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Introduction
Evidence-based laboratory medicine guidelines (EBLMGs) are increasingly used to inform clinical decision-making, laboratory practice, and health policy. The reliability and impact of these guidelines depend heavily on the quality, rigor, and transparency of the underlying primary evidence, particularly studies that extend beyond analytical performance to evaluate the effects of laboratory practices on clinical outcomes. (1) However, recent experience with the development of EBLMGs by ASM highlights important limitations in the current evidence base. (2) These limitations are especially pronounced in clinical outcomes studies intended to demonstrate the downstream impact of laboratory interventions on patient care. Such studies may vary in study design, methodological rigor, and reporting completeness, which can make it more challenging to interpret findings, assess validity, and draw firm conclusions about clinical benefit.	Comment by Roberts, Amity: Add Reference: Weissfeld AS, Baselski V, Cornish NE, Kraft CS, LaRocco MT, McNult P, Nachamkin I, Parrott JS, Richter SS, Rubinstein M, Saubolle MA, Sautter RL, Snyder JW, Taliano J, Wolk DM.2024.The American Society for Microbiology collaboration with the CDC Laboratory Medicine Best Practices initiative for evidence-based laboratory medicine. Clin Microbiol Rev 37:e00065-18.https://doi.org/10.1128/cmr.00065-18

These challenges are not unique to ASM but reflect broader issues in how laboratory process improvement and quality improvement (QI) studies are conducted and reported. While many studies effectively describe operational or process-level changes, fewer are designed or reported in ways that robustly link those changes to meaningful clinical outcomes. As a result, even when laboratory interventions are promising, the evidence supporting their impact on patient care may be incomplete, difficult to evaluate, or insufficient for strong guideline recommendations.
Reporting guidelines such as the Standards for Quality Improvement Reporting Excellence (SQUIRE) were developed to improve the clarity, completeness, and transparency of QI research. (REF) However, these guidelines were not specifically tailored to the unique challenges of laboratory medicine, particularly with respect to designing and reporting studies that assess clinical outcomes associated with diagnostic and workflow interventions. This creates a critical gap between existing reporting standards and the types of evidence required to support high-quality EBLMGs.	Comment by Roberts, Amity: Reference: Ogrinc G, Mooney SE, Estrada C, Foster T, Goldmann D, Hall LW, Huizinga MM, Liu SK, Mills P, Neily J, Nelson W, Pronovost PJ, Provost L, Rubenstein LV, Speroff T, Splaine M, Thomson R, Tomolo AM, Watts B. The SQUIRE (Standards for QUality Improvement Reporting Excellence) guidelines for quality improvement reporting: explanation and elaboration. Qual Saf Health Care. 2008 Oct;17 Suppl 1(Suppl_1):i13-32. doi: 10.1136/qshc.2008.029058. PMID: 18836062; PMCID: PMC2602740. 	Comment by Guest User: TAK: Ogrinc G, Davies L, Goodman D, et alSQUIRE 2.0 (Standards for QUality Improvement Reporting Excellence): revised publication guidelines from a detailed consensus processBMJ Quality & Safety 2016;25:986-992.	Comment by Roberts, Amity: Reference: Ogrinc G, Davies L, Goodman D, Batalden P, Davidoff F, Stevens D. SQUIRE 2.0 (Standards for QUality Improvement Reporting Excellence): revised publication guidelines from a detailed consensus process. BMJ Qual Saf. 2016 Dec;25(12):986-992. doi: 10.1136/bmjqs-2015-004411. Epub 2015 Sep 14. PMID: 26369893; PMCID: PMC5256233. 

To address this gap, ASM partnered with the Association for Diagnostics and Laboratory Medicine (ADLM) in adapting the SQUIRE guidelines to better support the design, conduct, and reporting of laboratory studies, especially those evaluating clinical outcomes. This guideline includes a checklist modeled on the Standards for Quality Improvement Reporting Excellence (SQUIRE 2.0), which we refer to as LAB-SQUIRE 2.0, to facilitate study design and ensure future published studies contain sufficient details to be included in SRs and meta-analyses. Finalized Checklist

By strengthening how such studies are structured and reported, this work aims to improve the overall evidence base for laboratory medicine and enhance the reliability of guideline recommendations that guide clinical practice.

What Are Evidence-Based Laboratory Medicine Guidelines?
EBLMGs use SRs of the available literature to generate recommendations that optimize diagnostic utility, clinical effectiveness, and patient outcomes (1-4). In contrast, most clinical practice guidelines utilize best available evidence in their development (4). SRs, as defined by Lim, et al., utilize structured literature searches, critical appraisal of methodological quality, and, when appropriate, meta-analysis to synthesize evidence and generate more precise estimates (9).  EBLMGs summarize the evidence and address specific questions around the target diagnostic test or practice (9). These questions are often formulated using a PICO framework that defines the Patient population, Intervention or practice, Comparator, and Outcome of interest (10). The expert panel conducting the SR rates the overall strength of the body of evidence in support of the practice and categorizes recommendations (10).	Comment by Roberts, Amity: Add Reference: Weissfeld AS, Baselski V, Cornish NE, Kraft CS, LaRocco MT, McNult P, Nachamkin I, Parrott JS, Richter SS, Rubinstein M, Saubolle MA, Sautter RL, Snyder JW, Taliano J, Wolk DM.2024.The American Society for Microbiology collaboration with the CDC Laboratory Medicine Best Practices initiative for evidence-based laboratory medicine. Clin Microbiol Rev 37:e00065-18.https://doi.org/10.1128/cmr.00065-18

The quality of evidence-based recommendations is dependent upon the quality of the underlying studies (REF). During development of several ASM EBLMGs, investigators frequently encountered studies that lacked critical design, methodological, or reporting elements necessary for systematic review and evidence synthesis (22-25). In some cases, studies could not be fully evaluated or included in the evidence base because insufficient information was available to determine whether findings could be generalized to other patient populations, practice settings, or laboratories.	Comment by Roberts, Amity: Add Reference: Weissfeld AS, Baselski V, Cornish NE, Kraft CS, LaRocco MT, McNult P, Nachamkin I, Parrott JS, Richter SS, Rubinstein M, Saubolle MA, Sautter RL, Snyder JW, Taliano J, Wolk DM.2024.The American Society for Microbiology collaboration with the CDC Laboratory Medicine Best Practices initiative for evidence-based laboratory medicine. Clin Microbiol Rev 37:e00065-18.https://doi.org/10.1128/cmr.00065-18

Several resources have been developed to strengthen evidence-based guideline development and evidence synthesis.  At the guideline level, frameworks such as AGREE II and GRADE provide structured approaches for evaluating evidence and developing recommendations. (1, 2, 18). At the SR level, resources such as PRISMA, AMSTAR2 and the CDC’s Laboratory Medicine Best Practices (LMBP) initiative and its A6 framework (2011) provide structured approaches for conducting SRs and constructing EBLMGs for laboratory diagnostics (10, 13). Together, these frameworks have improved the rigor and consistency of evidence-based practice.	Comment by Roberts, Amity: Add Reference: Weissfeld AS, Baselski V, Cornish NE, Kraft CS, LaRocco MT, McNult P, Nachamkin I, Parrott JS, Richter SS, Rubinstein M, Saubolle MA, Sautter RL, Snyder JW, Taliano J, Wolk DM.2024.The American Society for Microbiology collaboration with the CDC Laboratory Medicine Best Practices initiative for evidence-based laboratory medicine. Clin Microbiol Rev 37:e00065-18.https://doi.org/10.1128/cmr.00065-18

Ultimately, however, evidence syntheses and guideline recommendations are only as strong as the underlying primary studies. The Standards for Reporting Diagnostic Accuracy (STARD) provides guidance regarding study design and reporting for diagnostic accuracy studies (21). The STARD 2015 lists essential elements needed to conduct a well-performed study, thereby improving the quality of diagnostic study and reducing the number of low-quality studies published (21). General guidance for designing and reporting process improvement studies is captured in the SQUIRE guidance (ref). Recognizing the need for more discipline specific guidance, SQUIRE has been extended into areas of education (SQUIRE-ED [REF]) and simulation-based quality improvement projects ( [REF]). While both resources are valuable, neither was specifically developed for laboratory process improvement studies designed to evaluate clinical, operational, economic, or public health outcomes.	Comment by Guest User: Ogrinc G, Mooney SE, Estrada C, Foster T, Goldmann D, Hall LW, Huizinga MM, Liu SK, Mills P, Neily J, Nelson W, Pronovost PJ, Provost L, Rubenstein LV, Speroff T, Splaine M, Thomson R, Tomolo AM, Watts B. The SQUIRE (Standards for QUality Improvement Reporting Excellence) guidelines for quality improvement reporting: explanation and elaboration. Qual Saf Health Care. 2008 Oct;17 Suppl 1(Suppl_1):i13-32. doi: 10.1136/qshc.2008.029058. PMID: 18836062; PMCID: PMC2602740.	Comment by klmshier@yahoo.com: REF: Greg Ogrinc, Louise Davies, Daisy Goodman, Paul Batalden, Frank Davidoff3, David Stevens SQuIRE 2.0 (Standards for QUality Improvement Reporting Excellence): revised publication guidelines from a detailed consensus process 	Comment by Roberts, Amity: Add Reference: Weissfeld AS, Baselski V, Cornish NE, Kraft CS, LaRocco MT, McNult P, Nachamkin I, Parrott JS, Richter SS, Rubinstein M, Saubolle MA, Sautter RL, Snyder JW, Taliano J, Wolk DM.2024.The American Society for Microbiology collaboration with the CDC Laboratory Medicine Best Practices initiative for evidence-based laboratory medicine. Clin Microbiol Rev 37:e00065-18.https://doi.org/10.1128/cmr.00065-18
	Comment by Guest User: Stone KP, Rutman L, Calhoun AW, Reid J, Maa T, Bajaj K, Auerbach MA, Cheng A, Davies L, Deutsch E, Harwayne-Gidansky I, Kessler DO, Ogrinc G, Patterson M, Thomas A, Doughty C; And for the International Network in Simulation-Based Innovation, Research and Education (INSPIRE) SQUIRE-SIM Reporting Guidelines Investigators. SQUIRE-SIM (Standards for Quality Improvement Reporting Excellence for SIMulation): Publication Guidelines for Simulation-Based Quality Improvement Projects. Simul Healthc. 2024 Aug 16. doi: 10.1097/SIH.0000000000000819. Epub ahead of print. PMID: 39162794.
Drawing on these existing resources, this document provides further guidance on study design and reporting for laboratory medicine outcome studies. The goal is to improve study transparency, reproducibility, and usefulness for future systematic reviews and evidence-based laboratory medicine guideline development. The following sections discuss key design considerations, including test selection, stakeholder engagement, study design and limitations, outcome measurement, implementation context, and the role of journals in facilitating improved study design.

Clinical laboratory test considerations
To ensure that data from a clinical outcome study can be successfully aggregated in future SRs, investigators must proactively evaluate diagnostic test status and performance variables during the initial study design phase. In the United States and Europe, clinical laboratory tests may be cleared/approved by the FDA or European Commission, respectively, or laboratory-developed, which includes modified- cleared/approved assays (27–30). In the European Union Region, assays that are approved by the European Commission bear the CE marking, indicating that the assay meets safety, health, and environmental protection requirements of the EU (27). The FDA requires the manufacturer to include an indication for use (intended use) statement within the instructions for use (IFU) of any test systems that is FDA-cleared/approved and labeled as an in vitro diagnostic (IVD) assay (26). Other countries may utilize a different assay approval system. 

To encourage appropriate conclusions and extrapolations, the test methodology used, the test status (FDA-cleared/approved, CE marked, modified FDA-cleared/approved, LDT), the type of testing personnel (laboratory versus other healthcare personnel), and the testing environment should be clearly stated in the methods section of outcome studies. Investigators in countries other than the United States should refer to their local regulations regarding test status and include the appropriate description in the manuscript.

The quality of the outcome study may be impacted by the selection of the test system category due to potential variation in comparator test system performance. For an outcome study, the advantage of an unmodified FDA-cleared/approved or CE marked test is that the test system has already undergone rigorous scrutiny through a diagnostic clinical performance study reviewed by the appropriate authorities (20) and is expected to perform in a consistent manner across laboratories when used as directed/specified by the manufacturer. A modified test system may have some variability between laboratories but generally the analytical principles of the assay remain unchanged. Modifications to FDA-cleared/approved tests systems may include a change in test indication, but more often are modifications in sample (specimen) type, stability, and/or optimization of procedural steps such as a change in quantity of a reagent or automation of a manual process. Laboratory-developed tests (LDTs) are the most variable, as they are solely utilized by the laboratory who designed/constructed the assay (29, 30). LDTs are highly valuable when new technologies are emerging or for laboratory testing of rare diseases or unmet needs (such as geographically restricted/low prevalence diseases) where no commercially available assay exists. The disadvantage for outcome studies is that the conclusions from one LDT assay may not be extrapolatable (as a comparator) to another LDT assay for the same targets (analyte) developed by another laboratory. 

In general, laboratories are expected to validate that LDTs and modified-FDA-cleared/approved tests systems provide reliable results for the intended application (29, 30), therefore such systems should be reliable; however, their use is limited for multi-site/center outcome studies.  For possible inclusion in SR, the LDT utilized should be clearly defined to indicate if the test was internally developed, a commercial RUO labeled kit, or an FDA approved commercial kit that has been modified by the testing laboratory, moreover, the assay’s testing parameters must be clearly indicated. Any modification to the intended use should also be cleared communicated.

Assay selection may also depend on the patient setting (location) and testing personnel. For example, a moderate-complexity test may be performed by non-laboratory personnel in an Emergency Department (ED) that possesses a CLIA certificate in order to provide rapid turnaround time for managing the patient prior to discharge. In contrast, a high complexity molecular assay for the same analyte may be performed in the laboratory at the same hospital for a more sensitive, albeit slower result. For an outcome study, the tests utilized and the conclusions reached may vary depending on the testing personnel and testing environment.

Selecting a highly standardized test platform or meticulously documenting localized assay parameters prior to study initiation prevents the introduction of unresolvable methodological heterogeneity that could later disqualify the study’s data from pooled meta-analyses.

Identifying key team members and fostering collaborations  
 Laboratory medicine is inherently multidisciplinary. Just as decisions regarding diagnostic methods must involve clinicians and other key stakeholders, clinical outcome studies ideally will also involve a diverse group that includes laboratory personnel and individuals who utilize those laboratory results for patient care, infection control, or epidemiological purposes. This group could include laboratory directors and/or technical staff, clinicians in a specialty that utilizes the diagnostic test in question, manufacturers, pharmacists, infection control staff, epidemiologists, statisticians, and even patients.

 When identifying the key stakeholders to include in a clinical outcome study, consideration must be given to the primary users of the diagnostic method in question. Depending on the test, this could include clinicians from one or more specialties.  For example, a new diagnostic method for diabetes in adults may include practitioners in primary care (i.e. family medicine or internal medicine) as well as endocrinology.  A new test for gastrointestinal pathogens could include gastroenterologists or infectious diseases physicians. If other test use scenarios are applicable, these should be assessed for relevance to the proposed outcome study.

Beyond the immediate clinical team, investigators should consider downstream stakeholders such as hospital administrators, operations managers, and regulatory bodies who are directly impacted by the test’s systemic footprint. Engaging these operational stakeholders during the design phase ensures the study captures administrative outcomes, such as cost-effectiveness or workflow efficiency, that are essential for broader institutional adoption.

A critical part of the planning phase of the study is to determine how to access and include a statistician. Ideally, any study that is likely to generate data will benefit from early involvement of a statistician who can assist not only with the analysis of data but can also help with critical elements such as study design, bias analysis, determining a plan for data analysis, and calculating necessary sample size.
 
In some cases, manufacturers may have an interest in an evaluation of clinical outcomes for a test developed and/or marketed by them. This may be particularly relevant for newer technology or novel applications of existing assays. When partnering with manufacturers, potential real or perceived conflicts of interest should be identified and addressed prior to study initiation. If a study is fully or partially funded by a company with a stake in the results of the study, disclosure of the source of that funding is necessary.

Finally, any study that uses human subjects should be reviewed by an institutional review board (IRB) to ensure that the rights, safety, and welfare of all human subjects are protected.

Types of outcome studies and strengths/limitations 	Comment by Guest User: ZZ: the later section IX also focused on limitations. please review both for consistency and redundancy. 	Comment by Guest User: ZZ: could the limitations be partially considered in the statistical analysis in the later section?
Studies that seek to evaluate laboratory tests tend to focus primarily on test performance characteristics (i.e. diagnostic performance studies). A major unmet need is outcome studies which evaluate the downstream impact of a diagnostic test (1). Typically, in an outcome study subjects receive an intervention (either assigned or not), which may be part of a bundle, and then are studied at planned intervals using validated assessment tools to assess outcome parameters (or their validated surrogates) to determine the causality between said intervention and outcomes. Outcome study designs include interventional studies, quasi-experimental and observational studies. These are discussed briefly below (Table X).  	Comment by Guest User: 1=Bossuyt PM, et al. STARD 2015: An Updated List of Essential Items for Reporting Diagnostic Accuracy Studies. BMJ. 2015;351:h5527.
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Interventional (experimental) Studies 
 An interventional study is one where participants are typically assigned into an interventional group with an exposure of the investigator’s design and a control group. Interventional studies are subdivided into two main categories: randomized and non-randomized (2).  Randomized controlled trials (RCTs) involve the randomization of an individual or a group to an intervention. This is done to determine the impact of the intervention and demonstrate causality between the intervention and the outcome (3). The act of randomization allows for equal distribution of confounding variables and creation of well-balanced groups, reducing bias and confounding, and allowing for a high degree of internal validity. Double masked, blinded, randomized, controlled, multi-center clinical trials are the “gold standard” for clinical outcome studies. When conducted appropriately, clinical outcome data generated from them represents the highest quality data (2). The RCT study design also introduces the opportunity to include desirability of outcome ranking (DOOR) outcomes, which enables the combination of multiple clinical outcomes in a single metric (REFs).	Comment by Guest User: 2=Grimes DA, Schulz KF. An Overview of Clinical Research: The Lay of the Land. Lancet. 2002;359(9300):57–61.	Comment by Guest User: 3=Friedman LM, Furberg CD, DeMets DL.
Fundamentals of Clinical Trials. 5th ed. Springer; 2015.	Comment by Kileen Shier: https://pubmed.ncbi.nlm.nih.gov/37179006/
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When participants are assigned in a non-random fashion to the exposure under study it is termed a non-randomized controlled trial. Some examples of different interventional study designs are included in Table X. 
 
While RCTs offer the highest quality evidence, there are limitations to performing RCTs. Notably these include cost, feasibility and lack of equipoise (3). Moreover, when assessing a clinical laboratory intervention, masking may be difficult to implement in the setting of an RCT. 
 
Quasi-experimental studies
 As RCTs are not always practical, feasible or ethical, thoughtfully well-designed non-interventional studies can provide strong and complementary clinical outcomes data. One study design which can be utilized is quasi-experimental studies. They seek to evaluate an intervention and demonstrate causality between an intervention and outcome, but in the absence of randomization (4).	Comment by Guest User: 4=The Use and Interpretation of Quasi-Experimental Studies in Infectious Diseases.
 Clin Infect Dis. 2004;38(11):1586–1591.
 
Among quasi-experimental studies, the most straightforward design is the pre-post comparison study (4). Here the intervention is introduced at a single point in time to one or more sites, for which there is also a pre-test and post-test evaluation period. The pre- and post- interventional differences between these two sites are then compared. The advantage of this design is its relative simplicity. It can be strengthened by the addition of a historical control or a non-equivalent control group (an analogous unit or hospital), where the intervention did not occur and similar pre- and post-test values are available. 
 
An interrupted time series (ITS) design involves collection of outcome data at multiple time points before and after an intervention is introduced at a given point in time (6). The pre-intervention datapoints are used to establish the pre-intervention trend that is assumed to continue unchanged in the absence of the intervention under study (i.e., the counterfactual scenario). The impact of the intervention is assessed using a regression model that includes three time-based covariates to estimate the pre-intervention slope/trend, a “step” or change in level at the first time point post-intervention and the post-intervention trend slope/trend (6). Similar to the pre-post comparison study, a control group can be added for improved internal validity (4). The key advantage of ITS designs over the pre- post design is that they evaluate for an intervention effect while accounting for pre-intervention trends.	Comment by Guest User: 6=Bernal JL, Cummins S, Gasparrini A.
Interrupted Time Series Regression for the Evaluation of Public Health Interventions.
 Int J Epidemiol. 2017;46(1):348–355.
 
Key advantages of such studies are feasibility, relative simplicity and it allows for the use of existing data (e.g. electronic medical record data (7)). The major limitation of the quasi-experimental design is the lack of random assignment. Hence, the assumptions of causality and internal validity can be threatened by regression to the mean, historical bias, maturation effects, selection bias (when selecting the non-dependent equivalent control) and unmeasured confounders (4-6, 8). These concerns can be somewhat mitigated with thoughtful identification of potential confounders and appropriate statistical modeling. Unfortunately, very few clinical laboratory process improvement studies report data on confounding.	Comment by Guest User: 8=Shadish WR, Cook TD, Campbell DT.
Experimental and Quasi-Experimental Designs for Generalized Causal Inference.
 Houghton Mifflin; 2002.
 
Observational studies
 Observational studies, where no intervention is carried out by the investigator, can be either analytical or descriptive. Analytical studies typically include a comparison (control) group, unlike descriptive studies (2). Analytical observational studies include cohort studies, case-control studies and cross-sectional studies.  
 
Cohort studies are observational studies where a group (cohort) are followed from time of a defined exposure to an outcome (9). The cohort can be followed prospectively or retrospectively. Cohort studies allow for determining the incidence and natural history of a condition (9). It enables calculation of true incidence rates, relative risks, and attributable risks and can be useful when multiple outcomes may occur after a single exposure or when studying a rare exposure (9). Case-control studies identify individuals with a specific outcome (cases) and compare them to those without the outcome (controls) to associated exposures (10). Case control studies allow for rare exposures or outcomes to be studied and are efficient in the investigation of diseases that have a long latency period (10). Unlike cohort studies, case-controls do not allow for incidence rates, relative risks, or attributable risks to be calculated. Cross-sectional studies assess the prevalence of an outcome or characteristic in a population at a particular point in time (11). Its major limitation is that cause-and-effect relationships cannot be assessed due to the lack of temporal data (2). 	Comment by Guest User: 9= Grimes D, Schulz K
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The Lancet, 359, 341-345
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The main advantages of observational studies are their feasibility and cost-effectiveness. In addition, observational studies allow examination exposures that cannot be randomized, i.e. for those which equipoise does not exist or where randomization to such an exposure may not be ethical (e.g. cigarette smoke). However, due to the observational nature of these studies, confounding remains a major concern. Analytical strategies can be used to try to account for confounding that is present in observational studies, although this is rarely done. There are more recent techniques to adjust for confounders, such as rational design of studies (REF) with aid of a directed acyclic graph, use of regression techniques to adjust for important covariables, the use of a propensity score (12) and a target trial emulation approach (13). Consultation with a statistician may be helpful in applying appropriate methods.	Comment by Kileen Shier: Beyond Accuracy: Methodological Advances for Assessing the Clinical Impact of Infectious Disease Di… 	Comment by Guest User: 12=Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects of Confounding in Observational Studies. Multivariate Behav Res. 2011 May;46(3):399-424. doi: 10.1080/00273171.2011.568786. Epub 2011 Jun 8. PMID: 21818162; PMCID: PMC3144483.
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Ultimately the choice of study design is dictated by the study question, resources, and the balance of scientific rigor with practical constraints. 

Table X. Clinical Outcomes Study Designs and Examples 
 
	Study 
	Design
	Example and/or review

	Interventional 

	Non-randomized interventional study
	Investigator assigns the exposure (intervention), and participants are assigned into an interventional group and a control group in a non-random fashion.
	Example PMID: 34620213


	Parallel group RCT
	Individuals or groups are randomized to study arms and individual observations are analyzed to evaluate the effect of an intervention 
	Example PMID: 10579608

	Crossover RCT
	Participants are randomized to the same two or more sequential interventions. This can allow for participants to serve as their own control. The order in which they receive them depends on the group to which they are randomized to.
	Example PMID: 28847326


	Cluster RCT
	Groups (or clusters) are randomized to study arms to evaluate the effect of an intervention. 
	Example PMID: 21765808 

	Stepwedged Cluster RCT
	Groups or clusters begin the study in the control condition, are randomly assigned to sequences, and cross-over to the intervention condition at pre-determined time points in a sequential, staggered fashion until all groups or clusters receive the intervention
	Example PMID: 39658862

	Factorial RCT
	Each participant is randomly assigned to a group that receives a particular combination of interventions or non-interventions which allows concurrent evaluation of multiple interventions
	Example PMID: 36070710


	Sequential Multiple Assignment RCT
	A multi-stage, factorial, randomized trial, in which some or all participants are randomized at two or more decision points. Whether a patient is randomized at the second or later decision point, and the available treatment options, may depend on the patient’s response to prior treatment.
	Example PMID: 32690063
 

	Adaptive RCT
	A trial which incorporates changes as the study proceeds, such as modifying allocation probabilities or eliminating treatment arms that are likely to be ineffective.
	Example PMID 33413494
 

	Platform RCT
	A multiple-arm trial with the potential to include additional interventional arms that can be opened or closed for enrollment throughout the course of the trial based on decision rules regarding efficacy
	Example PMID: 32876697


	Quasi-experimental Studies

	Pre-Post Test Design 
	A study design where data is collected before and after an intervention is introduced and then compared.  A control group can be added for a Pre-Post Design with a Non-Equivalent control group
	 Example PMID: 26927722

	Interrupted Time Series  
	Multiple observations are evaluated for several consecutive points in time before and after intervention within the same individual or group
	Example PMID: 37534438
 

	Observational

	Cohort 
	A cohort is followed (either prospectively or retrospectively) from a defined exposure to an outcome.
	Example PMID: 33333013

	Case-control 
	Compare individuals with a specific outcome (cases) and to those without the outcome (controls) to identify associated exposures. 
	Example PMID: 36213134

	Cross-sectional 
	Measures the prevalence of an outcome or characteristic in a population at 
at defined point in time  
	Example PMID   PMID: 37285151



Recognizing and addressing limitations of the study
All studies, including diagnostic outcomes studies, have limitations, and specific limitations will vary depending on the study design as previously described. Unlike treatment or drug trials, in which clinical outcomes are evaluated at each phase of development, the focus of diagnostic test studies is primarily to establish the analytical performance of the new tests in comparison to either the gold standard or other reference methods. Therefore, studies evaluating the impact of diagnostic tests on clinical outcomes are usually performed post-marketing. Despite their limitations, diagnostic outcome studies remain valuable, particularly if the limitations are acknowledged, context described and, as much as feasible, addressed to accurately interpret the results of the study. Some of the limitations of diagnostic outcomes studies are tied to the limitations of diagnostic accuracy studies and listed below. 

A. Verification Bias: Verification bias is introduced in diagnostic outcomes studies when not all patients tested with the new test are also tested with the reference test (partial verification bias) or when different reference tests are used for different groups of patients (differential verification bias) (O’Sullivan, JW et al. 2018; Lijmer, JG et al. 1999; Kohn, MA 2022). Verification bias results in overestimation of the accuracy of the new diagnostic tests and thus impacts the identification of patients with or without the disease, making conclusions from any outcome studies limited. To minimize the impact of verification bias, studies evaluating the impact of diagnostic tests on clinical outcomes should ensure that all patients in each cohort being compared are tested with the same test, to the extent possible.
 
B. Selection Bias: Patient selection can have a significant impact on the clinical outcomes measured. Consecutive patients’ enrollment is preferred as it allows for inclusion of all available patients with the disease of interest (Andrade, C. 2021; Thewes et al., 2018; Martinez-Mesa, J. et al 2016). In addition to consecutive enrollment, randomization of patients (as well as the randomization method) is ideal to ensure that patients are not distributed between cohorts based on either the investigators or the patients’ preferences (Gluud, LL 2006).   However, diagnostic outcomes studies are sometimes limited by either a lack of information on how patients were selected for inclusion, may not enroll patients consecutively and are rarely randomized. The addition of appropriately matched-control cohorts may help mitigate some of these inherent limitations (Song, JW and Chung, KC 2011). 
 
C. Temporal Differences: Many lab process improvement studies use a pre/post intervention design (i.e., “quasi-experimental” studies). Limitations of this study design include temporal differences This study design is limited by bias resulting from changes in clinical and laboratory practices that may have occurred between the pre and post periods and differences in measurements performed on two different patients’ cohorts (Gluud, LL 2006; Song, JW and Chung, KC 2011).  Similar to limitations due to selection bias, the addition of appropriately matched-control cohorts may help mitigate limitations due to temporal differences (Song, JW and Chung, KC 2011). However, as the implementation of a new laboratory process cannot always be anticipated far in advance, data collection in the pre-intervention (i.e., “standard practice”) period is not often planned ahead of time. This can limit measurement of important contextual variations in the different periods that may affect the outcomes.
D. Lack of Blinding: Blinding in diagnostic outcomes study is particularly challenging as results of different diagnostic tests may inherently be reported differently and thus patients, clinicians and laboratorians are often aware of the test being performed, resulting in overestimation of the impact of the intervention (Gluud, LL 2006; Probst et al. 2016). While blinding of patients and laboratorians might be difficult, study design may consider blinding the staff assessing the impact of the diagnostic test to which test was performed for each cohort (i.e. single blinding vs double blinding) (Nunan D, Heneghan C 2018.). 
E. Study sample size: The minimum sample study size to adequately measure the effect of the diagnostic intervention on the clinical outcomes will vary depending on the specific outcome being measured and the prevalence of the disease in the patient population. Sample study size is an important criterion to ensure that differences observed between the cohort is due to the intervention and not a random effect. Larger studies are ideal to provide meaningful and precise results, however, small studies are easier to perform and if the disease prevalence is high enough may provide some valuable data (Hackshaw, A. 2008). Many diagnostic studies often do not report how and if sample size was calculated and thus may fail to adequately evaluate the impact of the test on clinical outcomes or draw inaccurate or inconclusive results. It is therefore important that size calculations be a major element of diagnostic outcome study design (Serdar et al., 2021). 
 
 While diagnostic outcomes studies might be limited by their design, several options exist to minimize the limitations. To aid in the designing and reporting of results in an outcome study, the LAB-QUIRE 2.0 checklist includes recommendations to help improve the data reported and increase the value of the measured outcomes. An alternative checklist is the STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) (https://www.strobe-statement.org/). 

Demographic considerations
Demographic data provides information on the characteristics and/or traits that define an individual or population being evaluated. Most studies include demographic information on the size of the population, the population type, the location, age, gender/sex, co-morbidities, mortality, and sometimes socioeconomic status. These attributes help researchers understand trends and patterns, segment populations, and make informed decisions at the conclusion of the study.  

Prior to the start of the study, the target population and the subsequent study population that will be evaluated must be defined. The target/study population is a group of individuals with a set of traits or characteristics that the study will evaluate. These traits or characteristics can be delineated as clinical, gender/sex, geographic location, setting and/or age, as well as other attributes or variables. Authors should attempt to use well defined characteristics, rather than institutional or individually designed definitions, to minimize bias.  Examples of this are often seen in pediatric-based studies where pediatric patients are defined as either 0 – 17 years of age (REF), or 0 – 21 years of age (REF), whereas other studies will specifically call out specific age-related populations such as neonates/newborns, infants, children and adolescents (REFs). The FDA recommends the following age ranges for pediatric and adult subpopulations (REFs):	Comment by Kileen Shier: https://doi.org/10.1128/jcm.01891-22	Comment by Kileen Shier: https://doi.org/10.3390/diagnostics15050566	Comment by Kileen Shier: (neonate ref - https://doi.org/10.1128/jcm.43.9.4823-4825.2005) (infants/children ref - https://doi.org/10.1128/jcm.01525-13) (adolescents ref - https://doi.org/10.1128/jcm.01656-08). 	Comment by Kileen Shier: ref: FDA - Providing Information about Pediatric Uses of Medical Devices) (ref: FDA - Geriatric Information in  Human Prescription Drug  and Biological Product  Labeling):
· Neonates: from birth through the first 28 days of life; 
· Infants: 29 days of age to less than two years of age; 
· Children: Two years of age to less than 12 years of age; and 
· Adolescents: 12 years of age through 21 years of age (up to, but not including, the twenty-second birthday)
· Adults: 22 years of age through 64 years of age
· Geriatric adults: 65 years of age and older
Geographic location is another area that is frequently ill-defined in many studies. Although the ends of the spectrum, i.e. urban versus rural, can be more easily defined, suburban and areas adjacent to urban and rural areas often become more difficult to elucidate. The United States federal government provides several different classification systems that can be used to define how urban or rural areas are. These include the National Center for Health Statistics (NCHS) Urban-Rural Classification Scheme for Counties, U.S. Department of Agriculture (USDA) Rural-Urban Continuum Codes, and U.S. Census Bureau Urban and Rural Classification. NCHS utilizes a six-level urban-rural classification scheme for U.S. counties and other jurisdictions. Created in 2013, these classifications include large central metro counties (population of 1 million); large fringe metro counties that do not qualify as large central; medium metro counties (250,000-999,999 population), small metro counties (less than 250,000 population), micropolitan counties (at least 10,000 but less than 50,000), and non-core counties. The USDA code scheme utilizes the following code descriptions for metropolitan/non-metropolitan counties: counties in metro areas of 1 million population or more (code 1), counties in metro areas of 250,000 to 1 million population (code 2), counties in metro areas of fewer than 250,000 population (code 3), urban population of 20,000 or more, adjacent to a metro area (code 4), urban population of 20,000 or more, not adjacent to a metro area (code 5), urban population of 5,000 to 20,000, adjacent to a metro area (code 6), urban population of 5,000 to 20,000, not adjacent to a metro area (code 7), urban population of fewer than 5,000, adjacent to a metro area (code 8), and urban population of fewer than 5,000, not adjacent to a metro area (code 9). Finally, the U.S. Census Bureau employs a more simplified system where an urban area is defined as a territory that encompasses at least 2,000 housing units or have a population of at least 5,000. By contrast, rural areas include all populations, housing and territory not included within an urban area. Of the three classification systems, the NCHS is utilized most for health-related studies within U.S. In the European Union, classification occurs in 3 categories: predominantly urban (at least 80% of the population live in urban clusters), intermediate regions (more than 50% but less than 80% of the population live in urban clusters), and predominantly rural regions (at least 50% of the population live in rural grid cells) (REF). While international definitions may vary, inclusion of whether the setting is urban or rural is helpful for analysis and extrapolation.	Comment by Kileen Shier: Territorial typologies manual - urban-rural typology - Statistics Explained - Eurostat 

Although the patient setting (i.e., emergency department, surgical ward, clinic, etc.) is often defined in most studies, other descriptors are often overlooked such as the type of institution (e.g., academic, cancer, community delivery, critical access, or ambulatory clinic), the size of the system (single medical center vs. large integrated  healthcare delivery system), size of the hospital (i.e., bed size), size of the laboratory (i.e., volume of testing performed), where the sample was collected (emergency department, outpatient setting, ICU, other inpatient wards, long term care, drive-through sites, schools, ambulatory clinics) and where the sample was tested (point-of-care, in-house laboratory or reference laboratory). This type of information is important to capture because one diagnostic test or its related algorithm may fit one clinical setting but not another.

One of the most critical demographic features to consider when developing a study is its sample size. If the sample size of the study is too small, then one may introduce Type II errors (i.e., false negative results) especially when combined with moderately low or low effects sizes (31).  To mitigate this type of error, careful consideration should be given to the power (calculated as “1 - Type II error probability”) of the study. A power ≥0.8 is considered ideal for study. A statistician can assist in calculating appropriate sample sizes.

While not a demographic, another important consideration in the development of a study is the length of time that it will take to complete or the season(s) in which the study will take place. Timing/seasonality bias can be a major concern depending upon which test, algorithm or patient population is being evaluated therefore careful consideration should be given to when study designs are performed in sequence, such as Pre- and Post- Test Design. An example of seasonality bias would be the impact of Influenza A/B PCR on antiviral stewardship in the summer versus the winter. 

Although the demographic information of one investigation may address the needs of a particular study’s objectives, this singular approach to criteria and derived data often are not in alignment when several different studies are evaluated using a meta-analysis process. Standardization of demographic data would allow for a more straightforward extraction process of articles for meta-analysis and the development of EBLMGs. Refer to the LAB-SQUIRE 2.0 checklist for recommended demographic criteria.

Outcome measurements and challenges
Diagnostic studies traditionally focus on the test’s technical and clinical accuracies. However, the true measure of a test's value lies in its impact on clinical decision-making, patient outcomes, and broader healthcare system effects including economic and operational impacts. To fully capture this impact, it is essential to conduct outcome studies that reflect real-world clinical settings and decision-making processes. When designing and conducting such studies, choosing outcome measurement metrics that clearly illustrate the test's influence across various healthcare pathways is important. Table XXX lists key outcome categories and examples. More outcome study examples can also be found from the International Federal of Clinical Chemistry and Laboratory Medicine (IFCC) Outcome Studies in Laboratory Medicine (OSLM) database (REF). 	Comment by Guest User: Search Results for “” – OSLM (ifcc.org)

Outcomes can be grouped as immediate, proximal, and distal health outcomes. Examples of immediate outcomes based on diagnostic tests are diagnostic accuracy (performance), time to a diagnosis/result, pathogen targets tested and prevalence/detection rate of each. Proximal health outcomes are time to therapy, length of hospital stay, length of stay in ICU, mortality, change in antibiotic/therapy, isolation/infection control actions, infection resolution, hospital admission, and readmission. Examples of distal outcomes may include cost or cost/benefit, reimbursement, and long-term (multi-year) metrics.

Evaluating outcomes in diagnostic studies requires navigating complex considerations to ensure the findings are relevant and actionable. Initially, it is critical to identify the most meaningful outcomes for various stakeholders, such as patients who have undergone testing, healthcare professionals using these tests, and insurance providers paying for them. For example, a study on a new at-home diabetes monitoring test might gather feedback from endocrinologists, diabetic patients, and healthcare insurers to identify pertinent outcomes like hospital visits, patient self-management skills, treatment efficacy and overall treatment costs. Secondly, linking diagnostic results directly to patient outcomes is challenging due to multiple intervening variables. Strategies like implementing control groups and employing statistical methods such as multivariable regression can help isolate the diagnostic tool's effects. For example, comparing patient outcomes like recovery times and antibiotic usage between groups diagnosed with traditional versus rapid testing methods for urinary tract infections, adjusted for variables such as age and initial health status, can be effective. More detailed information regarding study designs and statistical analysis can be found in Table XXX. Thirdly, measuring long-term and indirect outcomes can be challenging due to their delayed nature. Longitudinal studies or the use of existing long-term health databases to track outcomes over extended periods can offer solutions. For instance, utilizing a national health database to study the long-term effects of early cancer detection on healthcare costs and patient quality of life over a decade can be beneficial. Lastly, outcome measures may become outdated as diagnostic technologies and clinical practices evolve. Regularly updating the study protocol and outcome measures to align with current clinical guidelines and technological advancements is crucial.

Transitioning from non-outcome to outcome studies
Non-outcome studies typically focus on diagnostic accuracy, i.e. how well a test identifies a condition. Transitioning to outcome-based studies involves expanding these evaluations to include how early detection influences treatment choices, changes in patient care plans, and ultimately, patient quality of life and disease progression (REF).	Comment by Guest User: Linking Laboratory Testing to Clinical Outcomes: Bridging the Gap through Outcome-Based Studies in Laboratory Medicine | Clinical Chemistry | Oxford Academic (oup.com)

To transform a non-outcome study into one that yields more valuable insights into patient care, researchers need to broaden their approach. This involves extending the framework to collect and analyze data on how diagnostic results influence not only immediate and proximal clinical practice and patient management changes, but also distal health outcomes, where possible. For example, a study initially focusing on the detection rates of a new biomarker for lung cancer should expand to monitor how early detection impacts treatment protocols, such as choices of surgery, chemotherapy, radiation therapy, or targeted therapy, and how these choices affect patient recovery and survival rates. Further, incorporating a longitudinal component to track patients over time can provide insights into long-term outcomes, assessing not just immediate treatment decisions but also long-term survival rates, disease recurrence, and quality of life. Engaging with clinical teams who use these diagnostics can aid in understanding and documenting changes in clinical practices resulting from test results. This interaction also offers insights into implementation barriers and areas for improvement in test utilization. Utilizing real-world data from electronic health records, patient registries, or health information networks can enrich the study with practical relevance, offering a broader perspective on the diagnostic test's performance outside controlled trial settings. Expanding the analysis to include economic, operational, and patient satisfaction metrics can provide a more comprehensive view of the test’s impact, such as evaluating cost savings from avoided unnecessary procedures, improvements in workflow efficiency, or increased patient satisfaction due to faster diagnosis and tailored treatments. When measurement of distal outcomes is not feasible, consider modeling to forecast distal outcomes.

By adopting these approaches, researchers can enhance the relevance and applicability of their studies, ensuring that the findings not only demonstrate the technical capabilities of diagnostic tests but also their practical benefits in improving patient care and healthcare outcomes.


Table XXX
 
 
	Outcome Category
	Description
	Detailed Examples

	Clinical Outcomes
	Assessing the impact of laboratory tests on improving diagnosis and treatment outcomes and quality of care.
	Mortality and Morbidity: Analyzing reductions in mortality and morbidity from the use of high-sensitivity troponin for quicker diagnosis of myocardial infarction (PMID: 33752439).
Disease Progression: Evaluating how early detection of specific mutations through molecular tests influences treatment protocols and patient survival rates (PMID: 34592968).
Patient Treatment Duration: Measuring changes in treatment duration time after implementing new diagnostic protocols, for instance, shortened treatment duration due to timely and accurate pathogen identification (PMID: 27569710).

	Change of patient management 
	Measuring how diagnostics influence treatment decisions, patient safety, and overall treatment outcomes.
	Treatment Optimization: Point-of-care (POCT) HIV viral load testing allows for immediate adjustments in antiretroviral therapy (PMID: 35987208).
Admission Decision: High-sensitivity cardiac troponin tests in emergency settings enable safe rule-out of acute myocardial infarction and successful discharge (PMID: 34391791)
Guided Therapy: The use of genetic testing in oncology to determine patient-specific tumor markers that guide targeted therapy (PMID: 37459099).

	Operational Efficiency
	Evaluating how laboratory tests affect the efficiency of healthcare delivery and process improvements.
	Length of Stay: Demonstrating how rapid diagnostic tests for conditions like sepsis or myocardial infarction can decrease the length of stays by enabling quicker clinical decisions (PMID: 37993739).
Patient Throughput: Measuring improvements in patient flow and reduction in wait times with the introduction of rapid infectious disease panels during peak flu season.
Procedure Efficiency: Assessing how the use of point-of-care testing in emergency departments optimizes the utilization of medical resources and facilities decision making by reducing the test turnaround time (PMID: 33745234). 

	Economic Impact
	Considering the cost implications of laboratory tests, including cost-effectiveness and impact on healthcare spending.
	Cost-Effectiveness: Quantifying the costs and quality-adjusted life-year by C-reactive protein POCT for safely reducing antibiotics (PMID: 32202490).
Resource Utilization: Calculating the reduced healthcare costs by implementing routine pharmacogenomic testing before prescribing certain high-risk medications, leading to reduction in adverse drug reactions and subsequent treatment adjustments (PMID: 31591509). 
Efficient Use of Laboratory Resources: Implementing automated microbial identification systems to reduce healthcare costs by shortening hospital stays and decreasing the use of broad-spectrum antibiotics (PMID: 23216247).

	Public Health and Safety
	Investigating the broader effects of diagnostic practices on public health, disease control and prevention.
	Infection Control: Documenting the role of POCT in managing and containing viral outbreaks like SARS-CoV-2 (PMID: 36228640).
Antibiotic Stewardship: Highlighting the reduction in broad-spectrum antibiotic use due to rapid and precise bacterial culture tests (PMID: 32757963).

	Stakeholder Satisfaction
	Evaluating the satisfaction and acceptance of diagnostic methods among patients and healthcare providers.
	Patient Satisfaction: Surveying patient satisfaction with the use of minimally invasive blood tests for disease monitoring (PMID: 26348035).
Provider Acceptance: Effect of POCT and training in enhanced communication skills on antibiotic prescribing (PMID: 19416992). 

	Long-term Healthcare Impacts
	Studying the enduring effects of diagnostics on healthcare practices, patient health, and public health policies.
	Healthcare policy: Analyzing data to evaluate improvements in health outcomes due to early newborn screening programs for genetic disorders (PMID: 30683812, PMID: 27118577).



Implementation considerations
Laboratory process improvement efforts are meant to evaluate the effectiveness of an intervention (or chain of related interventions) within a particular context (e.g., unit, clinic, or system). The goal is not to establish a generalized causal relationship. Rather, the goal is to establish “what works” (or does not work), for whom, and under what conditions.  
The phrase “under what conditions” is key. These conditions often refer to the manner in which process improvement efforts are implemented. A process improvement effort that is successful within one context may not be successful in another context. It is vital to understand how improvement processes are planned, how staff are trained, how leadership buy-in is obtained, and what resources are available (or limited), all of which influence the success of a process improvement intervention. The “how” of a process improvement effort is at least as important as the “what” of the intervention. Indeed, a recent SR and meta-analysis found that when attempting to decrease blood culture contamination rates, differences between devices, procedures or solutions were generally less important than implementing these changes as part of a large Quality Assurance/ Quality Improvement initiative that involved high intensity training.[cite] An entire body of research focusing on the methods and conditions of successful implementation efforts has evolved over the past twenty years in the guise of Implementation Science.[cite]  	Comment by James Scott Parrott: Cite the new ASM BCC guideline	Comment by Nicole Jackson: Sautter RL, Parrott JS, Nachamkin I, Diel C, Tom RJ, Bobenchik AM, Bradford JY, Gilligan P, Halstead DC, LaSala PR, Mochon AB, Mortensen JE, Boyce L, Baselski V.2024.American Society for Microbiology evidence-based laboratory medicine practice guidelines to reduce blood culture contamination rates: a systematic review and meta-analysis. Clin Microbiol Rev 37:e00087-24.https://doi.org/10.1128/cmr.00087-24	Comment by James Scott Parrott: 1.	Blanchard CM, Livet M. Ensuring intervention success: Assessing fit as an overlooked step of the implementation process. Pharm Pract (Granada). Oct-Dec 2020;18(4):2235. doi:10.18549/PharmPract.2020.4.2235
2.	Kaplan HC, Provost LP, Froehle CM, Margolis PA. The Model for Understanding Success in Quality (MUSIQ): building a theory of context in healthcare quality improvement. BMJ Qual Saf. Jan 2012;21(1):13-20. doi:10.1136/bmjqs-2011-000010
3.	May C. Towards a general theory of implementation. Implementation science : IS. 2013;8(1):18. doi:10.1186/1748-5908-8-18
4.	Sarkies MN, Francis-Auton E, Long JC, Pomare C, Hardwick R, Braithwaite J. Making implementation science more real. BMC Med Res Methodol. Jun 25 2022;22(1):178. doi:10.1186/s12874-022-01661-2

Laboratory professionals seeking to improve performance are strongly encouraged to familiarize themselves with the basic principles of process improvement before embarking on a large outcomes project. In the same way that rigor of treatment protocols is vital for a successful clinical trial, process implementation protocols are vital for the success of efforts to improve laboratory outcomes. It is also important, when authoring reports on laboratory process improvement studies, that these implementation considerations and decisions be documented within the published manuscript. This information is crucial at the meta-analytic stage for understanding differences in performance across studies, designs, contexts and populations.

As noted above, outcome studies are primarily concerned with the real-world impacts of laboratory process improvements. Therefore, it is important to recognize that outcome studies are not clinical trials. While clinical trials are specifically designed to filter out real-world noise (differences in patient characteristics, differences in location, etc.) to establish a causal relationship, outcome studies are primarily concerned with how an organizational intervention works in context. Thus, methodological aspects, such as randomization, allocation concealment, and blinding, may be of less concern when designing a study and may even be inappropriate depending on the study goals.
 
For instance, a process improvement effort seeking to decrease blood culture contamination often requires training, obtaining staff buy-in, progress monitoring, etc. [cite]. These principles that are crucial to the success of a process improvement effort are the opposite of the randomization and blinding expected in a RCT. In short, although RCTs are the gold standard for clinical research, they are not ideal for process or organizational improvement studies. 	Comment by Nicole Jackson: Sautter RL, Parrott JS, Nachamkin I, Diel C, Tom RJ, Bobenchik AM, Bradford JY, Gilligan P, Halstead DC, LaSala PR, Mochon AB, Mortensen JE, Boyce L, Baselski V. American Society for Microbiology evidence-based laboratory medicine practice guidelines to reduce blood culture contamination rates: a systematic review and meta-analysis. Clin Microbiol Rev. 2024 Dec 10;37(4):e0008724. doi: 10.1128/cmr.00087-24. Epub 2024 Nov 4. PMID: 39495314; PMCID: PMC11629619.

Another consideration is the cost of the study. Attempting to implement different interventions (e.g., using usual practice control along with innovative intervention) within a system or between clinics or hospitals can be cost-prohibitive. A cluster randomized trial (randomized by center rather than by individual) may be ideal but can be costly or practically infeasible. Because of this, before/after designs are frequently used. It is critical to select the study design that is most appropriate for the type of question. Table 1 provides a basic description and considerations for matching the study design to the appropriate outcome evaluation effort or question.	Comment by Kileen Shier: Table in separate document

How journals can assist
One of the most important aspects of laboratory medicine, especially as it involves new diagnostic and prognostic markers, is how new assays can be integrated into patient related clinical outcomes or improving economic outcomes. While laboratories are very well-versed in analytical as well as clinical performance validations of tests, it is critical that laboratorians also start thinking outside the box and become involved in the complete management of the patient, such as involvement in outcome studies. Despite advocacy in this area, detailed studies demonstrating the link between laboratory testing and patient management and/or health outcomes are still lacking.
 
Scientific journals have an opportunity to steward the quality of published outcome studies involving the clinical laboratory. Authors, reviewers, and editors can utilize the provided LAB-SQUIRE 2.0 checklist to ensure critical information is included in the manuscript for future use in SRs. Ideally, all validation studies could be collected into one site for enabling meta-analyses and increase power and strength of outcome studies relating to laboratory testing.

Some outcome studies may be published as grey data, such as an abstract, rather than in a peer-reviewed journal. Often these studies contain insufficient information for inclusion in meta-analysis. While authors of grey data can and should utilize the checklist, the reported outcomes may be limited by resources, particularly in certain patient populations or practice settings.

Conclusion
As clinical laboratory studies continue to be performed on both existing and emerging processes, authors must consider not only diagnostic accuracy, but healthcare outcomes in their study design. Stakeholders, including clinicians, laboratorians, and payers, among others, continue to seek data to support patient care processes. Authors play an important role in study design and manuscript preparation, while journal reviewers and editors can monitor adherence to standard guidelines and checklists to ensure manuscript robustness. A well-designed study and comprehensive manuscript improve the ability to extrapolate the outcomes and increase the likely the manuscript can be both included and highly graded in SRs designed to answer critical outcome questions. ASM and ADLM have partnered to provide clinical laboratory-specific guidelines and a checklist, LAB-SQUIRE 2.0, to improve the thoroughness of published outcome studies and enhance future SRs and meta-analyses.
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[bookmark: _Ref172117480] Table 1. Common Study Designs: Benefits and Considerations
	Design
	Benefits
	Considerations
	Example Questions	Comment by James Parrott: Brian, you may have better examples than these. Feel free to edit as you see fit.

	Controlled Designs
	Able to identify the effect of a discrete treatment or intervention most clearly, particularly if randomized.
	•	Often costly and may be practically infeasible for larger process improvement efforts. 
•	May not be an appropriate design if closely similar comparator conditions cannot be established. 
•	Less useful for complex or multicomponent interventions. 
•	Statistical adjustment may still be necessary. 
•	Susceptible to procedure “contamination” across arms if performed within a single unit or system. 
•	 Cluster randomization may be necessary for organizations or unit-wide intervention
	What is the effectiveness of universal chlorhexidine bathing versus screening and isolation to reduce MRSA contamination in the ICU? (assumes a cluster design)

	Before/After (one arm)
	Useful for evaluating the effectiveness of interventions within a limited context (single clinic or system) before and after a clinic- or system-wide change in the process or procedure.
	•	Weak design for establishing generalizable cause-effect relationships. 
•	Generally more cost-effective than controlled studies. 
•	Assume confounding is a risk.  
•	May be particularly useful when using administrative data.
	What is the effect of implementing the use of a diversion device compared with no diversion device for reducing blood culture contamination?

	Cohort
	Useful for understanding the natural progress of a disease or condition.
	It should not be used for evaluating the effectiveness of an intervention or process improvement (e.g., evaluating post-intervention only).
	What is the prognostic value of measuring troponin levels in establishing cardiovascular risk in patients presenting with chest pain?

	Cross-sectional
	Useful for establishing the prevalence of a disease, problem, or condition. Standard design for establishing diagnostic accuracy of a test.
	Not appropriate for the evaluation of an intervention, process improvement, or treatment.
	What is the diagnostic accuracy of NAAT detection methods compared to blood culture for the detection of C difficile?

	Mixed Methods
	Useful for understanding how and why complex or multicomponent interventions are effective (or not). 
	Time intensive.
Requires specialist research knowledge of qualitative methods.
	What are the barriers and facilitators of successful implementation of point-of-care testing in a community emergency department? 



The Importance of Statistical Confounding, Mediation and Moderation
Formally, a statistical confounder is a variable related to both the independent and dependent variables. Less formally, a confounder can be thought of as an organizational or contextual characteristic that influences both the process improvement effort and the outcome. For instance, imagine that a large hospital wants to determine whether implementation of NAAT diagnostic methods in conjunction with an active method of communicating results to providers results in decreased time to treatment. Let’s say that the evaluators use a before/after design (evaluate time to treatment before versus after the implementation of the new diagnostic system). However, during the post-implementation period the hospital experiences an unexpected surge in admissions. The increased load on the lab might result in both unanticipated changes in the communication of diagnostic results and could affect the time to treatment as well. So, the question about the true effect of the combined intervention would be obscured. 
Additionally, referring to the principles of implementation science noted above, it is possible to imagine process improvement components of an intervention as mediating the effect of a discrete intervention. For example, the degree to which the use of a diversion device is effective for reducing blood culture contamination rates may depend on the level of intensity of the staff training; a higher level of training increasing the effectiveness of the use of the diversion device while little to minimal training decreasing the effectiveness of the use of the device.
In both the above situations, particular statistical approaches would need to be used to model the effect of the intervention. Typical bivariate tests (e.g., t-tests, chi square tests) would not be appropriate. Rather, more sophisticated statistical modeling procedure would be required. Consultation with a statistical consultant is strongly recommended.
Five General Types of Statistical Models
Assuming that the choice is made to adjust for additional covariates, the type of model will vary depending on the way the outcome is measured: dichotomous (e.g., mortality), continuous (time to treatment), count (e.g., number of inappropriate lab test orders), ordinal or polytomous (multiple categorical outcome types), or time to event (time to death). While consultation with a methodologist/statistician is crucial, it is useful for the primary investigator to have a basic understanding of commonly used statistical models. Some of the more commonly used multivariable models are described below.
	Model
	When to Use
	Considerations

	Multiple Linear Regression
	Continuous outcome variable
Outcome variable is normally distributed or can be transformed to be reasonably normal.
No mediators.
	Patient outcomes should be independent. If there is a planned analysis of differences by hospital unit (ICU, ED, general wards, etc.) patient outcomes are nested within units and so a hierarchical model would be more appropriate (see below).

	Logistic Regression
	Dichotomous outcome (example: mortality)
	Patient outcomes should be independent.
Odds ratios are most appropriate for events (e.g., death) that occur in <10% of the sample. For dichotomous outcomes that occur more frequently, risk ratios are less likely to overestimate the effect [cite]. Care should be taken to avoid analyses that result in empty cells.	Comment by James Parrott: Viera AJ. Odds ratios and risk ratios: what's the difference and why does it matter? South Med J. Jul 2008;101(7):730-4. doi:10.1097/SMJ.0b013e31817a7ee4

	Ordinal or multinomial logistic regression
	Categorical outcomes with more than two possibilities (example: Positive, negative, indeterminate test results)
	Same as with logistic regression.

	Cox Proportional Hazard Models
	Outcome is measured in time units (e.g., hours or days). 
	Most appropriate when where data are right censored (i.e., not all patients experience the event within the study timeframe.) When time data is complete within the timeframe, some form of general linear models may be appropriate depending on the distribution of the outcome variable.

	Mixed or Hierarchical Models
	Patient outcomes are nested within larger units (e.g., different hospital units, different hospitals, etc.)
	These models are able to provide an estimate of effect at each level (e.g., unit and individual).
Models are also useful when data on individuals is incomplete.
Require a higher level of statistical sophistication but allow for a higher degree of modeling flexibility.



Involve a Methodologist and Statistician at the Outset
As noted above, it is vital to involve a competent methodologist and/or statistician as part of the study team. These individuals should be involved in all aspects of the outcome study: planning, execution, data collection, data analysis and write-up. A common mistake is to bring in a statistician or methodologist only at the end of a project. When this occurs, threats to study validity are already in place and even the most talented statistician cannot make up for flaws in study design or execution.

	
	
	



