). In both cases, however, there is a significant risk that the 
resulting summary estimates are biased [31].

In recent years, new statistical methods have been developed that 
allow for meta-analysis of all available data, taking into account the 
level of the cut-off points (e.g., [32]). It has been shown empirically that 
such models are less susceptible to reporting bias [33]. Above all, 
however, these models can estimate the DTA at all possible cut-off points 
of a scale, and the more comprehensively the results of the individual 
studies are reported, the more reliable these estimates are. This is 
particularly important for the planning of screening programs in routine 
care. Traditional methods for identifying ‘optimal’ cut-offs for 
screening, both in the area of depression [34] and anxiety, focus on 
balancing sensitivity and specificity. However, as Brehaut et al. [34] 
wrote, there is no rationale “why a balance between these test charac
teristics would best select people most likely to engage and benefit from 
mental health services and reduce, as much as possible, the resources 
needed to find them.” Optimal cut-offs are likely to differ between 
screening settings (e.g., primary care versus specialized epilepsy 
outpatient clinics), reflecting differences in the relative importance 
placed on ruling in versus ruling out a condition, the acceptability of 
false-negative results that may lead to missed cases, and the resources 
required to investigate false-positive findings. Therefore, reporting 
findings for a wide range of cut-offs should become standard practice for 
DTA studies.

Finally, we would like to mention an important overall impression 
that emerged as we compiled our reviews: The currently available DTA 
studies consistently lacked a genuine connection to the use of ques
tionnaires as screening tools in daily clinical practice. Neither the 
question of what rates of false-positive or false-negative results would be 
acceptable, nor the consequences of the screening results in routine 
practices, were addressed or discussed in depth. At the same time, 
however, the studies did not address whether anxiety questionnaires 
could be useful as part of the standard diagnostic process in daily 
practice. None of the included studies examined whether the use of these 
questionnaires makes physicians' diagnoses more reliable. Future 
research on anxiety questionnaires should evaluate DTA not only in 
terms of formal validation but also in relation to its practical implica
tions for clinical decision-making, taking into account the specific fac
tors and trade-offs discussed above.

4.5. Strengths and limitations

The main strength of our analysis lies in the large number of primary 
studies included. Although not all existing questionnaires used for 
screening purposes were investigated, it seems unlikely that the issues 
identified differ fundamentally from those in DTA studies of other 
questionnaires.

Nevertheless, several limitations should be taken into account when 
interpreting our findings. First, we applied QUADAS-2, the most widely 
used tool for assessing the risk of bias and the applicability of DTA 
studies. Yet, the comparison of our assessment with that of Park and 
Park [22] highlights that QUADAS-2 still permits considerable subjec
tive judgment. Second, our recommendations focus on issues addressed 
in our assessments and related to reporting of results. They do not cover 
all issues relevant to DTA studies on anxiety screening and they are 
based primarily on the experiences made in our reviews. Third, because 
our reviews included only screening studies, our recommendations also 
apply exclusively to such studies. We excluded “case-finding” studies 
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that examined the questionnaires as a diagnostic aid for identifying 
cases among individuals were already suspected of having an anxiety 
disorder or seeking help at a mental health facility. Evidence from 
studies across different conditions indicates that higher disease preva
lence tends to be associated with increased sensitivity and decreased 
specificity [35]. Forth, our manuscript focused on the methodological 
quality and reporting of the currently available DTA studies. Adherence 
to these recommendations should enable future research to generate 
findings with greater clinical relevance and methodological rigor. Cli
nicians should remain mindful that the existing evidence base is con
strained by significant methodological limitations. As a detailed 
examination of the diagnostic test accuracy (DTA) of individual 
screening questionnaires and their clinical implications falls outside the 
scope of the present article, interested readers are directed to the cor
responding systematic reviews [8–13].

5. Conclusion

In conclusion, most published anxiety-screening DTA studies are 
limited by incomplete reporting, risk of bias concerns, and highly se
lective presentation of cut-off-specific results. As a result, they are less 
informative for clinical and health policy decision-making than they 
could be. Most of the reporting and methodological shortcomings seem 
easily avoidable. Future studies should align with the STARD reporting 
recommendations [29]. Beyond the recommendations provided by 
STARD, our article offers additional guidance specifically targeted at 
improving the design, conduct, and reporting of DTA studies of anxiety 
screening. Authors of DTA studies should bear in mind that their studies 
are likely to be included in systematic reviews and meta-analyses, which 
in turn are of particular importance for the development of guidelines 
and screening recommendations.
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