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Carl Heneghan, Research Fellow, Centre for Evidence-based Medicine and Specialist Registrar, Department of Primary Care, University of Oxford, UK Douglas Badenoch, Minervation Ltd, Oxford, UK "This is a collection of tools for identifying, assessing and applying relevant evidence for better health care decision-making. The appraisal tools are
adapted from the Users' Guides series prepared by the Evidence Based Medicine Working Group and originally published in JAMA" Note: See the AFP Journal Club Toolkit and MDCalc’s glossary of EBM terms for additional information on EBM terms and types of studies. Select a Glossary: Statistical Terms and Concepts Used in Evidence-Based
Medicine Search terms alphabetically: B C D E H I L N O P R S V Bias—Intentional and Unintentional Unintentional bias is the result of using a weaker study design (e.g., a case series or observational study), not designing a study well (e.g., using too low a dose of the comparator drug), or not executing the study well (e.g.,
making it possible for participants or researchers to determine to which group they are assigned). Intentional bias also exists. Examples of study techniques that are designed to make a favorable result for the study drug more likely include a run-in phase using the active drug to identify compliant patients who tolerate the drug; per protocol rather
than intention-to-treat analysis; and intentionally choosing too low a dose of the comparator drug or choosing an ineffective comparator drug. Blinding (also known as Masking) and Allocation Concealment Allocation concealment recently has been recognized as an important element of randomized controlled trial design. Allocation is concealed when
neither the participants nor the researchers know or can predict to which group in a study (control or treatment) the patient is assigned. Allocation concealment takes place before the study begins, as patients are being assigned. Blinding or masking—concealing the study group assignment from those participating in the study—occurs after the study
begins. Blinding should involve the patient, the physicians caring for the patient, and the researcher. It is particularly important that the persons assessing outcomes also are blinded to the patient’s study group assignment. Clinical Decision Rules Individual findings from the history and physical examination often are not helpful in making a diagnosis.
Usually, the physician has to consider the results of several findings as the probability of disease is revised. Clinical decision rules help make this process more objective, accurate, and consistent by identifying the best predictors of disease and combining them in a simple way to rule in or rule out a given condition. Examples include the Strep Score,
the Ottawa Ankle Rules, scores for ruling out pulmonary embolism, and a variety of clinical rules to evaluate perioperative risk. Also see this Point-of Care-Guide clinical decision rule table. Clinical vs. Statistical Significance In a large study, a small difference may be statistically significant but not necessarily clinically significant. For example, does a
1- or 2-point difference on a 100-point dementia scale matter to your patients? It is important to ask whether statistically significant differences also are clinically significant. Conversely, if a study finds no difference, it is important to ask whether it was large enough to detect a clinically important difference and if a difference actually existed. A study
with too few patients is said to lack the power to detect a difference. Confidence Intervals and P Values The P value tells us how likely it is that the difference between groups occurred by chance rather than because of an effect of treatment. For example, if the absolute risk reduction was 4% with P = .04, if the study were done 100 times, a risk
reduction this large would occur four times by chance alone. The confidence interval gives a range and is more clinically useful. A 95% confidence interval indicates that if the study were repeated 100 times, the study results would fall within this interval 95 times. For example, if a study found that a test was 80% specific with a 95% confidence
interval of 74% to 85%, the specificity would fall between 74% and 85% 95 times if the study were repeated 100 times. In general, larger studies provide more precise estimates. Disease-Oriented Evidence (or Outcomes) Disease-oriented evidence refers to the outcomes of studies that measure physiologic or surrogate markers of health. This would
include things such as blood pressure, serum creatinine, glycohemoglobin, sensitivity and specificity, or peak flow. Improvements in these outcomes do not always lead to improvements in patient-oriented outcomes such as symptoms, morbidity, quality of life, or mortality. External and Internal Validity External validity is the extent to which results of
a study can be generalized to other persons in other settings, with various conditions, especially "real world" circumstances. Internal validity is the extent to which a study measures what it is supposed to measure, and to which the results of a study can be attributed to the intervention of interest, rather than a flaw in the research design. In other
words, the degree to which one can draw valid conclusions about the causal effects of one variable or another. Healthy Volunteer Bias People who volunteer for a clinical trial are generally healthier and have more favorable outcomes than those who do not. For example, when comparing English women who volunteered for a mammography trial with
those who did not, the volunteers had half the overall mortality of those who stayed home. This is especially important in observational (nonrandomized) studies, and may lead to better outcomes than expected in those who volunteer to participate or choose to take a medicine or choose to exercise. Intention-to-Treat Analysis Were the participants
analyzed in the groups to which they were assigned originally? This addresses what happens to participants in a study. Some participants might drop out because of adverse effects, have a change of therapy or receive additional therapy, move out of town, leave the study for a variety of reasons, or die. To minimize the possibility of bias in favor of
either treatment, researchers should analyze participants based on their original treatment assignment regardless of what happens afterward. The intention-to-treat approach is conservative; if there is still a difference, the result is stronger and more likely to be because of the treatment. Per protocol analysis, which only analyzes the results for
participants who complete the study, is more likely to be biased in favor of the active treatment. Lead Time Bias When one screens for cancer, one will always detect cancers earlier. However, screening is only beneficial if the overall length of life increases, not just the time from diagnosis. Lead time is the time between detection of disease due to
screening and when it would ordinarily be detected due to signs or symptoms. Lead time bias represents the apparent benefit that screening might seem to provide, but which actually just represents a longer duration of known disease, but no increase in actual lifespan. For a graphic representation of lead time bias, see figure 2 in Screening for
Cancer: Concepts and Controversies. Length Time Bias In a study of cancer screening, a screening test is more likely to identify slower growing tumors than fast growing tumors, which may appear between screening intervals. In an observational study comparing screened with unscreened patients, this will make the outcomes appear better in the
screening group, because the cancers detected have a more favorable prognosis. For a graphic representation of length time bias, see figure 3 in Screening for Cancer: Concepts and Controversies. Likelihood Ratios Likelihood ratios (LRs) correspond to the clinical impression of how well a test rules in or rules out a given disease. A test with a single
cutoff for abnormal will have two LRs, one for a positive test (LR+) and one for a negative test (LR-). Tests with multiple cutoffs (i.e., very low, low, normal, high, very high) can have a different LR for each range of results. A test with an LR of 1.0 indicates that it does not change the probability of disease. The higher above 1 the LR is, the better it
rules in disease (an LR greater than 10 is considered good). Conversely, the lower the LR is below 1, the better the test result rules out disease (an LR less than 0.1 is considered good). Note: for additional information about likelihood ratios, see this comprehensive handout. Low Value Care The Choosing Wisely campaign has highlighted what it
describes as low value care. That is, care which costs money and may even be harmful, but has not been shown to improve health outcomes in a clinically meaningful way compared with less costly or less potentially harmful alternatives. For example, screening EKGs in patients at low risk of coronary artery disease does not improve outcomes or
cardiovascular risk prediction over traditional risk factors. Network Meta-Analysis A network meta-analysis (also known as a multiple-treatments meta-analysis) allows you to compare treatments directly (for example, head-to-head trials) and indirectly (for example, against a first-line treatment). This increases the number of comparisons available
and may allow the development of decision tools for effective treatment prioritization. Non-inferiority trial In the past, most randomized trials were designed to prove that one intervention was more effective than another. Non-inferiority trials are designed to prove that a (usually new) intervention is not significantly worse than another. It is important
to carefully examine the assumptions about what is significantly worse and what is not. Number Needed to Treat/Number Needed to Harm The absolute risk reduction (ARR) can be used to calculate the number needed to treat, which is ... number of patients who need to be treated to prevent one additional bad outcome. For example, if the annual
mortality is 20% in the control group and 10% in the treatment group, then the ARR is 10% (20 - 10), and the number needed to treat is 100% + ARR (100 + 10) = 10 per year. That is, for every 10 patients who are treated for one year, one additional death is prevented. The same calculation can be made for harmful events. The number of patients
who need to receive an intervention instead of the alternative for one additional patient to experience an adverse event. The NNH is calculated as: 1/ARI, where ARI is absolute risk increase (see NNT). For example, if a drug causes serious bleeding in 2% of patients in the treatment group over one year compared with 1% in the control group, the
number needed to treat to harm is 100% + (2% - 1%) = 100 per one year. The absolute increase (ARI) is 1%. Observational vs. Experimental Studies In an observational study of a drug or other treatment, the patient chooses whether or not to take the drug or to have the surgery being studied. This may introduce unintentional bias. For example,
patients who choose to take hormone therapy probably are different from those who do not. Experimental studies, most commonly randomized controlled trials (RCTs), avoid this bias by randomly assigning patients to groups. The only difference between groups in a well-designed RCT is the treatment intervention, so it is more likely that differences
between groups are caused by the treatment. When good observational studies disagree with good RCTs, the RCT should be trusted. Odds Ratios and Relative Risk Observational studies usually report their results as odds ratios or relative risks. Both are measures of the size of an association between an exposure (e.g., smoking, use of a medication)
and a disease or death. A relative risk of 1.0 indicates that the exposure does not change the risk of disease. A relative risk of 1.75 indicates that patients with the exposure are 1.75 times more likely to develop the disease or have a 75% higher risk of disease. Odds ratios are a way to estimate relative risks in case-control studies, when the relative
risks cannot be calculated specifically. Although it is accurate when the disease is rare, the approximation is not as good when the disease is common. Overdiagnosis Overdiagnosis occurs when a screening test detects a condition that is typically treated, but that in this case never would have become clinically apparent or caused symptoms. For
example, screening with PSA often detects prostate cancers that are treated, but that never would have progressed to cause symptoms prior to death from another cause. For a graphic representation of overdiagnosis bias, see figure 4 in Screening for Cancer: Concepts and Controversies. Overtreatment Overtreatment refers to treating when it is not
indicated, or treating more aggressively than is warranted. For example, targeting a blood pressure of 120/80 in an average risk person or using antibiotics for acute bronchitis. Patient-Oriented Evidence Patient-oriented evidence (POE) refers to outcomes of studies that measure things a patient would care about, such as improvement in symptoms,
morbidity, quality of life, cost, length of stay, or mortality. Essentially, POE indicates whether use of the treatment or test in question helped a patient live a longer or better life. Any POE that would change practice is a POEM (patient-oriented evidence that matters). Permuted Block Randomization Simple randomization does not guarantee balance in
numbers during a trial. If patient characteristics change with time, early imbalances cannot be corrected. Permuted block randomization ensures balance over time. The basic idea is to randomize each block such that m patients are allocated to A and m to B. Positive and Negative Predictive Value Predictive values help interpret the results of tests in
the clinical setting. The positive predictive value (PV+) is the percentage of patients with a positive or abnormal test who have the disease in question. The negative predictive value (PV-) is the percentage of patients with a negative or normal test who do not have the disease in question. Although the sensitivity and specificity of a test do not change
as the overall likelihood of disease changes in a population, the predictive value does change. For example, the PV+ increases as the overall probability of disease increases, so a test that has a PV+ of 30% when disease is rare may have a PV+ of 90% when it is common. Similarly, the PV changes with a physician’s clinical suspicion that a disease is or
is not present in a given patient. Pretest and Post-test Probability Whenever an illness is suspected, physicians should begin with an estimate of how likely it is that the patient has the disease. This estimate is the pretest probability. After the patient has been interviewed and examined, the results of the clinical examination are used to revise this
probability upward or downward to determine the post-test probability. Although usually implicit, this process can be made more explicit using results from epidemiologic studies, knowledge of the accuracy of tests, and Bayes’ theorem. The post-test probability from the clinical examination then becomes the starting point when ordering diagnostic
tests or imaging studies and becomes a new pretest probability. After the results are reviewed, the probability of disease is revised again to determine the final post-test probability of disease. Receiver Operating Characteristic Curves A receiver operating characteristic (ROC) curve plots the true positive rate (percent of patients with disease who
have a positive test) against the false positive rate (percent without disease who have a positive test) as one varies the cutoff for what defines a positive test. The area under this curve is 1.0 for a perfectly accurate test, and 0.5 for a useless test, with higher values representing more accurate tests. The area under the ROC curve also corresponds to
the likelihood that the test will correctly classify two randomly selected people correctly, one with and one without disease. The ROC curve below is for vaginal ultrasound as a test for uterine cancer, using different cutoffs for endometrial wall thickness as abnormal. Note: the “mm” values in this graph represent endometrial wall thickness, as
observed on ultrasound. Relative and Absolute Risk Reduction Studies often use relative risk reduction to describe results. For example, if mortality is 20% in the control group and 10% in the treatment group, there is a 50% relative risk reduction ([20 - 10] + 20) x 100%. However, if mortality is 2% in the control group and 1% in the treatment group,
this also indicates a 50% relative risk reduction, although it is a different clinical scenario. Absolute risk reduction subtracts the event rates in the control and treatment groups. In the first example, the absolute risk reduction is 10%, and in the second example it is 1%. Reporting absolute risk reduction is a less dramatic but more clinically meaningful
way to convey results. Run-in Period A run-in period is a brief period at the beginning of a trial before the intervention is applied. In some cases, run-in periods are appropriate (for example, to wean patients from a previously prescribed medication). However, run-in periods to assess compliance and ensure treatment responsiveness create a bias in
favor of the treatment and reduce generalizability. Sample Size The number of patients in a study, called the sample size, determines how precisely a research question can be answered. There are two potential problems related to sample size. A large study can give a precise estimate of effect and find small differences between groups that are
statistically significant, but that may not be clinically meaningful. On the other hand, a small study might not find a difference between groups (even though such a difference may actually exist and may be clinically meaningful) because it lacks statistical power. The “power” of a study takes various factors into consideration, such as sample size, to
estimate the likelihood that the study will detect true differences between two groups. Sensitivity and Specificity Sensitivity is the percentage of patients with a disease who have a positive test for the disease in question. Specificity is the percentage of patients without the disease who have a negative test. Because it is unknown if the patient has the
disease when the tests are ordered, sensitivity and specificity are of limited value. They are most valuable when very high (greater than 95%). A highly Sensitive test that is Negative tends to rule Out the disease (SnNOut), and a highly Specific test that is Positive tends to rule In the disease (SpPIn). Standardized Mean Difference Also known as
Cohen’s d, the standardized mean difference (SMD) is used to combine the results from studies using scales that have different lengths or sizes but are attempting to measure the same underlying parameter. For example, the 30-point Mini-Mental State Examination score and the 72-point Alzheimer’s Disease Assessment Scale-cog score are both
measures of the severity of cognitive impairment. The SMD is calculated as the difference in the mean outcome between groups divided by the standard deviation. In general, an SMD less than 0.2 is not clinically significant, an SMD of 0.2 represents a small clinical effect, an SMD of 0.5 is a moderate effect, and an SMD of 0.8 or greater is a large
effect. Systematic Reviews and Meta-Analyses Often, there are many studies of varying quality and size that address a clinical question. Systematic reviews can help evaluate the studies by posing a focused clinical question, identifying every relevant study in the literature, evaluating the quality of these studies by using predetermined criteria, and
answering the question based on the best available evidence. Meta-analyses combine data from different studies; this should be done only if the studies were of good quality and were reasonably homogeneous (i.e., most had generally similar characteristics). Visual Analog Scale A visual analog scale asks participants to rate pain or some other
subjective outcome on a scale, typically ranging from 0 to 100 points, where 0 is no pain and 100 is the worst possible pain imaginable. A difference of at least 10 points is the smallest change that is clinically noticeable or significant. Smaller differences may be statistically significant but are unlikely to be noticeable by patients. Evidence-Based
Medicine Study Types Type of Study: Treatment Studies of treatments, whether the treatment is a drug, device, or other intervention, must be randomized controlled trials. Because most new, relevant medical information involves advances in treatment, these studies must sustain rigorous review. Validity questions Was it a controlled trial and were
the patients randomly assigned? Studies not meeting both criteria are not reviewed. Are the patients in the study so dissimilar to typical primary care patients that the results will not apply? Studies performed on patients enrolled in settings markedly different from primary care will not be reviewed. Were steps taken to conceal the treatment
assignment from personnel entering patients into the study? “Concealed allocation” through the use of opaque envelopes, centralized randomization, or other methods prevents selective enrollment of patients into a study. It is not the same as masking (blinding), which occurs after the study begins. The primary concern is about who will be enrolling
patients. While the investigators are enrolling patients before the trial starts, they should make sure patients do not know to which group they will be allocated. This knowledge might introduce bias and affect how patients are enrolled. Concealed allocation generally will be noted in POEMs reviews but not in Evidence-Based Practice. If the allocation
concealment is unclear, the study will be included unless there is a good chance that unconcealed allocation could produce a systematic bias (e.g., when popular opinion favors one treatment over another or when a skewed distribution of disease severity may affect the study outcome). Were all patients who entered the trial properly accounted for at
its conclusion? Follow-up of patients entering the trial will be assessed. Studies with incomplete follow-up or large dropout rates (more than 20 percent) will not be reviewed. Type of Study: Diagnosis Studies of diagnostic tests, whether in a laboratory or as part of the physical examination, must demonstrate that the test is accurate at identifying the
disease when it is present, that the test does not identify the disease when it is not present, and that it works well over a wide spectrum of patients with and without the disease. Validity questions What is the disease being addressed? Studies evaluating a diagnostic test that identify an abnormality but not a disease generally are not reviewed. Is the
test compared with an acceptable “gold standard”? The characteristics of the new test should be compared with the best available method for identifying the disease. Were both tests applied in a uniformly blind manner? This question determines that every patient received both tests, and that one test was not performed with knowledge of the results
of the other test, which could introduce bias. Is the new test reasonable? Studies that evaluate diagnostic tests that cannot be implemented readily by primary care physicians will not be reviewed. What is the prevalence of disease in the study population? The prevalence of disease in the study population will be reported so that readers can compare
it with their own practice. What are the test characteristics? The sensitivity, specificity, predictive values, and likelihood ratios will be reported. These values will be calculated from data in the study if they are not reported by the authors. Type of Study: Systematic Reviews Only systematic reviews (overviews), including meta-analyses, will be
considered. Validity questions Were the methods used to locate relevant studies comprehensive and clearly stated? Reviews not stating the method of locating studies will not be reviewed. Were explicit methods used to select studies to include in the overview? Reviews not stating methods of including or excluding studies will not be reviewed. Was
the validity of the original studies included in the overview appropriately assessed? Reviews not stating the method used to assess the validity of the original studies will not be reviewed. Reviews can include or exclude studies based on quality scores. Reviews including all studies irrespective of their quality scores should present the validity
evaluation; reviews eliminating studies based on low quality should describe explicitly how these studies were eliminated. Was the assessment of the relevance and validity of the original studies reproducible and free from bias? Published methods of assessing relevance or validity of others can be referenced or new criteria can be described.
Generally, validity assessment should be performed independently by at least two investigators. Was variation between the results of the relevant studies analyzed? Heterogeneity in study results should be evaluated and, if present, explained. Were the results combined appropriately? When results from different studies are combined, only similar
outcomes should be combined. Reviews that attempt to convert study results from one scale to another generally will not be considered. Type of Study: Prognosis The main threats to studies of prognosis are initial patient identification and loss of follow-up. Only prognosis studies that identify patients before they have the outcome of importance and
follow up with at least 80 percent of patients are included. Validity questions Was an “inception cohort” assembled? Did the investigators identify a specific group and follow it forward in time? Studies that do not meet these criteria or assemble an “inception cohort” or follow a specific group forward are not reviewed. Were the criteria for entry into
the study objective and reasonable? Entry criteria must be reproducible and not too restrictive or too broad. Was group follow-up adequate (at least 80 percent)? Were the patients similar to those in primary care in terms of age, sex, race, severity of disease, and other factors that might influence the course of the disease? Where did the patients
come from—was the referral pattern specified? The source of patients will be noted in the review. Were outcomes assessed objectively and blindly? Decision Analysis Decision analysis involves choosing an action after formally and logically weighing the risks and benefits of the alternatives. Although all clinical decisions are made under conditions of
uncertainty, this uncertainty decreases when the medical literature includes directly relevant, valid evidence. When the published evidence is scant, or less valid, uncertainty increases. Decision analysis allows physicians to compare the expected consequences of pursuing different strategies under conditions of uncertainty. In a sense, decision
analysis is an attempt to construct POEMs artificially out of disease-oriented evidence. Validity questions Were all important strategies and outcomes included? Analyses evaluating only some outcomes or strategies will not be reviewed. Was an explicit and sensible process used to identify, select, and combine the evidence into probabilities? Is the
evidence strong enough? Were the utilities obtained in an explicit and sensible way from credible sources? Specifically, were utilities obtained from small samples or from groups not afflicted with the disease or outcome. Was the potential impact of any uncertainty in the evidence determined? It must be noted whether a sensitivity analysis was
performed to determine how robust the analysis is under different conditions. How strong is the evidence used in the analysis? Could the uncertainty in the evidence change the result? It will be noted if any given variable unduly influences the analysis. Qualitative Research Qualitative research uses nonquantitative methods to answer questions.
While this type of research is able to investigate questions that quantitative research cannot, it is at risk for bias and error on the part of the researcher. Qualitative research findings will be reported if they are highly relevant, although specific conclusions will not be drawn from the results. Validity questions Was the appropriate method used to
answer the question? Interviews or focus groups should be used to study perceptions. Observation is required to evaluate behaviors. Studies not using the appropriate method will not be reviewed. Was appropriate and adequate sampling used to get the best information? Random sampling is not used in qualitative research. Instead, patients are
selected with the idea that they are best suited to provide appropriate information. Assurance that enough patients were studied to provide sufficient information should be found in the description. Was an iterative process of collecting information used? In qualitative research, the researcher learns about the topic as the research progresses. The
study design should consist of data collection and analysis, followed by more data collection and analysis, in an iterative fashion, until no more information is obtained. Was a thorough analysis presented? A good qualitative study presents the findings and provides a thorough analysis of the data. Are the background and training of the investigators
described? Because investigators are being relied on for analysis of the data, their training and biases must be documented. These characteristics can be used to evaluate the conclusions. Hill's Criteria for Causation These are a broadly accepted set of nine criteria to establish causality between an exposure or incidence and an effect or consequence.
In general, the more criteria that are met, the more likely the relationship is causal. Strength of association: larger associations are more likely to be causal Consistency of association: repeated observations of the association across different samples and situations Specificity: the absence of other likely explanations or causes Temporal

relationship: the effect must occur after the cause Biological gradient (dose-response relationship): higher exposure increases likelihood of the effect Plausibility: a physiologic or biologic mechanism exists to explain the relationship (limited by current state of knowledge) Coherence: laboratory and epidemiologic relationships are congruent
Experiment: investigational experiments reproduce effects Analogy: similar factors are known to have similar effects Information from Hill AB. The environment and disease: association or causation? Proc R Soc Med. 1965;58(5):295-300. Brief Definitions of Statistical Terms and EBM Concepts TERM ABBREVIATION DEFINITION Sensitivity Sn
Percentage of patients with disease who have a positive test for the disease in question Specificity Sp Percentage of patients without disease who have a negative test for the disease in question Predictive value (positive and negative) PV+ PV- Percentage of patients with a positive or negative test for a disease who do or do not have the disease in
question Pretest probability Probability of disease before a test is performed Post-test probability Probability of disease after a test is performed Likelihood ratio LR LR >1 indicates an increased likelihood of disease LR
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