
 
 

Online supplementary file 3. Design classification and how it is related to critical 

appraisal tools 

We have adopted the description of different case-control designs described by Rutjes et al1, 
which comprises four categories: single gate classic, single gate with reverse-flow design, 
two-gate design with normal controls, and two-gate design with alternative diagnosis (Table 
A). Although two-gate designs are common, they carry inherent challenges, such as the 
likelihood of producing inflated estimates of diagnostic accuracy. This can happen for 
sensitivity when individuals are all quite sick or for specificity when all controls are quite 
healthy1.  
 
Table A. Types of case-control design according to Rutjes et al1 
 

Single gate: 
Classic 

• Both cases and controls are sampled from a single source population.  

• The index test is performed first, followed by the reference standard. This allows 
us to identify those with and without a condition 

• All patients pass through a single gate: a single set of criteria for study admission, 
typically defined by the clinical presentation (suspicion of disease). 

Single gate: 
Reversed-
flow design 

• Both cases and controls are sampled from a single source population 

• The reference standard is performance first, and this allows us to differentiate 
cases and controls. Then, the index test is carried out 

• All patients pass through a single gate: a single set of criteria for study admission, 
typically defined by the clinical presentation (suspicion of disease). 

Two-gate 
design with 
healthy 
controls 

• Cases and controls are sampled from two distinct source populations 

• The index test is carried out for each group 

• Two different sets of inclusion criteria (gates) are used: one for the diseased and 
another for the non-diseased participants. Cases are typically defined by clinical 
presentation/suspicion of disease, while controls need to be healthy 

Two-gate 
design with 
alternative 
diagnosis 
controls 

• Cases and controls are sampled from two distinct source populations 

• The index test is carried out for each group 

• Two different sets of inclusion criteria (gates) are used: one for the diseased and 
another for an alternative diagnosis. Cases are typically defined by clinical 
presentation/suspicion of disease, while controls need to meet criteria for another 
condition, which is often known to produce symptoms and signs similar to those 
of participants with the target condition 

Source: Adapted from Rutjes et al 20051 
 
Poor reporting was a key issue when trying to classify the papers. Nonetheless, only 15 
studies were solely classified as a single-gate study (all adopted a reversed-flow design). 
Over three-quarters of studies investigating healthy controls sourced them from a distinct 
population (two-gate design). The proportion was much lower for non-malignant/pre-
malignant conditions (about a third), but there was much more missing data. 
 
How classification by study design relates to the QUADAS-2 quality assessment checklist for 
Diagnostic Accuracy Studies2: 
 

• Was a case-control design avoided?  While extracting data and classifying the studies, it 
was clear that a case-control design was only avoided by one study3. 
 

• Were the index test results interpreted without knowledge of the results of the reference 
standard? For studies adopting a reversed-flow design, the reference standard was 
always carried out first so cases could be identified. This was also most often the case for 
cancer patients in studies adopting a two-gate design. Overall, less than five studies 
indicated that those interpreting the index test were blinded to reference test results. 



 
 

• Were the reference standard results interpreted without knowledge of the results of the 
index test? For cancer cases, reference standard results were most often interpreted 
without knowledge of results of the index test, across all study designs. 
 

• Did all patients receive the same reference standard? Cancer cases often received the 
same reference standard. This was not the case for almost all controls as they seldom 
received the reference standard (particularly healthy controls in two-gate designs).  
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