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Types of Data

Quantitative  These are measurements which are numerical

1. Observational
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2. Interventional
Systematic review: 
literature search of studies, evaluation and abstraction


Meta-analysis: 
systematic review + statistical analysis

Qualitative   - descriptive data, usually dealing with socio-behavioral issues. They classify individuals into distinct groups which often have no obvious numerical relationship (e.g. blood pressure, sex)

Qualitative study
Qualitative overview (cf meta-analysis)


Statistical process

Null hypothesis

Study Design. Comparison of disadvantages and advantages of each study type

Observational Studies:

No interventions are made and individuals (usually) cannot be allocated randomly to exposure or non-exposure. There is no control over who is exposed and who is not exposed

1.
Case-Control Studies

Advantages: 

· quick and cheap; 

· only feasible method for very rare disorders or those with long lag between exposure and outcome; 

· fewer subjects needed than cross-sectional studies. 

Disadvantages: 

· reliance on recall or records to determine exposure status; 

· confounders; 

· selection of control groups is difficult; 

· potential bias: recall, selection. 

2.
Cross-Sectional Survey (or prevalence study)

Examines a defined population at a specific point in time. Used for estimating the number of people who have a disease or exposed to an etiological factor at that particular time. Prevalence rate can be calculated from this

Advantages: 

· cheap and simple and quick to do

· ethically safe;. 

· Can determine the prevalence of a disease

Disadvantages: 

· establishes association at most, not causality; 

· recall bias susceptibility; 

· confounders may be unequally distributed; 

· group sizes may be unequal. 

· Limited usefulness if the disorder is rare

3.
Cohort Study (or longitudinal or prospective or follow up study)

Because it measures over a period of time, the incidence of a condition or disease occurring in the defined population can be determined

Advantages: 

· ethically safe; 

· subjects can be matched; 

· can establish timing and directionality of events; 

· eligibility criteria and outcome assessments can be standardised; 

· administratively easier and cheaper than RCT. 

· Can determine the incidence of disease

· Enables relative risk to be calculated

Disadvantages: 

· controls may be difficult to identify; 

· exposure may be linked to a hidden confounder; 

· blinding is difficult; 

· randomisation not present; 

· for rare disease, large sample sizes or long follow-up necessary. 

Randomised Controlled Trial

Advantages: 

· unbiased distribution of confounders; 

· blinding more likely; 

· randomisation facilitates statistical analysis. 

Disadvantages: 

· expensive: time and money; 

· volunteer bias; 

· ethically problematic at times. 

Crossover Design

Advantages: 

· all subjects serve as own controls and error variance is reduced thus reducing sample size needed; 

· all subjects receive treatment (at least some of the time); 

· statistical tests assuming randomisation can be used; 

· blinding can be maintained. 

Disadvantages: 

· all subjects receive placebo or alternative treatment at some point; 

· washout period lengthy or unknown; 

· cannot be used for treatments with permanent effects.

Critical reviewing

Checklist for Reviewing papers

1. Determine what a paper is about

· Why was the study done (what clinical question did it examine)?

· Is there a clear description of the problem

· Is the study useful and relevant to General Practice

· If the study is conducted in a hospital environment, can the results be interpreted in a general practice situation 

· Was the study design appropriate to the broad field of research examined (therapy, diagnosis, screening, prognosis, causation)?

· What type of study was done?

· Primary research (experiment, randomised controlled trial, other controlled clinical trial, cohort study, case-control study, cross sectional survey, longitudinal survey, case report, or case series)?

· Secondary research (simple overview, systematic review, meta-analysis, decision analysis, guideline development, economic analysis)?

· Was the study ethical?

· Are there are any ethical objections to the design or reporting of the study

· Is there a review of the literature

· Is the writing style easily understood 

· Is the paper was well laid out and easy to follow

2. Methods section of a paper

· The design of the study is consistent with the aims

· Observational studies - qualitative, by interviewing

· Observational studies - quantitative, obtain baseline values

· Retrospective studies - information from past events

· Prospective studies - following events as they happen

· Experimental Studies – e.g. randomized control trial

· Was the study original?

· Whom is the study about?

· The sample  of the study is representative of the population as a whole

· How were subjects recruited?

· Are controls needed in the study

· If a cohort, case-control, or other non-randomised comparative study were the controls appropriate?

· Who was included in and who was excluded from the study?

· The methods of selecting cases and controls is defined well

· Were the subjects studied in “real life” circumstances? 

· Was the design of the study sensible?

· What intervention or other manoeuvre was being considered?

· Details of the study such as numbers, time intervals, statistical test used are clear and appropriate

· The questionnaire and proformas are appropriate and relevant to the study

· What outcome(s) were measured and how?

· Was the study adequately controlled?

· If a “randomised trial” was randomisation truly random?

· Were the groups comparable in all important aspects except for the variable being studied?

· Was assessment of outcome (or, in a case-control study, allocation of caseness) “blind”?

· Are there sources of bias in the setting of the subjects

· Have confounding influences and multiple influences been removed

· Was the study large enough and continued for long enough, and was follow up complete enough, to make the results credible?

3. Statistical aspects of a paper

· Have the authors set the scene correctly?

· Have they determined whether their groups are comparable and, if necessary, adjusted for baseline differences?

· What sort of data have they got and have they used appropriate statistical tests?

· If the statistical tests in the paper are obscure why have the authors chosen to use them?

· Have the data been analysed according to the original study protocol?

· Paired data, tails, and outliers:

· Have the appropriate tests been used e.g. t-test for distributions, chi square tests for dichotomous values

· Were paired tests performed on paired data?

· Was a two tailed test performed whenever the effect of an intervention could conceivably be a negative one?

· Were outliers analysed with both common sense and appropriate statistical adjustments?

· Correlation, regression and causation:

· Has correlation been distinguished from regression and has the correlation coefficient (r value) been calculated and interpreted correctly?

· Have assumptions been made about the nature and direction of causality?

· Probability and confidence and degree of significance been interpreted correctly:

· Have P values been calculated and interpreted appropriately?

· Have confidence intervals been calculated and do the authors’ conclusions reflect them?

· Have the authors expressed their results in terms of the likely harm or benefit that an individual patient can expect, eg:

· Relative risk reduction

· Absolute risk reduction

· Number needed to treat

· Odds ratio.

4. Result aspects of a paper

· Missing data such as drop outs, non-responders are accounted for

· Details of the results such as the numbers , statistics, are accurate and clear

· If statistics are appropriate to the study, then they were well used

· The sample size is of a significant amount

· Are the results clearly presented

· Have they used bar charts, tables appropriately used

5. Discussion aspects of a paper

· The study is discussed critically

· The results are discussed with reference to other important literature

· The discussion and conclusions do not speculate too far beyond what has been shown in the study.

Checklist for a qualitative research paper

· Did the article describe an important clinical problem examined via a clearly formulated question?

· Was the qualitative approach appropriate?

· How were the setting and the subjects selected?

· What was the researcher’s perspective and has this been taken into account?

· What methods did the researcher use for collecting data—and are these described in enough detail?

· What methods did the researcher use to analyse the data—and what quality control measures were implemented?

· Are the results credible and if so are they clinically important?

· What conclusions were drawn and are they justified by the results?

· Are the findings of the study transferable to other clinical settings?

Checklist for material provided by a pharmaceutical company representative

· Does this material cover a subject that interests me and is clinically important in my practice?

· Has this material been published in independent peer reviewed journals? Has any significant evidence been omitted from this presentation or withheld from publication?

· Does the material include high level evidence such as systematic reviews, meta-analyses, or double blind randomised controlled trials against the drug’s closest competitor given at optimal dosage?

· Have the trials or reviews examined a clearly focused, important and answerable clinical question that reflects a problem of relevance to patients? Do they provide evidence on safety, tolerability, efficacy, and price?

· Has each trial or meta-analysis defined the condition to be treated, the patients to be included, the interventions to be compared, and the outcomes to be examined?

· Does the material provide direct evidence that the drug will help my patients live a longer, healthier, more productive, and symptom free life?

· If a surrogate outcome measure has been used, what is the evidence that it is reliable, reproducible, sensitive, specific, a true predictor of disease, and rapidly reflects the response to therapy?

· Do trial results indicate whether (and how) the effectiveness of the treatments differed and whether there was a difference in the type of incidence of adverse reactions? Are the results expressed in terms of numbers needed to treat, and are they clinically as well as statistically significant?

· If large amounts of material have been provided by the representative, which three papers provide the strongest evidence for the company’s claims?

Checklist for a paper that claims to validate a diagnostic or screening test

· Is this test potentially relevant to my practice?

· Has the test been compared with a true gold standard?

· Did this validation study include an appropriate spectrum of subjects?

· Has work up bias been avoided?

· Has observer bias been avoided?

· Was the test shown to be reproducible both within and between observers?

· What are the features of the test as derived from this validation study?

· Were confidence intervals given for sensitivity, specificity, and other features of the test?

· Has a sensible “normal range” been derived from these results?

· Has this test been placed in the context of other potential tests in the diagnostic sequence for the condition?

Checklist for a set of clinical guidelines

· Did the preparation and publication of these guidelines involve a significant conflict of interest?

· Are the guidelines concerned with an appropriate topic, and do they state clearly the goal of ideal treatment in terms of health and/or cost outcome?

· Was the guideline development panel headed by a leading expert in the field (ideally it should not be) and was a specialist in the methodology of secondary research (for example, meta​-analyst, health economist) involved?

· Have all the relevant data been scrutinised and do the guidelines’ conclusions seem to be in keeping with the data?

· Do they cover variations in medical practice and other controversial areas (for example, optimum care in response to genuine or perceived underfunding)?

· Are the guidelines valid and reliable?

· Are they clinically relevant, comprehensive, and flexible?

· Do they take into account what is acceptable to, affordable by, and practically possible for patients?

· Do they include recommendations for their own dissemination, implementation, and periodic review?

Checklist for a systematic review or meta-analysis

· Did the review examine an important clinical question?

· Was a thorough search done of the appropriate database(s) and were other potentially important sources explored?

· Was methodological quality assessed and the trials weighted accordingly?

· How sensitive are the results to the way the review has been done?

· Have the numerical results been interpreted with common sense and due regard to the broader aspects of the problem?

Checklist for an economic analysis

· Is the analysis based on a study that answers a clearly defined clinical question about an economically important issue?

· Whose viewpoint are costs and benefits considered from?

· Have the interventions being compared been shown to be clinically effective?

· Are the interventions sensible and workable in the settings where they are likely to be applied?

· Which method of economic analysis was used and was this appropriate?

· If the interventions produced identical outcomes ( cost​ minimisation analysis
· If the important outcome is unidimensional ( cost-effectiveness analysis
· If the important outcome is multidimensional  ( cost-utility analysis
· If the cost-benefit equation for this condition needs to be compared with cost-benefit equations for different conditions  ( cost-benefit analysis

· If a cost-benefit analysis would otherwise be appropriate but the preference values given to different health states are disputed or likely to change  ( cost-consequences analysis.

· How were costs and benefits measured?

· Were incremental rather than absolute benefits compared?

· Was health status in the “here and now” given precedence over health status in the distant future?

· Was sensitivity analysis performed?

· Were “bottom line” aggregate scores overused?

Checklist for health care organisations working towards an evidence based culture for clinical and purchasing decisions

· Leadership—How often has information on effectiveness or evidence based medicine been discussed at board meetings in the past 12 months? Has the board taken time out to learn about developments in clinical and cost effectiveness?

· Investment—What resources are the organisation investing in finding and using clinical effectiveness information? Is there a planned approach to promoting evidence based medicine that is properly resourced and staffed?

· Using available resources—What action has been taken by the organisation in response to EL(93) 115 (Improving Clinical Effectiveness) and EL(94)74 (Improving the Effectiveness of the NHS)? What has changed in the organisation as a result?

· Implementation—Who is responsible for receiving, acting on, and monitoring the implementation of Effective Health Care bulletins? What action has been taken on each of the bulletins issued to date?

· Clinical guidelines—Who is responsible for receiving, acting on, and monitoring clinical practice guidelines? Do those arrangements ensure that both managers and clinicians play their part in guideline development and implementation?

· Training—Has any training been provided to staff within the organisation (both clinical and non-clinical) on appraising and using evidence of effectiveness to influence clinical practice?

· Contracts—How often does clinical and cost-effectiveness information form an important part of contract negotiation and agreement? How many contracts contain terms that set out how effectiveness information is to be used?

· Incentives—What incentives—both individual and organisational—exist to encourage the practice of evidence based medicine? What disincentives exist to discourage inappropriate practice and unjustified variations in clinical decision making?

· Information systems—Is the potential of existing information systems to monitor clinical effectiveness being used to the full? Is there a business case for new information systems to deal with the task, and is this issue being considered when purchasing decisions about information technology are made?

· Clinical audit—Is there an effective clinical audit programme throughout the organisation, capable of examining issues of clinical effectiveness and bringing about appropriate changes in practice?

Checklist for searching Medline or the Cochrane library

· To look for an article you know exists, search by textwords (in title, abstract, or both) or use field suffixes for author, title, institution, journal, and publication year.

· For a maximally sensitive search on a subject, search under both MeSH headings (exploded) and textwords (title and abstract), then combine the two by using the Boolean operator “or”

· For a focused (specific) search on a clear cut topic, perform two or more sensitive searches as in (2), and combine them by using the Boolean operator “and”.

· To find articles that are likely to be of high methodological quality, insert an evidence based quality filter for therapeutic interventions, aetiology, diagnostic procedures, or epidemiology  and/or use maximally sensitive search strategies for randomised trials, systematic reviews, and meta-analyses.

· Refine your search as you go along—for example, to exclude irrelevant material, use the Boolean operator “not”.

· Use subheadings only when this is the only practicable way of limiting your search as manual indexers are fallible and misclassifications are common.

· When limiting a large set, browse through the last 50 or so abstracts yourself rather than expecting the software to pick the best half dozen.

Dictionary of EBM/Critical reading/Statistical terms

Absolute risk (see chapter 3 on background reading for worked examples)
This is the probability that an individual will experience the specified outcome during the specified period. It is equivalent to the background incidence of the disease.  It can be expressed as a ratio of  the population or as a percentage.  It lies in the range 0 to 1 or 0% to 100%. In contrast to common usage, the word “risk” may refer to adverse events (such as myocardial infarction) or desirable outcomes (such as cure)

Create a 2x2 box table. The following calculations can be made:

	Disease or outcome

	Present
	Absent

	Exposure
	Positive

	A
	B
	A+B

	
	Negative
	C
	D
	C+D


EER: The Exposed group is A+B

CER: The Non-exposed group is C+D

The Absolute Risk will be the Non-Exposed Incidence rate and is C/(C+D)

Absolute risk reduction (ARR) (see chapter 3 on background reading for worked examples)
This is the absolute difference in risk between the experimental and control groups in a trial.  It does not give any idea of the proportional reduction between the two groups, for this, one needs to look at the relative risk reduction. It is the difference in the event rate between control group (CER) and treated group (EER): 

Calculated by: ARR = CER – EER

Create a 2x2 box table. The following calculations can be made:

	Disease or outcome

	Present
	Absent

	Exposure
	Positive

	A
	B
	A+B

	
	Negative
	C
	D
	C+D


EER: The Exposed group is A+B

CER: The Non-exposed group is C+D

The Exposed Incidence rate is A/(A+B)

The Non-exposed incidence rate is C/(C+D)

The Absolute Risk Reduction is the Non-exposed group minus the Exposed group

i.e. ARR = C/(C+D) minus A/(A+B)

	ARR =
	C/(C+D)  -  A/(A+B)


The ARR% is obtained by converting the proportion in each case to a percentage. 

The Absolute Risk Reduction expressed as a percentage can be used to calculate the Number Needed to Treat NNT
Accuracy

A measure of how close a value is to a true value (compare with precision)

Alpha error

The probability that an apparent experimental effect is due to random error (see type I error)

Alternative hypothesis see under significant tests
Association

A graphical representation is an effective method whereby a difference can be seen between two variables. A good method is by the use of a scatterplot

Attributable risk (see chapter 3 on background reading for worked examples)
The Attributable risk is the excess risk (or outcome) that can be attributed to a given exposure and therefore removes the background risk in the general population.

A measure of the importance of a certain factor in causing a disease, indicating the amount by which the disease burden might be reduced if the causative factor could be eliminated. It is derived from the difference between the incidence rate of the disease among exposed individuals and the incidence rate among unexposed individuals, and is expressed as a percentage. 

Create a 2x2 box table. The following calculations can be made:

	Disease or outcome

	Present
	Absent

	Exposure
	Positive

	A
	B
	A+B

	
	Negative
	C
	D
	C+D


The Exposed group is A+B

The Non-exposed group is C+D

EER: The Exposed Incidence rate is A/(A+B)

CER: The Non-exposed  incidence rate is C/(C+D)

The attributable risk is the Exposed group minus the Non-exposed group.

i.e. Attrib Risk = EER - CER

	Attrib Risk =
	A/(A+B) - C/(C+D)


The Attributable risk is a more useful tool for decision making than Relative Risk because whilst Relative Risk looks at ratios (irrespective of absolute size), the Attributable risk takes the absolute size into account, in other words, Attributable risk takes the prevalence of the condition into account. This means that if Relative risks of two diseases are the same, but one disease is rarer than the other, then the attributable risk will be less for the rarer disease.

Beta error See under P value
Bias      (see also confounding and Type1 and type 2 errors)
One strict definition is 'any systematic deviation of an observation from the true clinical state', but in most research methods bias refers to any methodological flaw likely to produce systematic deviation from true observation measurement. A biased sample is in some way one that is not representative of the population from which it comes. There are three main types of bias:

1) selection bias, 2) information bias,  3) non-response bias

1. Selection bias operates when factors other than explicit inclusion exclusion criteria (e.g. the relationship between investigator and subject) intrude into enrollment. It is found when cases (or controls) are included in (or excluded from) a study on criteria that are related to exposure to the risk factor under investigation. 

Berkson bias is an American term for the important bias(es) introduced in studies of patients drawn only from hospital populations when results are extrapolated to other populations.

2. Information bias involves subjects being systematically misclassify according to their disease status, their exposure status, or both. Interviewer bias can be of great importance when information is being collected from subjects by face-to-face interview and may be a severe problem when investigators are not 'blind' to the status (e.g. case or control) of the interviewee. In a questionnaire, inappropriately framed questions, leading questions, and ambiguity may create systematic information bias.

Salience bias refers to subjects' willingness and ability to recall and provide information on topics relevant to them, and recall bias reflects salience and other factors, such as encouragement and cues from the researcher, influencing subjects' ability to recall information relating, for example, to exposure to risk factors. 

The Rosenthal effect describes selective inquiry and acquisition of data reflecting investigators' expectations of study outcomes..

3. Non-Response bias When data from a substantial proportion of a sample are not available for analysis, for example non-responders in a questionnaire survey, information relating only to the responders may not be representative of the population from which the sample is drawn. Non-response bias becomes less important at response rates >70-80 per cent; below this level, it is particularly important to attempt to define any distinguishing characteristics of non-responders and to consider the possible effects of these on the conclusions of the study.

Binomial distribution

Many outcomes of an experiment have only two possibilities – e.g. cure/no cure, alive/dead. The proportion of patients cured by a procedure depend on the efficacy of the treatment.  The more efficacious the treatment, the larger the proportion of patients will be cured.

Imagine there are 20 patients and different cure rates are applied. The following graphs could occur:




Blindness

A term generally used in clinical trials to describe the lack of awareness of investigators and participants of their inclusion in treatment or control treatment groups in order to eliminate potential bias. In single blind trials, the investigator or the subject, but not both, is unaware of whether active or control therapy is being administered. The methodology of double blind trials ensures that both the investigators and the participants are unaware of allocation to control or study groups. Blindness is also important in interview studies, when interviewers should generally be blind to the status of the interviewees in the study. 

See also Interventional studies
Case control study

Involves identifying patients who have the outcome of interest (cases) and control patients without the same outcome, and looking back in time to see if they had the exposure of interest. It is a retrospective study design in which a sample of people with a particular attribute or disease (cases) is compared, with respect to exposure to a certain risk factor, with a sample of people from the same population without the attribute or disease (controls), in order to test an etiological hypothesis.  The absolute or true relative risk and attributed risk cannot be calculated, but an estimate of the relative risk called an odds ratio can be calculated.  The relative importance of a risk factor is usually expressed as the odds ratio, defined as the odds that a case was exposed divided by the odds that a control was exposed, providing an estimate of relative risk of disease in exposed compared to unexposed subjects. Case-control studies are relatively cheap and quick, they can investigate a range of current hypotheses and are useful for rare diseases.

The choice of controls is usually critical in case control trials.  It is crucial that the controls are similar to the cases with respect to their general characteristics. The ideal way is through careful matching. The matching procedure may consider one or several confounding variables (such as age, sex, blood group etc) which may influence the prevalence of the disease being studied. Each case is matched with a control.

Advantages:

· small number of subjects can be used

· useful for rare diseases

· easy to do

· multiple exposures can be studied and a large number of factors can be examined

· cheap

Disadvantages:

· reliance on recall or records to determine exposure status; 

· selection of cases and controls can be difficult (population similarities, confounding variables)

· not useful for studying the effects of factors/events which are rare.

· confounders; 

· potential bias: memory recall of patients who are questioned, selection bias in which groups are chosen. 

· Do not measure incidence

Case-series

A report on a series of patients with an outcome of interest. No control group is involved. 

CER 

Control Event Rate: see Event Rate. 

Chi-square test

When binominal data is analyzed (results of which there are only two possibilities e.g. alive versus dead, cured vs not cured), the results can be summarized in terms of a 2 X 2 contingency table. The results can then be compared. For small tables, corrections need to be made – usually Yates continuity correction. 

Coefficient of variation

See under dispersion
Cohort study

Involves identification of two groups (cohorts) of patients, one which did receive the exposure of interest, and one which did not, and following these cohorts forward for the outcome of interest.  It is a prospective study design in which a sample of the disease-free population exposed to a risk factor and a sample from the same population not exposed to the factor are followed for a specific period of time and compared for the development of the disease. Doll's study of the development of lung cancer in smoking and non-smoking doctors is a celebrated example of a cohort study. To establish causality, the incidence of the disease under study must be significantly higher in the exposed compared with the non-exposed subjects. Cohort studies are time-consuming, but need to be used to verify hypotheses of causation generated by cross-sectional and case-control studies. In contrast to a case control study, incidence, relative risk and attributable risk can be calculated.

Advantages:

· Incidence of the disease can be calculated

· More robust results compared to a case control study

· method can be standardized to reduce errors

· good for looking at exposure to a rare event/factor

· several outcomes can be evaluated from the exposure to the same event.

Disadvantages:

· Not very good for looking at rare diseases

· Causal relationships can be difficult to interpret

· Expensive to set up

· Tend to be large

· Tend to be inflexible (a separate study is required to test a new hypothesis)

· Follow up of populations can be difficult

Confidence interval or limit

Imagine you record a number of BP readings and obtain a mean value. Another doctor records some more BP readings on another patient and obtains another mean value, if a distribution of these means is plotted out, there will be a deviation of these means called the standard error of the sample mean (SEM).  As more patients have their BP measured, the standard error of the mean becomes smaller. If even more patients had their BP measured, the sample mean would be a close estimate of the true population mean, and the standard error would approach close to zero.

The Confidence interval provides a measure of the extent to which a sample estimate is likely to differ from the true population. This gives more information than the P value.  It gives the degree of certainty about the size of difference.  It allows you to determine whether or not the evidence presented is weak or strong.  A large confidence interval indicates uncertainty, a narrow confidence interval gives greater certainty and higher precision.  In a normal distribution, a range of 1.96 standard deviations on either side of the mean will cover 95 per cent of the area under the curve. For sample sizes greater than about 30, it is possible to calculate 95 per cent confidence intervals to provide information about the range of values within which the true population mean is likely to lie. Confidence intervals become increasingly narrow as the sample size increase, and the variability of the data decreases.

The 95 per cent confidence intervals are given as the mean value +/- 1.96 times the standard error (SE); conversely there is a 5 per cent chance of the true population mean lying outside this range ("<0.05). There is a 1 per cent chance of it lying outside the range x 2.58 SE ("<0.01).

If you have the study stating “ The ACE inhibitor group had a 5% (95% confidence interval –1.2 to 12 ) higher survival.”, in this case the 95% confidence interval overlaps zero and could be therefore classified as a negative trial, i.e. no difference really exists, however it could be argued that there probably is a difference, and that it probably lies closer to 5% than either –1.2% or 12%. A more useful conclusion is “an ACE inhibitor is useful in heart failure, but the strength of that inference is weak”.

Alternatively, if the 95% confidence interval looking at the mean blood glucose levels of two groups ranged from +0.7 to +3.9, as the interval does not cross 0, then we can be 95% sure that the true level lies between +0.7 and +3.9.

The larger the trial, the narrower the confidence interval and the more definitive the study.

Confidence limits can also be given for relative risks and odds ratios. NB whereas with P values if the confidence interval crosses zero (0) then no difference exists, with relative risks and odds ratios if the interval crosses 1 then there is no difference.

Confidence limits are more informative than significant tests providing information about whether or not a “real” difference exists between two treatments, and also quantifies the likely size of any difference.

Confidence intervals and limits are different from significant tests (see Significant test), however they are similar – their difference lies in the fact that examine different aspects of the same question.

Confounding

The spurious association between two factors under study, due to the presence of a third. Good examples are age, sex, socioeconomic.  In any study the significance of associations between variables or differences between groups may be undermined by the operation of factors, other than those under investigation, which may themselves explain part or all of the study's observations. Confounding occurs when an estimate of the association between an exposure and disease is mixed up with the real effect of another exposure on the same disease - the two exposures being correlated. In a case-control study, failure to control for such an important factor distributed unevenly among cases and controls may distort the real associations between disease and exposure. Elimination of potential confounds is an important part of study design. However, beware the confounder that is not thought of or cannot be adequately measured. It lurks destructively in epidemiological studies.

Contingency tables

See Chi-square test
Correlation

When one variable changes in a defined way in relation to a second variable, the two are said to be correlated; height in meters is correlated with age in years. Correlation implies association not causality. The correlation coefficient is a numerical expression of the strength and direction (positive or negative) of such an association.

Correlation coefficient

If a scatterplot of two characteristics suggest they may be (mathematically) related, a correlation coefficient can be computed to estimate the strength of the association between the two characteristics (variables) to be estimated.

A strong correlation does not give any information about the size of the effect. Even if there is a significant correlation between two variables, it does not imply they are casually related.

Correlation methods include

· Pearson's correlation coefficient
· Spearman correlation coefficient
· Linear regression
Cost-Benefit Analysis 

converts effects into the same monetary terms as the costs and compares them. 

Cost-Effectiveness Analysis 

converts effects into health terms and describes the costs for some additional health gain (e.g. cost per additional MI prevented). 

Cost-Utility Analysis 

converts effects into personal preferences (or utilities) and describes how much it costs for some additional quality gain (e.g. cost per additional quality-adjusted life-year, or QUALY). 

Crossover Study Design

The administration of two or more experimental therapies one after the other in a specified or random order to the same group of patients. 

Cross-Sectional Study

The observation of a defined population at a single point in time or time interval. Exposure and outcome are determined simultaneously.

Decision Analysis is the application of explicit, quantitative methods to analyse decisions under conditions of uncertainty. 

Looks at data from a particular point in time, giving a snapshot of the population in question.  The presence or absence of disease can be assessed to give the prevalence.  These findings can be compared with other data collected at the same time such as age, sex.  These comparisons may suggest a hypothesis which can be tested using other study designs.

Crude Rate (see under rates)

Denominator

In a cross sectional prevalence study, the prevalence of the condition is given by n/D X 100% where n = number of cases of the study condition and D = number in the population surveyed; in this equation D is the denominator and n is the numerator. In the absence of accurate information about, for example, numbers of registered patients, epidemiological studies may founder on uncertainties about the denominator.

Descriptive statistics

Used to summarize the observations from experiment. They are usually used in one of two situations

· For a particular measure at a specific time (e.g. blood pressure before starting treatment)

· For a difference (e.g. change in blood pressure during a period of treatment

Typically, a central (average) value is stated together with a measure of the dispersion (spread)

Dispersion

When a value is quoted, you may wish to know the variation or allowance in that value.

Variance:  A measure of the dispersion or variability around the mean of a group of scores.  If a series of readings are taken, each reading will differ from the mean value. This difference is called the variation.  If this variation value is then squared and the result averaged out, the resulting number is called the variance. 

Taking the mean value, observations will vary around this mean (or variance) and a measure of this is provided by the standard deviation. 

Standard deviation (SD): A measure of the variability of a group of normally distributed scores. The standard deviation can be regarded as being approximately equal to the average distance each individual observation lies away from the sample mean. The units are the same as the units of the observation

Coefficient of variation: If several methods are used to measure the same entity (e.g. laboratory assays) they may have different units. In this situation the ratio of the standard deviation and the mean is often used. This has no units.

Quantiles: If a continuous distribution is divided into sections, each containing specific proportions, these proportions are called quantiles. There are three types of quantiles

· Median quantile is the division line dividing a distribution in two equal parts, each section either side of the median containing 50% of the distribution


· Quartile is the division  line dividing four equal parts. The first quartile is called Q25, the 2nd is the median, and the 3rd the Q75.


 

· Percentile are the division lines dividing a distribution into 100 equal parts

Range: the simplest measure of dispersion for any variable being the difference between the smallest and largest observed values

Distributions

There are a number of distribution patterns

· Binomial distribution (see under Binomial distribution)

· Poisson distribution (see under Poisson distribution)

· Normal or Gaussian distribution (see under Normal distribution)

· Skewed distributions (see under Skewed distributions)

Drop out

Subjects who fail to complete, usually have a reason for this. Consequently, ignoring dropouts undermines the validity of the test. Patients may drop out due to incorrect entry of a patient into a trial, a suspected adverse reaction to the trial drug, loss of patient motivation, withdrawal by the clinician for clinical reasons, loss to follow up, or death

Studies with a low follow up rate of 70% are generally considered invalid.

It is therefore standard practice to analyze results on an intention to treat basis.

EER 

Experimental Event Rate: see Event Rate. 

End point 

An important part of study design is the selection of the main result(s) which will be compared between, say, control and intervention groups, for example survival rates, depression score, consumption of health care resources. Definition of the principal end point(s) at the time the methodology is established enables determination of the sample size required to demonstrate a specified difference between groups in the study, with a specified level of confidence that the difference found did not occur by chance alone. Clarification of end points also avoids problems with post-hoc analysis of a range of outcomes which the study may not have been designed to compare.

Error (see  Type1 and type 2 errors)
Event Rate

Is the proportion of patients in a group in whom an the event is observed. Thus, if out of 100 patients, the event is observed in 27, the event rate is 0.27. Control Event Rate (CER) and Experimental Event Rate (EER) are used to refer to this in control and experimental groups of patients respectively. 

Factorial design

A study design which permits investigation of the separate and combined effects of more than one independent variable on the dependent variable(s); when all possible combinations of the independent variable are used.  If the effects on a given condition of drug therapy or no drug therapy with or without psychotherapy are studied, the resulting methodology is termed a 2 X 2 design; if a second drug option was added, a 2 X 3 factorial design would result.  One advantage of this approach is that increased statistical power can be obtained with relatively small sample sizes, as long as there is not statistical interaction between the variables.

Gaussian distribution

See under normal distribution
Heterogeneity

In the context of meta-analysis, heterogeneity means the dissimilarity between studies. It can be due to use of different statistical methods, or evaluation of different types of patients, treatments or outcomes. Heterogeneity may render pooling of data in meta-analysis unreliable

Incidence

The Incidence is the total number of new individuals in a population presenting with a particular characteristic (e.g. new cases of a disease or condition) in a fixed period of time (usually one year)

The Incidence Rate is the proportion of new individuals in a population presenting with a particular characteristic (e.g. new cases of a disease or condition) in a fixed period of time (usually one year), usually expressed as the number of new cases per 100,000 individuals in the population.

Create a 2x2 box table. The following calculations can be made:

	Disease or outcome

	Present
	Absent

	Exposure
	Positive

	A
	B
	A+B

	
	Negative
	C
	D
	C+D


EER: The Exposed Incidence rate is A/(A+B)

CER: The Non-exposed  incidence rate is C/(C+D)

The incidences of a particular disease in a group exposed to a factor and a group not exposed to a factor are compared by computing the relative risk.
(compare with  prevalence). See also Cohort Study (or longitudinal or prospective or follow up study)
Independent variable

In an experimental study, the independent variable refers to the variable factor(s) manipulated by the researcher who determines their effects on the dependent variable(s) i.e. the end point(s) of the study.

Intention to treat analysis

An analysis in which the results in control and treatment groups are analysed with respect to the numbers of patients entering the study (cf. those completing it). By including for analysis all entrants to the study, intention to treat analysis avoids biases due to failure of compliance, and admits side-effects of therapy causing subjects to drop out from therapeutic trials. It provides a pragmatic estimate of the overall benefit of therapy in the population studied.

Interval scale

A type of measurement scale in which the values are distinguished and ordered, the intervals between points on the scale are equal and the zero point is not absolute

Interventional studies (see also Randomised Control Trial)
Such studies generally take the form of a randomized controlled clinical trial. (RCT).  A good trial design will avoid potential sources of bias and control confounding factors.  Such a trail consists of a treatment group and a control group.

The trial can be uncontrolled, however usually they are controlled.

Designs:

1. Group comparative studies.  Each subject is allocated to just one of the test interventions, and comparisons are made between groups.

2. Cross over studies. Each subject receives several (possibly all ) of the interventions, followed by a washout period, followed by a comparison of a different intervention or placebo. There should be suitable run-in and run-out periods.

Blinding implies either the patient or investigator ( or both) are unaware which intervention the patient is receiving. See blindness
The more selected and particular the trial population, the less the results will be generally applicable. Extrapolation to other studies may not be valid

Disease definition should be comprehensive including diagnostic criteria, permissible severity of disease, potential risk factors, length of history, therapy taken etc.

Definition of treatment should include dose, formulation, route, what other medication is allowed

Evaluation should be defined – methods of assessment should be validated, primary outcome measures defined as to what is a success and what a failure.

Randomization is a key feature of the trial ( see Random sampling )

Power/sample size should be determined ( see under P value)

Statistical methods should show the whole of the original sample – patients who withdraw, should be described. Consequently, an intention to treat should be carried out in addition to any of those who complete the trail ( see also Intention to treat)

Likelihood Ratio (LR)

Is the likelihood that a given test result would be expected in a patient with the target disorder compared to the likelihood that the same result would be expected in a patient without that disorder. 

For example, you have a patient with anaemia and a serum ferritin of 60mmol/l and you find in an article that 90 per cent of patients with iron deficiency anaemia have serum ferritins in the same range as your patient (= sensitivity) and that 15 per cent of patients with other causes for anaemia have serum ferritins in the same range as your patient (1 - specificity). This means that your patient's result would be six times as likely (90/15) to be seen in someone with, as opposed to someone without, iron deficiency anaemia, and this is called the LR for a positive test result. 

Application

The LR is used to assess how good a diagnostic test is and to help in selecting an appropriate diagnostic test(s) or sequence of tests. They have advantages over sensitivity and specificity because they are less likely to change with the prevalence of the disorder, they can be calculated for several levels of the symptom/sign or test, they can be used to combine the results of multiple diagnostic test and the can be used to calculate post-test probability for a target disorder. 
Linear regression

If a straight line relationship is established between two variables, linear regression methods can be used to determine the exact mathematical form of the relationship. A regression equation can be used to predict the value of a dependent variable. Multiple linear regression can be used linking several independent variables together.

See also Correlation coefficient
Logarithmic transformation 

A method of converting skewed data (i.e. data which are not normally distributed) to a normal distribution, by deriving 1og10 values from logarithmic tables, or by plotting the original data on semilogarithmic graph paper, which has one linear axis and one in 1og10.

Mann-Whitney test and Wilcoxon test for non-parametric data

The Mann-Whitney test, also known as the Mann-Whitney U test for unpaired non-parametric data (i.e data which are not normally distributed). In contrast to the Wilcoxon test, results are analysed from two distinct groups of individuals ( for example, group of subjects  on a normal diet, and a group of subjects with a sugary diet, in both groups, blood sugars are measured). This test determines the statistical significance of the differences between data arising from two different groups of observations. Ranks are assigned to the data as though they all come from one sample; and significance levels for a range of values of rank sums are obtained by reference to statistical tables. If the data follows a normal distribution, then the student-t test can be used. 

Wilcoxon tests are used in similar situations to those of Mann-Whitney tests, but the results are taken on the same group of individuals  (as compared with two different groups in the case of the Mann-Whitney test) on two separate occasions (e.g. blood glucose measurements before and after a meal with a high sugar content). Again, if the data follows a normal distribution, then the student-t test can be used. 

Mean See : Measures of central tendency.

Measures of central tendency

Mean: The average of a group of values, represented in statistical notation as x. The sum of the observations divided by the number of observations

Median: The 'middle' score of a group of values, i.e. the value with equal numbers of other values above and below it. Sometimes used in preference to the mean in describing skewed data because it is less sensitive to the effects of extreme values.

Mode:  The most frequently occurring value in a group of values. This is rarely used in practice. A situation it is used in is when a distribution has two or more modes and is called Bimodal



Median See : Measures of central tendency.

Meta-analysis

Is an overview which uses quantitative methods to summarize the results. A method of analysing data from more than one study, with the theoretical advantage of increasing sample sizes. Meta-analysis may detect differences which were not apparent with any confidence in individual studies with small sample sizes. Rigorous criteria for inclusion of data into meta-analyses must be applied to ensure that the data analysed are compatible. To be valid, 

· The populations from which the study sample are drawn should  be similar

· The design methods employed by each should be similar

· All suitable studies ( including those not published) should be included

Mode   See : Measures of central tendency
Morbidity

Rate of illness but not death

N-of-1 Trials 

The patient undergoes pairs of treatment periods organized so that one period involves the use of the experimental treatment and one period involves the use of an alternate or placebo therapy. The patients and physician are blinded, if possible, and outcomes are monitored. Treatment periods are replicated until the clinician and patient are convinced that the treatments are definitely different or definitely not different. 

Negative Predictive Value (-PV) 

The chance of not having the disease given a negative result ( not to be confused with specificity which is the other way around.

Unlike sensitivity and specificity, the predictive value depends on the prevalence.

This is explained fuller in the definition “Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, SpPins and SnNouts.”

Nominal scale

Also known as a categorical scale, a nominal scale is one in which the values are distinct categories, for example male or female.

Non-Normal Continuous distribution

See under Skew distribution
Non-parametric distribution

See under Skew distribution
Normal distribution

The way in which scores or values within a given population are distributed. A normal distribution produces a unimodal, bell-shaped (Gaussian) curve.



· 68.2% (approx 2/3rds) of observations lie within 1 standard deviation either side of the mean

· 95.5 per cent of the area under the curve lies within the range of the mean 2 times the standard deviation.

· 99.8 per cent of the area lies within the range of the mean 3 times the standard deviation.

When data are normally distributed, parametric statistical tests may be applied to them; when they are not, non-parametric statistics are used.

Null hypothesis see under significant tests

Number Needed to Treat (NNT) (see chapter 3 on background reading for worked examples)
Is the number of patients who need to be treated to prevent one outcome or event.  For example, a NNT of 20 means 20 people need to be treated to benefit 1 person in that group of 20. It is another (and perhaps more understandable) way to look at risk.

It is calculated  as the inverse of the ARR (Absolute Risk Reduction) expressed as a percentage

NNT is therefore dependent on the incidence of a given disorder and can only be obtained from Cohort or RCT trials. Disorders which are common (high absolute risk or incidence), such as heart disease, would have a low NNT to prevent one death. Rare disorders would mean a large numbers of patients would have to be treated to prevent one death.

Calculation

Create a 2x2 box table. The following calculations can be made:

	Disease or outcome

	Present
	Absent

	Exposure
	Positive

	A
	B
	A+B

	
	Negative
	C
	D
	C+D


EER: The Exposed group is A+B

CER: The Non-exposed group is C+D

The Exposed Incidence rate is A/(A+B)

The Non-exposed incidence rate is C/(C+D)

The Absolute Risk Reduction is the Non-exposed group minus the Exposed group

i.e. ARR = C/(C+D) minus A/(A+B)

	ARR =
	C/(C+D)  -  A/(A+B)


The NNT is the inverse of ARR expressed as a percentage

NNT = 1 /  C/(C+D)% - A/(A+B)%

Example 1

A drug reduces the risk of a bad outcome from 50 per cent to 30 per cent.

The ARR = CER - EER = 50% - 30%  = 20%

Therefore  NNT = 1/(20%) = 1/0.2 = 5

This means 5 people would have to given the drug to prevent 1 bad outcome

Example 2

In a study of nicotine replacement as an aid to smoking cessation, after 3 months, 36 out of 200 in the treatment group had stopped smoking, and 22 out of 200 had stopped in the control group.

ARR = 36/200 – 22/200 = 18% - 11% = 7%

NNT = 1/7% = 1/ 0.07 = 14

This means 14 people would be needed to be given nicotine replacement to cause 1 person to stop smoking

Numerator

The written number above the line in a vulgar fraction.  In a population study, for example, the prevalence of the condition is given by n/D X 100% where n ( the numerator) is the number of cases of the condition, and D is the denominator, i.e the size of the study population.

Observational studies

There are three major types of observational study

1. Cross sectional (prevalence) studies

2. Cohort studies

3. Case-control studies

They are good instruments for investigating the potential causes of disease and allow the association between a particular factor and the risk of developing the disease to be defined and quantified. The relative strength of the association (relative risk in the cohort study) and the estimated relative risk ( or odds ratio) in the case control study, but remember:

ASSOCIATION DOES NOT IMPLY CAUSATION

Three issues causing interpretation problems

· Random (type 1) error
· Bias
· Confounding.
One can try and avoid confounding by referring to previously published literature or studies and learn from their problems

· restrict the study group, e.g. if a confounding factor may be ethnic origin, then study a single racial group

· using a intervention study, subjects are randomized

· Looking outside the study, there may be other external evidence which might support the hypothesis such as

if the same study is repeated, are similar results produced

· does other studies produce similar findings

· is there evidence of dose response, i.e. risk is associated with amount of exposure

· is the association reversible, for example, if a raised BP is associated with stroke, is treating BP associated with stroke reduction.

· is reverse causation a factor - for example in Ca rectum, had a high rate of a new laxative prescription prior to diagnosis, it could be arguer that the laxative caused the carcinoma, or alternatively, the carcinoma caused the constipation which is why the took the laxative.

Odds 

Are a ratio of nonevents to events. If the event rate for a disease is 0.1 (10 per cent), its nonevent rate is 0.9 and therefore its odds are 9:1. Note that this is not the same expression as the inverse of event rate. 

Odds Ratio (see chapter 3 on background reading for worked examples)
Describes the odds of an experimental patient suffering an adverse event relative to a control patient. The odds ratio describes the relative importance of a risk factor investigated in a case-control study and is defined as the odds that a case was exposed, divided by odds that a control was exposed (see case-control study). The odds ratio is an accurate estimate of relative risk when, in terms of exposure, the disease group is representative of all cases of the disease, the control group is similarly representative of the population of people without the disease, and the incidence rate of the disease in the general population is very low. The closer the Odds Ration is to 1, the smaller the difference in effect between the control and experimental group. If more than 1 or less than 1, then the effects of treatment are more or less.

Take a 2x2 box table

	Disease or outcome

	Present
	Absent

	Exposure
	Positive

	A
	B

	
	Negative
	C
	D

	A+C
	B+D


Case controls cannot be used to obtain Relative Risk. However, provided the incidence of the disease being looked at is uncommon, then an estimate of the Relative Risk can be calculated called the Odds Ratio

Relative risk  = 
A  x (C+D)

      

 (A+B) x C

If the incidence is small (<5%) then both A and C will be small and therefore (A+B) will approximate to B, and (C+D) will approximate to D

Recalculating, the Odds Ratio =
A x D




B x C
    

Confidence intervals can be applied to odds ratios

One tailed test

When a difference between groups of data is expected to occur only in a particular direction a one-tailed statistical test is used. In practice this rarely applies. (A two-tailed test is used if the statistical difference between the groups is tested without reference to the direction of the difference).

Ordinal scale

A series of values which are distinguishable and ordered but the intervals between them are not necessarily equidistant, the values of an ordinal scale are often ranks for example 2nd, 4th.

Overview

Is a systematic review and summary of the medical literature. 

Parametric data

Data for which a normal frequency distribution is assumed, which are measured on interval or ratio scales and for which parametric statistical tests are appropriate. 

Pearsons correlation coefficient (r)

A measure of the extent to which paired scores, measured on interval or ratio scales and assumed to be normally distributed, are correlated.  The closer the relationship between the variables approximates to a straight line, the more r approaches +1.   The significance (P value) of values of r for different samples sizes (n) can be obtained by reference to statistical tables ( see correlation coefficient). Compare with Spearman Correlation
It measures the strength of the relationship between two variables when

· both variables are continuous

· at least one of the variables follows a normal distribution

· the relationship is linear

The correlation coefficient has a number of important properties

· r only has a value in the range -1 to +1 and has no units

· if r > 0 a positive relationship is implied (as one variable increases the other increases)

· if r<0 a negative relationship exists  (as one variable increases the other decreases

· A value of 1 indicates a perfect correlation. A value of 0 indicates no correlation.

· a value of >0.5 is regarded as a strong correlation, a value of <0 is a weak correlation.

Percentile see under dispersion
Poisson distribution

The number of events occurring during a measuring period, can be variable for example, the number of epileptic fits experienced by a patient in a year. Such a distribution of events follow a Poisson distribution.

Population

Target population: The group of all individuals to whom the conclusion of the study can be applied (e.g. all  patients with mild hypertension)

Study population: The group of individuals actually available for the study - usually limited subgroups of the population for example, those patients with mild hypertension attending a clinic)



See also Sample
Positive Predictive Value (+PV)

The chance of having the disease given a positive result ( not to be confused with sensivity which is the other way around.

Unlike sensitivity and specificity, the predictive value depends on the prevalence.

This is explained fuller in the definition “Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, SpPins and SnNouts.”

Power see under P value
Precision

A measure of how close a replicate value is to each other. High precision produces values which vary minimally under constant conditions (compare with Accuracy)

Pre-test Probability P(D+)

The probability of the target disorder before a diagnostic test result is known. It represents the probability that a specific patient, say a middle-aged man, with a specific past history, say hypertension and cigarette smoking, who presents to a specific clinical setting, like Accident and Emergency, with a specific symptom complex, say retrosternal chest pressure, dyspnoea and diaphoresis, has a specific diagnosis, such as acute myocardial infarction. 

The pretest probability is especially useful for four things: 

1. interpreting the results of a diagnostic test, 

2. selecting one or more diagnostic tests 

3. choosing whether to start therapy: 

· without further testing (treatment threshold); 

· while awaiting further testing;

4. deciding whether it's worth testing at all (test threshold) 

Example:

A group of investigators in North America studied the underlying diseases found in patients presenting to a primary care setting with persistent dizziness. They studied a total of 100 dizzy patients, finding 16 had dizziness from psychiatric conditions. 

Thus, 16 / 100, or 16 per cent, is the estimate of disease probability for psychiatric conditions from this study. 

So, if this information proves valid and applicable to your practice, if one of your patients presents to a primary care setting with persistent dizziness, the P(D+) of a psychiatric cause might be estimated at 16 per cent. 
Prevalence

The Point Prevalence is the total number of individuals in a population with a particular characteristic ( e.g. disease) at a given time.

The Prevalence Rate is the proportion of individuals in a population with a particular characteristic ( e.g. disease) at a given time. It is usually expressed as the number of cases per 100,000 individuals in the population. 

Compare with incidence. See also Cross-Sectional Survey (or prevalence study)
P value

The probability that an observed difference occurred by chance. The P value or Probability value is the probability that the difference observed in a study could have occurred if the null hypothesis is true.  P values are derived from Significant Tests for example the Student T Test
If the probability is small, then the results of the study are unlikely to occur due to chance (i.e. it is statistically significant). A P value of <0.05 (5 %) or 1 in 20, is usually statistically significant. This level is called the significance level.

Significance tests or p values are prone to two types of error:-

	Type of error possible


	True situation

	
	Null hypothesis TRUE
	Null hypothesis FALSE

	Conclusion from the test statistic


	Null hypothesis TRUE
	Correct
	Type II error

	
	Null hypothesis FALSE
	Type I error
	Correct


· Type I error or alpha error (false-positive result) occurs if the Null hypothesis is rejected when it is actually true ( the effects of the drug are interpreted as being different when they are not). The error is equal to the p value, therefore one can reduce the type I error by making the p value very low (P<0.001)

· Type II error or beta error (false-negative result) occurs if the Null hypothesis is accepted when it is actually false (the effects of the drug are interpreted as being equal when they are actually different). 

· Power of a study is defined as the probability that a Type II error will not be made. If a study has adequate power, it can reliable detect a clinically important difference if one actually exists.The power is the probability that , when the study is completed and the data obtained is analyzed, a statistical significant difference will be detected.. In order for the power of the study to be high, the Type I error should be low ( usually 5%), the type II error at 10% or 20%, and that there is a real clinical significant difference. These factors affect the number of patients needed to be recruited into the study.  If the sample is too small, then patients may be exposed to increased risk for no satisfactory outcome, if too large, the surplus of patients that have been exposed to an unnecessary risk. The size should be based on the power determined by
· The smallest difference in primary outcome measures considered to be clinically significant

· The estimated variability of the primary outcome measures

· The acceptable levels of type I and type II errors

Qualitative methods

A research approach in which non-numerical, e.g. narrative and interpretive analysis is emphasized in the study of social phenomena (cf physical science) and the contexts in which they appear. The approach seeks to describe culture, beliefs, and attitudes, and to illuminate and understand behavior rather than to predict it. It can also lead to hypothesis generation for epidemiological testing.

Quantiles see under dispersion

Quantitative methods

A research approach which concentrates on the collection of numerical data which are subject to statistical analysis to test hypotheses generated by the researcher, for example in the study of aetiology and the public health impact of disease.

Quartiles see under dispersion

Quota sampling

A sampling procedure in which quotas are set for various categories, so that a sample of 60 children might have quotas of 20 aged under 5, 20 form age 6-10 and 20 over the age of 11.

Random sampling see also Intervention study
A sampling procedure in which cases are drawn randomly from the population, of which each member has an equal chance of selection.

Types of randomization:

1. Simple randomization.  Ensures each patient has an equal chance of being assigned to the intervention group.  Using DOB to hospital numbers is not a random method

2. Stratified randomization. Ensures that patients with common potential confounding factors are distributed equally between study groups. The patients are then divided into sub-groups (strata) and randomization is then carried out in these sub-groups. Examples include subgroups according to age or sex.

3. Blocked randomization. Used to ensure that allocation to each study group is balanced throughout the study

Randomised Controlled Clinical Trial 

A group of patients is randomised into an experimental group and a control group. These groups are followed up for the variables / outcomes of interest. These are intervention studies, experimental in design.  Randomisation leads to less susceptibility to confounding variables. The most powerful experimental design for obtaining evidence of both causation and public health impact. Subjects are randomly allocated to exposure to the intervention of interest or to a control or comparison group. The differences in outcome (end points) between the two groups are compared and tested for significance or estimates of difference are defined by confidence intervals. 

Advantages: 

· unbiased distribution of confounders; 

· blinding more likely; 

· randomisation facilitates statistical analysis. 

Disadvantages: 

· expensive: time and money; 

· volunteer bias; 

· ethically problematic at times.

Random variation see under variation. 

Range see under dispersion

Rates

The crude rate for a particular event is calculated by:

number of occurrences of the event / the number of individuals in the population to whom the event may occur

examples of crude rates: 

· crude infection attack rate is the proportion of people exposed to infection who develop the disease in a given period of time

crude annual stillbirth rate is the number of stillbirths (born dead aftre 24 weeksof age) divided by the totla number of births both alive and dea, in a year.

crude perinatal mortality rate is the number of stillbirths adn deaths in the first week of life divided by the number of live births

crude mortality rate for teh entire population of a country for a particular yearis given by the total number of deaths occuring in that year divied by the population of the country at the midpoit of the year

age-specific mortality rate is similar to the crude mortality rate but looking at a specific age range.

the standardised mortality rate allows for differences in demographic factors such as age distribution across a country for exampel. It provides a method whereby rates can be applied across different areas..

Regression

Refers to a mathematical equation which allows one variable ( the target variable) to be predicted from another ( the independent variable).  In a case of multiple regression, a far more complex mathematical formula allows the target variable to be predicted from two or more independent variables.

Weight, for example, varies with height, but not in a linear way. Even knowing this fact, a computer will still having difficulty predicting the weight form a height, as the two are not closely correlated. Other factors that will need adding to the equation would be sex, daily calorie intake, amount of physical activity etc.

Relative risk ratio (RR) (see chapter 3 on background reading for worked examples)
The ratio of risk in the treated group (EER) to the risk in the control group (CER). Relative risk is used in randomised trials and cohort studies. The ratio of the incidence of disease in exposed persons to the incidence in non-exposed persons, giving an indication of magnitude. The higher the relative risk, then higher the likelihood that the factor in question is associated with the disease. The values are obtaining by working out the incidence rates of the exposed and non-exposed groups. (see incidence)

calculated by:       incidence rate in exposed group / incidence rate in non-exposed group

Create a 2x2 box table. The following calculations can be made:

	Disease or outcome

	Present
	Absent

	Exposure
	Positive

	A
	B
	A+B

	
	Negative
	C
	D
	C+D


The Exposed group is A+B

The Non-exposed group is C+D

The Exposed Incidence rate is A/(A+B)

The Non-exposed incidence rate is C/(C+D)

The relative risk is the ratio of the exposed to the non-exposed groups

i.e. RR = A/(A+B) divided by C/(C+D)

or by moving the fractions around  

	RR =
	A x (C+D)

	
	(A+B) x C       


A Relative risk of 1 means there is no association. If greater than 1, an event is more likely to occur, if less than 1, an event is less likely to occur.

Relative risks are best presented with their (95%) confidence intervals as this provides an indirect test of the Null hypothesis that the relative risk is equal to 1. If the confidence limits encompass 1, the Null hypothesis is accepted, but if the limits do not include 1, the null hypothesis is rejected and the alternative hypothesis accepted.

Estimated relative risks (called odds ratios) can be obtained from case control studies, however absolute (or true)  risks and attributable risk can only be obtained from a Cohort Study (or longitudinal or prospective or follow up study).

NB Relative risk does not give an indication of the probability of devoping the disease, for example, the relative risk of developing a DVT when using the pill may be high, but if DVT is rare, then the benefits of the pill may outweight the risks.

It can only be calculated if:

· the incidence of the disease in the population is low (<5%)

· The control group is representative of the general population

· Cases and Controls are free of selection bias.

See also attributable risk
Relative risk reduction (RRR) (see chapter 3 on background reading for worked examples)
This is the percent reduction in events in the exposed event rate (EER) compared to the control event rate (CER) and gives an order of magnitude by how much the reduction has occurred. This is in contrast to the absolute risk reduction, which just looks at the difference in values.

Calculation

Create a 2x2 box table. The following calculations can be made:

	Disease or outcome

	Present
	Absent

	Exposure
	Positive

	A
	B
	A+B

	
	Negative
	C
	D
	C+D


The Exposed group is A+B

The Non-exposed group is C+D

EER: The Exposed Incidence rate is A/(A+B)

CER: The Non-exposed incidence rate is C/(C+D)

The relative risk reduction is the non-exposed group minus the exposed group divided by the control as a percentage

i.e. RRR = (CER-EER)/CER X100

	RRR =
	C/(C+D) – A/(A+B)
	X 100

	
	C/(C+D)


Replicates

Observations on the same individual under identical conditions are called replicates

Response rate 

The proportion of a sample of subjects responding to an invitation to participate in a study (e.g. to complete a questionnaire or to attend for a screening test), expressed as a percentage of the sample selected.

Risk

A measure of the probability (or the chance) of something happening. Risk factors are associated with an increased chance of developing a given disease. Risks are quantified as absolute, relative and attributable. All three can be calculated from cohort studies but not case control studies as the latter are not representative of the general population. The odds ratio can be calculated from case control studies as it reflects an estimated relative risk.

Sample

In an ideal world, a study should be conducted on all individuals in a target population.  This is rarely possible, and therefore random sample or study population is chosen.  It is essential that this sample is representative and should

· Reflect variations (random and systematic) within the target population

· Is randomly selected and large

· Each individual of the sample on the study population has an equal chance of being chosen

Scatterplot

See Correlation coefficient
Sensitivity

The chance of having a positive test result given that you have the disease (not to be confused with the positive predicted value which is the other way around.)

Sensitivity focuses on the presence of disease. Should a patient have the disease, then a sensitivity of 100% means that a positive test will occur in every patient who has the disease. HOWEVER, it does not mean that a positive test indicates the patient has the disease. Sensitivity gives no indication as to false positives. 

Should you see a patient with a positive test result, then you can be assured that if the patient truly has the disease, they will be picked up, but it gives no indication as to whether or not the test is a false positive  i.e. the patient may not have the disease. To be answer this question, you need to know the positive predicted value.

Although sensitivity looks at disease presence, a far more useful interpretation can be obtained. Should the test be negative, then you can be assured that the patient does not have the disease (because only those with the disease will have a postive test) This means that if the test is negative, the patient does not have the disease.(mnemonic SnNout)

SnNout :  A mnemonic in remembering how to interpret sensitivity in a result or test.  When a sign/test has a high sensitivity, a negative result rules out the diagnosis; For example, the sensitivity of the loss of retinal vein pulsation in diagnosing high intracranial pressure is 100 per cent. Therefore, if a person displays retinal vein pulsation ( the test is negative as one normally has retinal vein pulsation), it rules out an increase in intracranial pressure.  In another example, the sensitivity of a history of ankle swelling for diagnosing ascites is 92 per cent, therefore if a person does not have ankle swelling ( a negative result), it is highly unlikely that the person has ascites (SENSITIVITY high, NEGATIVE result, rule diagnosis OUT). 

This is explained fuller in the definition “Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, SpPins and SnNouts.”

Sensitivity, Specificity, Positive Predictive Value , Negative Predictive Value, SpPins and SnNouts .

These terms relate together, and are best explained by a worked example.  For a full explanation, please refer to a more detailed account in part 3 – resource pack “Sensitivity, specificity – an explanation of terms.”
A reminder of terms:

Specificity: The proportion of people free of a disease who have a negative test or the proportion of true negatives correctly identified by the test.

Sensitivity: is the proportion of people with disease who have a positive test or the proportion of true positives who are correctly identified by the test.

As sensitivity increases, specificity decreases. A highly sensitive test could then falsely identify healthy people. Low specificity may not be acceptable if the subsequent diagnostic test is a major invasive procedure. This would mean that too many patients with a false positive result would undergo unnecessary interventions.
Positive Predictive Value: The proportion of people with a positive test who have the target disorder; and 
Negative Predictive Value: The proportion of people with a negative test who do not have the target disorder. 

Predictive values are dependent upon the prevalence of a disease in a given population, as well as the sensitivity and specificity. Testing for a rare disease will lead to a low positive predictive value, regardless how high the specificity is Another way of looking at it is if the screening population is at low risk from the disease, any positives picked up by the test are more likely to be false positives. Screening high-risk populations will increase the predictive values.

The 2X2 table (four box ) is a basic tool for the exploration and interpretation of diagnostic tests. Sensitivity and specificity are stable test characteristics while predictive values vary with the prevalence of the condition under test

	Condition under test
	Present
	Absent

	Positive

	True positive a
	False positive b

	Negative
	False negative c
	True negative d


Sensitivity (true positive rate) (a / a+c) x 100%.

Specificity (true negative rate) (d/ b+d) x 100%.

Prevalence
(a+c/ a+b+c+d) x 100%.

Positive predictive value  (a / a+b) x 100%.

Negative predictive value  (d / d+c) x 100%.

likelihood ratio (LR+) = sensitivity / (1-specificity) = (a/(a+c)) / (b/(b+d)) 

likelihood ratio (LR-) = (1-sensitivity) / specificity = (c/(a+c)) / (d/(b+d))

In summary, 

for an accurate diagnostic test picking up those patients who are positive or have the disease, you want a test 

· To rule out or exclude a disease, there are two options depending on the circumstances:

1. SnNOut – If the sensitivity is high and the test negative, the disease (infection) can be ruled out.  A very high sensitivity is associated with a very high negative predicted value.

OR

2. If specificity is high, the test can only exclude the presence of disease if the negative predictive value is also high.

· To confirm the presence of disease, there are two options depending on the circumstances:

1. SpPIn – If the specificity is high and the test positive, the disease (infection) can be ruled in. A very high specificity is associated with a very high positive predicted value

OR

2. If the sensitivity is high, the test can only definitely confirm the presence of disease if the positive predictive value is also high.

Significant test

A Significant test is used to decide which hypothesis is accepted and which is rejected.  The result is expressed as a P value (See P value).  They are different from Confidence limits although both examine different aspects of the same question

Null hypothesis: A null hypothesis states that there is no difference between the two groups.  The null hypothesis is an important concept in the design of trials and the understanding of probability. It asserts that all observed variation is due to the variability intrinsic in the material or subjects under investigation. It is a statement of “no effect”

Alternative hypothesis: states that a systematic (non-random) influence explains at least part of the observed results such as differences between or relationships between variables. Power is measured by the probability of rejecting the null hypothesis when the alternative is true i.e. that a systematic effect exists.  It is a statement of “real effect”

The investigator evaluates an intervention by posing the null hypothesis and then tests it statistically; if it is rejected at a specific level of confidence, e.g. 5 per cent level, then the alternative hypothesis, that there is a difference between groups or a relationship between variables, is accepted with the corresponding degree of confidence, e.g. 95 per cent.

Spearman's rank correlation coefficient p

This is similar to the Pearson correlation, however whereas the Pearson coefficient is computed using actual observations and uses parametric data, the Spearman uses the ranks of the observation value for each variable and uses non-parametric data. (See also Correlation coefficient )

Specificity 

The chance of having a negative test result given that you do not have a disease (not to be confused with the negative predicted value which is the other way around.)

Specificity focuses on the absence of disease. Should a patient be free of the disease, then a specificity of 100% means that a negative test will occur in every patient who is free of the disease. HOWEVER, it does not mean that a negative test indicates the patient is free of the disease. Specificity gives no indication as to false negatives.  False negatives are more worrying than false positives. With a false negative, you could think the patient is free from disease, whilst in fact they may have the disease.  To be sure they are free of the disease, you also need to know the negative predicted value.

Although specificity looks at disease absence, a far more useful interpretation can be obtained. Should the test be positive, then you can be assured that the patient does have the disease (because only those without the disease will have a negative test) This means that if the test is positive, the patient has the disease.(mnemonic SpPIn)

SpPIn :  A mnemonic in remembering how to interpret specificity in a result or test. When a sign/test has a high specificity, a Positive result rules in the diagnosis.  When a sign, test or symptom has an extremely high specificity  (say, over 95%), a positive result tends to rule in the diagnosis. For example, the specificity of 3 or more positive responses on a CAGE questionnaire in diagnosing alcoholism is >99%. Should your patient answer "yes" to 3 or 4 of the CAGE questions, it rules in the diagnosis of alcohol dependency. This does not mean the same as scoring a low result, i.e. a score of 1 can occur in an alcoholic – they could just lie to you.

Another example is the presence of ascites e.g. the specificity of a fluid wave for diagnosing ascites is 92 per cent. Therefore, if a person has a fluid wave, it is highly likely that the person has ascites (SPECIFICITY high, POSITIVE result, diagnosis IN)

 This is explained fuller in the definition “Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, SpPins and SnNouts.”
Skew distribution

Many biological variables follow distributions that although unimodal, are not symmetrical. These are called skew distributions. 





There are methods whereby this skewed distribution can be transformed into a normal distribution, such as taking the logarithm of each observation, or the square root, or a reciprocal of the value or other mathematical transformation. Attempts should be made to transform data into a normal distribution. If this transformation cannot be achieved, then non-parametric statistical methods are used.

Data usually measured on nominal or ordinal scales for which a normal frequency distribution is not observed and for which non-parametric statistical tests should be used for analysis  ( see Mann-Whitney test; median values)

Standard deviation (SD)

See  Dispersion. This is not to be confused with the Standard Error of the mean (SEM)

Standard error of the mean 

A measure of the deviation or spread of a number of scores from the estimated population (sample) mean, defined as the variance divided by the square root of the sample size. See also Confidence interval. This is not to be confused with the Standard deviation which is concerned about the spread around an individual observation.

Statistics

The science of estimating the sources of variation present in the experiment of observation.  The influence of a specific factor, the effect of a drug on blood pressure for example, can be compared with estimated random variation present. The observed effect could either be a result of systematic variation (i.e. a real effect) or merely due to chance (random variation).  

Stratification

A sampling method in which individuals for study are selected from within subgroups of a population rather than sampling from the entire population (quota sampling). Stratification is carried out in order to ensure representativeness or exclude bias.

Student t-test

If a sample size is small, and the distribution follows a normal distribution, a special mathematical calculation is needed for this called the student t-test. The reason for this name arises from the man who derived the formula (Mr. W.S.Gossard) being unable to publish it under his own name. He submitted under a pseudonym called “student”. As the size gets larger, the distribution approaches the normal distribution. If the distribution cannot follow a normal distribution, then other methods of analysis such as Mann-Whitney U-test can be used.

Systematic reviews

A systematic review finds, collates and appraises research evidence about a treatment or intervention in an objective way in order to make an unbiased assessment of effectiveness.

A systematic review should:

(
Include all the relevant evidence. Therefore, it should have an explicit, repeatable and comprehensive search strategy. Include unpublished studies to avoid publication bias.

(
Ignore all methodologically flawed primary studies, as their results cannot be trusted. Therefore, it should assess and report the quality of the primary studies using explicit criteria. A good systematic review should only include studies that meet minimum quality standards. It should also explain the reasons why studies were excluded.

(
Proceed by an explicit, pre-determined set of rules so that the results of studies do not influence whether they are included in the review or not. Therefore, there should be a protocol and, if possible, important steps should be repeated independently by more than one reviewer to check that they are objective and repeatable.

A systematic review may include a meta-analysis; this is the pool​ing of the results from the individual studies to generate new informa​tion. Just because a review has a meta-analysis does not necessarily mean that it was systematic. It is vital that the same systematic rules for identifying and assessing the primary studies that are to be included be followed. Pages of statistics can be impressive and overwhelming and a meta-analysis can flatter or deceive.

If primary studies are combined in a meta-analysis to give a sum​mary figure, it is important that the studies are measuring the same thing. Some studies will report an analysis of heterogeneity; this is a measure of the degree of difference between study results and is used to check that the studies are not too dissimilar.

Systematic reviews can provide clear evidence of effectiveness on complex health issues o they can also highlight where more research is needed. However, just like primary studies, reviews can vary con​siderably in quality and require critical appraisal to ensure that they were conducted systematically.

A good example of a systematic review that has informed practice is the work of Antman et al (JAMA 1992; 268:240-8), which looked at the effectiveness in the reduction of mortality of giving thrombolysis in the early stages of suspected myocardial infarction. Despite many primary studies on this treatment, it was unclear whether the treatment was effec​tive until all the studies were combined in a systematic review.

Systematic variation

see under variation. 

T-test

See under Student T test
Two by two table

See four box table
Two tailed test

A statistical test for the difference between two groups without reference to the expected direction of that difference; usually employed in pragmatic studies.

Type I error (alpha error)

See under P value
Type II error (beta error)

See under P value
U test

See Mann-Whitney test
Variance

See under dispersion
Variation

Random variation: Differences between replicate observations are due to random variation. An example of this could be blood pressure readings from the same healthy individual on different days

Systematic variation: Differences between observations which are due to the action of some known factor (such as the effect of a drug) are called Systematic Variation. An example of this could be blood pressure readings from several different individuals some taking a drug which reduces blood pressure, the rest were not. Systematic variations may be known or unknown.  Potential sources of systematic variation must be identified and incorporated into the study design otherwise the results will be distorted.

Sampling variation: Differences between random samples drawn from the same population are due to sampling variation

Wilcoxon test

See under Mann-Whitney test
Yates correction

When the chi-square test is used to test differences between groups, a correlation for continuity (Yates correction) is usually applied for sample sizes of n < 100.

Statistical test


t test, chi test etc





P value. The probability the event occurred by chance


95% = <0.05


99% = <0.01








Confidence interval. Provides the negative and positive range of the value





� HYPERLINK  \l "_Randomised_Controlled_Clinical" ��Randomized controlled trial� (Intervention study)





� HYPERLINK  \l "_Case_control_study" ��Case controlled� (retrospective) study


Involves identifying patients who have the outcome of interest (cases) and control patients without the same outcome, and looking back in time to see if they had the exposure of interest


Cheap, quick and good for rare diseases


Calculate � HYPERLINK  \l "_Odds_Ratio_(see" ��Odds Ratio�





� HYPERLINK  \l "_Cohort_study" ��Cohort study� (longitudinal or prospective).  Often used to  verify the hypothesis of causation generated by cross sectional and case control studies. Two groups are identified – one exposed group, one non-exposed group. Both groups followed for a period of time. Can also be used to measure disease incidence.


Allows calculation of


� HYPERLINK  \l "_Incidence" ��Incidence�


� HYPERLINK  \l "_Relative_risk_ratio" ��Relative risk�


�HYPERLINK  \l "_Absolute_risk_(see"��Absolute risk�


� HYPERLINK  \l "_Attributable_risk" ��Attributable risk�





� HYPERLINK  \l "_Cross-Sectional_Study" ��Cross sectional� study (or prevalence study)


Looks at data at a point in time


Allows calculation of


� HYPERLINK  \l "_Prevalence" ��prevalence�





Cure rate 0.25.  The 


Note the distribution is positively skewed





A long tail to the right (a tendency to have large values) is positively skewed





Cure rate 0.75


Note the distribution is negatively skewed





Cure rate 0.5. This means the two possible outcomes (cure/non-cure) are equally likely


Note the distribution is symmetrical





Now





Forward in time





Back in time





� HYPERLINK  \l "_Case-series" ��Case report�. A single or other small number report on a particular event or finding





A long tail to the left (a tendency to have small values) is negatively skewed





mode





median





mean
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