Critical Appraisal of Research Studies
In reviewing and appraising a research study, you need to apply both general and specific criteria to determine the validity of the authors' findings and conclusions. 
General Criteria – Research Biases
General criteria focus on identifying common biases that occur in research. A bias is a distortion of truth associated with either willful wrongdoing or - more commonly – poor research design. There are many different types of biases described in the research literature. The most common categories of bias that can affect the validity of research include the following:

· Selection biases, which may result in the subjects in the sample being unrepresentative of the population of interest 

· Measurement biases, which include issues related to how the outcome of interest was measured 

· Intervention (exposure) biases, which involve differences in how the treatment or intervention was carried out, or how subjects were exposed to the factor of interest 

More detail on each of these categories of bias is provided below, including some specific types and examples. For more detail on the various types of biases, including how they can be controlled, link to the following excellent review article (requires UMDNJ SZProxy):

Hartman, J.M., Forsen, J.W., Wallace, M.S. & Neely, J.G. (2002). Tutorials in clinical research part IV: Recognizing and controlling bias. Laryngoscope, 112, 23-31. Retrieved Nov 5, 2010 from 

http://onlinelibrary.wiley.com.libproxy2.umdnj.edu/doi/10.1097/00005537-200201000-00005/pdf
Selection Biases
Selection biases occur when the groups to be compared are different. These differences may influence the outcome. Common types of sample (subject selection) biases include volunteer or referral bias, and nonrespondent bias. By definition, nonequivalent group designs also introduce selection bias. 

Volunteer or referral bias. Volunteer or referral bias occurs because people who volunteer to participate in a study (or who are referred to it) are often different than non-volunteers/non-referrals. This bias usually, but not always, favors the treatment group, as volunteers tend to be more motivated and concerned about their health.

Nonrespondent bias. Nonrespondent bias occurs when those who do not respond to a survey differ in important ways from those who respond or participate. This bias can work in either direction.

Measurement Biases

Measurement biases involve systematic error that can occur in collecting relevant data. Common measurement biases include instrument bias, insensitive measure bias, expectation bias , recall or memory bias, attention bias, and verification or work-up bias.

Instrument bias. Instrument bias occurs when calibration errors lead to inaccurate measurements being recorded, e.g., an unbalanced weight scale.

Insensitive measure bias. Insensitive measure bias occurs when the measurement tool(s) used are not sensitive enough to detect what might be important differences in the variable of interest. 

Expectation bias. Expectation bias occurs in the absence of masking or blinding, when observers may err in measuring data toward the expected outcome. This bias usually favors the treatment group

Recall or memory bias. Recall or memory bias can be a problem if outcomes being measured require that subjects recall past events. Often a person recalls positive events more than negative ones. Alternatively, certain subjects may be questioned more vigorously than others, thereby improving their recollections.

Attention bias (aka the 'Hawthorne effect'). Attention bias occurs because people who are part of a study are usually aware of their involvement, and as a result of the attention received may give more favorable responses or perform better than people who are unaware of the study’s intent.

Verification or work-up bias. Verification or work-up bias is associated mainly with test validation studies. In these cases, if the sample used to assess a measurement tool (e.g., diagnostic test) is restricted only to those who have the condition or factor being measured, the sensitivity of the measure can be overestimated. 

Intervention (Exposure) Biases

Intervention or exposure biases generally are associated with research that compares groups. Common intervention biases include: contamination bias, co-intervention bias, timing bias(es), compliance bias, withdrawal bias, and proficiency bias.  

Contamination bias. Contamination bias occurs when members of the 'control' group inadvertently receive the treatment or are exposed to the intervention, thus potentially minimizing the difference in outcomes between the two groups.

Co-intervention bias. Co-intervention bias occurs when some subjects are receiving other (unaccounted for) interventions at the same time as the study treatment.

Timing bias(es). Different issues related to the timing of intervention can cause bias. If an intervention is provided over a long period of time, maturation alone could be the cause for improvement. If treatment is very short in duration, there may not have been sufficient time for a noticeable effect in the outcomes of interest. 

Compliance bias. Compliance bias occurs when differences in subject adherence to the planned treatment regimen or intervention affect the study outcomes.

Withdrawal bias. Withdrawal bias occurs when subjects who leave the study (drop-outs) differ significantly from those that remain. Also known as an attrition threat to validity.

Proficiency bias. Proficiency bias occurs when the interventions or treatments are not applied equally to subjects. This may be due to skill or training differences among personnel and/or differences in resources or procedures used at different sites.

Specific Criteria – Evidence-Based Questions by Study Type

In addition to the general issue of study biases, the evidence-based literature has developed appraisal criteria specific to each major type of research, i.e., therapy, diagnosis, prognosis, and etiology/harm.

These study-specific criteria usually appear in question form and are synthesized below from multiple EB sources, including: 

Heneghan, C. & Badenoch, D. (2006). Evidence-Based Medicine Toolkit. 2nd ed. Malden, MA: Blackwell Publishing.

Sackett D.L., Straus S., Richardson S., Rosenberg W., & Haynes R.B. (2000). Evidence-based medicine: How to practice and teach EBM (2nd ed.). London: Churchill Livingstone. 

Therapy

A. Study Design
1. Was it a controlled trial?

2. Were the subjects randomly assigned?

3. What was the method of randomization?

4. Were steps taken to conceal the treatment assignment from study personnel entering patients into the study?

5. Were patients and study personnel “blind” to treatment?

B. Study Conduct

1. Were all patients who entered the trial properly accounted for at its conclusion?

2. Was follow-up sufficiently long and complete?

3. Were the patients analyzed in the groups to which they were randomized (“intention-to-treat” analysis)?

4. Did the investigators perform a per-protocol analysis?

5. Were the intervention and control groups similar at the start of the trial apart from the intervention?

6. Were the groups treated equally, apart from the intervention?

Biases to be on guard for in therapy studies: 

· Selection (allocation) bias 

· Exposure (performance) bias

· Attrition bias 

· Detection (measurement) bias

For more detail link to (chapter title): Guyatt, G., Cook, D., Devereaux, P.J., et al. (2000). Therapy. In Sackett D.L., Straus S., Richardson S., Rosenberg W., & Haynes R.B. Evidence-based medicine: How to practice and teach EBM (2nd ed.). London: Churchill Livingstone.

Diagnostic and Screening Tests

A. Study Design

1. Was the new test compared to a reference (gold) standard?

2. Was an adequate spectrum of patients included in the analysis (both those with and without disease)?

B. Study Conduct

1. Did all participants receive both the new test and the reference test? 

2. Were the results of the test interpreted without knowledge (blinded) of the reference test result and vice versa?

3. Were the sensitivity, specificity and predictive values of the test established?

4. Was the prevalence of disease in the study calculated?

Biases to be on guard for in diagnostic and screening studies: 

· Selection (spectrum) bias

· Work-up (verification) bias
· Diagnostic-review bias (the test result may affect the use of data to establish diagnosis, which can lead to under and/or over diagnosis)

· Test-review bias (test result interpretation occurs after "gold standard" test result are known)
· Incorporation bias (result of test is incorporated into evidence used to establish diagnosis of disease)
For more detail link to (chapter title): Jaeschke R., Guyatt, G., & Lijmer J. (2000). Diagnostic Tests. In Sackett D.L., Straus S., Richardson S., Rosenberg W., & Haynes R.B. Evidence-based medicine: How to practice and teach EBM (2nd ed.). London: Churchill Livingstone.

Prognosis

A. Study Design

1. What was the study design (RCT, Cohort, Case-Control, Case Series, Case Report)?
2. Was it prospective? or retrospective?
3. Was there a representative and well-defined sample of patients enrolled at a common, similar point (usually early) in the course of the disease?
4. Are you able to identify filter bias from inclusion and exclusion criteria?

B. Study Conduct

1. Was follow-up sufficiently long and complete? 
2. If loss to follow-up was significant, was a sensitivity analysis performed (worst and best case scenario)?
3. Were objective, unbiased criteria applied in a blind fashion?

4. If subgroups with different prognoses were identified, was there adjustment for important prognostic factors?

5. Was there mention of a validation of prognostic factors in an independent group (test-set) of patients?

Biases to be on guard for in prognosis studies: 

· Selection (sampling) bias

· Attrition (survival) bias

· Detection (measurement) bias

· Interpretation bias

For more detail link to (chapter title): Randolph, A., Bucher, H., Richardson, W.S., et al. (2000). Prognosis. In Sackett D.L., Straus S., Richardson S., Rosenberg W., & Haynes R.B. Evidence-based medicine: How to practice and teach EBM (2nd ed.). London: Churchill Livingstone.

Etiology/Harm
A. The Study Sample

1. Were the groups of patients studied clearly defined? (Hint: Inclusion/Exclusion Criteria) 

2. Were groups of patients similar in all-important ways other than exposure to the treatment or causal factor?
B. The Study Design
1. What was the study design (RCT, Cohort, Case-Control, Case Series, Case Report)? 

2. Was it prospective? or retrospective?

3. Was there a control group?

C. The Exposure and Outcome
1. How was the exposure ascertained?

2. How was the outcome ascertained?

3. Was the assessment of outcomes either objective or blinded to the exposure?
D. The Follow-up

1. Based on your background knowledge of the disease and outcome, was follow-up sufficiently long for the outcome to occur?

2. Was follow-up complete?

3. If not complete, what percentage of patients in each group was lost to follow-up? How does this affect the study results validity?

E. Inferring Causation
1. Is it clear that the exposure preceded the onset of the outcome?

2. Is there a dose-response gradient?

3. Is there any positive evidence from a challenge-dechallenge-rechallenge (CDR) study?

4. Is the association consistent from study to study?

5. Does the association make biological sense?

Biases to be on guard for in etiology/harm studies: 

· Selection bias (especially "controls")

· Detection (surveillance) bias

· Recall bias

· Interpretation bias

For more detail link to (chapter title): Levine, M., Haslam, D., Walter, S., et al. (2000). Harm. In Sackett D.L., Straus S., Richardson S., Rosenberg W., & Haynes RB. Evidence-based medicine: How to practice and teach EBM (2nd ed.). London: Churchill Livingstone.
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