Tutorial 2: Critical appraisal of medical evidence

Year Medicine
Tuesday 4 December 2012
Dr Claire Robertson and Dr Mireille Toledano
This tutorial is an opportunity for the students to consolidate and apply all the material they will have learnt in prior sessions on this course.  The students will already have learnt the core concepts of evidence-based medicine, the hierarchy of evidence and association/causation, chance, bias, confounding etc, different epidemiological study designs (including randomised controlled trials, RCT’s), and how to interpret the statistical findings commonly reported from these studies in lectures 5-12 and Tutorial 1. Following this, they were introduced to critical appraisal of evidence through a lecture (Lecture 13 in their handbook; which is scheduled to take place before this tutorial), wherein they were given a general checklist of steps to go through to critically appraise evidence, specific advice tailored according to study design, and example scenarios. The lecture aimed to help the students understand the importance of integrating evidence based medicine and critical appraisal skills into clinical practice. The critical appraisal checklist included the following steps: 

Summarise the paper first:

· Why did they do it?

· What did they do?

· What did they find?

· What did they conclude?

Then consider the following:

Question

Design

Population

Methods

Analysis

Confounding

Bias

Ethics

Interpretation


In addition to the above general critical appraisal checklist, the students were also introduced to the following checklists which can be used when evaluating scientific articles (a copy of CONSORT and STROBE are included at the end of this document as they are both required for this tutorial):

a. CONSORT Statement 2001 and eFlowchart 2005: Items to include when reporting a randomized trials;
b. STROBE Statement: Checklist of items that should be included in reports of observational studies;

c. STARD Statement: STAndards for the Reporting of Diagnostic accuracy studies

d. MOOSE: Checklist of items to be included in meta-analysis of observational studies in epidemiology

e. PRISMA (Update of QUORUM): Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Following on from lecture 13 (where the abstract by Lee et al., (2005) was reviewed), this tutorial is focused upon the appraisal of 2 published papers investigating the effects of micronutrient intakes (specifically vitamin E) on chronic disease outcomes (including CVD, cancer and mortality rates).  Both these papers are provided for you and the students (students can find these papers at the back of their course handbook).
Paper 1: Lee IM, Cook NR, Gaziano M, Gordon D, Ridker PM, Manson JE, Hennekens CH & Buring JE (2005) Vitamin E in the primary prevention of cardiovascular disease and cancer.  The Women’s Health Study: A randomized controlled trial. J.A.M.A. 294: 56-65.

Paper 2: Pocobelli G, Peters U, Kristal AR & White E (2009) Use of supplements of multivitamins, vitamin C, and vitamin E in relation to mortality.  American Journal of Epidemiology 170: 472-483.

Instructions for running this tutorial

Your tutorial group should be split into two halves.  Each half should spend time reading and reviewing the evidence in their allocated paper before you reconvene the whole group and ask both to present their appraisal.  As the tutor, you should facilitate discussion of the evidence and the wider issues raised in the papers (using questions provided below as necessary).  It is also important to encourage all members of the class to get involved.  Bear in mind that the lecture introduced this critique procedure for the Lee et al., (2005) paper therefore more should be expected from this group.

You should try to spend no more than 10-15 minutes exploring points 1-4 below with the students:

1. Start off by telling students that this tutorial has been designed to help them:
a. Learn how to read a paper in a scientific journal

b. Understand how to review and critically appraise medical evidence through the application of concepts previously taught on this course

c. Be able to present critical appraisal findings to lecturers and peers

2. Please remind the students of the importance of critical appraisal skills in medicine, including:

a. Core part of clinical practice – finding, making sense of, and applying new research evidence to enhance practice

b. Improve communication with patients – providing informed advice to patients asking about new treatments they have seen on the internet increasing survival or not etc;

c. Key skill that students are expected to use throughout their medical degree – e.g., in their Problem-Based Learning (PBL) groups, their BSc year, on ward rounds etc.

3. Please outline for them how the tutorial fits into the rest of the course, as follows:
a. This tutorial is both an opportunity for them to practice their critical appraisal skills and also consolidate and apply all the material they will have learnt in prior sessions on this course (i.e., core concepts of evidence-based medicine, study designs, interpretation of statistical findings etc) because all of this knowledge is a necessary foundation to conduct an informed critical appraisal.
b. The tutorial is directly linked to Lecture 13 (Introduction to critical appraisal of medical evidence) where they were taught core critical appraisal skills by Dr Claire Robertson.
c. The tutorial is focussed upon appraising two published papers investigating the effects of micronutrient intakes (specifically vitamin E) on chronic disease health outcomes.
4. Please then split the group into two halves and tell them that each half needs to:
a. Read through and critically evaluate one of the two papers.
b. Review and appraise the evidence in the paper by applying both the general critical appraisal checklist and the CONSORT (RCT by Lee et al., 2005) or STROBE (cohort study by Pocobelli et al., 2009) checklists (both are outlined in the tutorial notes in their course handbook).
c. Prepare to present their summary of the paper and an appraisal of it to the full group (they can use the poster flipchart in the room if they want)
d. Please tell them that they have approximately 30 minutes to do this.  During this half hour, please walk over to each of the two sub-groups and see how they are getting on, and if they need any help.
5. Please reconvene the group as a whole and ask each half to present a summary and critical appraisal of the paper to their peers and tutor.  Please ask questions, encourage each member of the sub-group to present something from their paper (rather than one person doing all the talking) and facilitate a full group discussion as and where appropriate (you should allow this part of the tutorial to take approx 30 minutes, i.e., 15 minutes per paper).
General critical appraisal checklist and examples of main points for discussion from each paper

	Question


	Consider: what is the question the researchers are trying to answer? Is the clinical issue being addressed important? Is the research original in terms of its size, methods, study population etc?

	Lee et al., 2005
	To assess whether long term (10 year) vitamin E supplementation decreases risk from cancer and CVD in healthy women

	Pocobelli et al.,  2009
	To assess the effects of supplement use on mortality rates

	
	

	Design


	Consider: What design was used? Refer back to the hierarchy of evidence, and consider whether the correct design was used to answer the question asked.

	Lee et al., 2005
	Randomized, double blind, placebo controlled 2x2 factorial trial comparing the effects of: (i) low-dose aspirin and (ii) vitamin E on primary prevention of CVD/cancer.

	Pocobelli et al.,  2009
	Cohort study of supplement users (multivitamins, vitamin C and/or vitamin E) to assess effects of 10 years of use on mortality outcomes.

	
	

	Population


	Consider: sample size/power calculations, recruitment of participants, inclusion/exclusion criteria, are the results generalisable? Where the subjects studied in real life situations?

	Lee et al., 2005
	a) 453,787 women screened, 65,169 eligible.

b) Women, ages ≥45yrs, no previous history of CVD, cancer (except non-melanoma skin cancer) or other chronic illnesses, no history of adverse reactions to aspirin, no use of aspirin or NSAIDs > once/wk (or willingness to forgo their use), no anticoagulants or corticosteroids, no use of individual supplements of vitamin A, E or beta carotene > once/week.
c) 39,876 remained willing and eligible to take part. 

	Pocobelli et al.,  2009
	a) Men and women ages 50-76 years living in Washington state
b) 364,418 potential recruits invited. 77,719 returned notice of interest and eligibility.  77,673 followed for trial.

	
	

	Methods


	Consider: what specific intervention was being considered and what was it being compared with? What outcome was measured and how? Has the study continued for long enough to detect the effect of the intervention?

	Lee et al., 2005
	a) Calendar packs of colour coded capsules delivered annually.
b) 6 monthly follow ups of compliance, adverse effects etc by questionnaire.

c) Confirmation of endpoints completed using the National Death Index and (with consent) review of medical records.  WHO criteria used to standardise endpoint criteria.

	Pocobelli et al.,  2009
	a) Details on type (brand), duration, frequency and dose/day of supplements taken
b) Average dose per day Vit C and E calculated 

c) Health history assessed

d) Diet in the year before baseline assessed using FFQ

e) Ascertainment of death using Washington State Death Certificate System, Social Security Death System, Cancer Registries etc. Cause of death applied using ICD-10.

	
	

	Analysis


	Consider: did the authors undertake appropriate statistical analysis? Assess chance? Adjust for confounding?

	Lee et al., 2005
	- Analyses on an intention to treat basis, Cox proportionate hazards regression model.  Chance assessed through 95% CI’s and p-values. Changes in RR over time assessed using interaction terms and subgroup analyses completed. 

- No significant risk reduction for CVD or Cancer with Vit E intake.  Signif reduction (24%) in risk of CV deaths in women in the vit E group can be attributed to fewer sudden deaths and fewer deaths from other CV diseases in this group.

	Pocobelli et al.,  2009
	- Cox proportionate hazards regression model to determine hazard ratio for death (including by cause). Chance assessed through 95% CI’s and p-values. Likelihood ratio test for trend with exposure variables.
- Multivitamin use not assoc with risk of total mortality. 

- Vit C assoc with small ( in risk of total mortality when evaluated by duration of use, average dose and 10yr average dose.
- Vit E assoc with small ( in risk of total mortality when evaluated by average dose and 10yr average dose.

- Effects of confounders (e.g., smoking, F&V intake) strengthened findings. 

	
	

	Confounding


	Consider: are there confounders which have not been adjusted for? (LOTS of things can be considered here e.g., demographics of usual supplement consumers, lifestyle choices etc – see questions below).

	
	

	Bias


	Consider: Is the study question ethical? Was informed consent obtained from all participants? Was the trial approved by a Research Ethics Committee? Was the trial registered and regulated by an independent scientific committee?

	Lee et al., 2005
	Double blind and randomised. Approved by Brigham & Women’s hospital institutional review board.

	Pocobelli et al.,  2009
	- recruits intended to be ‘healthy’ in their practice, i.e., to be taking supplements (which is usually deemed as such)
- assessment of additional features (e.g., diet etc) considered and attempted, but cannot be comprehensive

- approved by Fred Hutchinson Cancer Research Centre

- no attempts to change usual practice, therefore affected mainly by reporting errors

	
	

	Ethics


	Consider: do the authors interpret correctly? Do they make causal inference (Bradford-Hill)?

	Lee et al., 2005
	Willingness of participants investigated prior to inclusion and informed consent obtained

	Pocobelli et al.,  2009
	Willingness of participants investigated prior to inclusion and informed consent obtained

	
	

	Interpretation
	Consider:

	Both papers
	- There are huge methodological questions with regard nutritional research as a whole – E.g., Do supplement users constitute a more financially secure, health conscious, generally ‘healthy living’ population? Can we be certain that it is the intake from the supplements (and not something else) which is causing the effects observed (if any)? Does agreement to participate reflect an unusual or biased population sample? What evidence do we have that the supplements studied are the cause of the effects observed?
- Is 10 years of follow up enough when considering mortality/morbidity? And is recruitment done early enough? If we develop fatty streaks in our arteries before 2 years of age, why only study people >40 years?

- What are the effects of care on mortality analyses? This information is very difficult to quantify and subjective to collect

Etc!

	
	


For the last part of the tutorial (approx 10-15 mins), please try and facilitate a group discussion of how to interpret the evidence in these papers in a wider context and the wider issues the papers have raised.  For example:
· In studies which dietary intake is supplemented, can we ever be sure that intervention groups and control groups are genuinely taking differing amounts of the nutrient of interest? 
· consider dietary intake (even when an assessment of this is included in the study design, misreporting is an inherent problem)

· when foods ripen and are processed, nutrient concentrations change.  A good example is a banana ripening. When it is green, the carbohydrate it contains is primarily starch. As it ripens and blackens, this becomes sugar.  Vitamin C is light and heat unstable (milk contains vitamin C, but when it sits on your doorstep, this degenerates)

· portions of recipes do not contain even amounts of ingredients or nutrients

· What population demographic are usual supplement consumers, and are these the population group who are at greatest (or lowest) risk of chronic diseases like CHD (older, middle and upper class women are usual consumers due to issues including cost and knowledge of how to promote their health)

· Supplements we purchase over the counter seldom include the listed ingredients and nutrient contents – studies can seldom afford to complete a chemical analysis of the products being supplemented etc.

Finally, please check the group have no remaining questions regarding critical appraisal of evidence.

Suggested further reading for the students (as noted in their handbooks):
Ward H, Toledano M.B, Shaddick G, Davies B, Elliott P, Oxford Handbook of Epidemiology for Clinicians (2012), Oxford University Press

· Chapter 4, Finding and summarizing evidence pages 78, 82-84, 86
Trisha Greenhalgh (2001) How to read a paper: The basics of evidence based medicine. BMJ

Evaluating various study designs
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This section contains the CONSORT and STROBE evaluation guidelines which can be used to help structure the critical evaluation of scientific articles.  

a. CONSORT Statement 2001 and eFlowchart 2005: Items to include when reporting a randomized trials;
b. STROBE Statement: Checklist of items that should be included in reports of observational studies;

During the tutorial, please ensure that the students use as a guide:

· The general critical appraisal checklist (which follows the format they will have been taught in Lecture 13) that you can use to evaluate ANY type of study design (see above)

· AND, for paper 1 (Lee et al), they should also consider the STROBE evaluation checklist specific to observational (cohort) studies (which will have been mentioned to them in Lecture 13), ans is provided for you below.

· AND, for paper 2 (Pocobelli et al), they should also consider the CONSORT evaluation checklist specific to clinical trials (which will have been mentioned to them in Lecture 13) and is provided for you below.

c. CONSORT Statement 2001 Checklist

Items to include when reporting a randomized trial     

	PAPER SECTION
And topic
	Item
	Descriptor

	TITLE & ABSTRACT
	1
	How participants were allocated to interventions (e.g., "random allocation", "randomized", or "randomly assigned").

	INTRODUCTION
Background
	2
	Scientific background and explanation of rationale.

	METHODS
Participants
	3
	Eligibility criteria for participants and the settings and locations where the data were collected.

	Interventions
	4
	Precise details of the interventions intended for each group and how and when they were actually administered.

	Objectives
	5
	Specific objectives and hypotheses.

	Outcomes
	6
	Clearly defined primary and secondary outcome measures and, when applicable, any methods used to enhance the quality of measurements (e.g., multiple observations, training of assessors).

	Sample size
	7
	How sample size was determined and, when applicable, explanation of any interim analyses and stopping rules.

	Randomization --
Sequence generation
	8
	Method used to generate the random allocation sequence, including details of any restrictions (e.g., blocking, stratification)

	Randomization --
Allocation concealment
	9
	Method used to implement the random allocation sequence (e.g., numbered containers or central telephone), clarifying whether the sequence was concealed until interventions were assigned.

	Randomization --
Implementation
	10
	Who generated the allocation sequence, who enrolled participants, and who assigned participants to their groups.

	Blinding (masking)
	11
	Whether or not participants, those administering the interventions, and those assessing the outcomes were blinded to group assignment. If done, how the success of blinding was evaluated.

	Statistical methods
	12
	Statistical methods used to compare groups for primary outcome(s); Methods for additional analyses, such as subgroup analyses and adjusted analyses.

	RESULTS

Participant flow

	13
	Flow of participants through each stage (a diagram is strongly recommended). Specifically, for each group report the numbers of participants randomly assigned, receiving intended treatment, completing the study protocol, and analyzed for the primary outcome. Describe protocol deviations from study as planned, together with reasons.

	Recruitment
	14
	Dates defining the periods of recruitment and follow-up.

	Baseline data
	15
	Baseline demographic and clinical characteristics of each group.

	Numbers analyzed
	16
	Number of participants (denominator) in each group included in each analysis and whether the analysis was by "intention-to-treat". State the results in absolute numbers when feasible (e.g., 10/20, not 50%).

	Outcomes and estimation
	17
	For each primary and secondary outcome, a summary of results for each group, and the estimated effect size and its precision (e.g., 95% confidence interval).

	Ancillary analyses
	18
	Address multiplicity by reporting any other analyses performed, including subgroup analyses and adjusted analyses, indicating those pre-specified and those exploratory.

	Adverse events
	19
	All important adverse events or side effects in each intervention group.

	DISCUSSION
Interpretation
	20
	Interpretation of the results, taking into account study hypotheses, sources of potential bias or imprecision and the dangers associated with multiplicity of analyses and outcomes.

	Generalizability
	21
	Generalizability (external validity) of the trial findings.

	Overall evidence
	22
	General interpretation of the results in the context of current evidence.


From Moher D, Schulz KF, Altman DG. The CONSORT statement: revised recommendations for improving the quality of reports of parallel-group randomised trials. Lancet 2001; 357(9263):1191-1194.

The CONSORT Statement 2001 checklist is intended to be accompanied with the explanatory document that facilitates its use. For more information, visit www.consort-statement.org.

The Consort E-Flowchart  Aug. 2005
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STROBE Statement: Checklist of items that should be included in reports of observational studies

	
	Item 
	Recommendation

	Title and abstract

	
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract

	
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found

	Introduction

	Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported

	Objectives
	3
	State specific objectives, including any prespecified hypotheses

	Methods

	Study design
	4
	Present key elements of study design early in the paper

	Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection

	Participants
	6
	(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up

Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control selection. Give the rationale for the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants



	
	
	(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed

Case-control study—For matched studies, give matching criteria and the number of controls per case

	Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable

	Data sources/ measurement
	8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group

	Bias
	9
	Describe any efforts to address potential sources of bias

	Study size
	10
	Explain how the study size was arrived at

	Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why

	Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding

	
	
	(b) Describe any methods used to examine subgroups and interactions

	
	
	(c) Explain how missing data were addressed

	
	
	(d) Cohort study—If applicable, explain how loss to follow-up was addressed

Case-control study—If applicable, explain how matching of cases and controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy

	
	
	(e) Describe any sensitivity analyses



	Results

	Participants
	13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed

	
	
	(b) Give reasons for non-participation at each stage

	
	
	(c) Consider use of a flow diagram

	Descriptive data
	14*
	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders

	
	
	(b) Indicate number of participants with missing data for each variable of interest

	
	
	(c) Cohort study—Summarise follow-up time (eg, average and total amount)

	Outcome data
	15*
	Cohort study—Report numbers of outcome events or summary measures over time

	
	
	Case-control study—Report numbers in each exposure category, or summary measures of exposure

	
	
	Cross-sectional study—Report numbers of outcome events or summary measures

	Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included

	
	
	(b) Report category boundaries when continuous variables were categorized

	
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

	Other analyses
	17
	Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses

	Discussion

	Key results
	18
	Summarise key results with reference to study objectives

	Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias

	Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence

	Generalisability
	21
	Discuss the generalisability (external validity) of the study results

	Other information

	Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based


*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.

Assessed for eligibility: (n=   )





Enrollment





Excluded: (n=   )





Not meeting inclusion criteria: (n=    )


Refused to participate: (n=    )


Other reasons: (n=     )





Allocation





Analysis





Allocated to intervention: (n=     )


Received allocated intervention: (n=     )


Did not receive allocated intervention: (n=     )





Give reasons





Allocated to intervention: (n=     )


Received allocated intervention: (n=     )


Did not receive allocated intervention: (n=     )





Give reasons





Is it Randomized?





Lost to follow-up: (n=    )


   Give reasons





Discontinued intervention (n=     )


   Give reasons





Lost to follow-up: (n=    )


   Give reasons





Discontinued intervention (n=     )


   Give reasons





Follow-Up





Analyzed (n=    )





Excluded from analysis (n=     )


   Give reasons





Analyzed (n=    )





Excluded from analysis (n=     )


   Give reasons








